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Abstract

ACCESS AND ENTRY TO HIGH SCHOOL CHEMISTRY IN NEW YRK
CITY

by
Denise McNamara

Advisor: Professor Nicholas Michelli

The purpose of this study was to determine quadiviiig the impact of various school
characteristics on access to and enrollment in idpool chemistry in New York City and to
identify the issues that may contribute to the integs in high school education, specifically
S.T.E.M. education. The context through which tbstie is examined is the restructuring and
accountability initiatives that have been undenivaew York City public schools as well as
the accountability of cohort graduation rates. HEsele of social justice and accessibility to high
school chemistry was the lens through which thiggtvas conducted. Mixed methodology was
used in conducting the research so that a holigti@ of the issue could be analyzed. Results
indicate that the demographic and socioeconomiasta the students in the school district

strongly correlate to the access to chemistry a dlistrict.
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Chapter 1 — Introduction and Research Questions

Overview and Significance

According to the U. S. Bureau of Labor, thereagwproximately 2.6 million unfilled jobs
in the United States. This seems like an oxymoswea struggle with the recession that has
enveloped the country and most of the rest of thddyWhat could the reason be for so many
unoccupied positions? The answer is that mogdiejdbs require the knowledge
and skills in a broad area called S.T.E.M. (Sciefieehnology, Engineering, Mathematics).
The areas for employment that exist under this efteoare healthcare, aerospace, science lab
technicians and computer design, sustainabilitgpcodevelopment & installation and other
diverse fields that rely on S.T.E.M. educated erypés (Cover, Jones, & Watson, A., 2011)

Figure 1 - Recent and Projected Growth in STEM r@oatSTEM Employment
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U.S. Department of Commerce, Economic and Statigtdministration, Issue Brief #03-11, July 2011



One of the key factors in this contradiction oéets is the fact that our current high
school graduates are not prepared for post-secpmaak that is required in the S.T.E.M. course
majors. The results of the 2009 A st are a good indicator of this deficit: only 42%high
school graduates scored at the college readineskitemathematics and 28% reached this same
benchmark in science. This indicator would be theelminimum a student would need to pursue
these content areas and become proficient whiteliege. Even more disturbing are the results
of the subsets of students within this statisbaly 12% of African-American and 27% of
Hispanic high school graduates score at the colleg@iness level in mathematics and only
6% of African-American and 13% of Hispanic high sochgraduates score at the college
readiness level in Science (ACT, 2009) . One ofrésedual effects of low measured
achievement is the fact that only 17% of all cadlegajors in the United States are in the
S.T.E.M. fields (Kurtz, 2011).

The reality is that these career choices are higaging than most other employment
opportunities and as previously stated, such jobseadily available. (See Figure 1)

Along with other nations, China and India are mgkimneat strides to increase their own
S.T.E.M. infrastructure, human capital for thesertdes is readily available. (National
Research Council, 2011a) Although the United State® could boast with confidence the
innovation and drive that led us to become a wedahomic leader, this is far from the current
state of affairs.

The country is at the cross-roads of a great dilarbut this can also be a time for great

challenge and opportunity. We have the abilitydze this opportunity and create a new supply

! The ACT contains five curriculum- and standards-basedsassents: English, Mathematics, Reading, Science,
and an optional Writing Test. The assessment id ase college admissions and placement test aadumes the
skills and knowledge needed for first-year collegecess.



of human capital to fill this gap. We must expamd @lent pool and the first step would be to
prepare students with a solid S.T.E.M. backgrourdreot just the cherry picking that

currently exists (Britton, Raizen, Kaiser & Port2900). Every student in the U.S.

deserves the opportunity to experience a S.T.Erbgram of study so that his or her
understanding of the content can be enhanced némigined choices can be made as to career
options (Committee on Science, Engineering andi®&llicy, 2007). In reality, science and
mathematics have historically been segregatecetopiper grade students (Barton, 2003). Many
of the schools dedicated to the sciences are lddateigh income areas. In addition, it will be
seen that through the reorganization of the NewkYaity public school system, the naming of
some of the new schools can be loosely associatbdive income level of the area of the city

in which they are located (Ancess & Allen, 2006 b@&leff, 2011). For example, schools having
science or technology in their new name are locait@dore affluent areas of New York and
schools with leadership, community and democrae leeen relegated to neighborhoods with
less social and financial capital. Also of notéhiat the large, comprehensive high schools which
might have given low-income students an opportutaitytudy some of the rigorous courses
needed for post-secondary readiness in the pwkaiS.T.E.M. degree bearing program, are
steadily being closed in high-poverty areas in Neéwk City (Council of the City of New York,
2005).

Although S.T.E.M. is the acronym for the scierteehnology, engineering and
mathematics courses that are needed for our sttiebe competitive in the current working
force, only one aspect of the curriculum will bgkexed in depth. A specific look will be taken
at the current access and entrance to chemisthgifew York City public schools. More

specifically, there will be an examination of theemistry enroliment of all city students during



the 2009-2010 school year.

Chemistry is usually reserved for the college-itbanmore mathematically inclined
student. Students planning to pursue medicine ginerring in college are usually targeted for
chemistry in their upper high school years. Thenefa student’s access to chemistry can be
severely constrained by missed opportunities irhraad science, as well as school-measured
academic capabilities based on sometimes quest®aabessments (Harmston & Pilska, 2001).
Schools must demonstrate that children are maldegw@ate progress towards certain
benchmarks that are measured by standardizedltastsh, 2005). In spite of the efforts made
by federal, state and local government to credteadaeform laws concerning accountability
measures, severe inequities are chronically prevalaurban schools, where children are denied
access to essential opportunities in areas sustiesce. To improve the learning of all
students, the playing field must be leveled in ®ohprerequisite preparation and equal access

to advanced courses in science and mathematiosdiifan, 2005; Kim & Sunderma2005

There are a variety of factors that contributeh®dccess and entrance into chemistry on

the high school level. Although greater detail Wil provided in Chapter 2 — Review of the

Literature: New York City Public School Contextetie factors deal with issues both internal
and external to the school itself. Some of thereefactors for inclusion are the socioeconomic
status and racial make-up of both the school poipualand the citizens in the area in which the
school is located. One focus will be on the geogiapreas of the city and the types of schools
that are appearing in these areas (The Coundileo€City of New York, August, 2005).

Next, an examination of the internal factors affbiine NYC Department of Education
and the high schools themselves will be condudted002, Mayor Michael Bloomberg gained

mayoral control of the New York City public schaylstem. This shift in the control of the
4



largest school system in the United States changednly the structure of the department but
initiated fundamental shifts in the operations ammhagement of the schools themselves. In
2003, the thirty-two school districts of New Yorktyowere reorganized and replaced by ten
geographic regions. In 2005, schools were giverofttion to choose between continued
affiliation with their geographic region or joindlAutonomous Zone. As a member of the
Autonomous Zone, principals were given more inddpece in the administration of their
buildings but with this newfound freedom also caesponsibilities that would be scrutinized
through a new accountability system. In 2007, M&Blmomberg and Chancellor Klein initiated
another reorganization which dissolved the tenargyand replaced these with School Support
Organizations and the Autonomous Zone became th@terment Support Organization.
Further discussion on the School Support Orgamiaatwill be found in the methodology
section.

These changes also created shifts in the metHathool reporting and accountability.
The Progress Report was one of the documents\bbiteel from these changes. Analysis for
this document along with the Accountability & Oview Reports, will be presented.

(http://schools.nyc.gov/accountability/tools/repdetault.htn)

Other internal issues that will be explored areféimtors that contribute to chemistry
coursework on the high school level. The courstsexl, teachers and the facilities in New
York City will be compared to see if there is amyrelation between the licensing of the
teachers in a particular district and the sciermeses that are offered at the school within the
district. The presence or absence of laboratonitias of the schools will also be compared to
see if this has any influence on the offering adrarstry or other higher order science courses in

high school.



But to begin, we have to ask the question thatleas asked about science ever since it
was included in the secondary course of study 8818Nho is to learn science and how
much is relevant to the common citizen? How muchen®needed to pursue a degree and/or
career in science related fields?

The opportunity to study science in secondary scheyond the minimum requirement
for a high school diploma is a right for all stutkerAlthough graduation requirements vary
from state to state, there are very few Americadestts pursuing higher level science courses
on the secondary level. The United States is iositipn where relatively few students are
participating in science and engineering in collegel those who do pursue science tend to be
non-minorities (Basu & Barton, 2007). It would setrat entry to and success in the study of
science is a accomplishment that is inaccessibheatoy. Since chemistry is usually reserved
for the upper grade levels in secondary school thefore often an elective, it is regularly
ignored by upperclassmen and given low prioritysblgool administrators. Chemistry course-
taking is a problem that many schools experienagpnally, one-fourth of the students in high
school biology do not move on to chemistry in hsghool. (National Center for Education
Statistics, 2009). One of the hypotheses of thidysis New York City’s rate is considerably
lower. A cursory view of the five boroughs of NewrK City indicates that there is an inverse
relationship between the percentage of high scsimolent who took biology and then moved to

chemistry and poverty level as measured by freehstatus (See Table 1 and Figures 2 and 3).



Table 1 — Comparison of the Percentage of Studkatsontinue on to Chemistry and the
Percentage of Free Lunch (Poverty Level IndicatoBach of the Five Boroughs (2009-2010)
(nyStart, 2011https://www.nystart.gov/nystart/u/index.do

Borough % Chemistry after Living Environment Free Lunch
Manhattan 34.0% 66.8%
Bronx 20.0% 79.5%
Brooklyn 23.0% 70.1%
Queens 28.7% 59.4%
Staten Island 39.0% 39.0%

Figure 2 — Graphic Representation of Percentadeed Lunch Students vs. Chemistry
Enroliment

M % Chemistry after Living

Free Lunch

||J||||||||H||0|||||
[

%, '""ﬂunnuﬂ

e% 4 “
%, I

.

@o

0
f

Y
%65» "
",

Figure 3 — Pearson Correlation of Free Lunch venalktry Enrollment
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*As indicated by the Pearson Correlation Coeffigiémgre is a strong inverse correlation betweerp#teentage of
students taking Regents Chemistry after taking Resgeiving Environment and the percentage of Sttelen
receiving Free Lunch. As the percentage of studetisiving Free Lunch increases, the percentagaudents
taking Regents Chemistry decreases.



Similarly, a perfunctory look at the percentagdigih school biology students in New
York City moving to Chemistry the following yeara¢so inversely proportional to their status
as minority students. (See Table 2 and FiguresdibanA more robust analysis of this data will
be conducted but this data sets the tone for thdyys The graph of the data (Figure 4) shows a
significant difference.
Table 2 - Comparison of the Percentage of Studbatsontinue on to Chemistry and the

Percentage of Minority Students in each of the Bweoughs (2009-2010) (nyStart, 2011
https://www.nystart.gov/nystart/u/index.do

Borough % Chemistry after LE | % Minority (Black/Hispanic)
Manhattan 34.0% 79.3%
Bronx 20.0% 92.5%
Brooklyn 23.0% 78.8%
Queens 28.7% 60.6%
Staten Island 39.0% 38.0%

Figure 4 — Minority Students vs. Chemistry Enrolithe
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Figure 5 - Pearson Correlation of Minority StudergsChemistry Enrollment
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students taking Regents Chemistry after taking Risgeiving Environment and the percentage of Mityori
Students. As the percentage of Minority studertseiaises, the percentage of students taking ReGéetsistry

decreases.

Scientific Literacy

To begin to understand the need for access angterttigh school chemistry, it is
important to know what is meant by science edunatiggeneral. This is considered to be the
pedagogy that shares science content for all agizexd not just those who are or intend to
become a part of the scientific community (DeB@&Q0). In this context, science is considered
to be both “pure” science and social science feravierage citizen. In other words, for a person
to be considered scientifically literate he or $ies the ability to describe, explain, and predict
natural phenomena. Scientific literacy entails geible to read with understanding articles
about science in the popular press and to engaggcial conversation about the validity of the
conclusions. Scientific literacy implies that agmar can identify scientific issues underlying
national and local decisions and express positimaisare scientifically and technologically
informed. A literate citizen should be able to exsé the quality of scientific information on the

basis of its source and the methods used to gener&cientific literacy also implies the



capacity to pose and evaluate arguments baseddenee and to apply conclusions from such
arguments appropriately{National Academy of Science, 1996) In the Uni&dites, it is
expected that all students receive a solid scierddckground in the four areas of “pure” science
(earth science, biology, chemistry and physicsyea$as some knowledge of social science in
terms of sustainability and health care issues; theespan of primary and secondary school (K-
12).

Chemistry is the study of all forms of matter &he conversions that occur in matter,
changing it from one form to another. Chemistrgaassidered by some scientists to be the
central science, having its connections in therimath world on one end and the natural world on
the other. It is essential to all of the other arefscience for a full understanding of the nature
and working of the world around us (Brown & LeMa@77; Malin, 201} Scientific and
technological literacy (STL) is another of the kiesyees needed by students. The ability to think
critically about issues such as healthcare, theasaility of the environment and the economic
implications of these issues are of utmost impaeain terms of career opportunities and the
economic capital of science literate citizensrarg} S.T.E.M. workforce is considered to be an
indicator of a sustainable economic base for aesp¢Holbrook, 2009). There has been a
substantial amount of lobbying for the advancenoé @8 TEM education in the K-12 public
schools. In an address that President Obama maNevember 23, 2010, he announced the
launching of several nationwide programs to helpivate students and inspire them to choose
science and mathematics as viable career choices.

Specifically he stated,
“The hard truth is that for decades we’ve beemiggiround. One assessment shows
Americanl5-year-olds now rank 21st in science &t & math when compared to their

peers around the world(Chang,White House Pushes Science and Math Education,
New York Times, Science Sectiddovember 22, 2009)
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One of the competitive priorities of the U.S. Depeent of Education’s Race to the Top
applications addresses science, technology, ermgigeand mathematics (STEM). States that
applied were required to submit plans that addcesgerous courses of study, cooperative
partnerships to prepare and assist teachers in Sddaként, and prepare more students,
particularly underrepresented groups, for STEM ptand careers.

As can be seen (Figure 6 ) the average 15-yeastottent in the United States is below
the OECD average in mathematical literacy (487;) 496l slightly above the average in
science literacy (502:501). However, the positibthe 15 year old students in the United States
among the other countries in the study is morentelln mathematical literacy the US Students
rank 25" in mathematical literacy and T science literacy within the 35 countries in the
Organization for Economic Cooperation and Developng@ECD, 2009).

Figure 6 - International Math and Science liter&309 (National Center for Educational Statistics)
http://nces.ed.gov/programs/coe/indicator_msl.asp
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Human Capital and the Need for a robust S.T.E.M. Wtkforce

The United States of America was at one time ddideader in human capital, social
capital and world economy. Innovation in technolagyl creativity were strong suits when
describing our nation’s attributes. With the advefinore global means of communication and
its impact on all the nations of the world, thiatas has shifted over the last few decades. The
ability of all nations to access knowledge via exgdan of global communication has enabled
many countries to expand on their own human cagitdleconomic base. Two reports that
provide this comparative information are the Tremdmternational Mathematics and Science
Studies (TIMMS)which gives reliable and timely data on the math&sand science
achievement of U.S. 4th- and 8th-grade studentgeosd to that of students in other countries,
and Programme for International Student Assess(R¢81\), which is an international study
aimed at evaluating education systems worldwideebing the skills and knowledge of 15-year-
old students in participating countries/economies.

According to the 2009 PISA report, the United &atf America is the only OECD
(Organization for Economic Cooperation and Develepthcountry where 25-34 year olds are
not better educated that the 55-64 year olds icd@try. In comparison, Korea has a 58%
increase in the educational attainment of theiB25«ar olds when compared to their 55-64
year olds. American students ranked 2Z8lathematics) and 17(Science) of the thirty-five
OECD countries. When this is compared to the TiMReport of 2007, it can be seen that
there is a decline in the science achievementeo$thdents in the United States frothggade
to high school. According to the 2007 TIMMS repd#tS. 8" grade students ranked™.af the
forty-nine entities that participated in the assessts, with Massachusetts and Minnesota

ranking 3* and 6" respectively (if the individual states were witltfie country ranking). In
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terms of measured achievement, Finland leads theng The 2010 study benchmarked fifty-
five countries worldwide in their supply of skiltsitical for innovation, competitiveness and
sustainability. Each country was scored on 14 Wéggrepresenting three types of skills —
literacy and basic skills, occupational skills ajpabal knowledge economy skills. The U.S. was
ranked fifth with Singapore close behind. Althoughse measurements come from two
different reports, each of the reports illustratesseducational achievements of various nations.
It is not just that the students in the United &adre not gaining ground, although this is
certainly an area for concern. It is the fact t@mipled with this stagnation is the ever
increasing gains being made by other nations.

The issue of equity may be a reason for the vanah the performance of the United
States with the distance between the average Nathmsessment of Educational Progress
(NAEP) scale scores (Figure 7) for Asian and Whitglents scoring above the OECD average
but African-American and Hispanic students scormgh below this average (Darling-
Hammond, 2010). Amy Wilkins, vice president of gowaeent affairs and communications at
Education Trust, has stated that White childrersistently outperform African American and
Latino children. “What we see by the end of higha is that African American and Latino
twelfth graders have about the same math and rga#tils as White eighth graders,” she said.
“Our African American and Latino kids who are labimg themselves into adulthood are
doing academic skills at the same level as Whitkdieischoolers. By age 29, Whites are two
to three times more likely to have a bachelor'srdeghan African Americans. “A poor kid is
ten times less likely than the most affluent kid®ur country to have a B.A. by the time
they’'re 24,” she said, citing the differences imeation levels for whites and minorities.”

(W.K. Kellogg Foundation Summit, May 4, 2012)
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Figure 7— Percentage of Students Performing atoavA Proficiency level in Science, 20(08ational
Center for Educational Statistidsitp://nces.ed.gov/programs/coe/indicator_msl.asp
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Another of the reasons given for this declinelwbgl status is the fact that fewer
students are completing a post-secondary educatidrof those that do, fewer and fewer are
choosing academic coursework that will lead to grele in one of the S.T.E.M. careers, such as
engineering (Friedman, 2005). Technology and sifiekhowledge are crucial tools in today’s
society. (Cavallo & Laubach, 2001). Students whadt select science and mathematics
electives in high school are ill-prepared to sttlthse areas in post-secondary setting. This chain
of events leads to the decline in the number ofESM. degreed graduates that are prepared for
the lucrative careers in the S.T.E.M. fields. Wkardents do not study elective science in high
school, they are less likely to major in scienceafiege, which decreases the pool of graduates
who pursue science-related careers. The UnitddsSimcurrently experiencing a troubling
decline in the number of scientists and engineklaf of the workers in this group are over

the age of 40. Additionally, 40% of NASA employees over the age of 50; since NASA
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jobs are restricted to American citizens, therenateenough people with the scientific and
technical skills to fill the jobs. As charactenizey former NASA administrator Sean O’Keefe,

“The harsh fact is that the U.S. need for the higteslity human capital in
science, mathematics, and engineering is not bagtg.. There will not be

enough qualified American citizens to perform tlegvrjobs being created today —
including technical jobs crucial to the maintenanteational security. We lack
not only the homegrown science, technology, andneeging professionals
necessary to ensure national prosperity and sggchtit also the next generation
of teachers of science and math at the K-12 levEhe. nation is on the verge of a
downward spiral in which current shortages will éegven more acute future
shortages of high-quality professionals and comypdeachers. As a consequence
of the shrinking science & engineering pipelinegreéased competition for people
with technical skills arises as a further natiorsvicend. Simply stated, scientists
and engineers are no longer limited to traditidaahnical companies, but are
sought after by various industries such as the ibgrdnd the entertainment
industries and even academic institutions now offevery competitive salaries

to world-class academics. Making things worse f&SA is that highly qualified
science and engineering graduates’ interest inrgovent employment is steadily
declining.”

(O’Keefe in his statement before the Senate’s Catambn Governmental Affairs’ Subcommittee on
Oversight of Government Management, the Federakftyare and the District of Columbia on March 6, 3P0

Americans have fallen to 1n the world in the number of students who earersme
degrees. Radical reforms are needed to reversé&dnid, but improvements are many years
away since sustained reform must be initiatedemeintary and middle school science to reverse
the trend (Friedman, 2005).

When addressing the issue of elementary scienasaédn, it is a commonly held belief
that it is deficient at best. In the New York Giyblic school system, elementary school teachers
hold a “common branch” license which is generadlgrs as having strength in pedagogy but
perhaps not in some of the areas of content kn@eledBulunuz & Jarrett, 2010). As the
student enters middle school, if interest in saeismot triggered, the student will more than
likely choose other content electives during hiker high school years (Osbourne, Simon &
Collins, 2003). The issue of teacher preparaticthéUnited States as compared to teacher
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preparation in other countries that participatehen TIMSS assessment is one of interest. A
survey was completed by the Educational Testingi&es of Princeton and among some of the
more intriguing findings was the fact that the @ditStates teacher education programs, unlike
most of other thirty-seven participating countmesnot have early intervention and rigorous
screening processes in place. In addition, therprog in the U.S. are fragmented due to the
larger variations in state legislatures, policied &ypes of support available (there are over
1,500 institutions preparing teachers in the Unéates). Other countries tend to use more
high stakes filters when selecting teachers far tkacher preparation programs (Wang,
Coleman, Coley & Phelps, 2003)

Throughout the elementary and secondary sciencewa, scientific investigations
should be presented to students so that they keel &s read for understanding, identify the
guestions that are being posed, formulate answatséan be substantiated and communicate
this information to others. These are meta-cogmaiskills that should be reinforced
throughout the grades so that students graduating $econdary school will be capable of
independent thinking on the post-secondary levatii$ton & Pilska, 2001). Critical thinking
in science necessitates effective problem solvagabilities, effective communication and

adherence to rigorous standards of excellence &&ider, 2006).

It is the role of teachers and guidance counsétonglp students understand the
importance of science education during the secgrstdrool years. Students must learn to
understand that they are global citizens and ane@d of basic scientific concepts to make
informed decisions as well as seeing the relevahseience education in terms of the
global economy and employment opportunities (Friaadn2005).

S.T.E.M. course-taking is partly a matter of prefeee. Students with the interest and
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ability in mathematics and science will be inclinedake more mathematics and science
classes in high school and be more likely to béleaiito these courses by school personnel.
This will lead to a similar scenario on the postesedary level since this occurs in a scaffold-
type manner. But it is also a matter of opporturftgor middle school preparation, tracking,
inadequate guidance counseling, low-quality insgtomcor a simple absence of available
courses, lead to the fact that too many studeptpemmanently knocked off the pathway to a
STEM career early in high school. This is particylé&rue for low-income and minority
students. No one tells them or their parents tidaiting to enroll in rigorous college prep
curriculum, they are effectively making a life dgon to forgo the opportunity to pursue a
career as a scientist or engineer. (Carey, 200@nkd involvement is a critical issue.
Historical Trends in Science Education

Science education is defined as the area of shatys concerned with sharing science
content and process with individuals, usually aleitd not traditionally considered part of the
scientific community. It is composed of both scierwontent and pedagogy and traditionally,
the content included in science education is iratieas of physical and life sciences.
Secondary science education was initiated wheBtihish Academy for the Advancement of
Science (BAAS) published a report in 1867 askingraining of the “scientific habit of mind”.
The purpose was to prepare future members of titisiBAcademy for the Advancement of
Science and called for pre-professional trainirtgs;lthe publication stated, should be
accomplished through training in the secondary slshd@ o accomplish this goal, Thomas Henry
Huxley and John Tyndall worked to create the Lon8ohool Board which was established in
1870. Both men were exceptional scientists in thein right and are noted for their

contributions in natural science and physical szeerespectively.
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At the same time, the science education in theddrfstates was uneven and scattered.
There was a benign inattention to science educalfiba general condition of science teaching
was as varied as the communities in which it waghh Some schools stressed college
preparation and others stressed skills for employmighe teacher and the school exercised
personal judgment in the teaching of science (AtléirBlack, 2003). Science education was
therefore unfocused and piecemeal in its contethidafivery. A science curriculum was slow in
development and only emerged as a result of a mmfe composed of thirty leading secondary
and college educators from the National Educatiesogiation. In 1892, these educators
appointed a Committee of Ten. This committee waspmsed of ten male educators and was
chaired by Charles Eliot of Harvard University. Ttheee sub-committees appointed in science
met in Chicago and submitted a report to the Cotesivf Ten in 1893 (Kliebard, 1995). From
this report, the general recommendations of the i@iti@e of Ten regardingcience education
were that biology should precede chemistry and iphythe laboratory skills being taught were
necessary and should occupy 60% of the class phgsjology should be taught during the
latter part of high school, students should makefoasketches and drawings of observed
specimens and the primary purpose of the scienaeseavas not memorization but the
acquisition of knowledge and intellectual growthotigh the careful observation of nature.
All of the subcommittees presented their recommeoids, and in 189the Committee of
Ten submitted a final report, knownReportof the Committee on Secondary School
StudiegdNEA, 1893, p26, 139-140). Although only approximately 10%hafh school
graduates attended college at this time, a unifagh school curriculum, standards and
teaching methods, as well as the length of thedatmy were established by this influential

group of educators. (Friedman, 2060%dm 1930 through 1950, both the number of students
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being taught and the diversity of the populatio®merican classrooms were changing
dramatically. As a response to the Great Depressitire 1930s, science textbooks had their
focus in topics that were economically based. Gavation, soil erosion and the nutritional
value of inexpensive produce were emphasized dtinisgera. It will be seen that throughout
history, the study of science will be in directpesse to the developments that take place in
the socio-economic world. The developments in sg@eand technology during World War Il
would have a direct impact on the focus of sciesthgcation in the ensuing decades (Raven,
2002).

There was a positive public opinion of scientistpost-war America because of the
many advances made in science during the Seconltti\Wi@r. These advances in technology
were supported by government funding and the fettthe United States had attained
international prominence as a world leader. Howewethe 1953 report drafted by the United
States Commissioner of Education for the incomirsghower Administration, there was no
mention of the quality of education in the primarysecondary levels of education. Thias
all about to change radically. On October 4, 196& Russians announced the successful
launching of an artificial satellite into orbit. @unanticipated success of Sputnik | began the
“Space Race” and snapped the United States inteedrate action. Reports from the Soviet
Union credited their accomplishments on the faat they had an efficient, centralized system
of scientific training. Back in the United Stateducation became the immediate scapegoat in
the “Space Race” and the perceived inferiorityhaf $cience education received in the school
system. Congress responded to Sputnik by passeniydhional Defense Education Act
(NDEA) in 1958, a four year program that providadding for graduate students in

mathematics, science and foreign languages andnigifar school construction. The
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government also enlisted the help of the Natiormdemy of Science. Also asked to
participate was the newly founded National Scidhaendation that had been established in
1950. The focus was on in-service teachers andrafpt reform was begun on two fronts — a
Summer Institute for in-service teachers and tloelpetion of curriculum materials strictly
focused on science content. Pedagogy was purpeselyded. The curriculum consisted solely
of formal lecture and lab work. The term “Big Saehwas applied to the movement and this
work was done by interdisciplinary teams of resears. Most of the work was done
collaboratively by scientists, engineers and redesas in university settings and backed with
government funding. The teacher was intentiondiiyiaated. Although this was seen as a time
of crisis in the history of scientific educatiohetfact was that it did serve to bring awareness to
scientists about their responsibilities in eduaatime public about the nature of science in this

new age.

This period in education was known as “The Goldge of Science”. More than $117
million was spent on over 50 course improvemenjgets during the years of 1957 through
1975. The bulk of the reformers were scientisthwpecialties in physics, biology, chemistry
or geology and their view of significant sciencesvgaen through their specific content
specialty. The curricula were based on the assompitiat science is a way of knowing and
experiential in nature. Students were actively expenting, observing, comparing, inferring,
inventing and evaluating. Unfortunately, even thotilge implementation and design of the
science curriculum seemed to be more cohesivelibfame, studies showed that this was not a
successful model. The scientists were not happy the way that the materials translated in
classroom practice. They felt that they had toctea-proof’ the material that they were

creating to ensure the content was the focus. ®ottier hand, the teachers felt that the
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scientists did not understand the level of compnsio® that the students could manage. They
felt the need to “water-down” the content. Scieaggiculum materials of the 1960’s were
commonly seen as too difficult for the typical stats and only partially implemented by
teachers. However, fundamental changes did take jphawhat the students learned and the
way they were taught as a result of the scientedtstrts (Rudolph, 2002). By the mid-1970s
science reform became the subject of public csiticiA movement called “Back to Basics”

was starting to make its way into science educatimmhthe textbooks that were being used
became the focus of some religious groups. A ceasige tide was emerging in the United
States and the National Science Foundation camer atidck for some of the curricula that it
had created. The inclusion of Darwin’s Theory obknion in the BSCS (Biology Sciences
Curriculum Studies) publications was particulariyublesome for the fundamentalists. In April,
1975, all of the programs that were started byNagonal Science Foundation came under
review. The consequence of this scrutiny was a@erfal funding was switched from this
curricula effort and was instead used in reseanchcallege science programs. The back to
basics movement had taken a strong hold by thettid 1970s and science was no longer the
priority it had been throughout the 1960s and e&9ly0s. The fundaments of reading, arithmetic
and written communication moved to the forefrontr@f educational movement at this time. The

next big upheaval in education came in 1983 withghblication of A Nation at Risht

included the following inflammatory statement:

“If an unfriendly foreign power had attempted tgoose on America the mediocre
educational performance that exists today, we miggit have viewed it as an act of war.
As it stands, we have allowed this to happen teelues. We have even squandered the
gains in student achievement made in the wakeeoSthutnik challenge. Moreover, we
have dismantled essential support systems whigleteb make these gains possible.
We have, in effect, been committing an act of urkhble, unilateral educational
disarmament.” (National Education Commission, 1983)
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The results of this report were swift and totdleTpolicy of education was changed
dramatically. In some of the states, secondaryesitsdwvould be required to take the five
new basics in order to earn a high school diplorfeuryears of English, three years of
mathematics, three years of science, three yeasoidl studies and one year of computer
science. In addition, the college bound studentnegsired to take two years of a foreign
language and the science courses would need &vised for both the college bound student
and the student planning to go right into the worké. Issues of global importance such as
ozone depletion, pollution, global warming and detation became the focus of goal setting.
Action was called for on a global scale. A primauple was the 1983 Nation Commission on
Education’s recommendation 6hemistry in the Communigs a way to bridge the scientific
content with the increasing awareness and inclusioenvironmental issues. In 1988, the
American Chemical Society released the first edibbthe Chemistry in the Community
(ChemComimmaterials. The program uses an issues-oriestégehice, technology, and society
(STS) approach. The chemistry is taught with a nedshow, spiral approach where the basics
are taught without emphasis on details and intefolethose students who did not plan to major
in the sciences or engineering.

In the 1980s there was dissatisfaction with s@eanstruction in the classroom. Many
students saw science as stagnant, boring andvediatlifficult to understand or enjoy. At the
same time there were two research efforts beindwtied in science education. One group of
researchers reached the conclusion that learne@asfce are not passive but active recipients
of scientific knowledge and that they bring thenronotion of the natural world into the
classroom (Barton, 2003: Tobin, Espinet, Byrd & Ata 1988). The second was that the

current epistemological views of science held thatdevelopment of scientific knowledge
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occurs through the collective collaboration amolhgfahe members of the scientific
communities. It was understood that the currichiéd had been developed outside the classroom
by scientists in the “Golden Age of Science” wontt be faithfully adopted by the classroom
teacher (Atkins et al., 2003). The goal was toteré@acher-proof” materials that would work
regardless of the teachers’ background or teadgheitpods. The result was a focus on specific
disciplines that did not adequately take into aotdkie existing school science programs.

Despite these complications, the notion of an inghased, student centered approach to science
is still emphasized today.

With the reemergence of the need for a bettergvegpAmerican citizen, the proposal for
National Standards in Education was initiated. 989, the National Council of Teachers of
Mathematics (NCTM) released the first standardsidant in the United StateSurriculum
and Evaluation Standardall of the major mathematics professional organaa were behind
the creation of this document.

In the same year, the Department of Educatioretssis statement, “By the year 2000,
American students will leave grades 4, 8, and Mnigademonstrated competency in
challenging subject matter including English, mathécs, science, history and geography.

U.S. students will be first in the world in scieraned mathematics achievement.” (United States
Department of Education, 1989)

In 1992, the National Research Council of the Arag of Science was given a grant to
develop standards. The shared responsibility bgra¢groups for the standards sought to make
all parties responsible and it was hoped it wouddalrage the practice of blaming others for

the lack of success. Though the National Reseaocim€l was given the dubious honor and the
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funding for developing the standards for scienagcation, two other organizations were major
contributors. The three organizations and thepaasibilities follow:

1. The American Association for the Advancement ok8ce (AAAS) — developed a
vision for what it means to be a scientificallyefiate individual.

2. The National Research Council (NRC) - establishbtbad set of standards for
science education.

3. The National Science Teachers Association (NSFAJeveloped the tools, including
the guidelines, curricula and teacher trainingtf@ implementation of the standards.

The American Association for the Advancement aéBce proposed Project 2061, a
long-term initiative for K-12 education in scienceathematics, and technology. The project was
named after the next return of Halley's comet ardalized a future where all Americans are
science literate. The seminal document that weated by the AAAS was calle8cience for
All Americans.This document was then set in six school distragdal centers where teachers
transformed th&cience for All Americardocument by grade and sequence to create the basis
for theBenchmarks for Science Litera@yAAS, 1993).

No less than eight reports followed and all of iygorts had a key belief — that the
curriculum elements in each of the content areadexto be readdressed and restructured. This
in itself generated a great deal of discussion ansmlucators and served as the precursors to the
standards in the content areas. (Conley, 1997)

In the early 1990’s, the Organization for Econo@moperation and Development project
was fashioned by thirteen participating countr®song the features studied in each core were
the strategies employed for changing science, mathies or technology education. Greater
responsibility was deferred to the teachers themasdbr making the changes, not solely on

devising methods of teaching but also having atgreale in the selection of content. By 2000,

2 It is worth mentioning that of the three organiizas, only NSTA is composed exclusively of scieadecators.
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several of the new and broadly used programs kiggldr no direct participation by scientists.
(Atkins & Black, 2003)

The face of education in the United States hasngote several evolutionary stages and
we now find ourselves in a quandary when we comftegstate of education here to that of
other nations. As we move well into the’Qentury, declining international status and an
increasingly smaller and “flatter” world (Friedm&g@05; Darling-Hammond, 2010) has created
a brand of educational hysteria comparable toftiatifty years ago when the Russians
launched Sputnik. We are increasingly dependemt technically-trained workforce that come
from other nations, and continually outsource tragpction to meet our needs. These
developments force the question: “What can be domeverse this trend and move the United
States back into the forefront?”

The Control of Education in the United States

In order to follow the educational developmentd dacisions that are made in the
United States, it is important to understand thegrdoase for these developments and decisions.
Although education is not mentioned in the Constity it is compulsory in the states of the
United States. The control and funding of educatimmes from three sources: federal (10%),
state (46%) and local (44%) governments. Many psisuch as curricula, employment and
funding are decided locally, usually through schomdrds that are elected by school districts. In
New York City and under mayoral control, commursthool boards were disbanded in 2002
and the Panel for Educational Policy was put ic@ldhe panel is a twelve-member body of
which seven members are appointed by the mayoswadr/e at his discretion and five by
borough presidents. However, many of the directsresh as standardized testing and curriculum

standards are issued at the state level. The New State Department of Education, a part of
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the University of the State of New York, is respbtesfor the supervision of all public schools
in New York, standardized testing and the develapraed processing of state tests and Regents
Examinations. Other responsibilities of the New kY 8tate Education Department include
professional licensing, higher education and mamage of cultural institutions. The federal
Department of Education (USDE) was establisheth@€ommission of Education in the Labor
Department in 1867 with the intent of collectinglatisseminating information on schools and
teaching that would be of benefit to the all of sit@tes. The role of the federal government in
education has grown through the years and fedetavas instrumental in the establishment of
the land-grant colleges and universities, vocatiedacation and post-secondary educational
assistance to veterans following World War Il,neome a few. The U.S. Department of
Education was formed in the 1960’s and other fddagancies such as Head Start contribute
approximately 10.8% to elementary and secondargatdn. (U.S. Department of Education,
2012) There is no doubt that federal support haarred and expanded public education over
time. The conundrum lies in the amount of powehez#dhese governing bodies has or should
have in educational policies.

With the introduction of the federal No Child L&ehind Act of 2001 (Public Law 107-
110) the call was for increasing the standardscobantability for states, school districts and
schools, as well as providing parents more fleitjbih choosing which schools their children
will attend. With the election of President Obaamal the appointment of his Secretary of
Education, Arne Duncan, and the passage of the ikameRecovery and Reinvestment Act of
2009, an increased emphasis on education contorutree federal level. Most recently, the
Common Core — a group of core curriculum topicEmglish Language Arts and Mathematics —

has been adopted by forty-six states and threiotées of the United States. This common core
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IS meant to serve as a national core curriculuraci@nce framework called the Next Generation
Science Standards was released in draft form isuh@ner of 2010. Although not an integral
part of the Common Core, all indications pointtie fact that the format and performance
measures will mirror those of the common core. ysix of the fifty United States have agreed
to adopt this when the final version is completa. fow, the English Language Arts
performance standards address the skills needée icontent areas such as science. For
example, students will be tasked with reading noor@aplex non-fiction text as well as writing
an argument by introducing a substantive claimudiclg counterclaims, reasoning, evidence
and purposeful and logical sequencing. Howeverutigerstanding of science content is not a
part of the Common Core.

The Global Economy, Human Capital and S.T.E.M.

In April of 2010, President Obama addressed th@Nal Academy of Science and
stated unequivocally that the United States would % move from the middle of the pack to the
top of the pack in science and mathematics withenntext decade. The key to meeting these
challenges — to improving our health, to harnesslagn energy, to protecting our security, and
succeeding in the global economy — will be reaffilgrand strengthening America’s role as the
world’s engine of scientific discovery and techrgpbal innovation.” In closing, President
Obama identified three overarching priorities fof.&.M. education:

1. Increasing S.T.E.M. Literacy so all students canktlgritically in these subject areas.

2. Improving the quality of math and science teacliaghmerican students no longer are
outperformed by those in other nations.

3. Expanding S.T.E.M. education and career opporesitr underrepresented groups,
including minorities and women.

This set the groundwork for what was to be the neajor educational push in the area of

S.T.E.M. education. In July, 2010, Secretary of &dion Duncan announced a $4.35 billion
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“Race to the Top Initiative” for which states wouldve to compete. Among the items for
qualification for this federal funding was the ndedqualified and competent teachers as well as
innovative and creative programs for raising sta@ehievement..S. Department of
Education, 201p

The purpose of this study was to determine quaintély the impact of various school
characteristics on access to and enroliment in $oflool chemistry and to identify the issues
that may contribute to the inequities in high sdrexucation, specifically S.T.E.M. education. It
is necessary to provide an education that incltlaeskills and content needed to be successful
in the 2£' Century. Such success embraces employment opji@suior educated citizens well
versed in citizenship science. This was the matigafactor for the inclusion of S.T.E.M. in the
“Race to the Top Initiative. In 2009, Americans @@-34 with a bachelor of science degree
earned more than twice as much as young adult®utith high school diploma or the
equivalent, 50% more than those with a high scheglee and 25% more than those with an
associate degree (Aud, et al., 2011) The rootsitierstanding the social justice implications lie
in the higher order science and mathematics educ#iat is being given at the high school level
to all of the citizens of the United States. Expedo content in mathematics, science,
technology and engineering at the secondary leméidleencourage students to pursue these
fields as they move to the post-secondary leveltaydnd.

Access to higher education opportunities in tleaaiof S.T.E.M. transition into a
plethora of employment prospects and in essenee, dédeneficial effect on quality of life for
the individual as well as enhanced global statasiacreased stability for the nation. Currently,
as stated previously, only 17% of today’s colleggars in the United States are in the S.T.E.M.

fields (Kurtz, 2011). How do we increase the numdfekmerican students who enter S.T.E.M.
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majors and related careers? It is with this quieay this study will focus on the

following questions of equity for all high schoolidents in the pursuit of greater S.T.E.M.

learning opportunities.

Research Questions

With a focus on the critical area of Chemistry,

1. What is the relationship between school charadiesiand chemistry access/enroliment
in the New York City public high schools?

a.

How does the chemistry enroliment in NYC comparthtostate enrollments, overall,
by borough and by neighborhood?

Are there statistical correlations between chemistcess and socioeconomic factors
such as racial status (Black, Hispanic, White, As@ther) and/or financial status
(percentage of free lunch students)?

Are there statistical correlations between chemistcess and systemic factors such
as school size argkpense per student?

Are there statistically significant correlationdween chemistry access and the
availability of science laboratory facilities inetlschools?

2. What role does geographic location play in the s€te chemistry in high school as
measured by a correlation between the socio-ecanstaius of the district in which the
school is located and the access to chemistry ané&.$1. content courses?

3. What issues of social justice can be identifiedtigh this study and those like it and can
and will any of these have an effect on secondelnga policy in New York City, New
York State and/or the nation?
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Chapter 2 — Review of the Literature: New York City Public School Context

The review of the literature for this study isentled to lay the conceptual groundwork
for the core objective of the study — to determireether disparities exist in chemistry access for
students in New York City’s public high schoolshelmajor areas of research that support the
need for this study on possible inequalities avédéid into ten sections, addressing both urban
science education, specifically in the area of Gkt and the need for increased Science,
Technology, Engineering and Mathematics contentregmerican students in general.
Science Citizens and Human Capital

Science Literacy is the right of every citizen be planet and a necessity for those who
consider themselves responsible citizens. It esgi@eple to make better decisions, which in
turn creates a positive impact and helps to erthelr lives and the lives of others. The average
citizen should have a working knowledge of sciecmetent in chemistry, biology, physics and
geology or earth science. This way of thinking Imeeaommonplace following the publication
of “Science for All American” in 1991. In the twedades since its publications, the term
science literacy has come to also include scieitizens and the belief that we should think of
our world in terms of scientific systems as they situated in the global scheme. This is
certainly evident in the Next Generation Scien@n8ards. Students will be asked to see the
scientific world as a much more integral part ditleveryday lives.

As a society, few significant benefits would beogiid without the implementation of the
principles of science and for many, the study @rmatstry specifically. The ability to argue from
a knowledgeable vantage point on societal issugs &si carbon footprint and climate change,
the understanding of the contents of consumer mtsduch as household cleaners and

medicines and the awareness about chemicals tostadé harmful from necessary and
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beneficial are all the desired outcomes of a cetepdcience education that would included
chemistry. It has evolved, therefore into an esakobre subject in the schools and helps guide
the students to develop argumentative skills ankiensacially sound judgmental decisions
based on scientific ideas (Kolsto, 2001). The tecience literate (Fang, 2005; Holbrook &
Rannikmae, 2009) was commonly used for severakyteaiescribe this capability but currently
citizen science is considered to be a more apt (elwibrook, 2010). Citizen science refers to the
increasing scale of access to science by the pimbgieneral. A noted driving force in the effort

is the increasing reliance on technology whichaigsing an explosion of citizen science
involvement and activities.

It is quite evident that there is a critical ndeda scientifically-educated workforce in
the United States. The New York City school sysiethe largest in the country and should be
spearheading a movement in this directmespite a dearth of information on the importance
of science, technology, engineering and mathemetigculum in schools in the United States,
it will be seen that little is being done to fosBrEM education in New York City, especially in
terms of underrepresented minority students (LeMenzies, Najera & Page, 2008pr
students to become more competitive in the STEMeargpipeline, much more has to be done to
ensure that all students have the opportunityke glvantage of these rapidly growing fields,
especially in this time of economic uncertainty.

Restructuring — Small School Movement in New York @y School Districts

Although small schools were the common form ofcadiwnal setting when organized
education began in the United States, this sett@gjeventually replaced due to the growing
population in many urban areas. The large compsheschools, especially on the high school

level, became the norm in cities throughout thentigu They were designed to serve all

31



students and usually had college preparatory cewasevell as general education and vocational
programs. Due in part to student disengagemenpaadacademic achievement, the small
school movement began to take root in the largarugettings with Chicago taking the lead.

In 1988, The Chicago School Reform Act was passebwith it, the small school
movement began to take hold. Small school workskngges conducted at the University of
lllinois for educators interested in beginning th@ivn small schools within the city. In the early
1990s, small schools within the schools in Chicagee created and supported by a group called
the Small School Coalition. In 1995, the secondc@fpp School Reform Act was passed and this
granted mayoral control of the Chicago school systEhen Mayor Richard M. Daley appointed
a 5-member School Reform Board of Trustees. Ortleadf first duties was to assist in the
formation of small schools. The criteria would hattthe student body size would be kept small
(100-350 for elementary and less than 500 for saeg), have a self-selected faculty and be
autonomous in terms of curriculum, budget and amgdion. In 2001, the mayor appointed Arne
Duncan as Chief Executive of the Chicago Schoalslater than same year, Duncan created the
Office of Small Schools in Chicago. From here, ti@vement moved east.

In 2002, Chancellor Joel Klein and Mayor Micha&d@nberg launched a campaign to
change the conventional structures of high schobdlaw York City. With the help of the Bill
and Melinda Gates Fund ($51.2 million) and the dites of those who were anxious for any
reform that promised a change in the downward kpifrdhe urban high school statistics,

(Steifel, Berne, latarola & Fruchter, 2000; Courgithe City of New York, 2005) new and
small secondary schools were introduced to New Yaitk. It was planned that over a period of
5 years, approximately 200 new and smaller secgrstdnools would be initiated to replace the

large comprehensive schools that had dominateémeYork City high school landscape.
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The smaller school would either be new stand-abanlelings or would share buildings
with other independent public schools. The plan fwagach of these newly slated schools to
function independently, maintaining their own adistiration and staff. There was ample
research on the benefits of the smaller schoolskéBi Howley, Williams & Glascock, 2001,
Ready, Lee & Welner, 2004) However, some of thesilmas that were being made in the choice
of the schools seemed to fly in the face of thaditgand in many cases, not only did little to
foster the STEM growth of the students in the semathool settings but actually thwarted these
efforts. In addition, these smaller schools seetadie concentrated in areas of the city where
there is a higher percentage of poverty level &edefore also characterizes this as an issue of
social justice and democratic science educatioart@d, 2003; Bainbridge, Lasley & Sundre,
2003; Ancess & Allen, 2006)

Through an effort to improve overall education be secondary level, many urban
schools have been restructured. This is the pradfgssasing out the more traditional, larger
schools and replacing them with high schools thasanaller in size (Vander Ark, 2003). Access
to some of the more rigorous courses in mathematidsscience has been hampered by this
movement and inadvertently, the students have theeansuspecting casualties. Thus, subjects
like high school chemistry are disproportionatetributed in the high schools. Some of the
more selective schools and those that are largaeéand have multiple science offerings make
these courses accessible to their students, bstia#er, restructured schools do not and in
many cases cannot due to limitations in faciliaad faculty. The situation was brought to the
public’s attention as follows:

Although Mayor Michael R. Bloomberg tries to integpthe recent data on high school
graduation rates as progress, the figures suggest disappointing conclusions. The rising
graduation rates and simultaneous falling collezgdiness rates suggest rampant grade inflation
and granting credit for less and less educatioct@ieaement. The pressure to pass students along
is even greater in small schools because of thigalions on their ability to let students repeat
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classes or customize schedules according to tderssi needs. It is noteworthy that the schools
producing a large percentage of college-ready stsdee large, comprehensive and well-
established high schools that offer diverse progreoraccommodate the interests of different
students. (EditoriaNew York Times, June 23, 2011).

Another interesting fact is that most of the hsghools that have been restructured in the
New York City public school system are locatedrieas of highest need and areas that serve the
most under-represented populations (Ancess & AREOS; U.S. Census Bureau, 20INe
habitual absence of the higher order mathematickaience courses in these restructured
schools as well as their placement in the high alcbequence further exacerbates the situation.
The National Association of State Directors of @arEechnical Education Consortium has
stated that for students to benefit from the opputies in secondary school, they should adhere
to a rigorous agenda in both science and mathesnafikis consortium grouped all occupations
into sixteen possible clusters or categories (Adtire; Architecture & Construction; Arts, A/V
Technology & Communication; Business; Educatiomalfice; Government; Health Science;
Hospitality & Tourism; Human Services; Informati®@echnology; Law, Public Safety;
Manufacturing; Marketing, Sales, Service; Sciedaghnology, Engineering & Mathematics;
Transportation). This is a broad grouping but itawered the fact that fourteen of the sixteen
require four years of science and four years oherattics. (National Association of Career
Technical Education Consortium, 2006)

New York City Economics and School Achievement LeVe

The poverty levels in the City of New York arevasied as the populations that inhabit
its five boroughs. Statistics taken from 2010 iatkd that the Bronx has the highest poverty rate

of the five boroughs with 28.5% of its citizensitig below the poverty lirie Brooklyn is next at

% Living below the poverty line is defined as eamnimder $18,000 a year for a family of three (3).

34



a rate of 21.5%, Manhattan is 14.6% and Queen®.89d and Staten Island has the lowest
poverty rate at 11.2%. However, geographic areaeighborhoods within the boroughs also
vary greatly in the level of poverty per its inhaiits.

A table was created by mapping the School Disttecthe Poverty in New York City

Documenthttp://schools.nyc.gov/schoolsearch/M@NY C Commission for Economic

Opportunity, 2006) and the New York City DepartmehCity Planning.

http://www.nyc.gov/html/dcp/htmi/neigh_info/nhmalptsi| (Refer to Table 3)

The large comprehensive high schools in New Yaty that have been restructured and
converted into several smaller schools within @@e building have been overlaid with the
borough in which they are located and the spen#gighborhood within that borough. Since it
was felt that New York City and even the five indival boroughs have such large geographic
regions, neighborhoods would be a better indicat@socioeconomic status and this could easily
be compared to the socioeconomic status of theasityell as the borough in which the

neighborhood is located. The results are as follows
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Table 3 — Restructured Schools by location and gpvevel within NYC (NYC Public School
High School Directory 2009-10, NYC Department ofyd?lanning, 2011
http://www.nyc.gov/html/dcp/

School

School Borough Borough Poverty Neighborhood Neighborhood
Level

Evander Childs HS Bronx 28.5% Williamsbridge 34.3%

Thomas Jefferson HS  Brooklyn 21.5% East New York | 0.5%

Adlai Stevenson HS Bronx 28.5% Mott Haven 62.7%

Walton High School Bronx 28.5% Kingsbridge 47.3%

Herbert Lehman HS Bronx 28.5% East Tremont 57.6%

Prospect Heights High Brooklyn 21.5% Prospect Heights 37.3%

School

Martin Luther King Manhattan| 14.6% Upper West Side 12.0% *

High School

Bayard Rustin HS for| Manhattan| 14.6% Chelsea 19.4%

Humanities

Christopher Columbus Bronx 28.5% Pelham Parkway 32.3%

High School

Park West High Manhattan | 14.6% Upper West Side 12.0% *

School

George Washington | Manhattan| 14.6% Washington Heights 44.1%

High School

Erasmus Hall High Brooklyn 21.5% Crown Heights 37.3%

Schoaol

Harry S. Truman HS Bronx 28.5% Pelham Parkway %2.3

Seward Park High Manhattan | 14.6% LES/Chinatown 50.0%

*The Upper West Side is the outlier in this invgation. It is of note that most of the student badthe high
schools in these geographic areas do not reside her

Figure 8 highlights the fact that most of the elbschools and the new small schools

that replaced them are located in low-income apéasntral Brooklyn and the Bronx, those

with median household incomes of less than $40,80@f the closed schools have been

converted into educational campuses (complexes).
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Figure 8

As can be seen, each of the restructured scheitsthe exception of the schools on the

Locations of Closed or Closing Schools and New Small Schools,
2007-2008 School Year

MNew small sehool +

!'§" Closed or dosing school replaced
by new sall schoal(s)
Median annmal hovsehold income
Jess than $40.000

B T TR I/l/
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@
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SOURCE: MDRC calculations from the New York State Report Card and data on new small schools
provided by the NYC Department of Education (DOE) for school vears 2002-2003 through 2007-2008,
and U.S. Census Bureau Summary File 3 2000 data.

NOTES: The map shows locations of the 23 larpe and midsize schools that ceased admutting new minth-
grade students between the 2002-2003 and 2007-2008 school years as well as the 115 schools that were
designated as new small schools by the DOE and served thesr first cohort of ninth-grade students during the
same period. (More than one school could be at a location, with an average of four small schools at the
former site of each closed school.) Three nudsize schools that were closed were colocated within a single
building. Median annual household mcome 15 shown at the census track level.

Upper West Side) is located in neighborhoods with&ir borough that exceed the poverty level
of that borough. (Frankenberg, 2009) In additidihbat one of these schools are located in the
three boroughs with the highest poverty level ity of New York. At the time of this study
there was no restructuring of schools in Stateant$land limited restructuring of large

comprehensive schools in Queens.
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The Down Side of the Small School Movement

A systemic shift to smaller high schools in Newrk ity appears to promise greater
individual success in the pursuit of knowledge higher education and closing the achievement
gap between those that have and those that d@ligo®. Massucci, 2003). However, the issue
of size is one that may prohibit the course offgsim the high schools, especially those courses
that require higher order thinking and specialtgfised teachers. The small schools usually lack
the diverse curricula offerings and high order eabticensed faculty — especially in
mathematics, science and postsecondary counskahgstfound in the large comprehensive
high schools (Bloomfield, 2009). Another issue timay be unique to the student in New York
City is the selection process for the high schodlstudent’s previous test scores and/or class
grades can potentially keep him or her from atteg@i “screened” program at some of the more
selective smaller high schools. This filtering gystmay eliminate some of the students that
would most benefit from the smaller setting. (Néark City Department of Education, 2009)
Another issue in the smaller schools is the faat they do not have the capacity for offering
large selections of elective courses. This is gliytdue to limited staff and resources at the
school. The smaller school offers a more uniformriculum to its student body and one which
is potentially limiting in terms of preparing studs for postsecondary success (Carey, 2006;
Deil-Amen & Deluca, 2010). Both Darling-Hammond {2) and Herszenhorn (2005) have
written regarding the preparation of studentsstoence-related post-secondary opportunities.
However, there are few studies that can substartti@tshortcomings of the smaller schools in
terms of lack of opportunities in studying advancedrseworkAnd there are other
unintentional negative consequences of the smialcdanovement in the City of New York.

Due to poor planning and space and budget contramany of the small schools have been
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placed within shared spaces. (See Figures 9acdhJgually this space has been within the large
comprehensive school which is being deconstrudibis. is causing conflicts between the
students in the various schools as well as withathministration and shared personnel (safety
agents, facilities managers and science lab staffjas found that the practice of housing small
schools within large struggling schools replicaded even exacerbated the detrimental
conditions of the large, failing school. (Coundiltbe City of New York, 2005)

Findings of a sample New York City Small School Asé& taken in 2005 by the Council of the
City of New York yielded the following results:

Evander Child Complex — 105% higher crime rate

Thomas Jefferson Complex — 84% higher crime rate

Adlai Stevenson Complex — 84% higher crime rate

Walton Complex — 17% higher crime rate

Herbert Lehman Complex — 8% higher crime rate
Prospect Heights Complex — 5% higher crime rate

ogakwnE

This triggered some immediate revisions to thedyalans for the Small School
Movement in New York City. Additionally, these baiihgs were not designed to house several
smaller schools within its walls. These buildingsrbt offer autonomous spaces and so the
administrators of each of the schools must woroinjunction when scheduling shared spaces
such as gymnasiums, libraries, science laboratariddunchrooms. This has been problematic
in many high schools. Because these shared spacksated centrally, students from one or
more of the smaller schools must walk through oietiools within the building, often
vandalizing the bulletin boards in the hallwaysrig&ons in school policies such as banning cell
phones and the wearing of hats and "do-rags" caddgional tension between students that

must adhere to these rules in their school, yatssace with schools that have a more lenient
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approach to these policies (Ancess & Allen, 20G&ppears that the human element was an
oversight in the new configuration of schools.

And what of the issue of equity and parity in thes®ll schools in relation to the large
comprehensive high schools? The small school moremélew York City was accompanied
with the addition of many perks for the administratof these schools to ensure their success. A
special division was created at the central offtcgpersonalized guidance, small schools were
given a large budget with which to launch theirgreoms and added supports from not-for-profit
constituencies were major incentives given to thalkschools.

Additionally, during their first few growing yearth)e small schools were not required to
accept the general public school population whicdtuides special needs students (Bloomfield,
2009). Data from these schools would almost haveettalsely skewed toward greater success,
given the parameters stated here. In additioencomprehensive high schools were overwhelmed
by influxes of students who had histories of pateradance, behavior problems and low
academic achievement. Many of those students cammediosed failing schools that were

replaced with small schools. (Hernandez, 2009)
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Figure 9a - Complete list of Reorganized Schooth@Bronx
(New York City Department of Education, 201@)p://schools.nyc.gov/default.htm

Bronx School Name Academic Campus

8X Bronx Guild Adlai Stevenson Campus

8X Gateway School for Environmental Research arahiielogy Adlai Stevenson Campus

8X Millennium Art Academy Adlai Stevenson Campus

8X Pablo Neruda Academy for Architecture and W&tddies Adlai Stevenson Campus
8X School for Community Research and Learning ABl@venson Campus

8X Herbert H. Lehman High School Herbert Lehman Campus

8X Renaissance High School for Musical Theater & ifmlogy Herbert Lehman Campus

X Alfred E. Smith Career and Technical EducatiaghHSchool Alfred E. Smith Campus

7X Bronx Haven High School Alfred E. Smith Campus

7X Mott Haven Village Preparatory High School SoBtionx Campus

X New Explorers High School South Bronx Campus

7X University Heights Secondary School South Bronx Campus

7X Urban Assembly School for Careers in Sports B&rbnx Campus

9X Bronx International High School Morris Campus

9X Bronx Leadership Academy Il Morris Campus

9X High School for Violin and Dance Morris Campus

9X Morris Academy for Collaborative Studies Mor@iampus

9X School for Excellence Morris Campus

9X Bronx Expeditionary Learning High School Williakh Taft Campus

9X Bronx High School for Medical Science William H. Taft Campus

9X Bronx High School of Business William H. Taft Campus

9X Dream Yard Preparatory School William H. Taft Campus

9X Jonathan Levin High School for Media and Comrations William H. Taft Campus

9X The Urban Assembly Academy for History and @itighip for Young Men William H. Taft Campus
10X Bronx Engineering and Technology Academy John F. Kennedy Campus
10X Bronx School of Law and Finance John F. Kennedy Campus
10X Bronx Theatre High School John F. Kennedy Campus
10X Marble Hill High School for International Stedi John F. Kennedy Campus
10X Belmont Preparatory High School Theodore Roosevelt Campus
10X Bronx High School for Law and Community Service Theodore Roosevelt Campus
10X Fordham High School for the Arts Theodore Roosevelt Campus
10X Fordham Leadership Academy for Business anthif@ogy Theodore Roosevelt Campus
10X Knowledge, Power Prep Academy International HS Theodore Roosevelt Campus
10X West Bronx Academy for the Future Theodore Roosevelt Campus
10X Discovery High School Walton High School Campus
10X High School for Teaching and the Professions ltdkieHigh School Campus
10X International School for Liberal Arts Walton High School Campus
10X Kingsbridge International High School Walton High School Campus
10X The Celia Cruz Bronx High School of Music Waltdigh School Campus
11X Astor Collegiate Academy Christopher Columbus Campus
11X Christopher Columbus High School Christopher Columbus Campus
11X Collegiate Institute for Math and Science Christopher Columbus Campus
11X Global Enterprise High School Christopher Columbus Campus
11X Pelham Preparatory Academy Christopher Columbus Campus
11X Bronx Academy of Health Careers Evander Child Complex

11X Bronx Aerospace High School Evander Child Complex

11X Bronx High School for Writing and Communicatiérnts Evander Child Complex

11X Bronx Lab School Evander Child Complex

11X High School for Contemporary Arts Evander Child Complex

11X High School of Computers and Technology Evar@tald Complex

12X Bronx Coalition Community High School James MamnCampus

12X High School of World Cultures James Monroe Campus

12X Monroe Academy for Business/Law James Monroe Campus

12X Monroe Academy for Visual Arts & Design Jamesrivbe Campus

12X The Cinema School James Monroe Campus
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Figure 9b - Complete list of Reorganized SchoolBrimoklyn
(New York City Department of Education, 201@)p://schools.nyc.gov/default.htm

Brooklyn | School Name Academic Campus
19K Academy of Innovative Technology Franklin K.rledJamaica Avenue Campus
19K Brooklyn Lab School Franklin K. Lane/Jamaicaefiue Campus
19K Cypress Hills Collegiate Preparatory School nklia K. Lane/Jamaica Avenue Campus
19K Franklin K. Lane High School Franklin K. Lane/Jamaica Avenue Campus
19K Multicultural High School Franklin K. Lane/Jaiba Avenue Campus
19K FDNY High School for Fire and Life Safety Thosndefferson Educational Campus
19K High School for Civil Rights Thomas Jeffersodugational Campus
19K Performing Arts and Technology High School Tlaendefferson Educational Campus
19K World Academy for Total Community Health HS orhas Jefferson Educational Campus
14K Brooklyn Preparatory High School Harry Van AalelEducational Campus
14K Williamsburg HS for Architecture and Design Harry Van Arsdale Educational Campus
14K Williamsburg Preparatory School Harry Van AredBducational Campus
15K Secondary School for Journalism John Jay Higjios|
15K Secondary School for Law John Jay High School
15K Secondary School for Research John Jay High&@ch
Academy for College Preparation and Career
17K Exploration: College Board School Erasmus Hall Ediomal Campus
17K Academy of Hospitality and Tourism Erasmus Heducational Campus
17K High School for Service & Learning at Erasmus | radfus Hall Educational Campus
High School for Youth and Community
17K Development at Erasmus Erasmus Hall EducationalpDam
Science, Technology and Research Early Collegp
17K High School at Erasmus Erasmus Hall Educational iiesm
High School for Public Service: Heroes of
17K Tomorrow George W. Wingate Educational Campus
17K International Arts Business School George Wngslie Educational Campus
17K School for Democracy and Leadership George \Wgéte Educational Campus
17K The School for Human Rights George W. Wingaledational Campus
17K Brooklyn Academy of Science and the EnvironmgeRrospect Heights
17K Brooklyn School for Music & Theatre Prospectidihs
17K International High School at Prospect Heights rosPect Heights
17K The High School for Global Citizenship Prospdeights
18K It Takes a Village Academy Samuel J. Tilden &ational Campus
18K Kurt Hahn Expeditionary Learning School Samuel J. Tilden Educational Campus
18K Samuel J. Tilden High School (closed ~2010) Samuel J. Tilden Educational Campus
18K Academy for Conservation and the Environment| utB&hore Educational Campus
18K Brooklyn Bridge Academy South Shore Educatid@aipus
18K Brooklyn Generation School South Shore Educali@€ampus
18K Brooklyn Theatre Arts High School South Shodué&ational Campus
18K Victory Collegiate High School South Shore Eatimnal Campus
32K Academy for Environmental Leadership Bushwick Educational Campus
32K Academy of Urban Planning Bushwick Educational Campus
32K Bushwick School for Social Justice Bushwick Ealional Campus
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Figure 9c - Complete list of Reorganized Schoolslamhattan and Queens
(New York City Department of Education, 201@)p://schools.nyc.gov/default.htm

Manhattan| School Name Academic Campus

2M Bayard Rustin High School for the Humanities taBHumanities Educational Campd

2M Humanities Preparatory Academy HS for Humanilidsicational Campus

2M The James Baldwin School HS for Humanities Etlanal Campus

2M Manhattan International High School Julia Ricimiaducational Campus

2M Talent Unlimited High School Julia Richman Ediigaal Campus

2M Vanguard High School Julia Richman Educationaipus

2M Food and Finance High School Park West Campus

2M High School of Hospitality Management Park W&ampus

2M Manhattan Bridges High School Park West Campus

2M The Facing History School Park West Campus

2M The Urban Assembly School of Design and Consisaoc | Park West Campus

2M Essex Street Academy Seward Park Campus

2M High School for Dual Language and Asian Studies Seward Park Campus

2M Lower Manhattan Arts Academy Seward Park Campus

2M New Design High School Seward Park Campus

2M The Urban Assembly Academy of Government and LapwSeward Park Campus

3M High School for Arts, Imagination and Inquiry Kia Luther King Jr. Campus

3M High School for Law, Advocacy and Community Jesst | Martin Luther King Jr. Campus

3M High School of Arts and Technology Martin Luth€ing Jr. Campus

3M Manhattan Theatre Lab High School Martin Lutk@rg Jr. Campus

3M Manhattan/Hunter Science High School Martin lartKing Jr. Campus

3M The Urban Assembly School for Media Studies Mdrtther King Jr. Campus

6M High School for Health Careers and Sciences @GeWashington HS Campus

6M High School for International Business and F&an George Washington HS Campus

6M High School for Law and Public Service GeorgestWagton HS Campus

6M High School for Media and Communications Geodngeshington HS Campus

Queens | School Name Academic Campus

27Q Beach Channel High School Beach Channel Educational Complex

27Q Channel View School for Research Beach Chaadetational Complex

27Q Academy of Medical Tech: A College Board School Far Rockaway Educational Complex

27Q Far Rockaway High School Far Rockaway Educati@omplex

27Q Frederick Douglass Academy VI High School Faclkaway Educational Complex

27Q Queens HS for Information, Research, and Tdobyo Far Rockaway Educational Complex

29Q Excelsior Preparatory High School Springfielr@ns Campus

29Q George Washington Carver High School for therides | Springfield Gardens Campus
Preparatory Academy for Writers: A College Board

29Q School Springfield Gardens Campus

29Q Queens Preparatory Academy Springfield Gar@amspus

29Q Business Computer Applications HS Campus Malgdacational Campus

29Q Humanities & Arts Magnet High School Campusgdet Educational Campus

29Q Law/Government Community Service Campus Magdecational Campus

Note: None of the schools in Staten Island (Richa)drave been reorganized.
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Accountability

Through the restructuring of the New York City sohsystem, several accountability
pieces were put in place to monitor the progresbege changes. One of the many
accountability measures initiated since the begimf mayoral control of the schools is the
NYC Department of Education Progress Report.

http://schools.nyc.gov/Accountability/tools/repdefault.ntm The pilot implementation began

in the 2006-2007 school year. (Jennings & Pall@892 This report is a summary of each
school’s progress during one academic year. Fdr $utools, there are three basic areas of
progress that are measured for a school as it caspa up to 40 other “peer” schools. A “peer”
school has been determined to be one that hasilarsstudent population. The three areas of the
progress report are:
1. School Environment — determined by parent, teaghdrstudent surveys including
guestions on academic expectations, communicaimgagement and safety & respect.
2. Student Performance — determined by both four gedrsix year graduation rates and
weighed diploma graduate rate
3. Student Progress — determined by credit accumaulaliming each of the first three years
and Regents pass rates in each of the content (@egksh, Science, Mathematics, U.S.
History and Global History)

The total point value for the Progress Repor08 fioints with a possibility of up to 16
extra points for closing the achievement gap andingohigh needs students toward graduation.
Of the original 100 points, 85 can be amassedaratkas of student performance and student
progress. Sixty of those points are in the arestudent progress alone. As stated above, the
student progress is partially based on the stuekming 10+ credits per year for each of his/her
first three years in high school. Regents passiméatee content area is the other part to the

student progress. Science is the subdivision agre@ ils no further delineation as to which

science regents the student passed. Since it imyooty accepted that Living Environment is the
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gatekeeper for most students, this would be thaa science regents upon which a school is
judged.

The purpose of this report is to facilitate thgaing increased academic achievement of
the students in the school. This document is ortkefnany tools that have been produced by
the Office of Assessment & Accountability to enharize ability of principals and teachers to
target areas of weakness and strive to resolve #ress of limitation for the students. Through
tracking, identifying steps to improve studentigness and revisions in the academic plans for
the students, it is believed that schools can imelpe academic progress of every student. The
Progress Report is the indicator that is usededesv well this process is being achieved at
each of the schools in the city.

The Progress Report’s three categories and the yaiue allotted to each is as follows:

1. School Environment (15% of overall score) — thisamees the pre-conditions for
learning. Of the 15%, 5% is based on student atteceland the other 10% is divided
equally (2.5%) between high expectations, engagemafety and respect. Attendance is
measured directly and the other four are taken student, teacher and parent surveys.

2. Student Performance (25% of the overall score)s+tieasure is based on students who
graduate with a Regents Diploma in 4 years or 6sy@aRegents Diploma is the
requirement for a New York State endorsed diploma.

3. Student Progress (60% of the overall score) —tl@asures the ability of a school to help
students in their progress through high schooliaradtaining a Regents diploma. One of
the major matrices for this portion of the Progreeport is percentage of students

earning 10+ credits per year. (New York City Depamt of Education, 2009) As can be
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seen, 85% of the School’s Progress Report is bas&tudents Achievement.

Significant overlap can be seen in the studerfopeance and student progress
portion of the Progress Report. For example, dagest earns 10+ credits per year, the
graduation rate will increase. This translates athrect correlation. One of the questions
posed by this study is the quality of the studengpess. Although the number of credits is
clearly stated, the type of credit earned anditi@ 0f the course provided is not stipulated
and therefore can vary from school to school oneepartment to department within a
school (Winters, 2008).

With all of that being said, it is important totadhat a principal in a New York City high
school is evaluated on the outcomes found in thasly Progress Report. The first page of the
report states, “Schools are assigned letter graaesd on their overall Progress Report score.
Schools that get “A”s and “B"s are eligible for r@ws. This reward has been in the form of
monetary recompense for the principal. Schoolsivege“D’s and “F’s or 3 consecutive “C’s,
face consequences including change in school Ishigeor school closure”. Of all the schools
that received the letter grade of “F” in the fiystar of Progress Report implementation, 77%
went from “F” to an “A” or a “B” the following yea(Jennings & Pallas, 2009). A possible factor
in raising the Progress Report grade for the schoght be to offer less rigorous coursework
that the students can master within the timefrafm@e academic year. This may lead to more
students reaching the 10+ credit benchmark eadkteada year. Knowing that a poor grade may
lead to school closure and the possible removHieprincipal as well as job instability for the
teachers, and the alternative is possible finameiaard and consistency in teaching positions,

school personnel would be hard pressed to raisddtter grade as quickly as possible.
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Principals’ Incentive

Additionally troublesome is the fact that the Cstygontract with the Council of School
Supervisors and Administrators (CSA) enabled sclezmlers to earn bonuses based on the
success of their students as reflected on the $€&hogress Report. On November 19, 2009,
Chancellor Klein announced that principals of s¢hedose Progress Report scores were in the
top 20 percent citywide would receive bonuses otfoup25,000. He further delineated the

bonuses as follows:

e Principals receive $25,000 if their schools scaretthe top 1 percent (four principals);
$17,000 if their schools scored in the top 2-5 eet¢12 principals); $12,000 if their
schools scored in the top 6-10 percent (16 pringjpand $7,000 if their schools scored
in the top 11-20 percent (31 principals);

« An additional 17 principals who did not qualify fitve CSA bonus but whose schools
will receive bonuses as part of the school-widdguarance bonus program will get a
bonus of $7,000 if their schools met their targétsprincipals) and $3,500 if their
schools met 75 percent of their targets (threecjpais).

In all schools where principals are receiviogiises, assistant principals received half of
the bonus amount that their principal receivedotaltof 80 high school and secondary school

principals, as well as 160 assistant principalsgired $56 million in bonuses as a result of this
decision. (Fryer, 2011; Springer & Winters, 2009)

It can be argued that this incentive was instrudantmotivating the school
administrators to increase the graduation ratédseaschools involved. However, it has recently
come to light that the following key findings dotrsupport the financial incentive of $56 million
tax payer dollars. As reported by Rand Educatioa Research Brief (2011):

Key Findings:
e The researchers found that the NYCDOE’s School-wWiddormance Bonus Program did

not improve student achievement at any grade level.
http://www.rand.org/pubs/monographs/MG1114.html

e The program did not affect teachers’ reporteduatéis, perceptions, or behaviors.
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e The majority of the schools developed award distidn plans that reflected preferences
for equal sharing of bonuses.

e Many teachers in this study reported that the bovasdesirable but also reported not
changing their teaching practices in responsedgtbgram.

Needless to say, it was announced that the PrinBgoraus Program would be
permanently discontinued\Néw York Times, July 17, 201Researchers of the study by Rand
Education hypothesized that one of the reasonthéofailure of the program might have been
that all of the schools in the city are alreadyemektreme pressure to raise student test scores or
face actions such as school closures (RAND, 2011).
School Facilities — Laboratories

The distribution of science-related resourcesublig urban high schools is another
example of inequities within the system. The latkcience classrooms, science demonstration
rooms, laboratories, and technical equipment sadbugettes and chemicals often presents
problems for adequate instruction (Rebell & Wald06). Unfortunately, there is not enough
statistical evidence to support the hypothesisttimtibsence of these resources prohibits the
availability of chemistry in high school. Howevé#ig school's commitment to science is evident
if these resources are not available to the stsd@ime value of the course is suggested through
the presence of these resources and a subtle rmassammveyed. These resources also allow for
more inquiry-based, hands-on pedagogy. Chemistydiscipline that lends itself to the
constructivist style and students tend to retaimemmaformation when taught in this manner. It is
virtually impossible to teach with constructivisethods without basic lab materials. Chemistry
as a discipline will be more attractive to studehtsey know they can participate in
experiments rather than passively sit in the ctassr(Eick, 2002; Hofstein & Lunetta, 2004).
Resource constraints have significant effects ergtiality and availability of high school

chemistry programs.
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The history of the science laboratory experiencesfiodents in the United States has
been a functioning part of the curriculum for mtivan 160 years. Laboratories were introduced
in the U.S. in the late 1800s and although thegyohigh school science have changed
radically, the high school laboratory experience baen slow to keep up with the intended
purpose of science education (Sheppard & HoroR@96). The purpose of science education
today is to provide science literacy for all thézens of the United States. (DeBoer, 2000).
Although many will debate the issue of sciencedity for all based on social justice and equal
access (Barton, 2003), this placement of the seitatmoratory experience is seen as essential in
most academic circles if science education is tadmous and of high quality. The science
education literature continues to articulate thbratory work is an important medium for
enhancing attitudes, stimulating interest and engyt and motivating students to learn
(Hofstein & Lunetta, 2004).

When the science laboratory was first introducetheUnited States, it was received
with less than open arms. Laboratory work was sesemot up to the caliber of serious scientific
endeavors and instructors often had to purchassughyglies and equipment needed to conduct
experiments at their own expense. Further, thditfasito conduct these experiments were
invariably relegated to the basements of schodlitias and other non-essential spaces. Josiah P.
Cooke conducted his laboratories in chemistry ameralogy at Harvard in his father’s shed
(Sheppard & Horowitz, 2005) and Benjamin Sillimat gp his first chemistry lab in Yale by
paying the college rent for the space and purchdssmown equipment (Singer, Hilton &
Schwiengruber, 2006).

In the early 18 century, science was taught essentially as his8trydents learned

through textbooks and lectures and by memorizatiahrecitation. Educators and scientists
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made little effort in sharing scientific theoriesdamethods of study. It was generally understood
that the role of a scientist was to embark on adius observations and accumulation of facts to
develop theories and/or laws about science. (R&édary, 2008; Rutherford, 2005) Science
was taught in elementary schools throughout the kuSwith no uniform quality or quantity.
The science content also varied throughout thetcpwnith no consistent curriculum.

It was during the late focentury that there was a change in the teachisgiehce. A
key player in this development was a German chemashed Justus von Liebig. Liebig
conducted a chemistry laboratory at the Universitiessen in Germany from 1824 through
1852. During this time period, students became imetkin his training and research
methodology as well as the practical applicatiams techniques in the laboratory (Sheppard &
Horowitz, 2006). His reputation became world knatwrough his publications which contained
his ideas and accomplishments. These publicatitbraxted U.S. students and educators alike.
One of these was Eben Horsford who conducted wotke laboratory of Liebig for two years.
Upon his return to the United States he establishedentific school modeled after that of
Liebig’s and began the first laboratory coursehenistry in the U.S. The school was named the
Lawrence Scientific School after Abbott Lawrendes benefactor of the school and it opened in
1847 Soon other colleges and universities followed and one of the newly graduated students
of the Lawrence Scientific School at Harvard, CésillV. Eliot accepted the position of
professor othemistry at the newly founded Massachusetts utetaf Technology. One of his
prime responsibilities in this position was to esth and supervise chemistry laboratories at
MIT. Other colleges and universities soon folloveeit and laboratory facilities started to

become commonplace.
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While these developments were occurring encthllege and university level, public high
schools were not in existence. A small number ofgpe secondary academies were sprinkled in
some larger urban areas, but less that 1% of ibilel secondary population attended school at
this level. The U.S. had established elementarg@shtand these were flourishing by the mid-
19" century. To support broad based publicly suppdntgh schools, reforms needed to be
made. A tax supporting high school was introduasdl @hallenged several times but in 1874 it
was upheld in Kalamazoo, Michigan and soon theiptidgh school became commonplace.
Students were expected to follow their educatiothéprimary grades with high school
education that was free, public and followed thmes@aomprehensive curriculum. As the high
schools were established, (Reese, 1995) the clumnicwas linked to that taught in the
elementary schools but soon it was seen that tiirsecalum was not expanded to that taught at
the college and university level. The acceptantzancollege or university was based solely on
that institution’s entrance examination and theseawot unified or systemic. Each college or
university had its own requirements and many didrequire a certain number of credits for
entrance. Some did not even have high school aanaatory pre-requisite (Sheppard &
Horowitz, 2006).

High Schools continued to gain in popularity andreesnumber of graduating students
increased, a need for better articulation betweagim $chool and college was seen. To remedy
this situation, the National Educational Associatestablished the Committee of Ten (Tyack &
Ravitch, 2001). The function of this committee w@slign the high school curriculum so that it
would reflect the academic content knowledge neégegiaduating students who intended to
continuetheir education in the universities and collegéh United States. The members of the

committee included three high school principalge funiversity presidents and the U.S.
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Commissioner of Education. Chairing the committes Wharles W. Eliot, who had resigned his
position at MIT and subsequently accepted the jposés president of Harvard. In this capacity,
Eliot had broadened the admission policy and heosad a mandatory science requirement for
entranceHe also established an admission credit and addasteeding to any students who had
completed specific chemistry and physics experisiaittile in high school (Holton, 2010).

The Committee of Ten quickly organized nine subigottees in the academics subject
areas with three of these being in the sciencesipdl sciences, natural sciences and earth
sciences. Eliot was influential in selecting thenmbers of the sub-committees and ensured that
Ira Remsen of John Hopkins headed the sub-comnaittdbe physical sciences (Bruner, 1996).
Some of the recommendations of this sub-committ@éewfocus on the importance of the
laboratory in science education are:

1. That in secondary school physics and chemistrabgltt by a combination of laboratory
work, textbooks and through didactic instructiorrieal on co-jointly, and that at least
one-half of the time devoted to these subjects lshoel given to laboratory work.

2. That the laboratory work in physics be largely @fuantitative nature.

3. That careful notebook records of laboratory workath physics and chemistry should
be kept by the student at the time of the experimen

4. That the laboratory work should have the persomaésrision of the teacher at the
laboratory desk.

5. That the laboratory record should form part oftiet for admission to college and that
the examination for the admission should be bofieemental and either oral or written.

6. That a committee to consist of Mr. Fay and Mr. Knalve charge of making a list of 50
experiments in physics and 100 experiments in chieynio be subject to the approval of
the Conference. (National Education Associatio®3)8

In order to implement the findings of the Comeetof Ten, the Committee on College
Entrance Requirements was established in 1895.oNgtdid this committee uphold the
findings of the Committee of Ten on the importantéhe laboratory experience in science but
they went further and stated that the work in labany science should be done individually and

with each student having his or her own equipmihelpard, 1995). Although this is an
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expensive endeavor, this stipulation was made isoanwith the construction of additional
school buildings. Laboratories became an integael @f the high school building blue print and
the funding for these projects came directly fraatestaxes. New York became one of the
leading states in this endeavor with the followaognditions for high schools receiving the
allotted state funding: (1) Provide laboratory ligieis for individual experimentation (2)
Teachers had to complete two years of laboratagnse instruction to be eligible for state
certification (Tyack & Ravitch, 2001).

The need for teacher preparation institutionsgased as the need for knowledgeable
science teachers increased. Summer programs ainredracting science teachers in the ways
of conducting science laboratory experiments andpegent manipulation began to take hold
and institutions quickly saw the benefit of the ®of Edwin Hall,Laboratory Manual of
Physics RemsenA Laboratory ManualEliot & Storer,An Elementary Manual of Chemistry
and Cookel.aboratory Practice Supply companies also saw this as a golden opptyrtamd
soon began to sell accompanying sets of equipnoemtaich of the experiments in the more
popularly purchased laboratory manuals (Nationaldation Association, 1893).

Unfortunately, little emphasis was placechomw the students learned the content
presented in these labs but there was an abundéecephasis on the skills that were acquired
through the laboratory experience. Students wepeard to absorb the inductive reasoning
behind each of these labs simply by carrying oettescribed procedures (Rudolph, 2002).
Between the years of 1890 and 1910 there was dabatehow the high school labs were to be
introduced to the students as the number of higbacstudents grew at an astronomical pace.
Members of the Central Association for Science iathematics Teaching, including physicist

Charles Mann, called for more dynamic and socialgvant experimentation. Thus a dichotomy
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existed and a tension between the two sides capdaein the New York State Physics Regents.
In 1890, the Physics Regents contained questidasgastudents to design laboratory
experiments. By 1905 the new physics syllabus waatent heavy that there was no room for
experimentation. Many schools eliminated the latmoyaexperience all together so that teachers
had time to complete this extensive content. Adtexcéor the inclusion of the labs protested
vehemently and in 1910, the New York State BoarBefents instituted a requirement of 30
double period laboratory experiments in the PhyRiegents syllabus.

(http://www.pl12.nysed.gov/osa/hsgen/archive/rehyshdm, 1987)

During the 1920s, the project method of teaghaboratory science became popular as a
dynamic and impelling method of teaching an adtithat is created by the individual student or
a small group of students. First-hand experiencerial life situation was the key to the project
method. It would now be seen as the constructmishod of teaching the laboratory portion of
science but at the time it was considered to bedtide reasoning or no more than an educated
guess. (Sheppard & Robbins, 2005) As the sciengrbcontinued to grow exponentially,
teachers found it difficult to create lists of gofs for the ever increasing number of high school
students that entered their classes. It was disotkess endeavor as the results of these quasi-
experiments was already known.

The high school science laboratory remairsepaat of the curriculum even with these
opposing tensions. Teachers, school buildingsnstieesupply companies and leading scientists
all advocated for the placement of the sciencerldligh school science education. In the
ensuing decades there was an increasing emphattis practical goals and benefits of science
in everyday life and the application of scientifivowledge (Singer, Hilton & Schwiengruber,

2006). Science education and the accompanyingdalry experiments and activities directly
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reflected these new social challenges. The Greptd3sion of the 1930s shifted the emphasis of
science to agriculture and employment opportunitie@eriments in chemistry focused on metal
plating and industrial topics such as the productibcoke in the coal industry. Similarly, during
the years of World War 1, science experimentateifected the real world application of metal
corrosion and technology and seemed to add a nomagienal slant to the science curriculum.
This was in direct response to a more militariatid defensive standpoint that was being felt in
the United States. As with the curriculum and #liooks, the impact of the socio-economics
have a direct correlation on the science subjettembeing taught and therefore the auxiliary
components of the coursework such as the laboratqgrienceSinger, et al., 2006)

Following the end of World War 11, the “babgomers” began to put an additional strain
on an already burgeoning school system. Both phalgiand financially, the public school
system in the United States was struggling to kd®past of the increasingly growing
population of high school aged students entergairs. Again, the high school curriculum
was under attack for being geared toward the sasjaécts of adolescent life at the expense of
maintaining a rigorous educational foundation. Averaent toward a more academic and less
vocational curriculum was begun and this continfhectuation came to a decisive head with the
Soviet Union’s launching of Sputnik in 1957. Thaay seemed unanimous and instantaneous;
the United States had to move its science educagienda toward creating a new generation of
engineers and scientists that would be capablefenhding the nation from threats by other
countries such as the Soviet Union (Singer, e28Dg6). With the support of the newly created
National Science Foundation the work began in esriidis brought about a new approach in

using the laboratory experiments and activitiehelab. The laboratory was now seen as a way
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of thinking about science investigation as an latelial process (Rudolph, 2002). Currently, the
Committee on High School Laboratories defines #imtatory experience as follows:

“Laboratory experiences provide opportunities toidents to interact directly with the

material world (or with data drawn from the matewarld) using the tools, data

collection techniques, models and theories of ®g&(NSTA, 2010)

The New York City School Construction Authigiis currently in the midst of “fitting
every high school with science labs”. In July 0020the plan was begun with these words from
Deputy Chancellor Grimm: “The plan envisions ndtjarick and mortar but improving the
educational environment in the classrooms throwagtital dollars”. She also noted that at this
time, there were over 100 high schools with thg aftNew York that operated without science
labs. SCA Newsletter, 8/4/20p4

The last time that there was such an emphasieiNéw York City public schools was
in the post-Sputnik eralN@tional Defense Education Act of 1938is is also when the middle
school policy was to keep the students throughihin grade. At the time, this was done as a
means of keeping costs down. It was much less askpeito build middle schools than high
schools and retaining the students for an extrageahe middle school level was a cost-
efficient move. Currently, there is also a needdboratory facilities in middle schools.

The need for a laboratory on the high school lesghperative (Hofstein & Lunetta,
2004; NSTA, 2007). The New York State secondarypsthourse requirements have changed
and it is now a graduation requirement that alllstus successfully complete three years of
study in science — one year in life science, ora yephysical science and a third year in either
life or physical science. Courses in Biology andtel fields are considered life science courses
and Chemistry, Physics Earth Science and similarses are categorized as physical science

courses. The laboratory in the science curricuhas a central role in science education.
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Not only are laboratory activities NYSED (New Ydskate Education Department) mandated,
they are also essential for the inquiry based coastist method of teaching the science to
students (Atkins & Black, 2003).

The trademark of science is that all of its lawd #reories have been developed through
the tools of observation and discovery. The latlwoyais a space that allows for this
contextualized learning. It is assumed that whetudent interacts physically with a problem or
situation, he or she will be directly connectedh®e situation, understand the nature of the
situation on a meta-cognitive level, and strivgtoblem-solve through natural curiosity
(Hofstein & Lunetta, 2004; Dewey, 1910). Theradsbetter venue for this type of education
than the laboratory space in the school. Equippédtive paraphernalia that is associated with
each of the science disciplines, the laboratorgspaovides the stage for the inquiry process to
flourish. On a completely different note but oneeqlial importance is the issue of safety and the
concerns for the students and teachers when wornkidlgemistry education (NSTA, 2007;
Singer, et al, 2006). Of all of the science disogs, chemistry is arguably the most difficult to
teach without the laboratory as a resource. Imsensf safety, the use of chemicals must be
conducted in a space that is meant for this purpdspace that contains all of the safety
requirements is not only mandated by law but alsodmmon sense (Texley, 2005; Tamir,
1989). Unfortunately, in large urban areas, thiy mramay not be the case depending on a
number of external factors which will be furtheipéoted in this study.

At present, the New York City School ConstructAuthority is in the midst of many
laboratory construction projects. The scope ofwtbek and where the work is situated is another
concern in terms of the equitable nature of thessselected. It is intended in this study that the

data will support the hypothesis that various aveitsin the city are not receiving equitable
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facilities and this in turn has a detrimental effec the quality and rigor of the education for
those students attending schools in these geograpas.

It can readily be seen in the chart below (Tablthdt the number of students per science
laboratory facility is highest in the Bronx (33@Qidéents per lab space), next is Brooklyn (302
students per lab space), then Queens (296 studeni=zb space), Staten Island (254 students per

lab space) and then Manhattan (222 students papkd®e).

Table 4 — Number of Students Using Laboratory Spad€YC Schools by Borough (NYC School
Construction Authorityvww.nycsca.org/NYC School Facilitieshttp://www.opt-osfns.org/dsf

2009-2010 School Year Bronx Brooklyn Manhattan Ques  Richmond
High School Students 52,433 75,878 56,095 73,014 16,734
Demonstration Room ( LE and ES)* 28 70 78 91 18
Laboratory (Chemistry, Physics) 131 181 175 156 48
Preparation Room - Lab Specialist 45 96 57 85 15

Total Usable Lab Rooms 159 251 253 247 66
Number of Students per Demo/Lab 330 302 222 296 254

*LE is defined as Living Environment and ES is defil as Earth Science
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Licensed Chemistry Teachers

One of the areas of interest in delving into thailability and entry to High School
Chemistry in New York City is the category of higlgualified teachers. Predominantly poor
and minority children are much less likely to begiat by science teachers who have degrees in

their field and certification in their area (Ingeits2001). Research shows that the most direct

* These rooms are not used for educational purpmst®e student body. They are for the preparatihsiorage of
scientific materials and equipment. (Ex. Chemicg®cimens, instrumentation)
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route to increased students achievement is hightgteaching (NSTA, 2005). High quality
instruction has been found to matter more for stidatcomes than student backgrounds
(Darling-Hammond, 2010). The availability of quadd chemistry teachers is one

of the major road blocks for ensuring equitableapmities for access to chemistry in the New
York City public high schools (Darling-Hammond, kHohan, Gatlin & Heilig, 2005). One
reason for the shortage of qualified chemistryhegg is the high turnover rate. Richard
Ingersoll (2001) concluded that after three yealrsost 30% of all beginning teachers

leave the profession and this increased to 40% afyears. Of those who are trained to become
teachers, two of five opt not to go into the prefea. (NSTA, 2005).

One of the reasons given for this phenomendtgaisher dissatisfaction due to the lack of
administrator support and the low pay. Teachexsraore likely to remain at a school if there is
a low teacher-student ratio, better equipment asdurces and if they have a higher salary
(Ingersoll, 2001). They enjoy teaching more if tieywe consistent professional support and
development (Eick, 2002).

The areas of greatest need are science, mathsmaaticspecial education. This is not
only true for the City of New York but nationallg avell. In the reportRising Above the
Gathering Storm(Committee on Science, Engineering and Publicci?02007) one of the key
recommendations is to increase America’s talent ppeastly improving K-12 mathematics
and science education. In order to do this a $eadhing force is needed in all high
schools in the U.S. The No Child Left Behind (NCRBt of Congress, 2001) definition for

highly qualified teachers includes the following:

e Have completed a bachelor’'s degree

e Hold full State certification

e Pass rigorous subject content and pedagogy tedentonstrate competence in
assigned subject
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e Middle and high school teachers may demonstrategpetence in their assigned
subject(s) by holding a degree major in the assigudbject

During the 2005-2006 school y&ahere were 29,522 teachers of Chemistry in the
United States. Of those Chemistry teachers, 2082%m were teaching in schools in the State
of New York. Of all of the teachers of Chemistrytive U.S., 88% were certified in Chemistry,
and in New York State, 87% were certified. The banof certified teachers has increased but
the high demand for teachers has kept the ratertified teachers about the same or at a slight
decrease. (CCSSO, 2007).

A major factor in the lack of increase in the nambf certified teachers by state is the
continued demand and the insufficient supply oflywetpared teachers. (CCSSO, 2009).
Strategies for retaining qualified science and mhtics teachers include: implementing
more effective discipline, giving teachers moreoaoiny and authority, high salaries, and
reducing unnecessary paperwork and teacher workhtéehtion to teacher quality and retention
is essential, since the teacher is one of the mgmirtant factors in developing positive attitudes
in science. (Brown, Anfara & Rooney, 2004: Bartd@06; Darling-Hammond, 2010).

Below (Table 5) is a chart of the number of cegtifscience teachers in the New York City high
schools, 2008-2009 delineated by content areadeand then further delineated by district

(Table 6).

® This is the most recent national statistical infation available. (CCSSO, 2007)
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Table 5 — New York City public high school scieneachers (2009-2010) certified by license:
(New York State Testing and Accountability Repaytifool, 2010)
http://www.p12.nysed.gov/irs/pmf/2009-10/home.html

Biology

Biology & Gen Science 7-12 (5020) 421
Bio Gr 5-9 (4014) 28
Bio Gr 7-12 (5010) 854
Biology and General Science (526B) 39
AP Sup Bio & General Science (AP20) 3
Bilingual Bio & Gen Science Spanish (676B) 1
Swd Biology 7-12 (9046) 5
Total Biology Teachers 1351
Chemistry

Chemistry Gr 5-9 (4015) 4
Chemist & General Science 7-12 (5040) 119
Chemistry 7-12 (5030) 305
Chemistry and General Science (539B) 9
Total Chemistry Teachers 437
Earth Science

Earth Science Curriculum Development CoordinateA38) 1
Earth Science (5070) 253
Earth Science and General Science (568B) 2
Earth Science 7-12 (5421) 1
Total Earth Science Teachers 257
Physics

Physics & General Science 7-12 (5060) 68
Physics 7-12 (5050) 118
Physics and General Science (658B) 2
Lab Spec or Physical & General Science (6588) 2
Total Physics Teachers 190
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Table 6 — Science Teachers by Discipline in ed¢dheoNYC School Districts — 2009-2010
(New York State Testing and Accountability Repaytifool, 2010)
http://www.p12.nysed.gov/irs/pmi/2009-10/home.Html

District Biology Chemistry | Earth Science| Physics
District 1 16 3 1 3
District 2* 182 67 40 23
District 3 38 16 8 7
District 4 17 6 4 6
District 5 7 6 2 5
District 6 21 11 9 2
District 7 37 10 4 1
District 8 55 11 2 5
District 9 35 14 7 6
District 10* 89 36 10 18
District 11 44 11 6 5
District 12 32 8 1 3
District 13* 56 31 6 15
District 14 27 11 5 4
District 15 15 2 5 2
District 16 12 2 0 1
District 17 43 10 7 3
District 18 23 10 4 3
District 19 30 7 5 3
District 20 46 13 8 9
District 21 57 17 15 4
District 22 42 18 10 8
District 23 4 3 1 3
District 24 63 20 12 6
District 25 38 11 11 5
District 26 46 20 22 11
District 27 62 12 7 3
District 28 63 10 16 8
District 29 16 8 3 1
District 30 49 13 12 3
District 31* 72 18 9 12
District 32 14 2 5 2
All 1351 437 257 190
Districts

*|t should be noted that the numbers in certain ditricts are skewed because of the specialized higth®ol located
in that district.
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School Policy and Subject Choice

Secondary students’ access to science can berdeser by what courses are offered in

their high schools (Council of the City of New Yo&005). The number of class sections in
relation to school size is indicative of how mucieace is available and to what extent students
are encouraged to enroll in these courses. Tled ¢tdthese courses demonstrates the rigor in
science content, which can vary considerably frahosl to school. The existence of
prerequisites also determines access to the highelrscience such as chemistry. This can be in
the form of required courses such as Biology (Lgvignvironment) or Algebra, which are
“entrance” courses and may prohibit certain tramfkstudents from having equal access to
chemistry (Lynch, 2001). The career pathway o&digular student is often a judgment call by
a school administrator or guidance counselor arsdatfiten determines course selection on the

secondary level (Deil-Amen & Deluca, 2010).

Racial disparities are common when it comes tes&to advanced science in the
secondary schools. Higher order content courseslydwave a disproportionate share of White
and Asian students (Maulucci, 2010), while Black &fispanic students are relegated to lower
level science classes, often not even reachingdhe where they can take chemistry (National
Center for Education Statistics, 2009) There isiager representation of diverse student
populations in higher order science education arsdnecessary to identify the underlying
factors behind this inequity. The scarcity of studeof color has previously been attributed to
the rationale that students from these marginaliael groups are lacking in the preparation
necessary to move beyond the first level STEM asifdnderson & Kim, 2006). By relying on

this theory, the school has been taken out of uaton and so, lacks culpability. It is necessary
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that we confront the predisposition of educatianslitutions to reproduce minority student

failure and disempowerment (Barton, 2006).

Another pitfall of some of the higher order scieramd mathematics coursework is the
fact that the curriculum is necessarily scaffoldBae majority of the advanced mathematics and
science courses are placed at the end of the segjoénourses taken by the students. However,
in racially mixed schools, curriculum tracks aregelly “color-coded”. Honor or advanced
courses are reserved primarily for the White anstudents while the lower tracks are
disproportionately filled with students of colorgkes, 2005). Even in schools where these
courses are offered, most of the population doégeiathe opportunity to select these courses
during their high school tenure. Students in theaaded programs not only come upon a larger
guantity of curricular material but they are als@ed to interpret the material in a different
manner. Struggling students are guided to courdethat is less rigorous in order to achieve
high school graduation and are not asked to thiniestigate or create but merely to respond
with rote precision. Due to educational policieattare in place, students are not challenged to
pursue these classes which could increase thancekaf attaining marketable skills and
knowledge. As the proportion of science and enginggobs requiring advanced degrees is
increasing, (See Figure 1) the number of Americamarsuit of appropriate degrees is in
continuing decline, an almost inversely proportierdilemma (Darling-Hammond, 2010). This
can be said of most of the urban settings througtheuUnited States so although New York
City is not the only urban area where this imbataexists, it will serve as the prototype for this
study in inequitable distribution of STEM educatemd more specifically, inequitable access to

high school chemistry coursework.

Secondary schools exert control over who may thleenistry and whether it is offered at
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all for its students, and many factors are invdlirethis determination. Choices are constrained
by what the school offers, what rules govern sulgetection, and school schedule limitations.
The master schedule is created by a school progesirand the choice of courses and their
placement within the grid are determined well befibre students preferences are considered.
The goal of scheduling is to reduce major conflantg challenges, which at times can disregard
the educational needs of some the students. &kisoe may be very few electives (chemistry is
an elective more often than not), since limitingise offerings is a strategy feelective

tracking to assure greater academic progress adnditexpenditure (Rivera Maulucci, 2010).
The availability of qualified teachers in the carttarea is also one of the shortfalls as well. As
can be seenin Table 7, there is a discrepancy guhendistricts between the number of certified
chemistry teachers and the number of studentsichkmistry courses.

The role of the guidance counselor is also ciititéhe determination of which students
are selected for the more rigorous academic suhj€ctunselors sometimes advise select
students to avoid chemistry and other rigorous smwiork in their course selection for fear of
their getting poor grades (Smith, 2002). Therenged for guidance counselors and
administrators to make more informed decisions wheames to course selection so that
underrepresented minorities are encouraged to puinsusciences and mathematics. It has been
found that an increase in pertinent informationudtzmllege and career choices through
guidance counseling significantly increases ingiatollment in 4 year postsecondary
institutions, especially as affected by socioecoiemstatus in high school achievement (Plank &
Jordan, 2001). Lack of communication in communitiésolor, coupled with the lack of
trustworthy counseling on the high school leveh ozake a difference in curtailing talent loss,

especially in male African American students (Mulnaaul, 2008).
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Table 7 — Chemistry Teachers and Types of ChemigittyEnrollments
(New York State Testing and Accountabilityp@ging Tool)
http://www.p12.nysed.gov/irs/pmf/2009-10/home.Html

District Chemistry Regents Non-Regents Advanced Total Chemistry
Teachers Chemistry Chemistry Placement Students
Students  Students Chemistry
District 1 3 278 194 0 472
District 2 67 3,440 3,378 285 7,103
District 3 16 796 236 80 1,112
District 4 6 462 113 0 575
District 5 6 357 56 27 440
District 6 11 494 155 18 667
District 7 10 361 131 17 509
District 8 11 337 130 0 467
District 9 14 532 420 0 952
District 10 36 2,096 1,205 183 3,484
District 11 11 726 296 32 1,054
District 12 8 227 506 0 733
District 13 31 1,731 575 135 2,441
District 14 11 631 417 0 1,048
District 15 2 210 171 0 381
District 16 2 30 176 0 206
District 17 10 636 359 0 995
District 18 10 198 468 0 666
District 19 7 267 516 0 783
District 20 13 1,267 175 55 1,497
District 21 17 1,087 1,256 34 2,377
District 22 18 1,811 1,049 99 2,959
District 23 3 58 144 0 202
District 24 20 900 873 0 1,773
District 25 11 1,081 623 0 1,704
District 26 20 2,341 628 63 3,032
District 27 12 886 95 20 1,001
District 28 10 1,364 970 54 2,388
District 29 8 301 266 0 567
District 30 13 822 596 48 1,466
District 31 18 2,051 767 182 3,000
District 32 2 127 206 0 333
All Districts 437 27,905 17,150 1,332 46,387

Budget and Its Effects
Urban science education experience continues &iflieted by inadequate resources.
Outdated texts, unusable or nonexistent science liahited equipment and supplies and large

class sizes are often the norm (Brown et al, 2@@uncil of the City of New York, 2005).
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Increased financial support is necessary to restifgents’ access to the tools necessary to
achieve success in science. By allocating additiotoney for resources, salaries, and training,
the fair distribution of opportunities will increapositive outcomes that enhance social and
economic justice (National Research Council, 2019 State Supreme Court of New York
agrees with this assertion. In 2006, after 13 yamatise courts, the state’s highest court delivered
the case’s final ruling. The Court of Appeals rutbdt the state must provide its children with
the opportunity for a sound basic education, defiagthe "opportunity for a meaningful high
school education, one which prepares them to fangiroductively as civic participants.” The
court’s rulings became legislation benefitting paisichool students throughout New York State:
the Education Budget and Reform Act of 2007. TreteSivas ordered to pay approximately $14
billion over 4-5 years to provide the opportunity & sound, basic education for all the children
of New York City (Campaign for Fiscal Equity vsast of New York, 2006). This amount
includes $5.3 billion in operating funds, phasedwer four years, and $9.2 billion, phased in
over five years, for capital improvements, whiclniended for things such as reduced class
sizes, computers & other technologies, and sciEbmatories, all of which will help improve
urban students’ access to quality science instn@hnd the adequate facilities necessary for
scientific pursuits.

During the 2009-10 school year, the Departmeifgdafcation’s total budget was $21.9
billion, including $3.4 billion to pay pensions aimderest on Capital Plan debt. The
Department’s$18.5 billion Operating Budget (the total budgeslpsnsion and debt service
costs) includes funding for principals, teachezgtliooks and supplies. It covers the cost of
standardized tests, after-school programs, scha®d) heating and cooling for school buildings,

safety, and school lunches. It pays for centradiatstration and field support offices, which
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work with schools to provide support and help inygrstudent achievement. The Operating
Budget also pays for non-DOE costs, such as $1li8rbior special education services provided
at non-DOE “contract” schools; another $64 millfon non-public schools, such as yeshivas and
parochial schools; and $418 million for charteraulb. The Department also has a Five-Year
(2010-2014) Capital Plan Budget that includes $bill®n to cover costs associated with
building new schools, renovating existing buildingsd investing in other new assets within
school buildings. In the 2009-10 school year, apipnately $9 billion of funding, not including
most fringe and pension, resides in school bud@etew is a listing of major categories of
school allocations.
1. Fair Student Funding:
Fair Student Funding (FSF) dollars — approxima$lys billion in the 2009-10 school
year — are used by schools to cover basic instmigkineeds and are allocated to each
school based on the number and need-level of stsi@anolled at that school. All money
allocated through FSF can be used at the prin¢igisisretion.®
2. State and Federal Categoricaprograms are restricted by the State or Federal
governments on how they can be distributed anthany cases, how they can be used by
schools. They total approximately $2 billion. Exdespinclude Title | (approximately
$600 million), other federally-funded “Title” progms (e.g., Title I, Title 1I-A), IDEA,
Universal Pre-K, and Attendance Improvement/Drogratvention.
3. Contracts for Excellence Fundscome from the State as a result of their commitrteen

increase funding to New York City. These fundslItatgroximately $600 million and

Schools in District 75 and programs in Districta#® not funded via Fair Student Funding
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must be allocated according to the State’s metloggolThe funds must also be spent by
schools according to the City’s Contract for Exertle with the State.

4. Programmatic Allocations go to internally restricted programs include Cititiatives
that remain outside of Fair Student Funding becatifieeir unique structure or priority,
like the parent coordinator initiative or new schst@art-up funds. The way these funds
can be spent is often restricted.

5. Related services fundingoays for mandated special education supportstiggilement
core classroom instruction services. These dadlersn addition to the funds special
education students receive as part of the Fairedtugunding allocatian

http://schools.nyc.gov/AboutUs/funding/default.htm

And so, it is with this contextualization, the Wamn the Access and Entrance into high
school chemistry in New York City will be framedh& groundwork has been set as to the
importance of this topic and the importance of ti@atral science in the high school course
choice for every young adult. It will be our comment to all of our high school students, but
especially our underserved and often neglectecestadhat will determine the future success of
the United States within the world economies andenimmportantly, the quality of life of the
future citizens. Education is the lynch-pin thall wpen employment opportunities and thus the
human capital of our current high school studddigh level S.T.E.M. education will ensure
employment opportunities leading to a better qualitlife. This can only be realized by students
who have at the very least, been offered the rudisnef higher order mathematics and science.
Without this opportunity, ever-growing, highly saéal and socially advantageous career options

are inaccessible to select populations.
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Chapter 3 — Research Methodology
Introduction

Chapter 3 is intended to discuss the methods tosaaalyze the data that was gleaned for
the research questions. The New York City puldlms| system is a massive organization. The
system has been reconfigured from its infrastrgctlown to all of the individual schools. At the
time of this study, the No Child Left Behind ActO@1) introduced by President George W. Bush
was in full swing. Many of the features of that Awtre incorporated into the fiber of the
educational systems that exist in the state, citiytaoroughs of New York. Those that will be

addressed in this study are as follows

The emphasis on science as a core academic subject

Narrowing socio-economic and racial gaps by crgatmmmon expectations
Ensuring highly qualified and effective teachensdlh students

High Standards for Every Student in Every State

a b wbhPe

Ensuring High Schools Prepare Students for Coliegkthe Workplace

The purpose of this study was to determine quaintély the impact of various school
characteristics on access to and enrollment in $atjool chemistry and to identify the factors
that may contribute to the inequities in high sdremhucation, specifically S.T.E.M. education..
Examination of the importance of citizen sciencéherneed for technologically and
scientifically literate citizenry will be addressékthe critical piece to this conundrum is the
access that our students have to coursework thas ® the acquisition of this science
knowledge. Although this is a complex series offramatics, science, engineering and
technology courses and exposure to content in efitiose areas, the focus will be New York
City students’ access to and enrollment in secogndaemistry. The context through which this
issue will be examined is the restructuring andaantability initiatives that have been underway

in New York City public high schools (Herszenhorn, 200iMe enrollment figures were
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collected for all of the high schools in the thittyo school districts within New York City
(nyStart, 2011). Various school characteristicgaaizational variables and district specific data
will provide a lens through which inequities in ass can be explored. Each of the research
guestions will be examined as follows:

Research Questions

With a focus on the critical area of Chemistry,

1. What is the relationship between school charadiesiand chemistry access/enroliment
in the New York City public high schools?

a. How does the chemistry enroliment in NYC comparthtostate enrollments, overall,
by borough and by neighborhood?

b. Are there statistical correlations between chematicess and socioeconomic factors
such as racial status (Black, Hispanic, White, As@ther) and/or financial status
(percentage of free lunch students)?

c. Are there statistical correlations between chem@ticess and systemic factors such
as school size angkpense per student?

d. Are there statistically significant correlationgWween chemistry access and the
availability of science laboratory facilities inetlschools?

2. What role does geographic location play in the s€te chemistry in high school as
measured by a correlation between the socio-ecansiaius of the district in which the
school is located and the access to chemistry ahé& $. content courses?

3. What issues of social justice can be identifieddigh this study and those like it and can

and will any of these have an effect on secondelnga policy in New York City, New
York State and/or the nation?

Setting for this Study

In 2002 Mayor Michael Bloomberg gained controtlué New York City public school
system. He used his authority to reorganize théngoof the schools. This was accomplished in
2003 by converting the then thirty-two school dedgrinto ten geographic regions. In 2005,

several of the schools joined the Autonomous Ztater(referred to as the Empowerment Zone)
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which was spearheaded by Eric Nadelstern. Thesmichecame autonomous and the
principals of these schools had the freedom or poavenake major decisions for their schools
which also came with responsibility and culpabifily these decisions. This gave the schools
the power to be released from their region butfrorh the rules and regulations which were

imparted by the New York State Department of Edoocat
In 2007, Mayor Bloomberg and Chancellor Klein anmmed that the regions were to be
dissolved and the school system was again goibg teorganized. The new configuration for

the schools was called School Support Organizatosfor the first time in the history of the
school system of New York City, schools would netdupported based on geographic
proximity, but rather by self-selection in one lbétschool support organizations. This was the

configuration of the schools during the period wkige research was conducted. (See Table 8)

Table 8 - New York City Department of Educatiorg@mizational Schema
(New York City Department of Education, 201@)p://schools.nyc.gov/default.htm
School Year 2009 - 2010

% of Schools in the NYCDOE Category School Sup@wganization

36% ESO* Empowerment

24% LSO* Integrated Curriculum & Instruction
11% LSO Community Support Organization
9% LSO Leadership Support Organization
6% LSO Knowledge Network

5% PSO* New Visions for Public Schools
5% PSO CEl - PEA

1% PSO CUNY

1% PSO Fordham University

1% PSO Academy for Educational Development

*ESO = Empowerment Support Organization
*LSO = Learning Support Organization
*PSO = Partnership Support Organization
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The Empowerment Support Organization was headédgribyNadelstern. Initially,
schools were given $150,000 additional funds tadtenomous. The cost per school
then went to $29,500 per year for the support fleennetwork team who visited the
schools directly and offered support.
http://schools.nyc.gov/Offices/Empowerment/deféith

The Community Support Organization was initiallyaded by Marcia Lyles and the key
services that they provided to their schools wasatability and instructional support,
special needs support, youth development suppgdn@ation and professional
development support and community services. Ttgameation had three purchasing
plans for the schools. The basic package was $83&ii8 offered support of school
leaders, the premium package, at $39,850 offeregithfessional development
opportunities and support of school leaders, aadetite package at $66,675 per year
offered a dedicated school-wide achievement teairttamother offerings that came with
the less expensive plan.

The Integrated Curriculum and Instruction Suppagddization was lead by Judy Chin
and this organization was partnered with severaise providers to the NYC
Department of Education. Some of these were Americhoice, AUSSIE, CCNY
Math/Science, Heart of Change, Mondo Professiomakldpment, Reading Recovery,
Schools Attuned Enrichment Model, Sopris West Etianal Services, Teachers’
college Reading & Writing Program, the UFT Teach€enter and the Wilson Reading
System. The price per school was $47,500 and ieditide above services (additional
cost for some of them) and four seats at the lategrCurriculum and Instruction
institutes. www.icilso.org

The Knowledge Network Support Organization was lea®dr. Kathleen Cashin and this
organization offered the following services: indival support and services for
principals, a Principals’ Institute, Core Knowledgaundation Leadership Training,
Professional Development from the UFT Teachers't€@emwonsite support from the
liaisons in the field, consultation in school amdldents data analysis, CEP development,
analysis of high school cohort data, test soplatta, preparation for the Quality
Review and Progress Report Analysis. The pricespleool per year was $42,438 base
plus $10.00 per student for the Core Knowledgevieay.knowledgenetworklso.org

Leadership Learning Support Organization was lgadaura Rodriguez and for a fee of
$55,000 that was all inclusive, school would getfitilowing: Customized, direct school
support through three staff structures: NetworkmgaContent Specific Team and Core
Leadership Team. There was also specialized sufipartiddle and high schools for
Regents Readiness, fulfilling graduation requiretsie@ollege and Career Advisement,
Conflict Resolution, Peer Mediation and Student i&dry. www.lISso.org
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Table 9 — Breakdown of the schools by grade in @i¢the SSOs
(New York City Department of Education, 2Q1@tp://schools.nyc.gov/default.htm

JHS

SSO IHS HS* | Secondary*| K-12| K-8| Total
Academy for Educational Development 10 10
Center for Educational Innovation - Public
Education Association 25 3 1 4 33
Charter 4 3 4 6 13 30
CUNY - Center for School Support and
Success 1 4 7 12
Community LSO 34 31 8 30 9 112
District 75 6 9 29 6 50
Empowerment 73 147 41 1 3|7 299
Fordham University 4 2 6
Integrated Curriculum and Instruction LSO 57 54 6 224 143
Knowledge LSO 21 9 3 21 54
Leadership LSO 31 21 3 e 64
New Visions 3 45 9 4 61
Replication 2 5 1 8

265 | 330 92 68| 127 882

*High School is defined here as Grades 9-12; Seagn8ehool as Grades 6-12

As can be seen in Table 9, the Empowerment Schgqgp@t Organization had the
largest number of schools under its umbrella arfddty over 44.5% of the high schools at the
time, selected the Empowerment SSO as their suppgethization.

In the 2010-11 school year, the New York City pathool system reorganized into a
new formation which again, has no geographic caoitiinSchools self-selected to be in clusters
which are further sub-divided into networks. Thasethe two divisions that grew from the
school support organizations. Currently there e dlusters and approximately 60 networks —
each of the networks has a total of 20-25 schdolthis reorganization, each of the networks is
self-supporting and has one to two instructionatiéxs to support the work done in the schools
within that particular network. Since this configtion was created after the time period of this

study, it will not be mentioned again in this disagon.
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As part of New York City’s Children First New Satis Initiative, Chancellor Joel Klein
and Mayor Michael Bloomberg devoted resources tdgvareating a fleet of new small
secondary and high schools intended to replaceénapicbve the city’s larger comprehensive
schools. The goal was to create 200 new smalleratshvith enroliments under 600 students.
These schools were designed to incorporate bestiges in school design to provide rigorous,
high quality education to students in traditionallyderserved areas of the qiiyaycock, 2001;
latarola, 2005; llg & Massucci, 2008ehind the small schools initiative was the notiloat
small, more autonomous schools would be more myjtsafe and personal spaces where
students would be challenged by high-level rigorowsiculum (New York City Department of
Education, 2009).

Many of the schools coexisted with other large tsghools (See Figures 9a — 9¢),
therefore, part of this reform involved restruatigrihe design of the traditional comprehensive
high school to accommodate shared space and sefglzeh as cafeteria, gymnasiums,
libraries). Consequently, additional funding wasg provided to schools that housed a new
small school program to ease these transitionsarféial support was also being given to the
large high schools that were hosting small schaniuses for new educational programs and
collaborative efforts between the schools. Assaltesome large schools had to close down or
downsize in order to compensate for loss in enmfinor space for the new programs (Overby,
2003). Additional supports were also allocatech®small schools to help ensure success, such
as the addition of the Office of Small Learning Gounities.

http://schools.nyc.gov/ChoicesEnrollment/SpecialiPams/SLC/default.htm
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Selection of the Schools for Inclusion

A snapshot of the Chemistry enrollment was takismg the 2009-2010 school year as a
lens with which to view this possible imbalancesarence education. During the 2009-2010
academic year, there were 503 secondary schoothwiere composed of grades 9 — 12 or
some part of that four year combination. For thiglg, the following criteria were used to
identify the high schools in the study:

1. Each of the schools must serve the general highosgopulation of students

2. Each of the schools must have all four of the Isigiool years populated — Grades 9, 10,

11 and 12. This includes the schools that are ntiyrbeing phased in or phased out.

Of the 503 high schools that were initially inohat] 358 did meet the above
specifications and were included in the data $ettuded are the Career and Technical
Education Schools (CTE). Although these have beeitted from other studies, the students
who attend these schools have the same graduatioirements as the general education
students and therefore are a part of this studis rEpresents 71.2% of all public high schools in
the city of New York. High schools that were onutfeom this study were removed due to the
following reasons:

1. Incomplete Cohorts of StudenBwenty-eight high schools did not have the faltice of

students needed for this study. As schools anated, most begin with the grade nine
students and then add grade levels as the stuahents from grade level to grade level.
Similarly, as schools are closed or phased out,frestiman classes are not opened and
so a school begins a close out year with grade$ll@nd 12 and loses a grade each

succeeding yeahttp://schools.nyc.gov/community/planning/change&dIt.htm
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2. Transfer schoolsCreated for students who are having a diffidate in completing high

school via the traditional pathway. Alternative 8als and Programs cover a plethora of
educational configurations. In addition to the $itat is designated by the District code
79, there are alternative academic options thabeagxplored at Referral Centers
throughout the city. These programs include buatdimited to: GED plus, Phoenix
Academy, Access, Learn to Work, Co-op Tech, Ret@tadt LYFE.

http://schools.nyc.gov/Offices/District79/Schools@ramsServices/default.htm

3. District 75 schools:Provide citywide educational, vocational and betrasupport

programs for students who are on the autism spactmave significant cognitive delays,
are severely emotionally challenged, sensory ineplaaind/or multiply disabled. District
75 consists of 56 school organizations, home asgital instruction and vision and

hearing servicesttp://schools.nyc.gov/Offices/District75/defautirh

4. Specialized High Schoal3here are nine specialized high schools in NYGrduthe

period in which this study was based. For eightete schools, admission is based
solely on the score attained on the Specializedh ISichool Admissions Test (SHSAT).
They are the Bronx High School of Science (Dist#it0), The Brooklyn Latin School
(District #14), Brooklyn Tech High School (Distri#i3), The High School for Math,
Science and Engineering @ CCNY (District #5), ThghH5chool of American Studies
@ Lehman (District #10), Queens High School of Bocee@ York (District #28), Staten
Island Tech High School (District #31) and Stuyveddigh School (District #2). The
ninth specialized school, Fiorello LaGuardia Higth&ol of Music & Art and

Performing Arts bases student admission on acaderoicd review as well as an
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audition.

http://schools.nyc.gov/ChoicesEnrollment/Middle/Sipecialized+High+Schools+Insit

itue+Publications.htm

5. Charter SchoolsThese schools are publicly funded and open tstatlents in New York

City through a non-discriminatory admissions lottdfach charter school is governed by
a not-for-profit board of trustees which may in@uetlucators, community members, and
leaders from the private sector. Charters havelfneeto establish their own policies,
design their own educational program, and managje ikman and financial resources.
Charter schools are accountable, through the tefragive-year performance contract,

for high student achievememiww.schools.nyc.gov/choicesenroliment/high/defaimh

Each of these schools is designed for speciallptpns and therefore may not have the
typical course offerings found in schools thata@tended by the general education students in
the New York City public schools. Of these remagn858 high schools with general education
populations, eighty-seven do not offer Regents Gsteyn Of these eighty-seven schools, all but
three are designed on the small school model wkiphevalent in the most troubled districts
within New York City (Monk & Haler, 1993; Overby0R3).

Through the reorganization of schools which begagarnest with mayoral control of the
schools in 2002, a variety of school models wetduced. Although there were small schools
established in the past, this transformation waa oruch larger scale than ever undertaken
before. Before this movement, a New York City pubigh school student oft times went to his
or her zoned school. The zoned schools were logatide child’'s home community and were
composed of thousands of students. The transifiapgroximately twenty-three large schools
into almost two hundred new small schools took Iyedecade to achieve (Quintet al., 2010).
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The impact of these drastic changes to the highddaurriculum in terms of course offerings in
the advanced science content areas will be explored

In total, there were 252,690 (NY Start, 2010) stutd in the New York public high
school grades 9 — 12 during the 2009-2010 schauol ydthough the number of students varies
between the New York City ( 274,154 student)

www.schools.nyc.gov/aboutus/data/stats/default éimd New York State

(www.nystart.gov/nystart/u/index.daeports, the percentages of high school studergach of

the boroughs remains the same for the 2009-201dbsgkar [20% - Manhattan, 19% - Bronx,
28% Brooklyn, 27% - Queens and 5.5% - Staten I$lakfurther breakdown of the percentages
by district will be presented (See Table 12). HWtigdy is focused on the students who were in
chemistry classes in the general population pubjb schools. There were many variations of
chemistry offered in schools during this schoolryead so an analysis of the number of students
in each variety was examined.

At the time of this study, the New York City Depaent of Education had not only
begun to restructure individual schools in an ¢ffdreform, the entire structure of the
Department of Education was being revamped (Helsmen 2007). As such, the thirty-two
school districts that composed the New York Citplpuschool system were dissolved and in
their place, school support organizations wereteteéSee Table 9). These support organizations
were centered on specific themes and schools ve&ezldo select the organization to which they
wanted to be affiliated. The school support orgaindns did not have any geographical
requisites and therefore, any school could becoantegb any school support organization for a
fee. The New York State Department of Educationmditirecognize these school support

organizations or SSOs, and retained and contirmue=din the 32 districts. Data was collected
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for the 2009-2010 school year. Since then, the Mevk City Department of Education has
again restructured and replaced the SSOs with @milBirst Networks. These are grouped into
six major clusters (Wong, Sproul & Kasok, 2008)isTiteorganization is not included because it
was begun after the dates of this study. Thesentétgle structures do not lend themselves to the
type of information needed by this study and sodis&ricts will be used to delineate the data so
that a clear picture of social-economic areas heditgor of the science offerings can be
compared and analyzed.

The first sets of comparisons conducted on tH@mation were between and among
enrollments among the districts, boroughs and Gitye rationale for selecting school districts
was because the majority of the data was disseedrat school district. This presented baseline
data for the access to high school chemistry withéncity and the five major geographic
divisions, known as the boroughs of New York Cifyhese were in turn compared to the access
of chemistry to all high school students in thet&td New York (NY Start, 2011). (See Table
11) This presented baseline data for each of tbgrgehic areas. The additional data set of
poverty level was superimposed on the actual gpbgraarea so that a more developed view of
environmental characteristics could be seen (UedsGs Bureau, 2010; The Community Service
Society of New York, 2009). (See Tables 10 andTIf2} data set was then used as the
identifying marker for all further comparisons madehis study.

Examined first were the variables that correldtethe access and enrollment in high
school chemistry courses. Schools were categoazeording to location by borough and then
school district. The school district was then majppeto the geographic district (59 in total) as
defined by the New York City Department of Planning

www.nyc.gov/html/dcp/html/neighbor/neigh.shtmlithough the geographic districts were used
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for a variety of indicators such as poverty levieé school districts were chosen as the preferred
data set as the thirty-two school districts sumplreore of the information needed for this
particular study. The fifty-nine geographic distsicn New York City were a secondary source
of data collection. (See Table 10)

Chemistry courses accessible to the high schadests in New York City were seen as
being of three different varieties. Although secarydchemistry is seen as a rigorous course
offering, there are several variations of offeritiggt can cover a range of interest and ability
levels. For this reason, Chemistry was then dividéalthree sub-sections: General Chemistry,
which included any courses that did not necessardgt the chemistry core standards needed to
be codefdas a Regents Chemistry course, Regents Chemisirges and Advanced Placement
Chemistry coursés(See Tables 21-23)

The variables used to compare these schools amdistny courses were geographic,
socio-economic and administrative. The first setarfables consisted of factors that are
independent. The socio-economic factors includaciat composition, percentage of free lunch
eligibility and percentage of English language hesis. (See Tables 17 and 18) The next set of
variables were considered to be controlled centtallthe New York City Department of
Education and included administrative factors sagkhe school size, (See Table 14)
expenditure per student at the school level, nurabkcensed teachers at the school and the
laboratory facilities in the school. An additiormltcome variable used was the dependent
indictors of academic achievement. (See Table b&)fdur-year graduation rate, attendance rate

and percentage of over-aged students were all zsdfpr each of the districts in the City of

"NYS Chemistry Core course must cover the coréaitm mandated by NYSED as well as having theestis
meet the minimum laboratory requirements of 1200ut&s of laboratory seat time accompanied by writte
laboratory reports that meet minimum satisfactatings.

8 Advanced Placement Chemistry courses are spdbiftbase that have met the requirements set foytthe
College Board.
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New York and comparisons were made between thesargéaand the poverty level of the
district.

Next, the reorganization of schools was addressgtihg the districts and boroughs
where these changes had been made. A correlatittie gbcioeconomic profile of those districts
was superimposed on the affected schools in theatiss The first of the issues with the
reorganization of the schools is their geograpbeation. High schools in the less affluent socio-
economic areas were slated to be dissolved arkinglace, several smaller themed high
schools were organized. Many of these smaller dstadter fewer courses for a number of
reasons, not the least of which is their smalleecifaculty and smaller and varied facilities in
which to run a school. (See Table 15) The placemks¢veral small schools within a building
which once held a large high school causes dupicat the number of administrative offices
needed and the shared common space dilemma. Qften periods, laboratories and
gymnasium facilities must be staggered to accomuedti@ numerous school schedules and the
laboratory and gymnasium facilities fall into thearse purview. If schools that occupy shared
space do not work in tandem, schedules for thegthgrof class and school rules and
regulations can vary, sometimes causing dissenhgrtiee various school communities (Council
for the City of New York, 2005: Bloomfield, 2009).

Next, the public secondary schools within New YGiky were compared on the basis of
schools that offered chemistry and those that dichave chemistry offered at their schools. (See
Tables 18 and 19) High school science diploma requents in the State of New York require
that all students take a three year sequence cadmdst least one year of physical science, one
year of life science and the third in either a ptgisor life science. As previously mentioned the

life science courses are in the area of biologytaeghysical science courses are composed of
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chemistry, physics or earth science course. Onéyajrthese courses must meet the NYS Core
Curriculum Standards and laboratory requiremertts. Majority of schools choose Living

Environment (Biology) or Earth Science as theiegatper because these are considered less
rigorous, have a lower cut score for a passingegeanti have been historically proven to be the
assessments that many of the students can attpartasf their graduation requirement (NYSED

High School Regulations 100jtp://www.p12.nysed.gov/part100/pages/1005.Hiovever,

schools have the option of then offering non-caierse courses to complete the three year
sequence mentioned above. These courses canigerasis as Advance Placement Sciences
such as A.P. Biology, A.P. Chemistry or AP. Physkeach of these courses must have
curriculum approval by the College Board to be giesied as such.

http://apcentral.collegeboard.com/apc/public/refmpglap08 chemistry coursedesc.pdf

Alternatively, courses can be non-core and fadl the less academically challenging
category. Some, but not all of the environmentadrsme and forensics courses that are offered as
secondary level science courses, are questionadkalthough there are New York State
Science Standards that serve as guidelines foRegents high school science courses, the
course syllabus in science is not monitored cdpgtialthe New York City Department of
Education. This coupled with the autonomy givetht® principals leads to a vast spectrum of
science electives and degrees of rigor in thesesesu

Under the Children First Initiative which was lated in the spring of 2003, schools in
New York City were deemed autonomous but with antatility (Wong, et al, 2008). Principals
were given the ability of selecting the curricul@wn their schools among other things but were
also to be held accountable for the success aréadf their schools. The success was to be

determined through the use of the Progress ReQatlity Review, Learning Environment
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Survey and the Annual School Report Card issuedyyga each of the 1,619 schools in the
city. Principals are not only rated by the inforroatfound in these reports, but they are also
given financial incentives for major successes @ogkible removal and the threat of the school
being closed for continued failure. Since Studengkess (60%) [Timely promotion of cohort to
the next grade level] and Student Performance (d884nber of Regents examinations passed]
accounts for 85% of the School Progress Repadg atconsiderable motivator for the principal
of the school. Methods of maintaining or increagimg score on the progress report could
include offering less rigorous coursework to thedsnts. The motivator is that students earn
10+ credits per year more readily if the coursewsilless demanding.
Research Method for Data Collection

Initially, the data collection for this study inved systems that were not privy to the
general public. However, the data needed to compiet questions posed in this study and the
resulting analysis of the data were all availablewgh publicly accessed sites. The sites used
and the information obtained at each of these saase found below:

1. National Center for Educational Statistidstyp://nces.ed.gov/

a. New York State Secondary School totals
b. National Secondary School Chemistry enroliment

2. The New York State Testing and Accountability Rejpgr Tool - www.nystart.gov

a. Regents examination totals per school, distrity, and state
b. School size for each of the high schools and seagrathools
c. Schools that do not offer any Regents Chemistrgdtyool and District

3. The New York State Education Department Informaiaporting and Technology
Services for K-12 Schoolswaww.p12.nysed.gov/irs/pmf/2009-10/home.html

a. Distribution of Classroom Teachers by Degree Status

b. Distribution of Classroom Teachers by Certificat®tatus
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C.

Course Code Registration by District

4. The New York City Department of Educatiomsww.nycdoe.gov

c &

a o

g.
h.

Total High School population for each borough, riistand school
Demographic information by borough, district antdal

Four year graduation rate for each high school

Percentage of English Language Learners by boraligtiict and school
Percentage of Free Lunch students by boroughjdiatrd school

Per students expenditure by school

Attendance rate by borough, district and school

Percentage of over-aged students in the high sdhyosthool

5. The New York City Department of City Planning —
www.nyc.gov/html/dcp/htmli/neigh info/nhmap.shtml

a.
b.
c.
d.

It was decided that the data would be collecte@nms of the thirty-two school districts
in New York City rather than the city-defined geaginic district. These required additional
calculations as there are fifty-nine geographitridis in New York City. Each of the school
districts was superimposed on the geographic distaf New York City. Sections of the
geographic districts were then assigned to theddahstricts. For example, School District #2
actually encompasses Community Geographic Dist#itist2, #4, #5, #6 & #8. Therefore the
total populations of these geographic districts e@ssidered and then the poverty rate per capita
for those districts was used to determine the sloggproximation of the poverty level for
School District #2. Each of the community dissietithin the school district was divided by the

total population of all of the community distriatéthin that school district. The percentage taken

The mapping of the fifty-nine geographic districtdNew York City
The poverty level in each of the geographic distric New York City

The total population in each of the geographicridistin New York City

The demographic composition of each of the geogcatihtricts in New York City
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from this calculation was then used to determimepibverty level percentage for that fraction of
the school district total. The totals of all of tinactional portions were then added together to ge
a more accurate picture of the average poverty Iawbe school district. For example:

Community School District #1 Total Population x Péverty Level= Fractional Portion
Community School Districts #1, 2, 4, 5, 8 Total Blagpion

This calculation was then repeated for Communitstiiit #2, #4, #5 and #8 and the total
of those fractional portions was computed. The @doce was repeated for each of the school
districts composed of more than one community idist6ee Table 10).

Table 10 - Poverty Level in Each Geographic Aredlefv York City, 2009-2010 School Year
(New York City Department of City Planning, 201@)p://www.nyc.gov/html/dcp/

Borough Community District School District Total Population| Poverty Level
Manhattar 3 1 164,55( 50.0%
Manhattar 1,2,45,6, 2 611,54¢ 8.9%
Manhattar 7 3 208,26 12.0%
Manhattar 11 4 117,67: 46.5%
Manhattar 1C 5 107,00° 43.3%
Manhattar 9,12 6 320,40 40.9%
Bronx 1 7 82,10¢ 65.0%
Bronx 2,9,1( 8 337,14t 42.2%
Bronx 4 9 139,61: 59.7%
Bronx 5,6,7.¢ 1C 446,80 49.0%
Bronx 11,12 11 259,91t 35.7%
Bronx 3 12 68,52¢ 66.7%
Brooklyn 2,3 13 242,68 35.0%
Brooklyn 1 14 160,37t 43.9%
Brooklyn 6,7 15 223,75¢ 36.2%
Brooklyn 3 16 143,97( 46.1%
Brooklyn 8.¢ 17 200,01¢ 37.8%
Brooklyn 1 18 165,84 34.3%
Brooklyn 5 19 173,20¢ 50.5%
Brooklyn 10,11,1: 2C 479,81¢ 45.9%
Brooklyn 13 21 106,08: 45.1%
Brooklyn 14,15,1¢ 22 523,69( 32.9%
Brooklyn 16 23 85,41: 51.9%
Queen 2.4F 24 442 ,93¢ 36.5%
Queen 7,8 25 390,07« 33.3%
Queen 11 26 116,20¢ 17.7%
Queen 9,10,1¢ 27 374,83: 35.6%
Queen 6 28 116,06¢ 20.7%
Queen 12,1z 29 419,96 29.7%
Queen 1,3 3C 380,36! 33.5%
Staten Islan | 1,22 31 452,98 22.3%
Brooklyn 4 32 104,31( 51.6%

86



Chemistry enrollment was determined using thedvati Center for Educational

Statistics [ittp://nces.ed.goW for the total number of high school studentsamatlly and for the

percentage of those students in Chemistry clag$es site also supplied the ethnic percentages
of high school students nationally. The Nationahtge for Educational Statistics only had actual
data up until the year 2006 and so is includedénrtarrative but not in the actual statistical
analysis. The data for the State, City, Borough Rrstkict Chemistry students was collected
from the New York State and New York City sitesdisabove. These percentages are used as a
comparative measure to assess potential inequntidsw York City’s high school chemistry
enrollment in comparison to high school chemistrgoiments throughout the State of New
York (See Table 11). Although it will be seen tttsgre is a difference on the city and borough
level, the major inequities will be seen on therdislevel (See Table 10) where there is a
clearer delineation of the poverty level by neigiiamds throughout the city of New York.

The next determination that was made was whetheotoa public high school in New
York City met the criteria for inclusion. As statbdfore, schools that serve the general high
school aged population and contained all four eftttyh school grades were included. These
schools were then categorized by enroliment sigalliShigh schools were defined as having
enrollments of 1-499 students, medium schools lggenroliments of 500-1499 students and
large high schools having enroliments of 1,500+e(Lemerdon, Alfeld-Liro, Brown, 2000).
After the schools were grouped by size, (See Thb)Jalescriptive statistics were generated and
analyzed statistically using SPSS software to datex if school size was a contributing
variable.

Next, schools were grouped by borough and didwieinalyze differences in chemistry

availability geographically. Data on ethnic compiosi and socioeconomic status of the
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population in the specific school district was meghjpnto the chemistry availability in the
schools in that district and a statistical analygs made. (See Figure 11) Further, the types of
chemistry offered were also considered in thisymsito see if there was any disparity in the
rigor of the chemistry offerings and the ethnicsocioeconomic make-up of the population in
that district. (See Figures 15 -18)

School districts were further analyzed to detemmirihere was a causal relationship
between the number of chemistry licensed teachettsei district and the availability of
chemistry in the districts. (See Figure 22) NewRyState requirements mandate that Regents
Chemistry be taught by a Chemistry licensed teadrtes was also reinforced by the NCLB
policy enacted at the national level. However, N@wk City has been granted waivers in this
area because it would be nearly impossible to ha@aemistry certified teacher in every
Chemistry classroom in the city. The full progragngen to teachers must include five units.
Each of these units is a class that meets 200 esmer week as per the New York State
regulations. In the majority of city high schodlsving Environment and/or Earth Science is the
science course taken by graders. Since there are mofed@aders in the high schools than any
other group of students, licensed Biology and ESdience teachers are more abundant than
Chemistry or Physics teachers (see Tables 5 ar(@ftn, biology and earth science teachers are
required to teach sections of chemistry and/or gby® fill out their five units. Thus, these
chemistry courses are taught by licensed sciermmhéss but not necessarily chemistry licensed
teachers. This analysis was conducted to deteriinihe “highly qualified teacher” requirement
had any effect on the chemistry enrollment in astMdistrict or the types of chemistry that were
offered in that district. Although causality isfitlilt to determine by the relationship between

these two variables, an argument for this causeséiadt will be presented later in this study.
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Multivariate correlation was used to study theisti@al correlations between chemistry
access and the organizational variables of schoe| expenditure per student at the school level,
number of licensed teachers at the school ancatieratory facilities in the school. (See Figure
13) A geographic area’s poverty level was definetha independent variable upon which the
organizational variables will be computed. A tvaded Pearson correlation was applied and
significant differences based on a confidence le¥@5% (p < .05) were identified.

The variety of chemistry course offerings werertdthto establish the accessibility of
any and all high school Chemistry courses in aq@adr district. While Regents Chemistry is
the prevalent course offering, the other levelthsf content area will be explored for access by
students. Both Non-Regents Chemistry courses andagd Placement Chemistry courses
were compared along with Regents Chemistry to deter access in the various school districts
in the city. (See Figures 14-18) These three leskBhemistry complexity were analyzed to see
if there is a correlation between the percentagistudents in these courses and the poverty level
and demographics of the geographic areas. Thesle¥ehemistry represent the dependent
variable and the school size and geographic locagpresent the independent variable. Codes
were assigned for each level (1 for Non-Regentsr Regents and Honors Chemistry, and 3 for
AP Chemistry). Bivariate and multivariate corraat were used to compare schools that offer
any or all types of chemistry with schools that dat offer chemistry. School size along with
geographic location were variables that will fagtdo this testing. School size was coded as (1
= small schools of 1 — 499, 2 = medium schoolsQff-5499 and 3 = large schools of 1,500
students or more).

The final portion of this research is focused acteer qualification and school facilities.

(See Figure 22) Ensuring highly qualified and dffecteachers for all students is a statement
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taken directly from the No Child Left Behind legiiire Attention was given to both the
guantity and quality of the chemistry course offgs in the different districts in the city. This
was compared to the number of New York State eedti€hemistry teachers in that district.
Although certification in the content area is onhe of a number of parameters when
considering “highly-qualified”, this is the only ragurement that can be concretely defined and
qguantified. The percentage of teachers certifiechemistry was analyzed for potential
implications regarding the quality of chemistryesthgs in New York City high schools, and
whether or not the availability of certified teachaffected a school’s ability to offer chemistry
as an option for students. In addition, the nunadbéaboratory rooms dedicated to the
instruction of science was noted in each schoolthed for each district. (See Figure 13)
Although laboratory space is usually shared spatlea sciences, rooms that are considered “full
laboratories” have the elements needed when off@tiemistry courses. Because of the nature
of chemistry, a prep room for the making of solnsies needed as well as showerheads for
safety and gas jets for Bunsen burner use. Theseuar labs were counted and this provided
an additional quantifiable variable that was anetlythrough linear correlation with chemistry
offerings. Causality is speculative but a defendanbument will be presented given the

findings.

Research Design

The purpose of this study was to determine quadiviilig the impact of various school
characteristics on access to and enrollment in $atjool chemistry. Mixed methodology was
used in the form of surveys, interviews and datyais to form a triangulation or cross
examination of the results of this investigationamgulation is a powerful technique that

facilitates validation of data through cross veafion from more than two sources. In particular,
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it refers to the application and combination ofesalresearch methodologies in the study of the
same phenomenon. (Johnson & Onwuegbuzie, 2004).

The primary research methods for this study wieeequantitative descriptive study and
correlation research. These methods are referredstome textbooks as non-experimental
methods because variables are not manipulated. (MeiV2004). Correlation research was
used to describe relationships between severabgdtsa. Predictions were then made based on
the relationships that exist. Multivariate correlas were then correlated to create bivariate and
multivariate correlation matrices. The Pearson Bcochoment coefficient (Pearsopwas
calculated using SPSS Software. A positive Pearsadicates the relationship between the sets
of data are directly proportional, an inverse Paarandicates the relationship between the data
sets is inversely proportional and a Pearsealue of zero means that there is no relationship
between the data. As the values move closer ta+dr.01.00, there is a stronger correlation
between the data sets. This relationship may ormeaynean causality but it is a strong
argument that the data is related, possibly asisecand effect relationship. For this study, the
magnitude of the relationship must be statisticsigynificant at the 0.05 level. Descriptive
studies were then done using the results of thelation research. Generalizations were made
based on the numerical findings and an argumerthéoimclusion of chemistry in the more
disadvantaged socioeconomic areas of the city wasasted by these statistical relationships.
Descriptive statistics were also used to analyferénces between schools that offered
chemistry courses and those that do not. Alsotivawiable analysis was used to study the
interrelations among the variables, drawing infeesnabout school characteristics that are

relevant to the research questions (Picciano, 2007)
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Survey Design

Since the information about schools that offemaiséry can be gathered from the data
bases listed, survey design was used to colleatfdan individual New York City high schools
that do not offer any chemistry coursework. (See&xulix A) This survey included questions on
the types of science courses offered at the scttemkequencing of science courses within the
school, whether the category for the course(shysigal science or life science, timeframe for
the laboratory section of the course, grade leb#i@students in the course and the certification
level of the teachers of these science coursesridop of the survey was devoted to a free write
by the principal or the assistant principal assigtescience as to the reasoning behind not
offering high school chemistry. The survey was digved with input from several school
science supervisors and teachers to improve claritgm construction. Selected-response
items were included for analysis, and school repregives were invited to provide additional
comments, if desired. All necessary modificatiarese made to keep this survey to a one-page
length to help to ensure a high percentage respatseParticipation in the survey was strictly
voluntary and this along with any correspondendé tie schools including the coding for the
item analysis went through the proper channelbaiNew York City Department of Education.
The New York City Department of Education and Qityiversity of New York Institutional
Review Board clearance was obtained as soon @&%e&amination was approved. Most of the
data reporting utilizes percentages, but codesised for chemistry type (Non-Regents, Regents,

Advanced Placement), and school size data (smeadjum, large).

Determination of the Independent and Dependent Vagbles
The data from the websites was entered into SBSSécise statistical analysis. The

independent variables were determined by processiagnformation. Codes were used for
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school size [“1” = small schools (less than 50@etus), “2” = medium size (500-1499 students)
and “3” = large (1500students)]. Types of chemistry were coded as Walkkse codes were then
used to determine frequency distribution. For exarrbe four year graduation rates for districts
and district chemistry enrollment. (Leithwood & 8an2009)

The primary dependent variable in this study i®tlbr or not a school offers chemistry.
An additional continuous independent variable Far $tudy is the poverty level of the
geographic area of the schools in question. Thanmation helped to determine if there was a
correlation between the access of Chemistry in badiool and the location of the high school in
terms of demographics and poverty level. An ovenié the number and percentage of high
school chemistry students in the geographic arteasesl (See Table 11) begins to unveil the
inconsistency during the 2009-10 school year. Tifferdnce in percentages of students in the
country, state, city and boroughs is telling ardhfer analysis of the underlying causes will be

discussed in the coming chapters.
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Table 11 - Percentages of High School Studentagakhemistry by Geographic Area
2009(National Center for Educational Statistits$fp://nces.ed.gov/indicator_msl.asp
(New York State Testing and Accountability Repugtirool, 2010)
http://www.p12.nysed.gov/irs/pmf/2009-10/home.html

Geographic Area Total HS Populatign  Total HS Chémig % HS Chemistry
New York State 642,927 153,659 23.9%

New York City 274,154 46,332 16.9%
Manhattan 56,095 9,536 17.0%

Bronx 52,433 6,397 12.2%

Brooklyn 75,878 11,989 15.8%

Queens 73,014 11,390 15.6%

Staten Island 16,734 2,895 17.3%

Further analysis will also include a closer lookhe individual school districts within the
Boroughs of New York City (see Figure 10). Eachihaf five boroughs contains areas that are
vastly different from one another and a more peeeigluation can be drawn from examining
the data at a more granular level.

Figure 10 - Map of the Schools Districts of New K @ity, http://schools.nyc.gov/default.htm




Chapter 4 — Results
Introduction

This chapter presents data to respond to therndsgaestions. Both quantitative data
and qualitative data are presented. These methgidsltogether provide different lenses to
describe the state of the availability of high swhghemistry and the implications for the
students in New York City high schools during tl#®2-10 school year. Examined at the most
rudimentary level, this seems to be an innocuop @nd one that is easily analyzed. However,
the complexity of this issue will be made cleathaslayers of questioning are presented and
then addressed using empirical and anecdotal eséden

Prior to addressing the two main research questindghe secondary questions in each,
the lens through which the access and entrancighaoslkbhool chemistry must be established.
Since the School Districts are numbered, this isrdmal value and cannot be used as a variable
in determining a correlation. The number on théridisholds no more value than a placeholder
and in fact is considered ordinal and cannot bd tseletermine relationships with other sets of
variables. Instead, each of the school districtshei represented by the average poverty level of
the inhabitants in that district. (See Table 12)aWhsing this value for the particular school
district, a broader understanding of the social@swhomic issues can be seen when determining
the access to chemistry that students in certaiasaare afforded. Bivariate correlation and/or
multivariate correlation were the main means ofyaiag the collected data. When possible, the
multivariate correlation was the preferred methsdt avas felt that this was the preeminent
means of identifying the variables that correlatéhe prospect of studying high school

chemistry in New York City.
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Initially, a framework for the access and entramc€hemistry will be established by
comparing New York City, its boroughs (Manhattdre Bronx, Brooklyn, Queens and Staten
Island) and school districts (thirty-two in all) tiwat of the State of New York. (See Table 12) Of
significant note is the fact that each of theseggaphic areas has again been tagged and
represented not solely by its name but also byptwerty level of the community that inhabits
the geographic area. It is felt that this layemébrmation further fleshes out the correlations
generated when comparing the factors. Using thilerpinning as a framework for the ensuing
guestions follows a key dynamic in the area of nreducation. CUNY Graduate Center
professor, Dr. Anthony Picciano urges researchrewsban education to “follow the money”.

Following the establishment of these broader dats, the chapter is divided into two
main subsections, each dealing with one of thearebejuestions. The first section analyzes
measures of academic and administrative indicaf@ademic measures of achievement,
secondary behavioral measures, fiscal and fasailitiputs and socioeconomic factors are
included in this section for examination. The fallog section will systematize the
organizational factors that may contribute to NearkyCity high school students’ access to
Chemistry courses. Included here is attention ssiibe access to high school Chemistry via
non-Regents Chemistry courses as a segue towdrdrlogder science and a closer look at the
schools and district that have access to the ngmtous Chemistry offering, Advanced
Placement Chemistry. Finally, the role that teadeetification plays in the access to Chemistry

is examined and the potential impact this has ecesto Chemistry in the city.
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Chemistry Enrollment: State, City, Boroughs, SchooDistricts

An association between the high school chemistrglenents in the state of
New York, the City of New York, the boroughs of N&erk and the School Districts within
those boroughs was assessed. (See Figure 11)tlomslap is deemed statistically significant if
a correlation at thgp0.05) level is indicated. This is the strengthhaf association and the
direction is shown with a positive or inverse irating directly or inversely proportional,
respectively.

Figure 11 — Correlation of Chemistry Students, dity Students with Location Poverty

Correlations
[Percentages based on the Geographic Are

Percent Percent Percent
Poverty Chemistry Minority
Pearson Correlation 1 -.230 633"
Percent Poverty Sig. (2-tailed) .160 .000
N 39 39 39
Pearson Correlation -.230 1 -.329
Percent Chemistry| Sig. (2-tailed) .160 .041
N 39 39 39
Pearson Correlation 633 -.329 1
Percent Minority Sig. (2-tailed) .000 .041
N 39 39 39

**_Correlation is significant at the 0.01 leveHailed).

*. Correlation is significant at the 0.05 level tdlled).

The multivariate correlation matrix produced irates that there is a correlation between
location and the total number of Chemistry studeBiisce there are 39 subjects with two degrees
of freedom, the Pearson correlation coefficient(feR = 37 samples) would be 0.325 for 35
samples and 0.304 for 40 samples for significantleeap<0.05) level of significance. Location
in and of itself lacked definition, so the poveatga of location was used as a determining

factor. As seen in Figure 11, there is an invemseatation between geographic locations as
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represented by poverty level in the area and p&gerof students taking a chemistry course in
the 2009-10 school year. This correlation is @9.8nd is significant at th@<0.05) level and
when represented as a statement, can be reportellbas: As the poverty level in New York
State, New York City, the boroughs of New York Catyd the districts within the boroughs
increases, the number of high school studentsdattiemistry courses in the 2009-2010 school
year decreases. Given the same parameters aatdm@ent above, the percentage of minority
students is directly related to the poverty levidhe locations mentioned. This correlation is at
.633 has a significance q#€0.01) level. If we take these two related statesieme can be
confident that the percentage of chemistry studemtsses will decrease in public high schools
in an area as the poverty in that location increasel these high schools are mainly composed
of minority students. As can be seen above, tlseaestrong direct correlation between minority
students and poverty level by location. This intBeahat the higher the poverty level in a
geographic area, the more likely that minority stud will attend schools in this area. There is
also an inverse correlation between poverty laval geographic location and the total
percentage of students in a high school chemistuyse in the high schools in that area,
indicating that as a geographic are increasesvempplevel, fewer public high school students
were enrolled in a chemistry course during the 2009chool year.

Table 12 was used to set the parameters of thily skt can be seen that percentages of
students enrolled in some level of high school asesnduring the 2009-2010 academic year
does vary by region. The table lists the percerstégenational, state, city, borough and school

district enroliments in high school chemistry fhisttime period.
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TABLE 12 — Geographic Locations, Total High SchBobulation, Percentage Enrolled in
Chemistry Courses National Center for EducationatiSics,
http://nces.ed.gov/indicator_msl.aNpw York State Testing and Accountability Repagtirool,
2010, http://www.p12.nysed.gov/irs/pmf/2009-10/home.html

Location Poverty Level Total HS Population Total Chemistry
1-NYS 15.3% 642,927 27.0%
2—-NYC 20.1% 274,154 15.4%
2a — Manhattan 17.6% 56,095 17.0%
2b — Bronx 27.1% 52,433 12.2%
2¢ - Brooklyn 21.9% 75,878 15.8%
2d — Queens 12.0% 73,014 15.6%
2e — Richmond 9.8% 16,734 17.3%
M - D#1 50.0% 1,847 25.5%
M - D#2 8.9% 36,105 19.6%
M - D#3 12.0% 8,556 13.0%
M - D#4 46.5% 3,088 18.6%
M - D#5 43.3% 1,825 24.1%
M - D#6 40.9% 4,674 14.3%
X - D#7 65.0% 6,046 8.4%

X - D#8 42.2% 9,698 4.8%

X - D#9 59.7% 6,137 15.5%
X - D#10 49.0% 16,546 21.1%
X - D#11 35.7% 9,434 11.2%
X - D#12 66.7% 4,572 16.0%
K- D#13 35.0% 11,200 21.8%
K- D#14 43.9% 6,464 16.2%
K - D#15 36.2% 2,624 14.5%
K - D#16 46.1% 2,794 7.4%

K- D#17 37.8% 7,090 14.0%
K - D#18 34.3% 3,470 19.2%
K - D#19 50.5% 6,506 12.0%
K - D#20 45.9% 12,058 12.4%
K- D#21 45.1% 12,096 19.7%
K - D#22 32.9% 10,410 28.4%
K - D#23 51.9% 1,166 17.3%
Q - D#24 36.5% 12,645 14.0%
Q - D#25 33.3% 8,886 19.2%
Q - D#26 17.7% 15,887 19.1%
Q - D#27 35.6% 10,827 9.2%

Q - D#28 20.7% 11,895 20.0%
Q - D#29 29.7% 3,034 18.7%
Q - D#30 33.5% 9,840 14.9%
R - D#31 9.8% 16,734 17.3%
K - D#32 51.6% 3,126 10.7%
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Academic Indicators

Access to and entrance in high school chemistuysas depends on several components,
not the least of which is academic. Both the acaceof the students and the academic records
of the schools in each district were analyzed &ikthese indicators have significant
correlation. The science achievement measurementataulated by comparison of the
percentage of students in the district enrolleB@gents Living Environment to the percentage
of these same students who were enrolled in Regdemistry. This was done at the borough
level and as seen in the graphic depiction in Ghrapt(Table 2 and Figures 4 and 5) there is an
inverse correlation between the percentage of stadmrolled in Chemistry after Living
Environment and minority student status. Therdge an inverse correlation between the
percentage of students enrolled in Chemistry &fteng Environment and percentage of Free
Lunch students (Table 1 and Figures 2 and 3). Tore miramatic correlation appears to be
between the percentages of Chemistry/Living Envitent to minority student. The graphic
created is almost an exact mirror image indicaimgar perfect inverse correlation between
these two measures. However, since the treatraemtls is so small — only the five boroughs -
the correlation is not significant enough to shbattthis is more than a random occurrence.
Further data collection and analysis was theredoree on the district level which is a more
precise indicator of the disparity as it relatesdaoioeconomics and demographics. (Figure 12) It
is important to note that high school students aeefthe option to attend public high schools
that are located outside of their school distriatesidence. However, recent findings indicate
that a disproportionate number of the city’s nesidstudents continue to wind up in large, lower-
performing high schools, even as the number oflssahbols has increased. (Hemphill & Nauer,

2009).
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Figure 12 — Academic Achievement Factors and Cheyritsirollment by School District
Poverty Level

Correlations

4-Yr 4-Yr Science Mathematics | Chemistry District
Graduate | College | Achievement | Achievement | Enrollment | Poverty
Pearson ]
] 221 .320 .380 .208 -.077
Four Year Correlation 1
Graduation Sig. (2-tailed) .225 .074 .032 .253 .674
N 32 32 32 32 32 32
Pearson - e o -
221 .617 .582 .459 -.476
Four Year Correlation 1
) ] .225 .000 .000 .008 .006
College Sig. (2-tailed) 32
32 32 32 32 32
N
Pearson e o -
.320 .617 .807 .802 -.288
Science Correlation 1
] ) ] .074 .000 .000 .000 .110
Achievement | Sig. (2-tailed) 32
32 32 32 32 32
N
Pearson i - m | x
.380 .582 .807 .652 -.383
Mathematics | Correlation 1
) ) ] .032 .000 .000 .000 .031
Achievement | Sig. (2-tailed) 32
32 32 32 32 32
N
Pearson e . o
.208 .459 .802 .652 -.222
Chemistry Correlation 1
) ] .253 .008 .000 .000 221
Enrollment Sig. (2-tailed) 32
32 32 32 32 32
N
Pearson oo x
) -.077 -476 -.288 -.383 -.222 1
District Correlation
Poverty Sig. (2-tailed) .674 .006 .110 .031 .221
N 32 32 32 32 32 32

*, Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).
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Table 13 - Academic Factors (New York City Depamiinof Educationittp:/schools.nyc.gov/default.htin

D P LSS ;rgg‘;: CAZfo)I/I(ZZre LivinghEenn\):rS(grrzlr/nent (?(le%?g;?r/y ECnhr((a)mf(;%
1 50.0% 73.0% 67.0% 63.4% 67.0% 25.5%
2 8.9% 70.2% 49.0% 37.1% 42.1% 19.6%
3 12.0% 62.6% 44.0% 37.4% 50.0% 13.0%
4 46.5% 71.4% 39.0% 52.9% 71.6% 18.6%
5 43.3% 71.8% 49.0% 64.0% 64.3% 24.1%
6 40.9% 77.7% 48.0% 27.3% 51.0% 14.3%
7 65.0% 70.5% 31.0% 20.4% 27.5% 8.4%
8 42.2% 58.4% 39.0% 12.5% 26.5% 4.8%
9 59.7% 69.1% 34.0% 25.5% 33.1% 15.5%
10 49.0% 71.2% 30.0% 41.9% 35.5% 21.1%
11 35.7% 73.0% 36.0% 22.8% 34.1% 11.2%
12 66.7% 59.5% 25.0% 16.1% 22.9% 16.0%
13 35.0% 79.8% 49.0% 63.7% 42.1% 21.8%
14 43.9% 74.3% 43.0% 28.3% 37.3% 16.2%
15 36.2% 67.1% 38.0% 23.2% 30.5% 14.5%
16 46.1% 62.8% 35.0% 2.8% 15.9% 7.4%
17 37.8% 73.7% 37.0% 34.5% 43.7% 14.0%
18 34.3% 50.2% 34.0% 16.3% 27.8% 19.2%
19 50.5% 84.2% 32.0% 13.9% 38.6% 12.0%
20 45.9% 67.8% 49.0% 35.5% 45.4% 12.4%
21 45.1% 62.2% 31.0% 30.8% 43.6% 19.7%
22 32.9% 84.1% 47.0% 66.7% 76.0% 28.4%
23 51.9% 68.6% 38.0% 20.3% 28.5% 17.3%
24 36.5% 74.0% 36.0% 25.3% 43.2% 14.0%
25 33.3% 82.1% 43.0% 30.6% 44.6% 19.2%
26 17.7% 67.7% 45.0% 49.5% 66.7% 19.1%
27 35.6% 81.3% 34.0% 20.5% 33.9% 9.2%
28 20.7% 73.8% 53.0% 33.0% 63.4% 20.0%
29 29.7% 77.4% 36.0% 32.7% 40.7% 18.7%
30 33.5% 79.2% 56.0% 29.1% 43.7% 14.9%
31 9.8% 68.8% 58.0% 39.9% 53.4% 17.3%
32 51.6% 73.9% 18.0% 11.7% 42.8% 10.7%
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To determine the science achievement at each dfigiieschools in each of the districts, the
ratio of the first two science Regents coursesing\Environment to Chemistry was calculated.
Similarly, the mathematics achievement in eacthefttigh schools within each of the districts
was determined through the ratio of students takRagents Algebra I/Regents Geometry. (See
Table 13) A multivariate correlation analysis wasated to determine the relationships among
the above factors. (See Figure 12) It can be desdrthiere is a .380 positive correlation at the
(p< 0.0H levelbetween achievement in mathematics and the fourhygh school graduation
rate. This was the only correlation of any sigmifice when the four year graduation rate was
introduced as a variable in the study. The four gedlege indicator is one that has been
determined through survey results. Students wéwedashat their future plans were when they
would leave high school and although this is subjean terms of relevant data, it is based on
the desire of the students in high school anddbei$ that these students have not actually
entered a four year college. The results are tglimd can arguably be used as a measure of self-
efficacy given other similar data. What can be dasethat there is a correlation of .617, .582,
459 and .476 at th@<0.01) level for four of the variables in this datt. When reading this
metric it can be seen that the percentage of stad@m have intentions of attending a four year
college are directly correlated to high sciencaeaament at the 99% level, high mathematics
achievement at the 99% level and have greater aatgdsgh school chemistry at the 99% level.
On the other hand, schools in districts with highrgrty level have the inverse relationship with
these metrics, suggesting that children who atsehdols in areas of high poverty are less likely
to view a four year college education as a vialpligon, have less access to Chemistry and tend

to have lower science and mathematics achieveraeaisl
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Administrative Factors

Another set of variables measured were thoséeckta the administration of the schools
in the study. (See Figure 13) The characteristiczloool size, per pupil expense and Chemistry
lab/Chemistry student ratio were analyzed throughulivariate correlation matrix. The metric
of school size was one that was a bit challengiing. former delineations of the schools by
districts helped to organize the other charactesistsed in this study but school size transcended
this structure. The different school sizes wersame but not all of the school districts and there
was no measure that could be used to align thetecg. In addition, the three types of
Chemistry courses offered in the high schools dagieatly in the small schools within the
districts. To adjust for these factors, the fiett &f data for this particular question addressgs p
student expenditure and access to chemistry latrgrécilities but not the issue of small
schools and Chemistry access. A correlation matag generated that compared the District
Poverty level, Per Student Expenditure and the @$teyriab/Chemistry student ratio per
district. (See Figure 13)

Figure 13 — Per Student Expense and Lab/StuderdrRay District

District Per Student Chemistry Lab/Chemistry
Poverty Expense Student Ratio
Pearson Correlation 505" -.330
District Poverty Sig. (2-tailed) ! .003 .065
N 32 32 32
Pearson Correlation 505" -416°
Per Student Bxpense | ;0 5 tailed) 003 ! 018
N 32 32 32
Chemistry Pearson Correlation -.330 -416° 1
Lab/Chemistry Student | Sig. (2-tailed) .065 .018
Ratio N 32 32 32
**_Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).
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Table 14 — School Districts with Per Student Expegrsd Laboratory Access, New York City
Department of Educatiomttp://schools.nyc.gov/default.htm

District Poverty Level Per Student Expenditure Lab/Student Ratio
#students/#labs x 100
1 50.0% $17,913 1.5%
2 8.9% $19,154 1.2%
3 12.0% $16,642 0.9%
4 46.5% $18,748 1.6%
S 43.3% $18,782 1.1%
6 40.9% $18,139 1.5%
7 65.0% $19,152 2.4%
8 42.2% $17,399 4.1%
9 59.7% $18,242 2.4%
10 49.0% $17,429 1.0%
11 35.7% $16,907 2.0%
12 66.7% $18,907 1.9%
13 35.0% $16,655 0.4%
14 43.9% $17,625 1.6%
15 36.2% $17,258 3.1%
16 46.1% $18,167 1.0%
17 37.8% $17,580 2.9%
18 34.3% $17,357 3.2%
19 50.5% $17,337 1.5%
20 45.9% $15,276 0.8%
21 45.1% $16,367 1.1%
22 32.9% $15,517 0.5%
23 51.9% $18,334 1.5%
24 36.5% $15,208 1.2%
25 33.3% $16,070 0.8%
26 17.7% $14,052 0.8%
27 35.6% $15,511 2.1%
28 20.7% $15,218 1.0%
29 29.7% $15,779 1.9%
30 33.5% $16,108 1.0%
31 9.8% $16,692 1.1%
32 51.6% $17,681 2.4%

It was seen that there is a significant and pasitiorrelation between per student
expenditure and the district poverty level. Thisretation is at thep<0.01) level, indication that

as the poverty level in a district increases, thiegpudent expenditure also increases. The
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correlation is .505 ap&0.01) which indicates that the possible of change ocageés minimal.
There are several theories as to why this is oomyuand they will be further examined in the
final chapter. The second and more readily undedstiale relationship is that of per student
expenditure and the student to lab ratio. As thie af student to laboratory facilities increases,
or, as there are more chemistry students using Glmrtabs in the schools in a district, the per
student cost decreases. This would seem likelyusecaith more students using the same
facilities or more students per Chemistry class,dibist per pupil would decrease. However, the
cost per pupil is the overall cost and does notifpthe delineation of the student expenditures.
School Size: Chemistry Access and Enrollment

The data relating to school size was an ahpmadhis study as this could not be taken
per district. No consistency was found in the stlsores in each of the districts and the variable
of school size impacted with Chemistry types offierethe school did not lend itself to this
degree of analysis. Table 15 contains the numidesshmols and their sizes, the types of
Chemistry offered in each of the school sizes aedoercentage of high school population that is
enrolled in the levels of Chemistry in each. A cuysview of the values indicates that small high
schools offer the largest percentage of non-regehé&nistry. In addition, it can be seen that
there are many more small schools not offering Resg€hemistry to their students than in

medium sized or large sized high schools.
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Table 15 - School Size and Access & EnrolimentighHSchool Chemistry Courses

(New York City Department of Educatioriitp://schools.nyc.gov/default.htm

Non-Regents
School Chemistry Students Total % students
Small 76 5,326 30,276 17.6%
Medium 15 921 11,228 8.2%
Large 40 7,550 102,110 7.3%
Regents
Schools Chemistry Studentq Total % students
Small 134 5,308 83,101 6.3%
Medium 30 6,696 69,029 9.7%
Large 43 11,808 124,365 9.5%
Advanced Placement
Schools Chemistry Studentsg Total % students
Small 10 175 4,077 4.3%
Medium 4 89 3,052 2.9%
Large 21 1,316 54,845 2.4%
No Regents Chemistry
School Chemistry Students Total % students
Small 79 0 26,074 0
Medium 6 0 3,898 0
Large 2 0 3,217 0

A correlation was generated to analyze the pergentéChemistry offered in all three
types of schools in New York City (Figure 14). #ircbe seen that there is no significant
correlation between school size and the percerdhgidents in any of the three types of
Chemistry analyzed. Although the correlations is thatrix are not measured at the significant
level, it is important to note that the larger haghools have an inverse correlation to non-
Regents chemistry and Advance Placement Chemistrg positive correlation to Regents
Chemistry. Although the magnitude is not seen asg&gnificant, of note is the direction of the

correlation.
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Figure 14 — School Size and Access to High Schbein@stry

Correlations
School % Non- %Regents % A.P.
Size Regents Chemistry Chemistry
Chemistry
Pearson Correlation 1 -.903 .839 -.965
School Size Sig. (2-tailed) .283 .367 .170
N 3 3 3 3
9% Non- Pearson Correlation -.903 1 -.991 .984
Regents Sig. (2-tailed) .283 .084 113
Chemistry N 3 3 3 3
Pearson Correlation .839 -.991 1 -.953
% Regents ] ]
i Sig. (2-tailed) .367 .084 .197
Chemistry
N 3 3 3 3
Pearson Correlation -.965 .984 -.953 1
% A.P. ] ]
] Sig. (2-tailed) .170 113 197
Chemistry
N 3 3 3 3

Socioeconomic and Racial Composition Factors

The socioeconomic factors that were analyzedigndfudy include pupil demographics,
percentage of students receiving free lunch, péagenof students who are classified as being
English Language Learners and the poverty levéhetistricts in which these students attend
school. (See Tables 15, 17) The variable of acaedentrance to high school Chemistry was
expanded for this section of the study. It wastfet a more comprehensive overview of the
students’ access would be seen if the correlatia@rs done on four levels: Any Chemistry
(Figure 5); Advanced Placement Chemistry (Figurge Ré&gents Chemistry (Figure 17) and
Non-Regents Chemistry (Figure 18). Although sevef#éhe variables in the matrices will
remain constant, the access to the different tgp&hemistry as it relates to the poverty level of

the district is the focus of this section.
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Figure 15 — District Socioeconomic factors and Hnrent inany type of Chemistry

Correlations
Any District Free ELL Asian Black Hisp. White | Minority
Chemistry | Poverty | Lunch
Any Pearson Correlation L -222| -388| -.162 .281 .017] -315 .280| -.287
Chemistr | sig. (2-tailed) 221 .028 376 119 .928 .079 121 111
Y N 32 32 32 32 32 32 32 32 32
o Pearson Correlation -.222 818" | 340 -448'| .090( .432'| -557 | .518"
pistrict Sig. (2-tailed) 221 ! 000 .057| .010| .624| .013| .001| .002
Poverty N 32 % 32 32 32 32 32 32 32
Pearson Correlation -388 | .818” 368" | -.667 | .229| .493"| -787 | 727"
Free Sig. (2-tailed) .028 .000 ! .038 .000 .207 .004 .000 .000
Lunen N 32 32 % 32 32 32 32 32 32
Pearson Correlation -.162 .340 368" 1 -007| -.673"| .7387| -.076| -.005
ELL Sig. (2-tailed) .376 .057 .038 .970 .000 .000 .680 979
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 281| -.448'| -667 | -.007 1 -418"| -320| .4617| -.759"
Asian Sig. (2-tailed) 119 .010 .000 970 .017 .074 .008 .000
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 017 .090| .229| -.673"| -418 ) -528"| -.486" | 557"
Black | Sig. (2-tailed) 928 .624| .207| .000| .017 o .002| .005| .001
N 32 32 32 32 32 32 32 32
Pearson Correlation -315| .432"| .493"| .738"| -320| -528" L -264| 4117
Hispanic | Sig. (2-tailed) .079 .013 .004 .000 .074 .002 32 144 .019
N 32 32 32 32 32 32 32 32
Pearson Correlation 280 -557 | -787 | -076| .461° | -486" | -.264 -782"
White | Sig. (2-tailed) 121| .0o1| .000| .680| .008| .005| .144 32 .000
N 32 32 32 32 32 32 32 32
Pearson Correlation -287| 518" | .7277| -.005| -7597| 5577 .4117| -7827

Minority | sig. (2-tailed) 111 .002 .000 979 .000 .001 .019 .000 '
N 32 32 32 32 32 32 32 32 32

*, Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).
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Figure 16 — District Socioeconomic factors and Hnrent in Advanced Placement Chemistry

Correlations
District Free ELL Asian Black Hisp. White | Minorit | AP
Poverty Lunch y Chem
Pearson Correlation 1 818" 340| -.448 .090 432" -557"| 5187 | -.386
District o | | | | | | | | | | | | | | | |
Sig. (2-tailed) 000 057 010 624 013 001 002 | .029
Poverty
N 32 32 32 32 32 32 32 32 32
Pearson Correlation .818" 368" | -.667" 229 4937 -7877| 7277 -.414
Free Sig. (2-tailed) .000 ! .038 .000 207 .004 .000| .000| .019
Lunch 32
N 32 32 32 32 32 32 32 32
Pearson Correlation .340 .368" -007 | -673" 738" -076| -.005| -.105
ELL Sig. (2-tailed) .057 .038 ! .970 .000 .000 680 .979| .567
N 32 32 % 32 32 32 32 32 32
Pearson Correlation -.448' -.667" -.007 -418' -320| .4617| -7597| .124
Asian Sig. (2-tailed) .010 .000 970 ' .017 074 .008| .000| .501
N 32 32 32 % 32 32 32 32 32
Pearson Correlation .090 229 -6737| -418 -528" | -486"| .5577| -.116
Black Sig. (2-tailed) 624 207 .000 017 ! .002 .005| .001| .527
N 32 32 32 32 % 32 32 32 32
Pearson Correlation 432’ 493" 738" | -320| -528" -264| 411 -.093
Hispanic | Sig. (2-tailed) .013 .004 .000 074 .002 ' 144 .019| .613
N 32 32 32 32 32 % 32 32 32
Pearson Correlation -.557" -787" -076| .4617| -.486" -.264 -782" | 418
White Sig. (2-tailed) .001 .000 .680 .008 .005 144 ' .000| .017
N 32 32 32 32 32 32 % 32 32
Pearson Correlation 518" 727" -.005| -759"| 557" 411 -782" -.217
Minority | Sig. (2-tailed) .002 .000 979 .000 .001 .019 .000 ! 234
N 32 32 32 32 32 32 32 % 32
AP. Pearson Correlation -.386' -414° -.105 124 -116 -.093 418" -.217 1
Chemistr | Sig. (2-tailed) .029 | .019 | 567 | 501 | 527 | 613 | 017 | 234 |
y N 32 32 32 32 32 32 32 32 32
**_Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).
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Figure 17 — District Socioeconomic factors and Hnrent inRegents Chemistry

Correlations

District Free ELL Asian Black Hispanic White Minority Regents
Poverty Lunch Chemistry
Pearson Correlation 1| .818" 340| -.448 .090 432" | -557" 518" -.304
District
Poverty Sig. (2-tailed) .000 .057 .010 624 013 .001 .002 .091
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 818" 1 368" | -.667" 229 4937 | -787" 727" -.437'
Free Lunch  Sig. (2-tailed) .000 .038 .000 .207 .004 .000 .000 .012
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 340 .368’ 1 -007| -.673" 738" -.076 -.005 -.041
ELL Sig. (2-tailed) .057 .038 970 .000 .000 680 979 825
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 448" | -.667" -.007 1| -.a18 -320| .461” -759" .386'
Asian Sig. (2-tailed) .010 .000 970 017 074 .008 .000 .029
N 32 32 32 32 32 32 32 32 32
Pearson Correlation .090 229| -.6737| -a418 1 528" | -.486" 557" -210
Black Sig. (2-tailed) 624 207 .000 017 .002 .005 .001 248
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 432"  .493”| 738" -320| -.528" 1 -.264 411 -.167
Hispanic Sig. (2-tailed) 013 .004 .000 074 .002 144 .019 360
N 32 32 32 32 32 32 32 32 32
Pearson Correlation -557" | -.787" -076| .61 | -.486" -.264 1 -.782" 330
White Sig. (2-tailed) .001 .000 680 .008 .005 144 .000 .065
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 5187 | 7277 -005| -759"| .557" 411" | -782" 1 -.388"
Minority  Sig. (2-tailed) .002 .000 979 .000 .001 .019 .000 .028
N 32 32 32 32 32 32 32 32 32
Pearson Correlation -304| -.437 -.041 .386° -210 -.167 330 -.388" 1
Regents
Sig. (2-tailed) .091 012 825 029 248 360 .065 028
Chemistry
N 32 32 32 32 32 32 32 32 32

**_ Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Figure 18 — District Socioeconomic factors and Hnrent in Non-Regents Chemistry

Correlations

District Free ELL | Asian | Black Hisp. White Minority Non
Poverty | Lunch Regents
Pearson Correlation 818" | .340| -.448 .090 432 -557"| 518" .089
District 1
Sig. (2-tailed) .000| .057| .010 624 .013 .001 .002 629
Poverty
N 32 32 32 32 32 32 32 32 32
Pearson Correlation 818" .368"| -.667" 229 .493" -787" | 727" .000
Free 1
Sig. (2-tailed) .000 .038| .000 .207 .004 .000 .000 .999
Lunch 32
N 32 32 32 32 32 32 32 32
Pearson Correlation .340 .368 -007| -673"| .738" -.076 -.005 -193
1
ELL Sig. (2-tailed) .057 .038 .970 .000 .000 .680 .979 291
32
N 32 32 32 32 32 32 32 32
Pearson Correlation -448'| -667"| -.007 -.418 -.320 461" | -759” -.063
1
Asian Sig. (2-tailed) .010 .000| .970 .017 074 .008 .000 731
32
N 32 32 32 32 32 32 32 32
Pearson Correlation .090 229| -.673"| -.418 -528" -486" | 557" 312
1
Black Sig. (2-tailed) 624 207| .000| .017 .002 .005 .001 .082
32
N 32 32 32 32 32 32 32 32
Pearson Correlation 432'| 493" .7387| -320| -.528" -.264 411 =277
1
Hispanic | Sig. (2-tailed) .013 .004| .000| .074 .002 144 .019 126
32
N 32 32 32 32 32 32 32 32
Pearson Correlation -557"| -787"| -.076| .4617| -.486" -.264 -782" -.032
1
White Sig. (2-tailed) .001 .000| .680| .o08 .005 144 .000 .863
32
N 32 32 32 32 32 32 32 32
Pearson Correlation 518" .727"| -.005|-759"| 557" 411 782" .068
1
Minority Sig. (2-tailed) .002 .000| .979| .o00 .001 .019 .000 713
32
N 32 32 32 32 32 32 32 32
Pearson Correlation .089 .000| -.193| -.063 312 =277 -.032 .068
Non 1
Sig. (2-tailed) 629 999| .291| .731 .082 126 .863 713
Regents
N 32 32 32 32 32 32 32 32 32

**_Correlation is significant at the 0.01 level (2-tailed).

*. Correlation is significant at the 0.05 level (2-tailed).
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Table 16 - Demographics of the Five Boroughs of Nek City Census, 2010,
http://www.census.gov

Borough Asian Black Hispanic | White Other Minority *

Manhattan 11.4% 12.9% 25.4% 48.0% 2.3% 40.6%
Bronx 3.7% 34.2% 51.1% 10.9% 0.1% 85.4%
Brooklyn 6.6% 34.3% 19.8% 35.7% 3.6% 57.7%
Queens 23.3% 17.7% 27.5% 27.6% 3.9% 49.1%
Staten Island 4.1% 9.5% 19.8% 64.0% 2.6% 31.9%

*Minority is defined as underrepresented populationthe area of Science, Technology, EngineenmjMathematics for the purpose of this
study.

Table 17 - Demographic Factors of the School Qistrin NYC
New York City Department of Educatiofttp://schools.nyc.gov/default.htm

Free

D | Poverty | Chemistry | Lunch ELL Asian Black Hisp. White Minority
1 50.0%| 25.5% 61.0% 12.0% 21.0% 18.0% 45.0% 15.0% 0%4.
2 8.9%| 19.6% 53.0% 12.0% 22.0% 20.0% 37.0% 20.0% 9%8.(
3 12.0%| 13.0% 48.0% 9.0% 7.0% 31.0% 36.0% 25.0% 67.0
4 46.5% | 18.6% 83.0% 13.0% 5.0% 30.0% 62.0% 2.0% 93.0
5 43.3%| 24.1% 72.0% 11.0% 2.0% 57.0% 38.0% 2.0% 95.0
6 40.9%| 14.3% 85.0% 36.0% 1.0% 8.0% 89.0% 3.0% 97.0
7 65.0%| 8.4% 86.0% 19.0% 1.0% 29.0% 69.0% 1.0% 98.0
8 42.2%| 4.8% 77.0% 12.0% 4.0% 27.0% 63.0% 6.0% 90.0
9 59.7%| 15.5% 87.0% 25.0% 1.0% 33.0% 64.0% 1.0% 97.0
10| 49.0%| 21.1% 78.0% 22.0% 7.0% 20.0% 67.0% 6.0% 87.0
11| 35.7%| 11.2% 68.0% 11.0% 6.0% 45.0% 41.0% 7.0% 87.0
12| 66.7%| 16.0% 88.0% 19.0% 2.0% 29.0% 68.0% 1.0% 98.0
13| 35.0%| 21.8% 63.0% 4.0% 16.0% 61.0% 15.0% 8.0% 77.0
14| 43.9%| 16.2% 81.0% 13.0% 3.0% 29.0% 5.0% 8.0% 34.0
15| 36.2%| 14.5% 60.0% 16.0% 12.0% 23.0% 44.0% 21.0% 0%7.
16| 46.1%| 7.4% 76.0% 3.0% 1.0% 84.0% 14.0% 1.0% 99.0
17| 37.8%| 14.0% 80.0% 9.0% 2.0% 85.0% 11.0% 1.0% 96.0
18| 34.3%| 19.2% 68.0% 5.0% 1.0% 91.0% 7.0% 1.0% 98.0
19| 50.5%| 12.0% 83.0% 13.0% 6.0% 53.0% 40.0% 1.0% 94.Q
20| 45.9%| 12.4% 66.0% 26.0% 38.0% 4.0% 28.0% 21.0% 982.0
21| 45.1%| 19.7% 61.0% 16.0% 25.0% 21.0% 22.0% 31.0% 09%43.
22| 32.9%| 28.4% 56.0% 10.0% 16.0% 43.0% 14.0% 27.0% 09%7.
23| 51.9%| 17.3% 80.0% 4.0% 1.0% 81.0% 17.0% 1.0% 98.0
24| 36.5%| 14.0% 68.0% 26.0% 1.0% 4.0% 62.0% 15.0% 66.0
25| 33.3%| 19.2% 56.0% 19.0% 43.0% 11.0% 29.0% 17.0% 0% 0.
26| 17.7%| 19.1% 35.0% 8.0% 50.0% 15.0% 16.0% 19.0% 981.C
27| 35.6%| 9.2% 68.0% 10.0% 24.0% 30.0% 36.0% 10.0% 9%6.0
28| 20.7%| 20.0% 59.0% 11.0% 30.0% 30.0% 24.0% 16.0% 09%:5.
29| 29.7%| 18.7% 64.0% 7.0% 14.0% 71.0% 13.0% 2.0% 85.0
30| 33.5%| 14.9% 69.0% 23.0% 22.0% 8.0% 54.0% 16.0% 9%2.0
31 9.8% | 17.3% 42.0% 6.0% 8.0% 15.0% 23.0% 53.006 38.0
32| 51.6%| 10.7% 85.0% 19.0% 2.0% 25.0% 72.0% 1.0% 97.0
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When analyzed using access to all chemistry (Sge&r&il5) , the only demographic
group that had an inverse correlation were thasdesits receiving free lunch. This was on the
magnitude of §<0.05). Other correlations of interest but thahdo effect this study are as
follows:

1. Anincrease in the poverty level of thgtrict significantly increases the percentage of

free lunch, Hispanics and minorities. An incregspoverty level in the district also

significantly decreased the percentage of AsiahWhite students attending high school
in that district.

2. An increase in the percentage of studerusiving free lunch is directly correlated

with an increased poverty level in that distribe percentage of English Language

Learners who attend high school in that distnnet an increase in the percentage of

Hispanic and minority students who attend highostim that district.

In terms of enrollment in the three variationdgh school Chemistry, there is a
significant and inverse correlatiop<(0.01) between district poverty level and the petage of
students enrolled in Advanced Placement Chemistuyses (See Figure 16), so the high schools
in the districts with high poverty level have a Ewvpercentage of students taking Advanced
Placement Chemistry. The same is true for the stsdeceiving free lunch. There is a
significant and inverse correlation between freeluand Advanced Placement Chemistry
(p<0.01). Again indicating the students who recereeflunch are less likely to be enrolled in
Advanced Placement Chemistry. However, there igraficant (p<0.01) and positive
correlation to the percentage of white studentsprdentage of students enrolled in Advanced
Placement Chemistry, indicating the White studemtsmore likely to be enrolled in Advanced

Chemistry courses.
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Looking at the correlation matrix for the relatibisbetween several factors and
enrollment in Regents Chemistry courses (See Fitjtiyea similar pattern emerges. There is a
significant £<0.01) and inverse correlation between enrolimeiegents Chemistry and
percentage of student who receive free lunch amgéncentage of students who are identified as
minorities.

Simply stated, students are less likely to be éulah Regents Chemistry courses if they
receive free lunch or if they are identified asiaonty student. Minority is defined as
underrepresented ethnic groups (Black and Hispamitiye areas of Science, Technology,
Engineering and Mathematics. The percentage ofnAgtiadents enrolled in Regents Chemistry
is a significant positive correlatiop<0.01) indicating that an Asian student is morelifko be
enrolled in Regents Chemistry than students whotifyeas White, Black or Hispanic.

Finally when looking at the correlation matrix fdon-Regents Chemistry courses (See
Figure 18), there is no significant correlationvbeen enrollments in a Non-Regents Chemistry
course and any of the other descriptive factorg. iiitplication is that Non-Regents Chemistry
enrollment imposes fewer barriers for access toeamdliment in these courses.

No Access to Regents Chemistry by District Povertyevels

A separate correlation was done in terms of adoeasd enrollment in high school
Chemistry in New York City. The only data publi@yailable for this correlation was for
Regents Chemistry (See Figure 19). Arguably, Reg€hemistry is seen as the foundational
course for high school students. As seen in TaBjehk percentage of students without access to

Regents Chemistry was calculated for each of timg/ttwo district in New York City.
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Table 18 — No Access to Regents Chemistry by Bisitni 2009-2010
(New York State Testing and Accountability Repaytifool, 2010)
http://www.p12.nysed.gov/irs/pmif/2010-11/home.Html

Number of Students % of Students
in Schools without Total Number of HS | without access to
District Regents Chemistry Students in District | Regents Chemistry
1 0 1,847 0.0%
2 6,318 36,105 17.5%
3 1,086 8,556 12.7%
4 1,084 3,088 35.1%
5 708 1,825 38.8%
6 173 4,674 3.7%
7 1,771 6,046 29.3%
8 1,571 9,698 16.2%
9 3,194 6,137 52.0%
10 2,117 16,546 12.8%
11 1,713 9,434 18.2%
12 1,729 4,572 37.8%
13 2,229 11,200 19.9%
14 866 6,464 13.4%
15 1,776 2,624 67.7%
16 101 2,794 3.6%
17 1,152 7,090 16.2%
18 1,006 3,470 29.0%
19 2,570 6,506 39.5%
20 0 12,058 0.0%
21 1,301 12,096 10.8%
22 0 10,410 0.0%
23 0 1,166 0.0%
24 1,194 12,645 9.4%
25 393 8,886 4.4%
26 0 15,887 0.0%
27 446 10,827 4.1%
28 0 11,895 0.0%
29 0 3,034 0.0%
30 0 9,840 0.0%
31 0 16,734 0.0%
32 1,656 3,126 53.0%
Total/Average 36,154 277,280 17.0%
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A cursory review of the table points to the dipenecies in access to Regents Chemistry

in several of the thirty-two districts in New Yo€kty. This was then coupled with the poverty

level in each of the districts along with perceetady minority students and percentage of

English Language Learners in each district to Steere was any significant correlation. The

following matrix contains the findings.

Figure 19 — Access to Regents Chemistry by Povatel, Demographic and ELL Percentages

Correlations
% Students w/o % Poverty % Minority % ELL in
Access to Level per Students in District HS
Regents District District HS
Chemistry
% Students without Pearson Correlation 1 .404 479 .097
Access to Regents Sig. (2-tailed) .022 .006 .599
Chemistry N 32 32 32 32
Pearson Correlation 404’ 1 568~ .261
% Poverty Level in ] ]
o Sig. (2-tailed) .022 .001 .149
District
N 32 32 32 32
Pearson Correlation 4797 568" 1 -.143
% Minority Students in | ]
o Sig. (2-tailed) .006 .001 435
District High Schools
N 32 32 32 32
Pearson Correlation .097 .261 -.143 1
% ELL Students in . .
Sig. (2-tailed) .599 .149 435
District High School
N 32 32 32 32
*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

When reading this correlation matrix (Figa8), it can be seen that there are three positive
or directly proportional relationships with corretas that are deemed significant enough to
suggest that these are not random occurrencegérhentage of students who do not have

access to Regents Chemistry is directly relatedéqoverty level of the district in which they
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attend high school is .404 at thpxQ.05) level. The percentage of students who ddaoee
access to Regents Chemistry is directly relatdbdagercentage of minority students in the
district in which they attend high school is .47%he (<0.01) level. The percentage of minority
students in a district is directly related to gowerty level in the district in which they attend
school is .568 at thgp€0.01) level A further finding was that there issignificant relationship
between poverty level of a district and the peragatof English Language Learners who attend
school in that district.

Table 19 — Chemistry Access by Poverty level, Demraplgic and ELL Percentages
(New York State Testing and Accountability Repaytifool, 2010)
http://www.p12.nysed.gov/irs/pmf/2010-11/home.hHtml

District % of Students w/o Access District Poverty Level Minority ELL
1 0.0% 50.0% 64.0% 12.0%
2 17.5% 8.9% 58.0% 12.0%
3 12.7% 12.0% 67.0% 9.0%
4 35.1% 45.6% 93.0% 13.0%
5 38.8% 44.3% 95.0% 11.0%
6 3.7% 40.9% 97.0% 36.0%
7 29.3% 65.0% 98.0% 19.0%
8 16.2% 44.2% 90.0% 12.0%
9 52.0% 59.7% 97.0% 25.0%
10 12.8% 49.0% 87.0% 22.0%
11 18.2% 35.7% 87.0% 11.0%
12 37.8% 66.7% 98.0% 19.0%
13 19.9% 35.0% 77.0% 4.0%
14 13.4% 43.9% 34.0% 13.0%
15 67.7% 36.2% 67.0% 16.0%
16 3.6% 46.1% 99.0% 3.0%
17 16.2% 37.8% 96.0% 9.0%
18 29.0% 34.3% 98.0% 5.0%
19 39.5% 50.5% 94.0% 13.0%
20 0.0% 45.9% 32.0% 26.0%
21 10.8% 45.1% 43.0% 16.0%
22 0.0% 32.9% 57.0% 10.0%
23 0.0% 51.9% 98.0% 4.0%
24 9.4% 36.5% 66.0% 26.0%
25 4.4% 33.3% 40.0% 19.0%
26 0.0% 11.7% 31.0% 8.0%
27 4.1% 35.6% 66.0% 10.0%
28 0.0% 20.7% 55.0% 11.0%
29 0.0% 29.7% 85.0% 7.0%
30 0.0% 33.5% 62.0% 23.0%
31 0.0% 9.8% 38.0% 6.0%
32 53.0% 51.6% 97.0% 19.0%
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Figure 20 - Percentage of students without aceeBegents Chemistry by District
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Behavioral Factors

The next sets of data included the percent ofestisdwho plan to attend 4-year college,
the 4-year high school graduation rate and thevefig factors: over-aged students in the high
schools, the safety index of the school and attecelaates. (See Table 20) These indicators are
considered secondary in terms of academics buthtblgyto flesh out the dynamics of the study
as many of these factors have the ability to thaesidemic growth.

At this point a further explanation of the scheafety index is needed. The safety index
is a subjective value that can be found on theniagrEnvironment Survey under the domain
titled “Safety and Respect”. This value (whichgas from 0-10, with 10 being the most
favorable) is derived from the survey results alepés, teachers and students and measures the
degree to which a physically and emotionally sesgreool environment is perceived. The
rationale for this measure is the feeling that stuigl who feel safe are more able to function in

this type of academic environment. Answers to spueestions in four general areas (academic
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expectations, safety and respect, communicatioreagedgement) create the measurement for
this domain. Over-aged students are defined ag thas are at least one full year behind the
other students in their cohort. Many students baarareas fall into this category for several
reasons. These will be discussed at length indhelasion but some possible reasons are
transient populations, recent immigrants, studesits have missed extended periods of
schooling due to illness or other reasons and ¢dckedit accumulation in the high school years.

Figure 21 — Chemistry Enrollment by Poverty Levad 8ehavioral Factors

Correlations
Dist. Poverty Chem Enroll Over Age Attendance Safety Suspension

Pearson Correlation 1 -.222 3917 -.184 .085 137
District

Sig. (2-tailed) 221 .027 313 642 454
Poverty

N 32 32 32 32 32 32

Pearson Correlation -.222 1 -.228 139 -.004 -.162
Chemistry

Sig. (2-tailed) 221 .209 448 .984 .375
Enroliment

N 32 32 32 32 32 32

Pearson Correlation 391" -228 1 510" -.073 392"
Over

Sig. (2-tailed) .027 .209 .003 .692 .027
Aged

N 32 32 32 32 32 32

Pearson Correlation -.184 1139 510" 1 490" -.584"
Attendance Sig. (2-tailed) 313 448 .003 .004 .000

N 32 32 32 32 32 32

Pearson Correlation .085 -.004 -.073 490" 1 -.356
Safety Sig. (2-tailed) .642 .984 .692 .004 .046

N 32 32 32 32 32 32

Pearson Correlation 137 -.162 392" -.584" -.356 1
Suspension Sig. (2-tailed) 454 .375 .027 .000 .046

N 32 32 32 32 32 32
*, Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).

120



Table 20 — Chemistry Access by District with Poydetvels and Behavioral Factors
New York City Department of Educatiohttp://schools.nyc.gov/default.htm

District
Poverty | Chemistry
D | Level Enrollment % Overage | Attendance | Safety Suspension
1 50.0% 25.5% 5.4% 87.8% 72.0% 8.0%
2 8.9% 19.6% 7.5% 86.7% 75.0% 7.0%
3 12.0% 13.0% 7.3% 85.0% 71.0% 15.0%
4 45.6% 18.6% 6.1% 85.0% 74.0% 9.0%
5 44.3% 24.1% 5.7% 84.6% 70.0% 10.0%
6 40.9% 14.3% 7.9% 89.3% 75.0% 0.0%
7 65.0% 8.4% 9.4% 85.1% 74.0% 11.0%
8 44.2% 4.8% 9.1% 84.0% 71.0% 10.0%
9 59.7% 15.5% 8.4% 85.1% 72.0% 11.0%
10 49.0% 21.1% 11.0% 87.0% 74.0% 8.0%
11 35.7% 11.2% 9.1% 87.8% 71.0% 8.0%
12 66.7% 16.0% 13.5% 82.6% 73.0% 14.0%
13 35.0% 21.8% 5.5% 86.6% 72.0% 6.0%
14 43.9% 16.2% 6.8% 84.1% 72.0% 10.0%
15 36.2% 14.5% 4.9% 84.3% 71.0% 13.0%
16 46.1% 7.4% 7.1% 83.1% 70.0% 14.0%
17 37.8% 14.0% 7.7% 86.2% 70.0% 12.0%
18 34.3% 19.2% 10.1% 83.1% 69.0% 21.0%
19 50.5% 12.0% 9.3% 81.5% 68.0% 8.0%
20 45.9% 12.4% 8.4% 88.9% 76.0% 3.0%
21 45.1% 19.7% 8.2% 85.6% 72.0% 12.0%
22 32.9% 28.4% 3.1% 91.2% 76.0% 3.0%
23 51.9% 17.3% 5.5% 81.9% 69.0% 12.0%
24 36.5% 14.0% 4.4% 90.3% 75.0% 5.0%
25 33.3% 19.2% 2.9% 90.7% 72.0% 6.0%
26 11.7% 19.1% 5.9% 84.4% 71.0% 6.0%
27 35.6% 9.2% 3.0% 90.8% 74.0% 8.0%
28 20.7% 20.0% 5.1% 86.9% 63.0% 8.0%
29 29.7% 18.7% 6.7% 90.9% 78.0% 11.0%
30 33.5% 14.9% 2.5% 89.6% 72.0% 6.0%
31 9.8% 17.3% 6.5% 81.0% 75.0% 9.0%
32 51.6% 10.7% 4.6% 89.4% 78.0% 9.0%

121




These data sets were examined for statisticagélations to chemistry enrollment at the
district level. There are several significant ctatiens in this matrix (See Figure 21) but
unfortunately none of them pertain to the acceasdtudents have to high school Chemistry.
There is a positive and significant correlatipe@.05) to the district poverty level and the
percentage of over-aged high school students andditentage of suspensions in the high
schools in the district. There is a significant ameerse correlationp<0.01) between the
percentage of over-aged students and the attendateca the schools and the attendance and
suspension rate in the schools. There is a sigmifiand inverse correlatiop0.05) between
school safety and the suspension rate in the s¢had@ significant and positive correlation
between safety and attendance in the schools wvittleidistricts. However, no significant
correlation can be made for the access to Chenilstitythe students have in relation to the other

metrics in this matrix.
Chemistry Enrollment and Teacher Certification

In the area of chemistry access, the categorydivéded into four sections: Any high
school Chemistry offering, Advanced Placement CkemiRegents Chemistry and Non-
Regents Chemistry. (See Tables 21-23) The studaohér ratio was determined by dividing the
number of chemistry students by the number of BeenChemistry teachers in the district. In
theory, Regents Chemistry classes are mandatezltaught by Chemistry licensed teachers. It
then goes without saying that the Advanced Placeé@kamistry courses should also be taught
by licensed Chemistry teachers as the studentsswtaeed in this courses will earn college
credits for their efforts. In addition, this lewal Chemistry is quite rigorous and would need the

pedagogical and content knowledge of an expetterfield.
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Figure 22 — Chemistry Enrollments by District aneri@ied Teacher

Correlations
District Any A. P. Regents Non- Teacher
Poverty Chemistry |[Chemistry | Chemistry | Regents | Student
Chemistry | Ratio
Pearson Correlation 1 -.222 -.386' -.304 .089 -.300
District
Sig. (2-tailed) 221 .029 .091 .629 .095
Poverty
N 32 32 32 32 32 32
Pearson Correlation -.222 1 456~ 792" 519" 349
Any
) Sig. (2-tailed) 221 .009 .000 .002 .050
Chemistry
N 32 32 32 32 32 32
Pearson Correlation -.386' 456" 1 6327 -.220 .052
A P.
) Sig. (2-tailed) .029 .009 .000 .226 778
Chemistry
N 32 32 32 32 32 32
Pearson Correlation -.304 792" 632" 1 -.107 .252
Regents ] ]
) Sig. (2-tailed) .091 .000 .000 .559 .164
Chemistry
N 32 32 32 32 32 32
Pearson Correlation .089 5197 -.220 -.107 1 .232
Non-Regents ] ]
) Sig. (2-tailed) .629 .002 .226 .559 .202
Chemistry
N 32 32 32 32 32 32
Certified Pearson Correlation -.300 349° .052 .252 .232 1
Teacher/ Sig. (2-tailed) .095 .050 778 .164 .202
Student Ratio | N 32 32 32 32 32 32
*, Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).

It can be seen in the correlation matrix (See f@@?2) that there is no significant
correlation between the student teacher ratio @nubtry classes and the poverty level of the
district in which the high school are situated.w@uld be expected as Chemistry access in any
of the sub-divisions of Chemistry is increasediamwould any of the subsets of chemistry
which exist under this umbrella.

As was stated previously, as the district povktgl increases there is a significant

decreasep<0.01) in the Advanced Placement Chemistry offexifgpoint of interest although
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not at a significant level, is the finding thattae Advanced Placement Chemistry and Regents
Chemistry offerings are increasing there is a tfendhe non-Regents offerings to decrease.
The teacher student ratio is only seen as signifiaad positivef<0.01) when any Chemistry is
offered. (See Figure 22) So it can be said théhasatio between the number of certified
chemistry teachers and the number of chemistryestisdncreases, there is a greater amount of

any type of Chemistry offered. This finding woushh toward the fact that there are many cases

of chemistry being taught by non-certified teacher.

Table 21 - Total Chemistry Students by Borog@gew York State Testing and Accountability
Reporting Tool, 2010) http://www.p12.nysed.gov/irs/pmf/2009-10/home.html

Chemistr Regents Non- Advanced Total Total High
Teachersy Chgmistr Regents Placement | Chemistry | School
y Chemistry | Chemistry Students Population

Manhattan 104 5,827 4,132 410 10,478 56,095
Bronx 90 4,279 2,688 232 7,289 52,433
Brooklyn 124 8,053 5,512 323 14,012 75 878
Queens 96 7,695 4,051 185 12,027 73,014
Staten
Island 18 2,051 767 182 3,018 16,734

Table 22 - Total Chemistry Students by Borough re®#aggNew York State Testing and
Accountability Reporting Tool, 2010) http://www.p12.nysed.gov/irs/pmf/2009-10/home.html

Regents Non-Regents Q&gﬁgg t Total .

Chemistry Chemistry Chemistry Chemistry
Manhattan 9.4% 6.7% 0.07% 17.0%
Bronx 7.2% 4.5% 0.04% 12.2%
Brooklyn 9.1% 6.2% 0.04% 15.8%
Queens 10.0% 5.2% 0.02% 15.6%
Staten
Island 11.8% 4.4% 0.01% 17.3%
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Table 23 — Chemistry Enrollment with District Payelevel and Certified Teacher Ratigew

York State Testing and Accountability Reporting T@&10) http://www.p12.nysed.gov/irs/pmf/2009-

10/home.html(New York City Department of City Planning, 201@)p://www.nyc.gov/html/dcp/

Chemistry
District Non- Teacher/
Poverty Chemistry A.P. Regents Regents Student
District Level Access Chemistry Chemistry | Chemistry Ratio

1 50.0% 25.5% 0.0% 15.1% 10.5% 0.6%
2 8.9% 19.6% 0.8% 9.5% 9.4% 0.9%
3 12.0% 13.0% 0.9% 9.3% 2.8% 1.4%
4 45.6% 18.6% 0.0% 15.0% 3.7% 1.0%
5 44.3% 24.1% 1.5% 19.6% 3.1% 1.4%
6 40.9% 14.3% 0.4% 10.6% 3.3% 1.6%
7 65.0% 8.4% 0.3% 6.0% 2.2% 2.0%
8 44.2% 4.8% 0.0% 3.5% 1.3% 2.4%
9 59.7% 15.5% 0.0% 8.7% 6.8% 1.5%
10 49.0% 21.1% 1.1% 12.7% 7.3% 1.0%
11 35.7% 11.2% 0.3% 7.7% 3.1% 1.0%
12 66.7% 16.0% 0.0% 5.0% 11.1% 1.1%
13 35.0% 21.8% 1.2% 15.5% 5.1% 1.3%
14 43.9% 16.2% 0.0% 9.8% 6.5% 1.0%
15 36.2% 14.5% 0.0% 8.0% 6.5% 0.5%
16 46.1% 7.4% 0.0% 1.1% 6.3% 1.0%
17 37.8% 14.0% 0.0% 9.0% 5.1% 1.0%
18 34.3% 19.2% 0.0% 5.7% 13.5% 1.5%
19 50.5% 12.0% 0.0% 4.1% 7.9% 0.9%
20 45.9% 12.4% 0.5% 10.5% 1.5% 0.9%
21 45.1% 19.7% 0.3% 9.0% 10.4% 0.7%
22 32.9% 28.4% 1.0% 17.4% 10.1% 0.6%
23 51.9% 17.3% 0.0% 5.0% 12.3% 1.5%
24 36.5% 14.0% 0.0% 7.1% 6.9% 1.1%
25 33.3% 19.2% 0.0% 12.2% 7.0% 0.6%
26 11.7% 19.1% 0.4% 14.7% 4.0% 0.7%
27 35.6% 9.2% 0.2% 8.2% 0.9% 1.2%
28 20.7% 20.0% 0.5% 11.5% 8.2% 0.4%
29 29.7% 18.7% 0.0% 9.9% 8.8% 1.4%
30 33.5% 14.9% 0.5% 8.4% 6.1% 0.9%
31 9.8% 17.3% 1.1% 11.8% 4.4% 0.6%
32 51.6% 10.7% 0.0% 4.1% 6.6% 0.6%
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Survey Results

In interpreting survey results, all sample survaessubject to possible sampling error;
that is, the results of a survey may differ froragé which would be obtained if the entire
population were interviewed. The size of the sangpérror depends upon the total population
and the size of samples collected.

In addition to the statistical data that was ai#d from the various public websites, a
brief survey was sent to the administrators inttigla schools in New York City. (See Appendix
A) The intended audience was either the prinagbéthe school or the Assistant Principal of
Science. In total, there were 128 responses cetledthe main focus question of the survey was
to determine why chemistry might not be taughtame of the high schools if in fact the school
did not offer chemistry. There were 128llected responses of the possible 358 high sshnol
New York City that serve the general populationisTiepresents 35.5% of the total. Of the 128
responses, 35 of the administrators of the schodisated that they did not offer any chemistry.
(See Table 24) Based on a review of school wehdtkigh schools in the city do not offer
chemistry and so the survey results encompass 4186se high schools. The breakdown of the
responses by borough is as follows: ManhattanB@nx (6), Brooklyn (11), Queens (8) and
Staten Island (1). This number represents schoiti®ut high school chemistry in any of the
three categories (Regents, Non-Regents and/or AddaRlacement Chemistry). The reasons

provided for the lack of chemistry in the schoalv&ys can be seen in Table 24.
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Table 24 — Survey Results from Schools Not offetirgh school chemistry
Reason*
Lack of Success in the past when offering Chemistry
Lack of Chemistry level students
Poor Planning of the course sequences for the isiside
School is being Phased out and chemistry was dtbppe
Objection by the principal
Budgetary Reasons
Lack of Laboratory Facilities
Lack of Certified/Qualified Teachers
Science is not a priority in the themed school

*Some surveys included more than one reason
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Figure 23 - Survey Results for High School Chemgigitcess in New York City

Reasons for Not Offering High School Chemistry

Science is nota
priority in the themed
school
14%

Poor Planning o
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being
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Certified/Qualified
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22%

Objection by
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2%

Budgetary Reasons
12%

Lack of Laboratory
Facilities
22%

The reasons are varied and several of the sunagjeabls indicated more than one
reason. (See Table 24) However, the consistentigated responses which bubbled to the
surface (See Figure 23) included lack of laboratacylities (22%), lack of certified/qualified
teachers (22%), a lack of success in the schoohwhemistry was offered in the past (14%) and

science being of less priority in the themed sch¢b4%).
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A Pearson Correlation matrix (See Figure 24) wasted to determine if the percentage
of responses is indicative of the entire city aad be viewed as a fair representation. Eighteen
measurements were compared between the total nwhparticipating high schools (358) and
the high schools that completed the survey (1283ud-set of the total participating high
schools. (See Table 25).

Table 25 — Eighteen Points of Comparison betweéiRadticipating High Schools and the
Subset of Participating High Schools that compléhedsurvey

Surveyed High SchoolsAll High Schools
Manhattan Schools 35 86
Bronx schools 39 99
Brooklyn Schools 25 107
Queens Schools 21 57
Richmond Schools 8 9
Small Schools 83 236
Medium Schools 26 79
Large Schools 19 43
Minority Total 80567 231197
HS pop Total 113490 288037
M-HS students 21312 57025
X-HS students 23535 56568
K-HS students 23774 81546
Q-HS Students 30270 75734
R-HS Students 14599 17164
Small School Students 35314 96792
Medium School Students 22734 68155
Large School Students 55442 123090
Total High Schools 128 358

As seen in Figure 24, the correlation coefficiegiween the surveyed schools and all of

the high schools in New York City is positive arglel to .992. The correlation is significant at
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the alpha = 0.01 level. This can be interpretea significance level of 99%. In other words,
there is a correlation or relationship betweendighteen measures (N = 18) used to determine if
the surveyed schools are a fair representatiofl of the high schools asked to complete the
survey. As such, it can therefore be assumed ltieadurvey responses are indicative of the city
schools as a whole.

Figure 24 — Correlation between all high schoolsl@w York City and the subset of high
schools in New York City that returned completedssys

Correlations
Surveyed All High
Schools
Pearson Correlation 1 992"
Surveyed ) )
Sig. (2-tailed) .000
Schools
N 18 18
All High Pearson Correlation 992" 1
Schools Sig. (2-tailed) .000
N 18 18
**_Correlation is significant at the 0.01 level (2-tailed).

Principals’ Interviews
The final section of data that was gathered wasutih interviewing three New York

City public high school principals. (See AppendixT®e criterion for selection of these
principals was based on school size and scieneeingk at the school during the 2009-2010
school year. Each of the three schools falls inddfarent category based on school size. All of
the schools serve the general high school populafith three of the interviews were done on a
face to face basis.

1. Large Comprehensive High School

The school is located in midtown Manhattan anddé&atal population of 2,749 students in

2009-10. The schools population was comprised &8 Black, 52% Hispanic, 3% White and
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14% Asian. Approximately 65% of the families of #tedents in the school received some
form of public assistance and there were 284 stsdmmrolled in Regents Chemistry
(10.3%). When asked how the selection was madenéoscience offerings in the school and
more specifically, the Chemistry offerings in tletsol, the principal explained that this
school is not necessarily focused in the scienaegelt that it was important at the high
school level to give the students the opporturttgelect and pursue science. The criteria for
selection for the Regents Chemistry courseworkptitg chemistry offering in this school, is
done solely by the guidance counselors who argmegithe students in his/her caseload. A
major component of whether or not Regents Chemistpyogrammed for the child is the
prior success in the Living Environment coursewamnkl the Algebra | coursework. It is felt
by the principal — and endorsed by the cabinettgtudents who excel in the Living
Environment coursework have an interest in thenseis. Additionally, it is assumed that
students who show competence in mathematics wélvigell in Regents Chemistry. Another
issue that the principal brought to light was thet that the school’s rating is based on
student success on each grade level. Successnedies taking and completing ten credits
of coursework for each school year. This schoolreasived a “C” rating for the last two
consecutive years. As a result, the guidance ctanssgave received training on course
assignments for the students in their cohort anst et special sign-off permission from the
Assistant Principal of Guidance for courses thatdemed more rigorous than average.
Regents Chemistry is one of these courses. Theipainndicated that making these
decisions is difficult in any climate but espegralow that the impacts of the student
achievement are directly felt at the school quaétyel and as such, may influence parents in

their decision to send their child to the school.
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2. Medium High School

With an enroliment of 1493 students in 2009-10s thigh school is located in the southeast
section of Manhattan. The school population conagriz4% Black, 51% Hispanic, 5%

White and 19% Asian. Approximately 75% of the faeslof the students in the school
received some form of public assistance and there W58 students enrolled in Regents
Chemistry (30.6%). As reported by the then pringifree Advanced Placement Science
courses in the school were selected due to thealbyepularity of the courses by the
students. Fortunately, this is a school with athezdre theme. Because of this, there is a
larger than average number of science teacheifiexbih biology, chemistry and physics
with a few teachers holding dual certificationtie early spring of the previous year, the
guidance department distributes a questionnaitieetanembers of the junior class after
discussing course selection with the school’s aabifihe results of these surveys, along with
the individual guidance given to each of the staslemelps to shape the course offerings for
the senior year. Other areas of focus when offeglagtives in the senior year are the budget
and the number of students in each of the coufsesxplained by the principal, the courses
are actually in competition with one another andnger for a course to be offered, it must
garner a significant number of students. The budges not pertain so much to supplies for
the course as it does for the human capital irstiheol to offer the course. Since the
mandatory science courses must be offered to #fleo$tudents in the school, and each full
programmed teacher carries five sections of coumsdg one Advanced Placement course in
science can be offered each year. Historicallyis $chool, A.P. Chemistry and A.P.

Biology are offered every other year or statededéhtly, A.P. Chemistry is offered during

the odd numbered school year and A.P. Biology duttie even numbered school year.
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Advanced Placement Physics and Advanced PlacenmeroEmental Science had never
been offered during this principal’s tenure.

3. Small High School

The small school selected is in the southwest Baontkhas a total population of 366
students in the 2009-2010 school year. The schomlilation comprises 38% Black, 60%
Hispanic, 1% White, and 1% Asian students. Thdesttibody includes 13% English
language learners and 11% special education ssdéBfo of the students that attend the
school are eligible for free lunch. Chemistry i affered at this school and the principal
mentioned several reasons for this decision. Winenviewed, the principal was quite clear
about the focus of his school and the reasons Behaprogramming decisions. He is the
founding principal of the school and from its intiep, the focus has been on using the arts
to enhance the motivational level and thus, thegrding. Being a small school, this focus
limits the number of mathematics and science cauls# are offered to the student body.
While the principal feels that these are importantcertain populations of students that
show interest in science and mathematics, he fieatghis is not the type of student who is
drawn to his school.

In the students’ choice of high schools, the theifritbhe school is made quite clear to the
students and the parents. Through articulatiohemieighborhood middle schools and at the
High School Fair held at Brooklyn Tech each fdle messaging about the school is its small
size, the community atmosphere that is fosteredfaamdlberal arts focus for the students.

This school is one of several small schools thatently occupied a large school that is
slowly being phased out. Another small high schaithin the building has science and

technology as its thematic focus. The principaldé¢leat students who are more prone to this
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way of thinking and achieving should be guidedht® $cience themes school within the building.
In closing the principal did see that in the futaoene of his students may want to pursue some
of the more advanced sciences (currently the sabfteris, Regents Living Environment,
Environmental Science and Forensics) and he hoples &ble to have some cross-over among
the schools in the building so that all of the stutd within this setting will be given

opportunities similar to those offered in a largeinool site.

Enrollment in Higher Order Science in New York City (2003-2010)

To put this access to the high order sciencesnspgetive for the city of New York, an
overview of Regents Chemistry and Regents Physisstiacked over the course of the last
seven school years. (See Table 26) This data Wwaa feom the NY State public website (New
York State Testing and Accountability Reporting ToonyStart) and sites the number of
Chemistry and Physics Regents examinations for kaadugh. This information does not
include the level of success on the Regents exdionsafor any of the schools or boroughs but
is just meant to supply an overview of accesshertigh school students in New York City. As
stated at the onset of this study, the rate ofESM. related careers opportunities has growth
threefold in comparison to other employment opputies. (See Figure 1) Relatively speaking,
the educational system in New York City has notbeseping pace with this growing trend and
economic need. A more concerted effort must beteid in the schools in New York City as
well as other urban areas in America to be abt®twert this tipping point from negative to

positive.
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Table 26 — Higher Order Science Regents Totaldléw York City (2003-2010)
(www.nystart.gov/nystart! New York State Testing and Accountability RepagtTool, 2011)

2003 | 2004 2005 2006 2007 2008 2009
Borough Subject | 2004 | 2005 2006 2007 2008 2009 2010
Regents
Manhattan| Chemistry| 2.1% | 9.2% 10.3% 10.9% 10.9% 10.9% 10.4%
Regents
Physics 26% | 4.3% 4.3% 4.7% 4.4% 4.9% 4.7V
Regents
Bronx Chemistry| 6.7% | 7.1% 7.0% 7.8% 7.7% 8.3% 8.1%
Regents
Physics 27% | 2.5% 2.6% 2.9% 2.8% 3.2% 3.3
Regents
Brooklyn | Chemistry| 11.6%| 10.5% | 10.4% 11.6% 11.6% 12.2% 11.9%
Regents
Physics 45% | 4.2% 4.0% 4.6% 4.6% 4.6% 5.3
Regents
Queens Chemistry| 8.1% | 8.9% 9.0% 10.0% 9.6% 10.6% 10.5%
Regents
Physics 3.4% | 3.6% 3.8% 3.7% 4.4% 4.3% 4.6M0
Regents
Chemistry| 11.2%| 11.1% | 10.5% | 12.7% 12.6% 12.6% 12.3%
Regents
Richmond| Physics 53% | 5.5% 5.1% 5.1% 5.3% 5.8% 6.3

Correlations were done for the five boroughs duthgcourse of the seven years analyzed. The
data for Regents Chemistaynd Regents Physics was analyzed using the SRS&us0 (See
Figure 25). As the years increased there was #is@nt increase in enrollment of chemistry
students in both the Bronx and Queens.
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Figure 25 — Correlation between the Regents Chgymaarollments in the boroughs, 2003-10
(www.nystart.gov/nystart/ New York State Testing and Accountability RepagtTool, 2011)

Correlations
YEAR M X Regents| K Regents| Q Regents| R Regents
Regents | Chemistry| Chemistry| Chemistry| Chemistry
Chemistry|
Pearson 2 .
_ 1 694 .945 625 925 711
Correlation
YEAR Sig. (2-
) .084 .001 134 .003 .073
tailed)
N 7 7 7 7 7 7
Pearson
. .694 1 717 .017 .695 432
Manhattan Correlation
Regents Sig. (2-
, ) .084 .070 971 .083 .333
Chemistry tailed)
N 7 7 7 7 7 7
Pearson . " .
, 945 717 1 .683 .995 .829
Bronx Correlation
Regents Sig. (2-
, ) .001 .070 .091 .000 .021
Chemistry tailed)
N 7 7 7 7 7 7
Pearson
_ 625 017 .683 1 .682 825
Brooklyn Correlation
Regents Sig. (2-
_ ) 134 971 .091 .091 .022
Chemistry tailed)
N 7 7 7 7 7 7
Pearson . .
_ 925 .695 .995 .682 1 .837
Queens Correlation
Regents Sig. (2-
, ) .003 .083 .000 .091 .019
Chemistry tailed)
N 7 7 7 7 7 7
Pearson .
, 711 432 .829 825 .837 1
Richmond Correlation
Regents Sig. (2-
, ) .073 .333 .021 .022 .019
Chemistry tailed)
N 7 7 7 7 7 7

**_Correlation is significant at the 0.01 leveH@iled).
*, Correlation is significant at the 0.05 levelt@led).
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Figure 26 — Correlation between the Regents P&ysicollments in the boroughs, 2003-10

(www.nystart.gov/nystart/ New York State Testing and Accountability RepagtTool, 2011)

Correlations

YEAR M Regents| X Regents| K Regenty Q Regents| R Regents
Physics Physics | Physics | Physics Physics
Pearson o
_ 1 -.129 872 735 951 .660
Correlation
YEAR ) .
Sig. (2-tailed) .784 .011 .060 .001 .107
N 7 7 7 7 7 7
Pearson
Manhattan . -.129 1 -.356 -.562 -.097 -.382
Correlation
Regents . .
i Sig. (2-tailed) .784 .433 .190 .836 .398
Physics
N 7 7 7 7 7 7
Pearson o
Bronx _ 872 -.356 1 .890 757 751
Correlation
Regents gy (2-tailed) 011 433 007 049 052
Physics
N 7 7 7 7 7 7
Pearson .
Brooklyn , 735 -562 .890 1 .656 795
Correlation
Regents ) .
) Sig. (2-tailed) .060 .190 .007 .109 .033
Physics
N 7 7 7 7 7 7
Pearson .
Queens . .951 -.097 757 .656 1 .684
Correlation
Regents ] )
i Sig. (2-tailed) .001 .836 .049 .109 .090
Physics
N 7 7 7 7 7 7
Pearson
Richmond _ .660 -.382 751 795 684 1
Correlation
Regents . .
) Sig. (2-tailed) .107 .398 .052 .033 .090
Physics
N 7 7 7 7 7 7

*, Correlation is significant at the 0.05 levelt@led).
**_Correlation is significant at the 0.01 leveHailed).

It can be seen that the only significant correlatietween year of the data collection and
the geographic area where there is a positive aseré the percentage of students taking
Regents Chemistry and Regents Physics is in thmugbs of the Bronx and Queens (See figures

25 and 26). For Regents Chemistry, this correlasaqual to .945 and .925 respectively at the
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(p <0.01 level) indication that this association dat accur by happenstance. Stated another
way, there is a significant increase in the pegabf students enrolled in Regents Chemistry
(See Figure 25), in the boroughs of Queens an8itbex from the 2003-04 school year through
the 2009-10 school year.

Similarly, the increase in the enrollment of RagdPhysics (See Figure 26) can be found
in the same two boroughs: The Bronx and Queenscairelation is equal to .872 in the Bronx
at the p <0.05) level and is equal to .951 in Queens afhe.01). Each indicates that the

association is high for increased enrollment irséhevo boroughs.
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Chapter 5 — Conclusions, Implications and Future Wik

Introduction

This chapter presents the interpretation of thea éad a discussion of the implications
for future work in this area of research. The psmof this study was to determine if there were
inequities in the access and entrance to high sdm@onistry in the public high schools in New
York City. Also included in this chapter are thelmdded inequities pertaining to the field of
Science, Technology, Engineering and Mathematiasatn (S.T.E.M.) and how this impacts
educational and employment opportunities.
Significant Findings
Some of the most significant findings in this stuatg:

1. There are substantial inequities in the distributé chemistry offerings in the New York
City public high schools. 24% of the high schoalsluded in this study did not offer
chemistry. The poverty level of the populationhe school district and certain identified
characteristics of the students in the schoolsimwitie school district strongly correlate
to the access to chemistry in that district. (Sabl@ 19)

2. The bulk of the schools that offer no chemistryessc(seventy-nine of the eighty-six or
91%) are small schools. However, if chemistry islenavailable in the small schools, it
is most frequently in the form of Non-Regents Cletrgi A sizeable number (134/299 or
45%) of these small schools were launched throbglstall school movement and
served to replace the large comprehensive highodeh@ee Table 15)

3. The large, comprehensive high schools that seevgeéheral education population offer
scant opportunities for Advance Placement Chemisitythe majority of the Regents

Chemistry offerings in the city are in the largghschools. (See Table 15)
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4. The poverty level of a geographic area within NearR/City has a significant correlation
to the following student factors in the schoolsideint demographics, access to
chemistry, mathematics achievement, science aamiene four year graduation rate and
student socioeconomic level based on free lunch ¢8ee Tables 13 — 17)

5. The poverty level of a geographic area within NearkYCity had a significant
correlation to the following facilities based fatan the schools: access to chemistry
courses, access to chemistry labs, student expeadihd access to certified chemistry
teachers. (See Table 15)

Examination of the Research

How does chemistry enroliment in New York City, byborough and by district, compare to
the state and national enrollments in chemistry?

Figure 27 - Comparisons of High School Chemistryoiments (2009-10)
(New York State Testing and Accountability Repaytifool, 2010)
http://www.p12.nysed.gov/irs/pmif/2010-11/home.html

Percentage of Students Enrolled in High School
Fal P e e TaTale s TalNal
LNemistry, £uus - Zulu
27.0%
% 17.3%
15.1% 17.0% 15.8% 15.6%
u u N u u u
NYS NYC Manhattan Bronx Brooklyn Queens Staten
Island

Access to high school chemistry in the New Yorky@ublic schools during the 2009-

2010 school year was seen to be restricted. (Sped27) Although 27.0%o0f the high school
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students in the New York State were enrolled inséonm of chemistry, the overall enroliment
was a scant 15.4% in the City of New York. Eaclthefboroughs had varying percentages of
students enrolled in some type of chemistry (Maaimatl7.0%, Bronx, 12.2%, Brooklyn,

15.8%, Queens, 15.6% and Staten Island, 17.3%bhanithirty-two districts had a wide-ranging
fluctuation in the amount of chemistry offered e thigh schools within the district, with School
District #8 in the Bronx having 4.8% of its highhsol students in chemistry classes at the low
end and School District #22 in Brooklyn having 28.4f its students in high school chemistry at
the high end of the spectrum. (See Table 23)

The quality of the courses taken in high schoal ggeater predictor of college success
than test scores, class rank or grade point avefBgeh & Haycock, 2004) One of the basic
challenges to America’s competitiveness in the wedonomy is based on the preparation of
students in STEM education. Some of the most liva@bbs with the highest paying salaries
continue to be found in this field. The averageuatnvage for all STEM occupations was
$77,880 in May 2009, and only 4 of the 97 STEM @ations had mean annual wages below
the U.S. average of $43,460. (Cover, et al, 20hlterms of the global economy, careers that
depend on a deep understanding and backgrouneeimmcecand mathematics are deemed
necessary for economic success and elevationnrstef social capital. In order for this to
become a reality for the next generation of ourkifi@rce, a greater emphasis should be placed in
this area throughout the K-16 education spectraim.Highly unlikely that a student will select
S.T.E.M as an occupational goal let alone sucaéedpr opportunity to access the subject
matter is not made available. Students must bengive opportunity to tackle the more rigorous
courses in mathematics and science during their $uhool years for several reasons. These

courses are not only necessary for students irstefrholstering the scientific and technological
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labor force, the demands of®2dentury existence are such that they necessitteatifically
literacy and informed citizenry. Chemistry is ateigral piece of this rigorous educational
foundation that is needed by every high schoolesttid

Although research has continually emphasized #weel fior higher order or more rigorous
mathematics and science for American studentggetay of the high school course sequence in
the City of New York, its five boroughs, and moggsficantly, the thirty-two school districts
within those boroughs tells a different story.

The socioeconomic status of the city as a whogeen through its poverty level as
compared to the State of New York and the nati@e (Bable 12). New York City has a poverty
level of 20.1% as compare to 15.3% for the statkl&n1% for the nation. (U.S. Census Bureau,
2010) Being the largest urban environment in théddnStates affords New York City a vastly
diverse population with extremes in every social aaonomic perspective. The five boroughs
are even more complex.

New York City’s Five Boroughs

Table # 27 - The Boroughs of New York City (New X@ity Department of City Planning, 2010)
http://www.nyc.gov/html/dcp/html/neighbor/neigh siht

Number | High

of High School Chemistry | % HS
Borough | Population | Area Poverty | Schools* | Population | Enrollment | Minority
Manhattan| 1,585,873 23Mi | 17.6% | 113 56, 095 17.0% 40.6%
Bronx 1,385,108 42rhi | 27.1% | 122 52,433 12.2% 85.4%
Brooklyn | 2,504,700 71rhi | 21.9% | 143 75,878 15.8% 57.7%
Queens 2,230,722 109mi| 12.0% | 68 73,014 15.6% 49.1%
Richmond | 468,730 58nfi 9.8% 10 16,734 17.3% 31.9%

*This number includes general education and speethigh schools

Manhattan is the smallest borough in size andlimasighest population density with
68,951 people per square mile. (See Table 27)\vHsadl poverty level is 17.6% which is the

third highest of the boroughs. However, as withoalihe boroughs, poverty level will vary from
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neighborhood to neighborhood within the boroughe Tilghest poverty level in Manhattan is in
School District #1 which encompasses the Lower Ba, the Bowery and the East Village.
This school district has a large Asian populat®ib%) (See Table 16) and access to chemistry in
high school is the highest for the borough (25.5Ph percentage of public high school
students in Manhattan taking some form of Chemistag 17.0% during the 2009-10 school
year. (See Table 22) This represented fdighest percentage of the five boroughs. Chemistry
access is directly related to the Asian and Whitgutations in a school district. This will be
addressed at length later in this chapter. Thexd a8 public high schools in the borough and of
these, three are specialized high schools whichire@dditional admission qualifications. They
are Stuyvesant High School, the High School forivi&cience and Engineering at CCNY and
Fiorello LaGuardia High School. Twenty-three petcan26/113 of the public high schools
sprang from the new small school movement.

The Bronx is the poorest borough of the five vathaverage poverty level of 27.1%,
significantly higher than the national poverty tdfgee Table 27) The poorest area in the Bronx
is School District # 12 which has an astounding @6poverty rate. The neighborhoods in this
area include Castle Hill, Hunts Pont and the S&utnx. There are 32,980 people per square
mile and 37.8% of the high school students in &néa do not have any access to chemistry. (See
Table 22) 98% of the high school population is sifésd as minority with 29% Black and 68%
Hispanic. (See Table 16) Total access to somedf/pbemistry course in the Bronx is 12.2%,
the lowest in the city. There are 122 public highals in the Bronx with many of these
originating through the new small school movemé&bi122 or 45%). There are two specialized
high school in the Bronx; the Bronx High SchoolSzience and the High School of American

Studies at Lehman College. These specialized sslsaole the city, not just the Bronx.
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Brooklyn is the most populous borough (2,504, 70%) has the second highest poverty
level, with 21.9% of its residents living in powerThe poorest geographic area is school district
#23 (51.9%) (See Table 12) which slightly edgedsamlool district #32 (51.6%). School District
#23 encompasses Brownsville, Bushwick and East Xexk while School District #32 is
concentrated in the remaining section of Bushwi#gcause these school districts overlap to
some extent and have very similar poverty levay will be addressed as one in the section.
The high schools in both of these school distdctsiot offer A.P. Chemistry and Regents
Chemistry enroliments in the districts are 4% a%drBspectively. The percentage of minority
students in the districts is 98% in District #23m81% being Black and 97% in district #32 with
72% being Hispanic. There is a 17.3% chemistry sxcate (See Table 17) in the predominantly
Black District #23 while there is a 10.7% chemisiogess rated in the predominantly Hispanic
District #32. The average for the rate of accessemrollment in some form of Chemistry is
15.8% for the borough of Brooklyn. There are 14Bljuhigh schools in Brooklyn with
approximately one-quarter of these (28%) origirgatnom the new small school movement.
There are two specialized high schools in BrookBrgoklyn Technical High School and the
Brooklyn Latin School. These specialized schoelse the city, not just Brooklyn.

Queens is the largest borough in area, expandmtd9 square miles. (See Table 27)
Queens has the second lowest poverty rate at 12:8%than that of the State of New York or
the nation. There are 20,465 people per squareanddhe public high schools in Queens
serving the general population offer 15.6% Chemisticess. This is very similar to the access
that the students receive in Brooklyn. Howeverléwvel of rigor is different with Queens
offering Regents Chemistry to more of their studertd Brooklyn offering the non-standardized

Non-Regents chemistry more often. The most dedatibol district in terms of access to
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chemistry in high school is District #24. It hapaverty rate of 36.5% and the total minority
population in the high schools in this distric68% with 62% being Hispanic. (See Table 17)
There is no Advanced Placement Chemistry givehisdistrict for the general high school
population. This district borders Bushwick and ua#s Long Island City, Fresh Pond and
Glendale. There are 68 public high schools in Qsegr 14 have evolved during the small
school movement (21%). The one specialized higbaan Queens is the Queens High School
of Science at York College.

The fifth and smallest borough in terms of pogolatand population density is Staten
Island. There are 468,730 residents in this boramghthere are 8,082 people per square mile.
(See Table 27) This borough’s school district igjua in that the entire borough is defined by
one school district. Staten Island has the lowesegy rate, at 9.8% and is an anomaly due to
the fact that its high school population is preduaenitly in large school settings and none of the
large schools on Staten Island have been closezbaganized. In other words, this school
district/borough has not felt any impact from tinea#l school movement. One high school in the
borough is designated as specialized, Staten Idlandnical High School. All ten high schools
on Staten Island offer Regents Chemistry so adoeStemistry in District #31 is 100% when
taken at the school level. (See Table 17) The péage of students enrolled in some form of
Chemistry is 17.3%, the highest percentage amanfj\th boroughs.

When focusing on the data available it can be Heatrthe percentage of high school
enrollment in chemistry is unbalanced, with th@ésmt percentage of students enrolled in
chemistry in Staten Island, the borough with thalést minority population and the lowest
poverty level. Inversely, the Bronx, the boroughhathe largest minority population and the

highest level of poverty also has the smallest remolb students enrolled in high school
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chemistry. Taken one step further, this inequitgnvien more dramatic on the district or
neighborhood level. The areas of the city withhighest poverty level are located in School
Districts 7 and 8 — both located in the Bronx. Geegraphic area that these districts encompass
is the Southwest Bronx and includes the neighbatb@d Mott Haven, Melrose, Morrisania,
Hunts Point and Tremont. (See Table 17) Not onlyh@se two adjacent districts have the
highest poverty rates, at 65% and 44% respectitedy, also have among the highest levels of
minority students with a corresponding 98% and 9@iroliment in high school chemistry is
8.4% and 4.8% respectively; two of the lowest petage rates in the city.

In contrast, the two school districts that haweltdwest percentage of poverty are District
2 in Manhattan at 8.9% and District 31, which enpasses the borough of Staten Island at
9.8%. Coincidentally, these two areas have a ntynetudent level of 58% and 38%
respectively. District 2 encompasses most of Maahatp to the southern border of Central
Park and then is adjacent to the park on the nastrgide up to and including East'@treet.
(See Table 17) Enrollment in high school chemistriistrict 2 is the highest in the city at
19.6% and 17.3% on Staten Island or District 31s Tha good example when discussing the
individual districts rather than taking the borowgha whole. The two highest districts are miles
apart and yet have similar enrollment in high s¢lobemistry. This would not have been
evident if the analysis was only taken at the bglolevel.
Are there statistical correlations between chemisyr access and racial status (Black,
Hispanic, White, Asian/Other); socioeconomic statugercentage of free lunch students);
percent English Language Learners?

The correlation between the percentage of studen&sving free lunch and their overall
access to Chemistry was seen as significant. (Beee-15) Free Lunch students had lower

enrollment levels in high school chemistry and mepecifically, in Regents Chemistry and
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Advanced Placement Chemistry with a 95% level ofatation confidence. (See Figures 17 and
16, respectively) This finding points to the fdwat poor children are less likely to have access to
and enrollment in the more rigorous high schoohais&ry offerings. There was no significant
correlation between free lunch student and Non-Rtsgéhemistry, (See Figure 18) indicating
that this type of chemistry course is offered vi@ver if any restrictions to the students in the
New York City public high schools. There are sel/pmssible reasons for this trend including
less stringent requirements both by the studentl@mddministration in terms of a licensed
teacher and required laboratory seat time. Non-Redeéhemistry courses, like all high school
science courses, must offer a laboratory compaioethie class. However, it is only in the
Regents courses that a set time is mandated I$t#te of New York. Similarly, the Regents or
Core science courses requires than the instruetae & certification in that specific science
whereas, non-Regents science courses do not batrgdrticular requirement. Finally, non-
Regents courses are not required to include ths tirat compose the Regents Chemistry
coursework. These are quite rigorous and includeaa’y mathematics component. Non-Regents
Chemistry can avoid this skills area and can fazua conceptual framework for the course,
thus proving less challenging but more inclusivéeinns of the general education population.
Districts in the city that offered no access te thore rigorous Regents Chemistry (See
Figure 19) were directly correlated at .404 leweha <0.05) to the poverty level of the
district. Also noteworthy was the positive corredatbetween minority students and no access to
Regents Chemistry. This was calculated at the |&v& at the |§ <0.01)level of confidence
making this association a major factor when disagsimequity and social justice. On the other
hand and on an equal level of confidence, wasdhelation between White and Asian students

and access to the higher order offerings in ChemiBegent Chemistry and Advanced
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Placement Chemistry. (See Figures 17 and 16, regplg¢ The variation across lines of
ethnicity and social status is evident as it pagdd access to more rigorous science coursework.
There is a tremendous need to expand our undesesgesl Black and Hispanic population in the
fields associated with S.T.E.M. careers (Nationehdemies of Science, 2011). The groups of
people that have historically been underrepresantedience and mathematics are those that are
increasing in the United States at a disproporticate. Without the inclusion of these Black and
Hispanic populations, the United States is exclg@in ever increasing and viable portion of its
human resources.
As stated in “Expanding Underrepresented Mindd#yticipation: America’s Science
and Technology Talent at the Crossroads”,
“The education children receive from preschool tigto high school is foundational and
critical. For S.T.E.M., quality preparation is a&prquisite for later success. There are
issues that are specific to underrepresented nigmfocused on preparation, access and
motivation, financial aid, academic support andadntegration.”
New York City’s educational system, as vaallthose in other large urban areas in the
United States will have to seriously consider magdorms within their systems to ameliorate
the current conditions so that our continually grayyercentage of poor and minority children
will be given an equal opportunity in S.T.E.M. aatbw them to partake in the social and

economic capital this would afford them.

Are there statistical correlations between chemisir access and systemic factors — school
size, per pupil expense, access to lab facilitiesdalicensed chemistry teachers?

There are several school based factors that mag/ dnaeffect on the access and
enrollment of students in the more rigorous counsdsgh school and more specifically in
Chemistry. Given the current emphasis on the smatleool environment as an asset to the

students in high school, this will be the firstsefveral elements considered.
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The large comprehensive high schools (See Figuravére more likely to offer Regents
Chemistry to their students. It is noted here thatschool did not offer Regents Chemistry,
Advanced Placement Chemistry was also not offé@édhe 87 high schools that do not offer
Regents Chemistry (or A.P. Chemistry) to their stud, 79 of these were small schools. This
represents 91.0% of the schools that do not allmess to the core curriculum material found in
Regents Chemistry. Six of the forty-five mediurpesi schools (enroliments of 500-1499) did
not offer Regents Chemistry during the 2009-10 stkear representing 7.0% of the total
number of high schools not offering Regents Chami3the remaining two schools are large
schools and this represents 2.0% of the total numigchools that do not offer Regents
Chemistry. This represents 4% of the total numlbéarge schools serving the general high
school population in New York City. Traditionallfhese large schools were designed to offer
varied programs to their student population. Duthéosize of these schools, the staff and
facilities usually were able to accommodate a ¥aé leveled course work in each of the
academic areas. These schools also had their dibsvimsthe fact that some were less personal
and had poor graduation rates as a whole. Howthwene are pockets of the city in which these
large schools still survive and they are clusteneckrtain geographic areas in the city. There are
six large schools in District #2 and five in Distr#31. These districts have poverty levels of
8.9% and 9.8% respectively, lower than the poveaty of the city in general (15.3%) and much
lower than many of the other school districts imN¢ork City.

Medium sized schools (See Figure 14) acctuur22% of all of the high schools
(45/358) and all but six offer Regents Chemistiiynifar to the larger comprehensive high
schools, each of these schools has a more divewssecoffering due to its larger staff and

accommodations. The small schools represent thedaconfiguration of the high school model
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with 236 of the 258 schools falling within this egory. Of the small schools in the city, 79 do
not offer Regents Chemistry or Advanced Placeméein@stry. This number represents 33.5%
of all of the small schools. Since small schoofgesent the majority of the high schools in New
York City, it does show an alarming trend in theaaof science in general and in chemistry
particularly. Reports indicate that the smallercgdlsetting is beneficial to students in many
ways including increasing graduation rates, modévidualization and safer environments
(Bloom, Levy-Thompson, & Unterman, 2010). Howewlg consequence to this trend is the
decreasing science and mathematics courseworkithan students are receiving and the lack of
rigor that is represented by these alternativesssur

The per pupil expense correlation to chemistryeas¢See Figure 13) was not significant
but there is a direct correlation to per pupil exgeeand the district poverty level at tipg@.01)
level of certainty. The reason for the increasedesit expense may vary but services for the
more indigent, English-language deficient and sgdessiucation populations may account for
this increased spending. Another interesting cati@h was the ratio of chemistry lab access to
students and the per pupil expense. As the codtpdent increased, there was a decrease in the
access to lab facilities in the schools that tistgdents attended. This in turn corresponds to the
poverty level of an area of the city. The studevit® receive more funding from the city are
those attending high school located in high povargas. In turn, these areas have a dearth of
school facilities for the students in attendan@e¢hThe reasons for this deficiency may vary but
it is worth noting that a lack of facilities to effa given subject such as chemistry might create a
lack of motivation in offering the course in théeol.

The teacher student ratio was seen to be signtf(&ee Figure 22) when chemistry was

taken as a whole. Enrollment in some type of cheyndid increase with an increased number of
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chemistry certified teachers. This finding seemgdimt to the increased access and enrollment
to chemistry when licensed chemistry teachersratiea school or the possibility that schools
offering chemistry hire certified teachers.

New York State requirements for the Core Curriouktourses in science are quite
specific and this is unique to the high schoolrsoés. Whereas in other core curriculum areas of
concentration, a mathematics, history or Englistifeed teacher can teach any given course in
that content area, science teachers must be lidemske specific subject to be able to teach this
on the Regents and Advanced Placement level. kr etbrds, a Biology licensed teacher is not
considered qualified to teach Regents or Advandaceiment Chemistry. This coupled with the
No Child Left Behind Act of 2001, requiring hightjualified teachers in every classroom
increases the need for a broad range of licensedcgcteachers, not the least of which is the
Chemistry teacher. However, the findings of thiglgtshow that there is no significant
correlation between the number of licensed cheynistichers and the number of students in
either Regents Chemistry or Advanced Placement @wmWhile this is clear, it must be
remembered that this study is only dealing withghantity of chemistry and does not touch on
the quality in terms of student outcomes.

Are there statistical correlations between chemisy access and student achievement:
mathematics achievement, science achievement, foggar graduation rates and 4-year
postsecondary enrollments?

There is an increased level of 4-year college émmoit, science achievement and
mathematics achievement when there is greater atcehemistry. (See Figure 12) The science
and mathematics achievement in each district weterchined by the number of students who
moved from the mandated and less rigorous Livingenment and Algebra | to the higher

order science and mathematics, Chemistry and Gepmespectively. It was seen that those
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districts that had higher percentages of theseestsdlso had high graduation rates and students
whose focus was on attending a four-year postsecgnastitution. In contrast, these same high
achieving districts were inversely correlated wativerty, indicating that they encompassed the
more affluent sections of the city. This was at(tv.05) level of significance, indicating that

the results are related although no causality eagstablished.

Success on the K-12 level is foundational andiatulany factors contribute to the
enduring achievement gaps but there is agreemanlotiv expectations, mediocre course
offerings and school and community perspectivéale an effect on student achievement and
efficacy. (National Academy of Sciences, 2011) Thallenge in both rural and urban settings is
to create an atmosphere of exactitude in whicktatlents are afforded equal opportunity to
demanding and thought-provoking content that wih@nce their learning experience and set
them up for social, educational and vocational ofymities. This will have a two pronged effect
on the student as an individual and on societisientirety.

The enduring struggle for increased student aelnm@nt in areas with lower affluence
continues in New York City and other urban cenierthie United States. Although it is seen that
the schools in these districts receive per pupitiing that is equal to or surpasses the average,
the fact is that this funding is not making anyngigant change in the status of the students
achievement levels. Access to more rigorous cowsevand increased self-esteem and self-
efficacy are seen as possible motivators and agétsange in student success through
academic achievement.

Are there statistical correlations between chemisir access and the following behavioral

measures which are monitored by the school such aser-aged students, school safety,
suspensions and attendance?
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The success or failure of a student is dependeat\ariety of factors not the least of
which is the school environment. One of the factbed help to determine the environment of a
school is the perceived safety of the school. &tadents feel that they are in a safe learning
environment, learning becomes the main objectivb®fchool day. Suggested methods of
creating a safe environment include open communpitaEvery student should feel that he or
she has a trusting relationship with at least @hdtan the school. Another method used to
foster safety in the school is making collaboratieeisions in which the students are an integral
part. Through participation in planning and cregtine culture of the school, students will feel
empowered and participatory (Stephens, 2004is argued that this will have a residual effect
on absenteeism, suspension rate and a lowerirgaofumber of over-aged students in the New
York City high schools.

When the data was analyzed, it was seen that wesao correlation between access to
high school chemistry and any of the behavioraidigcused in this analysis.(See Figure 21)
However, interesting correlations did occur betwgendistrict poverty level and over-aged
students and suspensions. The correlation is pesitdicating that there are a significant
number of suspensions and over-aged high schaaeistsiin the high schools located in the
higher poverty areas in the city. Similarly, thexe lower attendance rate in these schools and
the survey results on school safety for these dshaye also lower. This points to the fact that
students, parents and faculty feel that these $slawe less safe than other schools in the city.
Research has shown that the school environmerd Haect effect on student learning and
behavior (Paine, 2006). The findings from this gtadem to reinforce this concept. Schools that
are perceived to be safer enhance the academispitii@ of the school and in turn, allow

students to concentrate on the purpose for whiep éttend school.
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What are the variables that best predict the charateristics of high schools offering
chemistry?

After analyzing all of the variables that definecool and its community, the
characteristics that are most favorable for offgighemistry in a New York City high school
have been teased out. As predicted, the socioedorstatus of the students of the particular
high school and the neighborhood in which the stisdocated seem to contribute to the access
or lack thereof of high school chemistry in the@ah (See Figure 18)

It was found that the percentage of minority stugén a school has a direct effect on
whether or not a school offers high school chemidthe larger the percentage of minority
students in a school district, the lower the préiparenrolled in chemistry for those students
attending high school in the district. (See Figl®¢ However, when the types of chemistry were
analyzed, the results indicated that the Non-Reg€hemistry courses were more prevalent in
the geographic areas with lower socioeconomicstiatiSee Figure 18) Unfortunately, these
Non-Regents Chemistry courses are more difficuttdfine in terms of content rigor because
there is no set syllabus for Non-Regents Chemisttlze New York City high schools.
Descriptively, it can be seen that the variety ohNRegents Chemistry courses cover a width
berth and so it can be assumed that the same gogmfcontent within those courses. For
example, courses named Quantitative Chemistry ager@ Chemistry can be perceived as
having a fairly high level of rigor as compareddbemistry courses titled Chemistry in Society
or The Chemistry of Food. For this reason, it ffidllt to quantify and qualify the content in the
Non-Regents Chemistry courses. The implicatiohas the students in these schools might not
be receiving the foundation in chemistry needesltceed on the post-secondary level and/or to
become truly competent as science literate citizdosgvever, it can be assumed that some

exposure to a subject is better than none andhinctintext; the Non-Regents Chemistry courses
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are reaching a larger and more diverse populafiba.Non-Regents Chemistry courses are most
notably offered in the small school setting if #meall school offers Chemistry at all. (See Figure
14) As previously noted, small schools have ditties in both the facilities in which they are
housed, and in their ability to offer diverse causglections due to the size and diversity of the

faculty.
To increase the impact of the Non-Regents Cheysturses, it is suggested that teacher

choice in the content and the laboratory experigfi€ai, & Sadler, 2007) will greatly influence
the rigor of the coursework and further preparestiielents for college level chemistry. In
addition, because the small school setting doesliaw for a content-diverse faculty, online or
distance learning is another viable alternative mt@nsidering access to the more rigorous math
and science coursework (Robinson, 2003). The Nalti®oience Teachers Association (NSTA)
has been working to create a large Web site thiathighly interactive four-hour engagements
with science content designed for the adult noleeener (Tai & Sadler, 2007). This could be a
way to fortify the content knowledge of the nontded chemistry teachers in all schools but
specifically in the small schools where there sxarcity of these trained teachers.

Studies have shown that racial disparities inrsmetechnology, engineering and
mathematics (STEM) occur because fewer Blacks aspladics are prepared for STEM in high
school (Tyson, Lee, Borman & Hanson, 2007). Actessmore rigorous core of science and
mathematics coursework is a necessity. High sctmahselors and teachers must encourage
more minority students to take challenging coumédsgh school. In addition, they must also
work with the parents of these children to encoerthgir children to take more of the pre-

requisite courses at the appropriate grade levehsoire success in high school and beyond. As
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the student enters middle school, if interest iarsme is not triggered, the student will more than

likely choose other content electives during hiser high school years (Osbourne, et al, 2003).

Schools located in the higher socioeconomic arétsecity are seen to offer more
advanced courses in science to their studentseTtadents also tend to be White and Asian
(See Figure 15) and of higher economic status tel@s. Therefore, it is erroneously surmised
that these students are more capable when thésdatamined in isolation. More correctly, the
schools that the socially and economically disath@ed students attend do not tend to offer
these courses and the repercussion is that thedenss are not exposed to the rigor needed at
the secondary level to be able to excel at the-pasbndary level. A dynamic is established that
is difficult to reverse and without interventiohgse students are unknowingly being excluded
from a growing and lucrative job market.

Implications and Further Study

An area for further study would be the naming &f ltiigh schools in New York City and
the location of these themed schools within thg €n a cursory level, it appears that many of
the schools with names that connote less challgngparsework are located in the areas
containing the students with the greatest neec liShbelow gives the names and themes of
several high schools in the city, the locationh& school and the poverty level of the
neighborhood in which the school lies. Although sioidied in-depth in this thesis, it may be an
area of interest for others.

The average poverty level in the city of New YasKD.1%. (See Table 12) A cursory
view of the high schools and their themes indictttas schools with less academic monikers are

located in areas of the city with greater poveetyels. There are also fewer schools with names
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that connote academics in their titles. (See TaB)g-or a more precise analysis, further
research must be conducted.

Table 28 - Themed High Schools in New York City {N¥ork City Department of Education)
http://schools.nyc.gov/default.htm

Name in Title School District Location Average
Academic Academy 9X (6) 10X (4) 11X (3) 12X (7), 13K (2), | 43.5%
65 high schools | Collegiate 9X, 15K, 18K, 19K, 23K 46.5%
Preparatory or | 7X(2), 9X (3), 10X (2), 11X (2), 14K (2) | 46.9%
Citizenry Themes | Citizenship 17K 37.8%
43 high schools | Civil Rights 12X, 19K 58.6%
Community 3M (1), 7X (2) 8X (2), 9X (1), 10X (1), 12X 46.1%
Human Rights 17K 37.8%
Neighborhood 11X 35.7%
Public Safety 17K, 28Q, 23K 36.8%
Justice 3M, 9X, 13K, 14K 37.9%
Public Service | 32K, 2M, 6M 33.8%
Service 17K, 28Q, 23K 36.8%
Social Action SM 43.3%
Peace 12X, 14K 55.3%
Social Justice 7X, 32K 58.3%
Freedom 12X, 13K 50.9%
Cultural Themes Cultures 12X 66.7%
22 high schools | International 6M (1),7X (1), 9X (1), 10X (4), 13K (1), | 40.8%
Global 11X, 16K, 17K, 30Q 38.3%
Diversity 12X 66.7%
S.T.E.M. Themes| Science, Math | 2M(1),4M (1), 7X (1) 9X(1), 11X (2), 13K| 40.2%
21 high schools | Environment 2M (1), 4M (1) 27.7%
Health, Medical | 2M (1), 6M (1), 9X (1), 11X (2) 18K (1), | 35.8%
Engineering 17(K) 37.8%

The larger schools in the city tend to offer mBegents Chemistry coursework. (See
Figure 14) This is the foundational course in Cletryiand it is upon this course that all of the
subsequent Chemistry coursework will rely. It isammended that this course become part of

the pre-requisite for all high school students #rad this also become one of the measures for
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the post-secondary success indicator on the highosprogress repdttOnce this has been
established, its inclusion will be linked to schtmlel achievement. Why not give every child
the opportunity to study STEM in the general highaols and bring the ideal of equal
opportunity for all into science education in Newrk City? To ensure that science education in
the urban high school is equitable, systemic reforterms of curriculum and instruction as well
as fiscal resources must be as uniform as podsilolkrook, 2010).

An additional source of information in this studgsvacquired through the use of a
survey. This provided information about the indiwadlschools and the reasons behind some of
the choices made in the area of science and spabrfchemistry in the high schools. Surveys
are one of the most commonly used research toolhby do have drawbacks. Since the survey

collects data that are self-reported and may redlecial desirability bias or the
tendency for a person to respond in a way thaiaggmBy desirable, but does not necessarily
represent his/her true opinion.

The response rate to the initial distribatio the survey was 92/358 replies. This
represented a 25.7% of the disseminated surveg@ade-canvasing was attempted. After the
second distribution, there were 127/358 respor&®8%), which was approximately a 10%
higher response rate. The response populationheascompared to the total high school
population on eighteen contact points (See Tabjéd®&nsure that this was a reliable
representation of all of the high schools in NewRkY@ity that serve the general population of

students.

° The College Preparatory Course Certification (CP@@cess recognizes high school courses that balldge
readiness skills and expands the range of coussestiich high schools can earn credit on the Cellegeparatory
Course Index (CPCI), one of the three college-rezst metrics on the high school Progress Report.
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Results from the information found in the sywand the interviews with select
principals show some disconnects in the systentisgtally it was seen that there is little
connection between the students’ access to licekedistry teachers and the amount of
Chemistry offered in a district. However, seveffalhe surveyed schools (22%) indicated the
reason for not offering Chemistry was the lack etified/qualified teachers. (See Figure 23) It
is true that a certified teacher is a necessityiferRegents and A.P. level Chemistry courses but
not for the non-Regents courses. Since these dosaot have a mandated curriculum or a
mandated set of laboratory activities, teachersi@aiis critical to the level of rigor provided to
the students. Covering fewer topics with more dé€pibbinson, 2005) is sometimes more
beneficial than covering the entire content witsslenderstanding. Although the mathematical
rigor on some of the non-Regents Chemistry coussasnatter of concern, the fact that the
students are receiving some exposure to the subjgter is more helpful than no exposure at
all.

Another area that received a high percentage \ebked for the reason that chemistry
was not offered in the high school was the laclabbratory facilities.(See Figure 23) This
represented 22% of the reasoning behind not offeriremistry. This data did coincide with the
statistical findings that there is a lack of laliorg facilities in the schools that do not offer
chemistry. The recommendation is for each high scimoNew York City to have a science
laboratory in the school building. This would elirate the indecision of some administrators
about the science program in their schools andtieetprengthen the S.T.E.M. foundation in the
high school.

At 14% each the third most popular reason foraff@ring chemistry in high school was

the of lack of success when offering chemistryhm past and the lack of priority chemistry
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represents in some of the high schools. (See FRRrd&he high school rating system is a
probable cause for schools to drop Chemistry iy thed low success rates in the past. As
previously mentioned, the emphasis on high schedts successfully graduate their students. If
offering chemistry to the students thwarts thi®effit becomes an effort without merit in the
eyes of some administrators. It is suggested bleahon-Regents chemistry courses be a way of
“dipping one’s toe” in these academic waters. Taoisld be a ninth grade introductory science
course which would then lead students to the mgogous and mathematically based Regents
Chemistry course. The students will have complétedAlgebra | course simultaneously in the
ninth grade and be fully prepared, both mathemiitiead scientifically for the Regents course.
This would also address the issue of students wvalve b lack of preparation for the coursework.
Principal Interviews

The purpose of the principal interviews (See Aglyei©) was to understand from the
point of an administrator, the complex and mulieled reasoning behind course selection at
various schools in the city. Through the epistergplof each of the three principals interviewed,
decisions come to light that might not have beadesnt on the surface. Each of the principals
determined the course selection that they felt mgds for their population of students, usually in
conjunction with others on the administrative oidgince level in the school. The driving force
in the decision to include or exclude chemistryrfdhe science program in the schools came
down to the same variables that were mentionekdrstirveys. The larger schools that offer
chemistry limit its access to students that hawegm themselves to be more adept in the area of
mathematics. So, although the schools do offer dtgmthe selection of the population limits
its access to the general student population. i§tgeen as productive for the school and for the

student body as those students who are not profimenathematics find chemistry to be
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frustrating and tend not to pass the course. Silpjlaaving a school with a liberal arts theme
such as the small school that was part of thevigerprocess, it is seen that the students self-
select the focus of their education by choosing $ichool. This opting out of the more rigorous
sciences is condoned by both the school and tren{saof these children and thus the
importance of the sciences is not emphasized auwgaged.

Recommendations for Increasing Access and Enrollmém High School Chemistry

Below are some suggested recommendations for siagethe number of high school students
in NYC who earn chemistry credit and thus incrahs#& base knowledge in science. Hopefully
this will have implications on the post-secondaayeer paths of some of the less represented
groups within our student body:

1. Begin the emphasis on the sciences and mathemadrésearly in the academic
sequence for children. Enhance the science progragiementary and middle schools
with stronger content and more diverse work ingtea of physical science. At present,
accelerated middle school courses include LivingitBnment and Earth Science.
Expand this to Chemistry and Physics so that tiseadbalanced representation of the
content areas at the earlier grade levels.

2. Conduct a study of the other urban school distiicthe United States to gather data on
the various science course-taking patterns ardumdduntry. ldentify the common
problems endemic to large urban areas and fornrmsotthum of science leaders from
these cities to tackle the inequities that aresmed. Funding should be available from

the Federal Math Science Partnership Grants.
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. On the state level, incentives should be offereddoviduals that chose to teach science
in the urban school districts. This can be throtugton reimbursement programs or
increased pension benefits such as early retiremeentives.

. On the city level, each of the school districtsiddde required to have a minimum
percentage of higher order science and mathenw#isses offered to all of their
students.

. All high school science courses should be mandat@twtiude the New York State Math,
Science and Technology Standards before beconpagt @f the course sequence.

. All guidance counselors should be encouraged tcertfaxmselves aware of the current
trends in post-secondary education and employmemds in the United States. This
would enhance their ability to counsel the studeantkeir caseloads with the most
current and realistic opportunities.

. At the school level, students should be encouragéorm peer study groups in addition
to the classroom time on task. Incentives coultushe service credit for the students as
they are helping one another become successfutkhgasvproviding a viable workspace
and refreshment for the students who stay aftasdiane to work with their peers.

. At the community level, leaders in the science camity should be encouraged to offer
internships to high school students in the summdradter-school. This would expose
these youngsters to authentic scientific endeaaodsviable possibilities for them in the

future.

“Some people view this focus on STEM educatioruas another passing trend. Instead, it
needs to be the cornerstone of a new 21st centomgriBan economic resurgence. America’s
long-term economic future is at stake.” ~ Barack ©8a2010
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APENDIX A

Survey of New York City High Schools

Please answer all questions as they relate to ¢hense courses in your school.

NAME OF SCHOOL:

SCHOOL NUMBER:

ADMINISTRATOR COMPLETING SURVEY:

TITLE OF ADMINISTRATOR:

1. Please enter the sequence of science courgesrischool. Denote each course with a “P”
for physical science or an “L” for life scienceafthe name of the science course offering.
[e.g. 10" Grade — Genetics (L)]

9" Grade Science | 10" Grade Science | 11" Grade Science | 12" Grade Science
Offerings Offerings Offerings Offerings

2. For each of the courses listed above, please hesérme allotment for the laboratory
section of the course in minutes per week.
COURSE LAB TIME PER WEEK

S@moo0oTy

3. How many teachers of science are in your school?

4. How many teachers of science are certified in thr@ent area in which they teach?

If you answered no to Question #1, could you plemee a brief explanation as to why
Chemistry is not taught in your school.
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APENDIX B

Dear School Administrators,
RE: Science Course Selection in Your School

My name is Denise McNamara and | am a doctoralidatelin Urban Education at the Graduate
Center, City University of New York and principaMvestigator of this project entitled, “Access
and Entrance to High School Chemistry in New Yoi/CThis is a research study of high
school chemistry enrollments in New York City pattigh schools. | would like permission to
interview you about your experiences and would jiga to fill out a one-page
survey/questionnaire.

The interview will take approximately 20 minutesdghe survey/questionnaire should take
fifteen minutes to complete. All of the informatiwuill be kept strictly confidential and will be
stored in a locked file cabinet, to which only Iviave access. At any time you can refuse to
answer any questions or end this interview.

The risks from participating in this study are normithan encountered in everyday life. The
benefit of your participation is that this may ingcpéhe science literacy of the high school
students in New York City and have potential ta@ase post-secondary success for these
students. There will be approximately 300 partinigdaking part in this study.

| may publish results of the study, but names @ipbe or any identifying characteristics, will
not be used in any of the publications. If you veblike a copy of the study, please provide me
with your address and | will send you a copy infiltere.

If you have any questions about this research camucontact me at (212) 374-0870 or
dmcnama@schools.nyc.gper my advisor, Dr. Nicholas Michelli at (212) 88280 or
nmichelli@gc.cuny.eduf you have questions about your rights as ag@pant in this study,
you can contact Kay Powell, IRB Administrator, TBeaduate Center/City University of New
York, (212) 817-7525%powell@gc.cuny.edu

Thank you for your participation in the study. livgive you a copy of this form to take with
you.

Participant’s signature Date vestigator’s signature Date
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APENDIX C

Principal Interview Questions

Face- to-Face or telephone interview:

Name of School:

School DBN:

Name of Principal :

Number of Students currently enrolled:

Do you have a Science Supervisor in the School:

What are the reasons for offering or not offerirfge@istry (Regents, Non-Regents, A.P.)?
Do you offer any Advanced Placement Science cofarses

If so, please name the A.P. Course(s) in Science:

What are the motivational factors that influencerydecisions around the course sequence in
science for your students?

What is the state of you lab facilities current@es this influence the types of science courses
you offer at your school?

To what extent does the Guidance staff at the dehfheence the course sequencing, if any?

165



BIBLIOGRAPHY

American College Testing. (2009, Augudtpational Overview 20QRetrieved May 6, 2011,
from ACT: www.act.org/newsroom/data/2009/pdf/output/Nationed@iew.pdf

Ancess, J. & Allen, D. (2006, Fall). Implementinom&I| Theme High Schools in New York
City: Great Intentions & Great Tensiom$arvard Educational Presgp. 401-416.

Anderson, E. & Kim, D. (2006) Increasing the SuscesMinority Students in Science and
Technology. Washington, D.C.: American Council alugation

Atkins, J.M. & Black, P. (2003)nside Science Education Reform: A History of Guutar and
Policy ChangeNew York, NY: Teachers' College Press.

Aud, S., Hussar, W., Kena, G., Bianco, K., Frolich,Kemp, J., Tahan, K., Mallory, K.,
Nachazel, T. & Hannes, G. (201The Condition of Education 201\Vashington, D.C.:
National Center for Educational Statistics.

Bainbridge, W.L., Lasley, T.J. & Sundre, S.M. (2D@olicy Initiatives to Improve Urban
Schools: An Agend@&ducation and Urban Society, 85), 292-299.

Barth, P. & Haycock, K. (2004)ouble the numbers: Increasing Postsecondary Crealsrfor
Underrepresented youtambridge: Harvard Educational Press

Barton, A. C. (2003)Teaching Science for Social Justibeew York, NY: Teachers College
Press.

Barton, A. C.(2006). Improving Urban Science EdigatNew Roles for Teachers, Students
and ResearcherScience Education, 9@), 379-381.

Basu, S.J. & Barton, A.C. (2007). Developing a Sustd Interest in Science among Urban
Minoroty Youth.Journal of Research in Science Teaching(3)4466-489.

Bickel, R., Howley, C., Williams, T. & Glascock, 2001). High School Size, Achievement &
Equity and Cost: Robust Interaction Effects andtdiéve ResultsEducation Policy Analysis
Archives, 940), 1-32.

Bloom, H.S., Levy-Thompson, S., Unterman, R. . B0Transforming the High Schoo
Exoperience: How New York City's New Small Scha@®8oosting Student Acheivement and
Graduation RatesRetrieved April 30, 2010, from Manpower Demontstra Research
Corporation, MDRChttp://www.mdrc.org

Bloomfield, D. (2009). Small Schools: Myth and Rialln D. M. Ravitch,NYC Schools Under
Bllomberg and Klein: What Parents, Teachers anddyatakers Need to Kno{pp. 49-56).
New York, NY: Lulu Press.

166



Britton, E., Raizen, S., Kaser, J. & Porter, A.q@J Beyond Description of the Problem:
Directions for Research on Dicersity and Equityuss in K-12 Mathematics and Science
Education.Washington, DC: National Center for Improving $cie Education .

Brown, K.M., Anfara, V.A. & Roney, K. (2004). Studks' Achievement in High Performing
Suburban Middle Schools and Low Performing Urbaddi® Schools: Plausable Explanations
for the DifferenceEducation and Urban Society, 84), 292-299.

Brown, T.L. & Le May, H.E. (1977)Chemistry: The Central Sciendéew York, NY : Prentice
Hall Publishers.

Bruner, J. (1996)The Culture of EducatiorfCambridge, MA: Harvard University Press.

Bulunuz, M. & Jarrett, O. (2010). Developing arelmst in Science: Background Experience of
Pre-Service Elementary Teachdrgernational Journal of Environmental & Scienceugdtion,
5(1), 65-84.

Carey, K. (2006, February 6). High Schools Faitod’repare Many College-Bound Students
for Science CareerkEducation Sectompp. 32-36.

Cavallo, A.M. & Laubach, T.A. (2001). Students'&we Perceptions and Enrollment Decisions
in Different Learning Cycle Classroomkurnal of Research in Science Teaching(381029-
1062.

Committee on Science, Engineering and Public P¢REp7).Rising Above the Gathering
Storm: Energizing and employing America for a btegleconomic futuré\ational Academies
Press. Retreived on April 11, 2011 frémtp://www.nap.edu/catalog/11463.html

Community Service Society of New York. (2009, Mgy A City of NeighborhoodsViapping
Poverty in New York City: The Impact of Povertyp@aunity by Communitpp. 27-30.

Conley, D. (199Y. Roadmap to restructuring: Charting the courselofnge in American
education (Second edition). Eugene, Oregon: ERIC Clearingban Educational
Management.

Council of Chief State School Officers. (20@pate Indicators of Science and Mathematics
Education.Washington, D.C. : Council of Chief State Schodii€2fs.www.ccsso.org

Council of Chief State School Officers. (20@&tate Indicators of Science and Mathematics
Education Washington, D.C. : Council of Chief State Schodii€gfrs.www.ccsso.org

Council of the City of New York, The. (2008haring Space: Rethinking the Implementation of
Small High School Reform in New York Ciiew York: The City of New York .

Cover, B., Jones, J.I. & Watson, A. (2011). Sciedexhnology, Engineering and Mathematics
(STEM) OccupationdMonthly Labor Review, 13®), 3-15.

167



Darling-Hammond, L. (2010 he Flat World and Education: How America's Comreitirto
Equity will Determine Our FuturéNew York, NY: Teachers College Press.

Darling-Hammond, L., Holtzman, D.J., Gatlin, S.JH&ilig, J.V. (2005). Does Teacher
Preparation Matter? Evidence about Teacher Cetiifio, Teach for America and Teacher
EffectivenessEducation Policy Analysis Archive, 182), 1-50.

DeBoer, G. (2000) Scientific Literacy: Another Loaklts Historical and Contemporary Means
and Its Relationship to Science Education Refadwarnal of Research in Science Teaching, 37
(6), 582-601.

Deil-Amen, R. & DeLuca, S. (2010). The Underser¥éird: How Our Educational Structures
Populate an Educational Undercla¥surnal for Students Placed at Risk, (152), 27-50.

Dewey, J. (1910How We ThinkBoston, MA: D.C. Heath & Co.

Eick, C. (2002) What makes an inquiry-oriented sceeteacher3cience Educatio6 (3),
401-416.

Fang, Z. (2005). Scientific Literacy: A Systemicrietional Linguistic Perspectiv&cience
Education, 892), 335-347.

Foundation, Bill & Melinda Gates. (200Hultiple Pathways to Graduation Initiative
Retrieved Arpil 11, 2010, from College Ready Ediarat
http://www.gatesfoundation.org/education

Frankenberg, E. (2009). The Democratic Contextrdd Schools and DistrictEquity and
Excellence in Education, 2¥), 755-763.

Friedman, T. (2005)l'he World is Flat: A Brief History of the Tweny-gtiiCentury New York,
NY: Farrar, Straus & Giroux.

Fryer, R. (2011)Teacher Incentives and Student Achievement: Evedizgam New York City
Public SchoolsCambridge, MA: National Bureau of Economic Reskarc

Gebeloff. (2011, March 22). Naming A School Is Motask Taken LightlyThe New York
Times

Harmston, M.T. & Pilska, A.M.. (2001].rends in ACT Mathematics and Science Reasoning
Achievement, Curricula Choices and Intent for CpHié/ajor: 1995-2000ACT Research
Report.

Haycock, K. (2001). Helping All Students Achieveo€ihg the Achievement GaRducational
Leadership, 5&6), 6-11.

168



Hemphill, C. & Nauer, K. (2009) The New Marketplat®w Small Scjhool Reforms and
School Choice Have Reshaped New York City’s Highddts.Center for New York City
Affairs. www.centernyc.org

Hernandez, J. (2009, June 16). Success at SmalbSdHas a Pricelhe New York Times

Herszenhorn, D. (2007, April 17). In New York's liggal Smaller Schools, "Good Year and a
Tough Year"The New York Times

Herszenhorn, D. (2005, November 8). Klein SpeciRestructuring of City School$he New
York Times

Hofstein, A. & Lunetta, V.N. (2004). The LaboratonyScience Education: Foundations for the
Twenty-First CenturyScience Education, 88), 28-54.

Holbrook, J. (2010). Education Through Science Bkavational Innovation for Science
Education for All.Science Education International, 22), 80-91.

Holbrook, J. (2009). Meeting the Challengs to Sustale Development through Science and
Technology EducatiorBcience Education International, 20-2), 44-59.

Holbrook, J. & Rannikmae, M. (2009). The Meaningsafence Literacyinternational Journal
of Environmental & Science Education(3), 275-288.

Holton, G. (2010, February 23)jarvard University Department of PhysicRetrieved May 15,
2010, from Harvard Universityhttp://www.physics.harvard.edu/about/history.html

Hursh, D. (2005). The Growth of High Stakes Testmthe U.S. Accountability Market and the
Decline in Educational Qualityritish Educational Research Journal, 31 (605-622.

latarola, P. (2005). Learning from Experience: Néavk's Small High Schoold$olitics of
Education Association Bulletin, @), 1-5.

llg, T.J. & Massucci, J.D. (2003). Comprehensivédsr High Schools: Are There Better
Options for Poor and Minority ChildrerEducation and Urban Socie{$6), 63-78.

Ingersoll, R. (2001). Teacher Turnover and Tea8tartages: An Organizational Analysis.
American Education Research Journal, (38, 499-534.

Jennings, J.L. & Pallas, A.M. . (2009). "ProgreReport. In D. M. RavitchNYC Schools Under
Bllomberg and Klein: What Parents, Teachrs and &ohakers Need to Knofpp. 99-104).
New York, NY: Lulu Press .

Jennings, J.L. & Pallas, A.M. (2009). The Raciahiswement Gap. In D. M. RavitchlYC

Schools under Bloomberg and Klien: What Parentschiers and Policymakers Need to Know
(pp. 31-38). New York, NY: Lulu Press.

169



Johnson, R.B. & Onwuegbuzie, A.J. (2004). Mixed hbels Research: A Research Paradigm
Whose Time Has Com&ducational Research, 33), 14-26.

Kim, J.S. & Sunderman, G.L. (2005). Measuring AcateProficiency Under the No Child Left
Behind Act: Implications for Educational Equitgducational Researcher, 38), 3-13.

Kliebard, H. (1995)The Struggle for the American Curriculum: 1893-1988w York, NY:
Routledge Press.

Kolsto, S. (2001). Scientific Literacy for Citizémp: Tools for Dealing with the Science
Dimension of Controversial Socio-Scientific Issussience Education, 8§3), 291-310.

Kurtz, W. (2011, June 29). How the American ScHeydtem Can Train Kids for High-Tech
Jobs.Good Magazine

Lee, V.E., Smerdon, B. A., Alfeld-Liro, C. & Brows,. L. (2000) Inside Large and Small High
Schools: Curriculum and Social RelatioBslucational Evaluation and Policy Analysi, (2),
147-163.

Leithwood, K. & Jantzi, D. (2009). A Review of Emigal Evidence About School Size and
Effects: A Policy Perspectiv®eview of Educational Research, (19, 464-490.

Lewis, J. L., Menzies, H., Najera, E. |. and Pd&geN. (2009), Rethinking trends in minority
participation in the scienceScience Educatiqrd3 (6), 961-977.

Lynch, S. (2001). "Science for All" is Not Equal'®®ne Size Fits All": Linguistic and Cultural
Diversity and Science Education Refordournal of Research in Science Teaching(538622-
627.

Malin, J. (2011, January 2 hemistry 2011Retrieved August 7, 2011, from International Year
of Chemistry, "Our Life, Our Futuretvww.chemistry2011.org

McMillan, J.H. (2004) Educational Research: Fundamentals for the Consuhhew York, NY:
Harper Collins College Publishers

Monk, D. & Haler, E.J. (1993). Predictors of Higbh®ol Academic Course Offerings: The Role
of High School SizeAmerican Educational Research Journal, (30, 3-21.

Muhammad, C. (2008). African American Students @otlege Choice: A Consideration of the
Role of School Counselorslational Association of Secondary School Princif@ldletin, 92
(2), 81-94.

National Academy of Sciences. (201Expanding Underrepresented Minority Participation:
America’s Science and Technology Talent at the €oagls.Washington, D.C.: National
Academy Press

170



National Academy of Sciences. (1998ational Science Education Standarigashington,
D.C.: National Academy Press.

National Association of CTE Consortium. (2006, Maf?).Career Tech Clusterfketrieved
May 15, 2009, from Carrer Clusters at a Glamggw.careertech.org

National Center for Educational Statistics. (20@erica’'s High School Graduates: Results of
the 2009 NAEP High School Transcript Studfyashington, DC: U.S. Department of Education

National Education Association. (1898eport of the Commission on Secondary School Studie
(commmonly known as the Committee of Ten Repga3hington, DC: National Education
Association.

National Education Commission. (1988)Nation at Risk: National Commission on Excellence
in Education.Washington, DC: U.S. Department of Education.

National Research Council. (201Expanding Underrepresented Minority Participation:
America's Science and Technology Talent at the<Coasls.Washington, DC: The National
Academies Press.

National Research Council. (2018uccessful K-12 STEM Education: Identifying Apphescin
Science, Technology, Engineering and Mathematuashington, DC: The National Academies
Press.

National Research Council (1996)ational Science Education Standar#gashington, DC:
The National Academy Press.

National Science Teachers Association. (200BTA Position Statement: The Integral Role of
Laboratory Investigations in Science Instructidalington, VA: NSTA Press.

National Science Teachers Association. (2089TA Strategy 2005 Goaktlington, VA:
NSTA Press.

New York City Commission for Economic Opportuni¢2006).Increasing Opportunity and
Reducing Poverty in New York Cityew York, NY: Commission for Economic Opportunity

New York City Department of City Planning. (2011ai¥18).New York City Department of City
Planning Retrieved July 6, 2011, from New York City Comriymistrict Information:
www.nyc.gov/html/dcp/html/neigh_info/nhmap.shtml

New York City Department of Education . (2009, Ad©). New York City Department of
Education. Retrieved September 3, 2010, from Guide to threddory of the New York City
High Schools 2009-2010:
http://schools.nyc.gov/ChoicesEnrollment/High/Podtions/default. html

171



New York City Department of Education. (2009, A@)l New York City Department of
Education Retrieved September 10, 2010, from Specializegh ISichools Handbook,
Admissions Information and Sample Tests:
http://schools.nyc.gov/ChoicesEnrollment/High/Padtions/default. html

New York City Department of Education. (2009, Augés New York City Department of
Education Retrieved November 3, 2010, from Educator Guide New York City Progress
Report:http://schools.nyc.gov/Accountability/tools/repdefault.html

New York City Department of Education. (2009, Adrl)). New York City Department of
Education Retrieved September 12, 2010, from Directoryheflew York City Public High
Schools 2009-2010, Application:
http://schools.nyc.gov/ChoicesEnrollment/High/Palions/default. html

Oakes, J. (2005Keeping Track: How Schools Structure InequalMgw Haven, CT: Yale
University Press.

Osbourne, J., Simon, S. & Collins, S. (2003). At#s Toward Science: A Review of the
Literature ansd Its ImplicationBiternational Journal of Science Education, (85, 1049-1079.

Overby, A. (2003)School Size: A Review of the LiteratuRaleigh, NC: Research Watch.

Paine, C. (2006, December 6). School safety: AiegrmatterEducation Week.
Princeton, NJ.

Paul, R. & Elder, L. (2006, March SJritical Thinking. Retrieved August 7, 2009, from a
Minature Guide to Critical Thinkingvww.criticalthinking.org

Picciano, A. G. (2007Educational Research Primdrondon: Continuum:Viva-Continuum
Edition.

Plank, S.B. & Jordan, W.J. (2001). Effects of imfation, Guidance and Actions on
Postsecondary Destinations: A Study of Talent LAsserican Educational Research Journal,
38(4), 947-979.

Quint, J., Smith, J., Unterman, R., Moedano, ArliHg C., Thompson-Levy, S. & Payne, C.
(2010).New York City's Changing High School Landscapehtsghools and Their
Characteristics, 2002-2008lew York, NY: Manpower Demonstration Research ©oafion,
MDRC.

Raven, P. (2002). Science, Sustainability and the&h ProspecEcience, 2975583), 954-958.
Ready, D., Lee, V.E. & Welner, K.G. (2004). EducatEquity and School Structure: School

Size, Overcrowding and Schools-Within-Schodlksachers' College Record, 1Q8)), 1989-
2014.

172



Rebell, M.A. & Wolff, J.R. . (2006)Litigation and Education Reform: The History ane th
Promise of the Educational Adequacy Movemiety York, NY: The Campaign for
Educational Equity .

Reese, W. (1995Y.he Origins of the American High Schodkew Haven, CT: Yale University
Press.

Reese, W.J. & Rury, J.L. (200&ethinking the Hisoptry of American Educatidlew York,
NY : Palgrave Macmillan.

Rivera-Maulucci, M. (2010). Resisting the Margizalion of Science in an Urban School:
Coactivating Social, Cultural, Material and Stra¢dgesourceslournal of Research in Science
Teaching, 447).

Robinson, M. (2003). Student Enrollment in High &hA.P. Science and Calculus: How Does
It Correlate to STEM Career8ulletin of Science, Technology & Society (28 265-273.

Rudolph, J. (2002cientists in the Classroom: The Cold War Reconsbm of American
ScienceNew York, NY : Macmillan Inc.

Rutherford, J. (2005). The 2005 Paul F. Brandweature: "Is Our Past Our Future?" Thoughts
on the Next 50 Years of Science Education RefortheénLight of the Judgements of the Past 50
Years.Journal of Science Ed & Technology, 3, 367-386.

Sheppard, K. & Horowitz, G. (2006). From Justus w@big to Charles W. Eliot: The
Establishment of Laboratory Work in US High Schaaisl Collegeslournal of Chemical
Education, 834), 566-570.

Sheppard, K. & Robbins, D.M. (2005). Chemistry: Tentral Science? The History of the High
School Science Sequendeurnal of Chemical Education, §2), 561-566.

Singer, S.R., Hilton, M.L. & Schweingruber, H.AO@) America’s Lab Report: Investigations
in High School Scienc®yashington, D.C.: National Academies Press

Smith, J. (2002). First Year Student Perception&azfdemic Advisement: A Qualitative Study
and Reality ChecklThe National Academic Advising Association Jour@al(2), 39-49.

Springer, M.G. & Winter, M.A. (2009)The NYC Teacher Pay-for-Performance Program: Early
Evidence from a Randomized Tridlew York, NY : Manhattan Institute for Policy Raseh.

Stephens, R. D. (2004). Creating safe learningrenments. In F. P. Schargel & J. Smink (Eds),
Helping students graduate: A strategic approachrapout preventionLarchmont, NY: Eye on
Education Press

Stiefel, L., Berne, R., latarola, P. & Fuchter,(R000). High School Size: Effects on Budgets
and Performance in New York Citi¢ducational Evaluation and Policy Analysis, @3, 22-39.

173



Tai, R.H. & Sadler, P.M. (2007). High School Chemyignstructional Practices and Their
Association with College Chemistry Grad@surnal of Chemical Education, &8), 1040-1046.

Tamir, P. (1989). Training Teachers to Teach Eifety in the LaboratoryScience Education,
73 (1), 59-69.

Texley, J. (2005). Safe Science Faciliti®sience Teacher, 18), 39-42.

Tobin, K., Espinet, M., Byrd, S.E. & Adams, D. (B)8Alternative Perspectives of Effective
Science Teachingcience Education, 72), 433-451.

Tyack, D. & Ravitch, D. . (20015chool, The Story of Amerrican Public Educati®@oston,
MA: Beacon Press.

Tyson, W., Lee. R., Borman, K.M. & Hanson, M.A. (0. Science, Technology, Engineering
and Mathematics (STEM) Pathways: High School Saema Math Coursework & Post-
Secondary Degree Attainmedbournal of Education for Students Placed at RiE<SPAR), 12
(3), 243-270.

U.S. Department of Education. (2012, February E8)leral Role in EducatiorRetrieved June
8, 2012 from USDE Overviewvww.ed.gov

U.S. Department of Education. (2009, NovembefG3@vernment EducatiofiRetrieved August
12, 2010, from Race to the Top Fumdvw.ed.gov

U.S. Department of Education, (1989, JuneThe Condition of Education 1989: Volume 1:
Elementary and Secondary Educatibom Annual Reports Programww.nces.ed.gov

United State Census Bureau. (2010, Decembé&t@yernment CensudRetrieved 2011, October
16, from Model-Based Small Area Income & Povertyifaates:
www.census.gov.did/www/saipe

Vander Ark, T. (2003). The Case for Small High SulscEducational Leadership, 5&), 55-
59.

Wang, A.H., Coleman, A.B., Coley, R.J. & Phelps R2003) Preparing Teachers Around the
World. Princeton, NJ: Educational Testing Service .

Winters, M. (2008)Grading New York: An Evaluation of New York CiBtegress Report
Program.New York, NY: Manhattan Institute for Policy Resga

Wong, J., Sproul, J. & Kasok, S. (2008hildren First in New York City: Urban Education

Reform in New York City: Challenges, Policies amgplementationCambridge, MA: Harvard
Graduate School of Education.

174



