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ABSTRACT
EFFECTIVE ELEMENTS OF SCIENCE TEACHER PROFESSIONAL
DEVELOPMENT

by
Amy Zientek

The University of Wisconsin — Milwaukee, 2014

Under the Supervision of Professor Barbara Bales
Educational reform efforts to improve studentsti@ag outcomes are often present in
teacher professional development opportunities;dvew the structure and design of
these opportunities vary and often focus on a h@nogs student population; that is,
White students in suburban schools. Reform efiarteacher professional development
that aim to educate teachers not only about scieoicnt and pedagogy, but also about
practices that aim to reach a diverse student ptipalis needed. This study examines
three, science teacher summer professional develop{RD) programs [SUN, SEPA,
and CLA], and explores how programs affect teatdemning outcome(s) and any
subsequent translation into classroom practic&fs.design and delivery, alignment to
Ladson-Billings (1994) tenets of culturally respimespractices, and measurement(s) of
teachers’ learning outcome(s) are evaluated. Rlvere sent to science teachers who
participated in SUN, SEPA, and CLA in an effortréaruit volunteers for this study.
Program document analysis and teacher post-suateyfisbm each program, focus
groups, evidence of program integration, and aucailly responsive practice survey were
collected and analyzed. Results show SEPA to irectamhtent knowledge (CK),

pedagogical content knowledge (PCK), culturallypressive practices (CRP), and some



elements of the conceptual change model (CCM) (ha@012) in program design,
structure, and delivery along with translation intassroom practice. SUN and CLA both
show incorporation of CK and PCK, with SUN alsowimg some evidence of CRP. The
findings indicate that when teachers are modelgiéetice they are able to translate that
practice in their classroom. The potential impdanodeling CRP during science teacher
PD may address the achievement gap still preseoh@istudents of color. Program
designers must consider the inclusion of CRP aldegSK and PCK during the

development of science teacher PD.
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Introduction

He has the power. He identifies The Problem. Tlublem resides in the home.
The Problem resides within the nuclear family. Pneblem resides with the parents. He
identifies a solution: create a family he knowsgsely as [he] did, observ[ing] the
same rituals, and react[ing] to events in the samg' (Greene, 2000, p.21). He provides
money to programs. He sets up daycares and tutoeinggrs. He hands out free laptops
and picture books. He solves The Problem.

The child goes to school. The child is provideextook; missing from the
textbook are examples from his/her own culture. @it is handed a standardized list
of content to master, rather than being provideti wiays to experience the content and
make meaning of the words. The child takes an assa#, one created by followers of
eugenics (Davis & Martin, 2008). The child does meatd the textbook. The child does
not understand the content or the words. The ¢ailsl the assessment. Did he solve The
Problem?

In a school system where students commonly draeraatypical, White male
scientist on a Draw-a-Scientist Test (Barman, 208&6gnce education is an essential
content area to explore when aiming to addressuhiaral power imbalance within
schools. The subculture of science requires afiddfsystem of meaning and symbols,”
which may hinder students from pursuing the fieddhaviable career option (Aikenhead,
1996, p.8). Urban students, in particular, facdlehges of “low...performance in
reading and mathematics, high...mobility rates, clirabsenteeism and unmet
psychosocial development” (Comer & Maholmes, 2@lB). An achievement gap in

science education remains between Hispanic ande/ghitlents, and between Black and



White students — with White students scoring higitreaverage on national assessments
(NAEP, 2011). Efforts done thus far to counterdlhievement gap between urban
students and White students include the governméntestment in programs that
replace the role of parents rather than assessamdrglimination of physical, human and
social barriers operating within urban communif{@seene, 2000), are not working (Xu,
Coats, & Davidson, 2012; NAEP, 2011). Quality sceeducation is missing from the
urban school system (Tate, 2001).

Traditional methods of instruction do not show siignificant gains in student
learning outcomes that alternative methods, sudwoastructivism and culturally
responsive pedagogy, show (Smith, Maclin, Hougletioal., 2000; Brunkhorst, 1992).
University professors find students who have begroged to traditional methods — even
those who have passed university exams — stiliretanceptual misconceptions of the
science topics studied (Prosser, Trigwell, & Taylk894). In comparison, classrooms
based in constructivism, where students experigreeontent through connections with
their own, real-life experiences, show increasednmg outcomes (Smith, Maclin,
Houghton et al., 2000; Brunkhorst, 1992). Consivigtt learner-centered lessons capture
student interest in the content being studied (Ba& Richardson-Jones, 2003). More
recently a study by Fayon, Goff, & Duranczyk (20h@)hlights the need for science
teachers to not only engage in constructivisteacentered practices, but also to
connect to student experiences within their comtyumihich has close ties with
culturally responsive practices (CRP). Sciencelteexcmust now be aware of the
importance of using culturally responsive teactpractices, especially when

encouraging more urban students to enter the dietetience (NRC, 2012).



CRP is an important aspect of education often mgsBom the urban landscape
(Ladson-Billings, 1994). The goal of CRP, to “faate student learning by capitalizing
on the students’ own social and cultural backgreyhaiay address the achievement gap
in education (p.10). Aspects of culturally respwadieaching include:

(1) “students whose educational, economic, sopdltical, and cultural

futures are most tenuous are helped to becomdeiciiehl leaders in the

classroom” through utilization of the strengthsughbt by all students to

the classroom,

(2) “students are apprenticed in a learning comiguather than taught in

an isolated and unrelated way” so that studentsxgresed to a myriad of

viewpoints, not just that of the academically e{@ékenhead, 1996),

(3) students’ real-life experiences are legitimiasdhey become part of

the “official” curriculum,”

(4) “teachers and students participate in a braedteption of literacy that

incorporates both literature and oratory,” thusitediging on alternative

forms of assessment,

(5) “teachers and students engage in a collectiuggle against the status

quo” whereby students are made aware of socigtatioe(s) and

provided with methods to address them, and

(6) “teachers are cognizant of themselves as palibeings” whereby

awareness of personal biases through personattiefidead to more

culturally relevant practices in the classroom @@ Billings, 1994, pp.

117-118).



However, guaranteeing that science teachers harettsned in culturally responsive
pedagogy is a challenge. More often than not, seiégacher certification programs
across the nation that aim to prepare teachensrfian schools have a range of
requirements (Roehrig & Luft, 2006).

Roehrig & Luft (2006) compared four science teagireparation programs
through first-year teachers’ participation in aduation program. Teacher participants
demonstrated an array of abilities as they refteat@on, and sought support throughout
their first-year teaching. The amount of sciencéhoés coursework, fieldwork
experience(s), and culturally responsive pedagogyhaiee examples of aptitude that
varied (Roehrig & Luft, 2006). What is clear frono&hrig & Luft’s (2006) study is that
all science teacher certification programs arecgoial. In fact, the range in requirements
assessed by science teacher certification progogess the door for in-service
professional development (PD) programs to modelcally responsive practices.
Science teacher PD that addresses the problentsbgdeachers working in urban
schools may have the effects of PD manifest inustmauth (Johnson & Fargo, 2009).

This study explores science teacher professionadldpment programs’ effects
on teacher learning outcomes through a lens ofi@lly responsive practices (CRP).
The study also examines differences in prograncstre and objective(s) in relation to
the following research question: How do sciencelteasummer professional
development programs affect teacher learning oue¢s)rand any subsequent translation
into their classroom practice(s)? Attendant questiaclude:

1. How does the design and delivery of science teaslmamer professional

development programs, namely SEPA at UW-Milwaul&igiN at



M.S.O.E., and CLA at UW-Madison, shape what teaxhearn and any

subsequent translation into classroom practice(s)?

2. How do science teacher summer professional devedopprograms
(SEPA, SUN, and CLA) align with Ladson-Billings @4) tenets of
culturally responsive practices?

3. How are teachers’ learning outcomes measured bsuimener

professional development programs (SEPA, SUN, dod)€

The science teacher PD experiences chosen fasttidg SEPA, SUN, CLA
range from a weekend workshop, to a two week-lootjaborative learning environment
with University support throughout the followingheml year. All three programs have a
common focus on science content learning and pggyadde findings of this study will
provide insights around both program structure @bjdctives for developers of science
teacher PD. Perhaps, through examination of eamrgms’ alignment to culturally
responsive practices as well as teacher learnitmgpmes, future programs will consider
the inclusion of culturally responsive modelingithaspect of PD design.

The literature review looks at the historical retandards have played into the
practices of science educators, and examines futyplementation of the Next
Generation Science Standards. It surveys exemptaeynce educator practices, namely
constructivist and culturally responsive methodeeiation to urban youth. Connections
are made between current methods of science teB€hand the need to address gaps
present in science teacher education. Finally, austlof measuring change in culturally
responsive teaching practices is examined withibh&ak2012) Conceptual Change

Model (CCM).



The methodology of this study uses inferentialistias to examine relationships
between science teacher PD experiences and tdaah@ng outcome(s). A correlation
between the degree of culturally responsive PDrairagstructure (i.e. alignment of PD
to Ladson-Billings (1994) tenets of culturally resgive practices) and teacher-learning
outcomes is also explored. Focus groups and supaerning teachers who
participated in SEPA, SUN, and CLA will be analyZedcontent learned — including
culturally responsive practices. If the degree hich culturally responsive practices
integrated within science teacher PD is correl&dugh levels of teacher learning
outcome(s), then Ladson-Billings’ (1994) tenetswdtidoe incorporated into the design of
in-service science teacher PD. This study providgght into science teacher PD by
comparing teacher learning outcomes to prograngdesid alignment to culturally
responsive practices.

Teacher professional development (PD) is a sigaiti@spect of school science
reform in the United States (Garet, Porter, Deseen al., 2001). Constructors of
effective teacher PD programs must read the lieeab find successful and unsuccessful
methods of program structure and analysis so #aahiers can experience programs that
will lead to significant gains in their own learginas well as possible learning gains for
students (Garet, Porter, Desimone, et al., 20019.National Research Council (NRC)
recognizes the importance of culturally responsiethods, and calls for equity in the
guality of education offered tll students (NRC, 2012). However, even with research
showing gains and government acknowledging pragteaence teacher PD tends to
focus on the science (Johnson & Fargo, 2009). Eurtare, while much is learned

through qualitative studies (Calabrese Barton & &000), quantitative research



provides correlations that often go unexploreddanaational research. Effective PD can
lead to substantial changes in teacher knowleddernastudent learning (Batiza et al.,
2013), but the qualities of effective PD remairpdied. “Relatively little systematic
research has been conducted on the effects ofgsiofeal development on improvements
in teaching or on student outcomes” (Garet, PoResimone, et al., 2001, p.917). Many
PD opportunities claim to cause change in teachéistudent learning, but their
statements are based on faulty research designdamt have accurate or consistent
methods of measurement (Garet, Porter, Desimormé,, 2001). “Although some
researchers are beginning to examine the effeqisodéssional development on teaching
and learning, few studies have explicitly comparexleffects of different characteristics
of professional development” (Garet, Porter, Desieyet al., 2001, p.918).

Student learning is directly tied to teacher effemiess (Cone, 2009). To ensure
quality science education fatl, science teacher PD has to implement structure(s),
objective(s), and design(s) identified in scientfly valid and reliable research reports to
be effective. For NGSS (NRC, 2012) to be realiobdnge has to take place in the

analysis, and interpretation, of PD data.



Chapter 1: Literature Review

In this study, urban is a term used to identifydstuts, schools, and communities
that are located in large, metropolitan areas whulnse a large proportion of individuals
from low socioeconomic status (Calabrese BartoakBrGustavo Perez, et al., 2004).
Urban schools serve, in large part, academicafigdliantaged families who are often
poor and of color. In contrast, according to theidveal Center for Education Statistics
(2012), 3.3 million full-time, public school teaaiseare at work in the United States —
83% white and female (U.S. Department of Educa@®i,0). The majority of urban
teachers are “inexperienced middle-class White peao Americans” (Brown, 2004,
p.267), who do not understand the needs of theestuzbdy they serve — that is,
incredibly diverse, and “disproportionately poottidgents of color (Atwater, 1995, p.22).
Science teachers, in particular, must connect witlan youth because many minority
students do not view the fields of science andrezgging as “viable career options”
(Atwater, 1995, p.22). With the achievement gapvieen urban students of color and
White, suburban students widening, it is evideat thany existing reform efforts in
urban education are not working (Xu, Coats, & Dawidl 2012). Because student
achievement is directly tied to teacher effectisn@leicher & Lindgren, 2005), there is
a need for science teacher education programsaimier practices that prepare teachers
for urban settings. Science teacher education grogrand in-service PD can no longer
address just the science — they must also addreshallenges of teaching at urban
schools.

This literature review addresses five areas: (@ )hilstorical relevance of science

education standards to classroom practice; (2)igihe for all students to learn science;



(3) the effectiveness of constructivist and cullyneesponsive pedagogy in the
classroom; (4) the challenges of science teachanRItban settings; and, (5) methods of
evaluation to measure change in culturally resp@nigiaching practices.
Historical Relevance of Science Standards to Claggym Practice

The launch of Sputnik in 1957 started reform movetsién the United States that
focused on enhancing science education (Collis719®ue to growing concern about
declining science achievement scores in the UrStates, a wave of reform efforts in the
1980s further attempted to shift the focus of smeeeducation towards inquiry practices
(Collins, 1997). A need to standardize student€rs®e education became a movement
wherein it become inherent to make sure that albsts were held accountable for
teaching science content in its entirety (Collit@97). Reform efforts encouraged
students’ “learning science as an active procdkgrghan having students passively
memorize terms and formulae” (Collins, 1997, p.30@Y1977, Norris Harms published a
report that synthesized science educational relsdiaudings from the preceding decades
(Yager, 2004). Four goals were identified for sdrsmence, and three of these goals
were retained in National Standards that were sel@@n 1996 (Yager, 2004).
Interestingly, “the academic preparation goal theaned Project Synthesis [was] not
included” in standards that followed (p.23). Histally, the National Science Education
Standards (NSES) served the role of achiesiignce for al{Collins, 1997). The four
goals of NSES include turning out students who can:

1. experience the richness and excitement of knownagiaand

understanding the natural world;



decisions;
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use appropriate scientific processes and principlgsng personal

engage intelligently in public discourse and deladteut matters

of scientific and technological concern; and,

increase their economic productivity through the asknowledge

and understanding, and skills of the scientifierate person in

their careers. (NRC, 1996, p.13)

Presently, a new set of science standards haverbleased, the Next Generation

Science Standards (NGSS). Based on research thataat of NSES, NGSS aims to be

another step towards excellence in science leainitige classroom (NRC, 2012).

Project Synthesis & Four Goals ClustersNorris Harm'’s Project Synthesis

Study (1977) identified Science-Technology-Soc{&YS) curriculum as one of the

areas lacking in school science curriculum (Ya#$©86). Project Synthesis’ goal was to

analyze educational research to search for exoellenscience teaching, organized

around four goals clusters, including: “sciencerfageting personal needs...science for

resolving current societal issues...science for asgisvith career choices...[and]

science for preparing for further study” (p.5-6)gde 1.1 shows these four clusters.

Goal Cluster

Description

Science for meeting personal needs

Science education prepares students to yise

science to improve their own lives and af
increasingly technological world

Science for resolving current societal
issues

Science education produces informed

citizens to deal with science-related soci¢tal

problems in a responsible way

Science for assisting with career choices

Science education makes all students av
of the possibilities of science-related carg
choices

Science for preparing for further study

Science education prepares students to

are
er
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pursue science — professionally and
personally

Figure 1.1. The Four Goals Clusters.

STS curriculum’s focus on real-world issues begiith a “question, problem, or issue”
that students explore through engagement with seieancepts (p.10). Students further
develop guestions that analyze the topic at haddesarn both content and process skills
(p-10). The results of Project Synthesis led toeaigr focus on inquiry education and the
formation of National Science Standards (Yager4208TS curriculum became a part of
the standards, but was challenging to implemenaumee of traditional, direct instruction
dominating most science classrooms. Yager (19986itified the need for pre-service and
in-service science teacher training in STS methOd$ortunately, a focus on state test
results led to insufficient use of STS curriculumthe science classroom and the four
goals clusters proposed by Harms (1977) have et tealized in schools across the
Nation (Weiss, Banilower, McMahon, et al., 2001).

NSES.In 1993, organization of science content by gré#e4, 5-8, and 9-12”
were put in place as well as the beginning devetyrof science standards (Collins,
1997). In 1995, the National Science Education &ies (NSES) were released and
described as a “vision of science education,” eragzirag “teaching science for
understanding through inquiry” (p.303). The goalnafuiry-based learning was to
develop “well-structured science subject mattenkiedge and the ability to reason and
to apply science understanding to a variety of lgmols” (p.305).

STS was incorporated into NSES standards —stugarsto participate in
community-based projects through which they gaioMdedge of the content area

(Yager, 1996; Collins, 1997). Teachers were expktdencorporate “personal and social
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perspectives...[an]... understanding...[of]...personal emtimunity health issues,
human population growth, natural resource managgraed environmental quality, and
natural and human-induced hazards” (Collins, 19906). NSES recognized the need
for STS curriculum and did not acknowledge therleato have grasped the content
unless he/she was able to apply concepts outsedeldbsroom (p.306). NSES also
required students to complete “one full inquirylegear” (p.305) — the type of open
inquiry identified by Herron (1971).

Herron’s (1971) four levels of inquiry include: (@pnfirmation/ Verification —
students know the results of an experiment in ackwamd are confirming knowledge
learned through lecture (as implied by the labet,inquiry; rather, a practice in the
classroom), (2) Structured Inquiry — students aked to develop a solution to a problem
and procedure provided by the instructor, (3) Gdibeuiry — students develop a
procedure and solution after presentation of alprolfrom the instructor, and (4) Open
Inquiry — students develop a problem, procedurd,smtution based on their own

curiosity of a topic. Figure 1.2 summarizes Hersoiour levels of inquiry.

Level of Inquiry Who Proposes the] Who Proposes the | Who Proposes the
Problem Procedure Solution
Confirmation Teacher Teacher Teacher
Structured Teacher Teacher Student
Guided Teacher Student Student
Open Student Student Student

Figure 1.2. Four levels of inquiry.

Herron (1971) encouraged educators to be flexibtee level of inquiry used with
students, especially across science disciplinésotdgy, chemistry, and physics, because
the levels of inquiry reached in certain discipiimeay vary (p.174). How teachers

addressed the remaining science content with stitents, outside of the inquiry
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experience(s), was at the teacher’s discretionuitggpractices were strongly encouraged
with the NSES framework (NRC, 1996).

Because of the vast amount of science knowledgethanlimits on classroom
time as a result of inquiry-based learning ac#gtiNSES focused on content that was
determined to be fundamental to science (Colli87). Many topics that were found in
science textbooks were left out of NSES, and sanenese topics were re-assigned to
different grade levels in an effort to make scietezehing manageable with the time
commitment to inquiry (p.306). Inquiry-based cuatian, even inquiry-based curriculum
utilizing an STS approach that favors “the encualtion of students into their local,
national, and global communities,” encourages stigd® address the needs of their local
community (Aikenhead, 2997, p.16). Research sudmgnthe implementation of NSES’
inquiry and STS approach has shown progress irestuearning outcomes and provided
insight into the major changes have taken pla¢barworld of science since the
standards were implemented (NRC, 2012). In 208Nt Generation Science
Standards (NGSS) were introduced as a new seaditeg standards that are, in large
part, based on the research surrounding NSES.

NGSS.Inquiry-based learning dominates the new scieraedstrds, and focuses
on student performance expectations as outcomssdent learning (NRC. 2012). The
shift from content to performance assessment&éydrademark of NGSS (NRC, 2012).
Performance expectations identify the vision ofletut understanding for students at
each grade level — what students will know andlde # do with that knowledge (NRC,
2012). Each standard area begins with “studentsdenmonstrate understanding can...”

(NRC, 2012), and follows with Practices, Contenty &oncepts that support student
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achievement in the area. Practices involve aspédsientific and engineering design,
Content involves the information students shoutdiieand Concepts involves the
themes that transverse classroom units and aresigdyf (NRC, 2012). Figure 1.3
provides two examples from the Life Sciences ofqrarance expectations that are
present in NGSS, and identifies how performanceetgbions are connected to the
science and engineering practices, core ideasgrasdcutting concepts (NGSS Release

HS-LS1, 2013):
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Performance Expectation

1. “Use a model to illustrate the role of
cellular division (mitosis) and
differentiation in producing and
maintaining complex organisms.” (HS-
LS1-4)

2. “Use a model to illustrate how
photosynthesis transforms light energy ir
chemical stored energy.” (HS-LS1-5)

Science and Engineering Practice

1 & 2. “Use a model based on evidence fo

—

(0]

illustrate the relationships between systens

or between components of a system.”

Core Idea

1. “In multicellular organisms, individual
cells grow and then divide via a process
called mitosis, thereby allowing the

organism to grow. The organisms begin s

a single cell...that divides successively t¢
produce many cells, with each parent
passing identical genetic material...to bof
daughter cells. Cellular division and
differentiation produce and maintain a
complex organism, composed of tissues
and organs that work together to mee th¢
needs of the whole organism”

2. “The process of photosynthesis convef

light energy to stored chemical energy by
converting carbon dioxide plus water intg
sugars plus released oxygen.”

Crosscutting Concept

1. “Models...can be used to simulate
systems and interactions — including
energy, matter, and information flows —
within and between systems at different
scales.”

2. “Changes of energy and matter in a
system can be described in terms of ene
and matter flows into, out of, and within
that system.”

Figure 1.3. Life science example of performance egptations in NGSS.

h

(Y



16

NGSS'’ incorporation of science and engineeringfpres into student
performance expectations places engineering peacitthe same level of importance as
scientific inquiry (NRC, 2012). Engineering praescencourage the design element of
inquiry that is often left out of inquiry-based $esis (Minner, Levy, & Century, 2010).
Engineering practices provide an outlet for STSagegnent since students must be able
to apply the knowledge they learned to real-woddtexts at each level of the standards
(NRC, 2012). In comparison, STS curriculum was enaged with NSES, but not
embraced by educators as effectively as sciendemband assessment standards were
embraced (Collins, 1997). NSES’ science concepts weesented as disjointed facts that
students needed to know, not a consistent progresgiunderstanding (NRC, 2012).
NGSS identifies what content students should leaeach grade level, and focuses on
what students can do with the knowledge. The sei@amc engineering practices, content,
and concepts are reinforced over time. For exantipéescience and engineering practice
of modeling abstract concepts is repeated for tBeyfade levels and the 9-12 grade
levels. The shift in focus from inquiry (NSES, 1996 inquiry and engineering (NRC,
2012) will either be intimidating or receptive twence teachers who must implement the
standards.

Just as Yager (1996) suggested should take plabeSAiS curriculum, PD
opportunities that help educators understand hampéement NGSS will greatly
enhance the success of NGSS’ integration into Kla2sroomsPerhaps, including
teacher performance expectations — demonstrati®dhtegration with students — can
serve as a method of measurement for teacher hgaonitcome(s) with the PD

experience. Nonetheless, whether or not NGSS’ paration of engineering practices
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will address the achievement gap between majonityrainority students, particularly in
urban schools, in science education remains t@ée.s

Including the excluded.With urban students currently falling behind oniorél
assessments, one wonders what effect NGSS will t)aveir science classroom
experience. Are the science and engineering pesctaentified by NGSS that utilize an
STS approach through inquiry methods enough to dnavginalized youth into the field
of science? Johnson & Fargo (2009) note, “urbadestts, who are predominantly from
minority and low socioeconomic status, experieess keffective teaching in less than
supportive learning environments and fall behirelrtbounterparts in other schools”
(p-3). A lack of science education leaves urbarttyout of science and engineering
career pathways, and creates a barrier for thadersts when competing for high-quality
jobs (Johnson & Fargo, 2009). Changing contentpathgogy from teacher direct
instruction and content memorization to inquirydxhand learner-centered methods,
where students question the merits, origin, ancdbmamce of knowledge — particularly
that which is traditionally excluded — begins talesbs the disparity. PD that addresses
the importance of science education for all anelsstes the need for a shift in teaching
from traditional to constructivist methods has ple¢ential to cause significant change in
student learning outcomes (Smith, Maclin, Hougrebal., 2001).

One of the main focuses of NGSS is a frameworlséoence expectations in K-
12 classrooms that centers on inquiry-based legquiNiRC, 2012). However, past
standards also focused on inquiry-based learnidgaemne not implemented the way the
standards intended (NRC, 1996); a historical laaleform efforts promoting inquiry-

based learning in K-12 science education providsight into the challenges teachers
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face with incorporating inquiry into classroom grees and suggests teacher PD that
models use of its methods as well as other practia aim to include the traditionally
excluded.

Past science standards, including: Science FoAkricans (SFAA), the
Benchmarks for Science Literacy, and the Natiom#&®e Education Standards (NSES)
promised science and/or scientific literacy forAhericans (AAAS, 1990; AAAS, 1993;
NRC, 1996). Measures were taken with No Child Bsfhind (NCLB) legislation (U.S.
Department of Educatiofi,tle I: Improving the Academic Achievement of the
Disadvantagejlto ensure that measurements were in place togoblools accountable to
that goal. However, the unintended consequencBCaB have now been realized and
state testing dominates most of the time urbanhyspénd in classrooms across the
nation (Bleicher & Lindgren, 2005). Care was takerthat state testing does not cloud
the focus of NGSS’ implementation, and that teaxheceive PD that ensures an
understanding of the standards’ focus on concepiudrstanding, skill building, and
inquiry learning (Smith, Maclin, Houghton et alQ@).

When President George Bush signed No Child Lefi@e(NCLB) legislation
into law in 2002, many urban elementary schoolfesththeir focus to English and
mathematics because of state assessments’ fothussim areas (Johnson & Fargo, 2009).
This was done because school funding depends tntetd results, and as a result, many
urban youth did not experience science educatitihmidle school. This situation is
complicated by the fact that African-American chéld living in poverty often drop
below grade level during their elementary schoalrg¢Brown, 2001); further, “African

American males rank lowest in virtually every acgademeasure” (Hopkins, 1997, xii).
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Falling behind in science — an achievement gapdemed between minority students in
the city and privileged, White students in the sbisu

President Obama reformatted NCLB, and offered Ratiee Top (RTTT) as an
optional program for states, schools, and distsotghey could apply for grant money to
measure individual student, teacher, and schoébqeance (Lohman, 2010). This
change, along with the recent change in sciencelatds from NSES’ content and
inquiry-based focus (NRC, 1996) to NGSS’ inquirg akill-based focus (NRC, 2012)
requires PD for science educators at all levelementary through high school — so that
teachers understand the importance a science @atubat on student development
(Bybee, 2013; Smith, Maclin, Houghton et al., 20@gcause there is no current
accountability measure in place regarding NGSSempintation, care has to be taken so
the unintended consequences of NCLB do not occilr MG SS.

The Common Core State Standards (CCSS), whichgtty tbcus on English and
mathematics, were recently implemented in schomissa the nation, primarily through
RTTT funding. CCSS accountability measures inclW®PIRE and ACT testing. And,
while NGSS’ framework is aligned with CCSS, whetbenot PD will successfully
educate teachers about the importance of scienc@gon and the cross-curricular
advantages of bridging NGSS with CCSS remains wwkn®ne hopes that science
education will not, once again, be left out of edertary education for urban youth simply
because science content is not directly address&0ESS assessments. Urban students
bring with them a wealth of information and res@srthat must be utilized in the
classroom. Educators must be aware of the impatahscience education on students

at every grade level as well as how to gain acesssources within a school’s local
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community so that if funding for science fails, egpre to science education does not
(Smith, Maclin, Houghton et al., 2001). PD that ksto expose how science education
can be integrated with English and mathematic edcavill help bridge CCSS and
NGSS, and potentially provide new outlets for edoisato explore science at all grade
levels. The new standards also encourage the #teamigg of school/community
partnerships.

NSES, NGSS, & school/community partnershipdGSS identifies the
importance of school-community partnerships: “thsough...[school-community
partnerships]...that students who have traditionadlgn alienated from science
recognize science as relevant to their lives ahgddli (NGSS Releaséppendix D —

“All Standards, All Students,2013, p.9-10). NSES also supported STS curricihanh
includes addressing community issues (Yaeger, 1996¢n school resources are limited
for science education, utilizing community resogroey help students cross into the
subculture of science (Aikerman, 1996). Home-sclzoohections are important for
urban youth who do not see their connection téhenmportance in, science without
explicit discussion. PD that provides science teeskvith networks to the local
community encourages students to see the rolaeiaein their own world and begins
to incorporate elements of culturally responsivactices (CRP) (Ladson-Billings, 1994).

NGSS encourages learning at all levels, from stuekgploration of the
community to bringing community members to the t¢htm developing “critical
consciousness of social inequities” within theimeounity (NGSSAppendix D — “All
Standards, All Students2013, p.10). Urban youth, living in poverty, grgagly upon

school resources for physical capital and the sepphose monies bring to their school
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such as textbooks, computers, and lab equipmeet) db not have the funding from
home found with suburban students. Urban youth igamensely from community
outreach (NRC, 2012; Comer & Maholmes, 2010; BasDa$abrese Barton, 2006).
Physical capital that can be offered by local besses to supply urban youth with books
and technology helps; however, a pedagogical utatetsg of how to reach urban youth
(human capital) with CRP and knowledge of commuaittireach (social capital) is
essential to urban school reform (Tate, 2001). Movareness has to be made in teacher
education programs as well as in science teachealbt the importance of
constructivist and CRP so that urban youth haveszcto all forms of capital (Spillane et
al., 2001).
Constructivist Practices in the Science Classroom

While inquiry education is known to be “valuable foany underserved and
under-represented populations” (Haury, 1993, it 8,not often used in such classrooms
(Davis & Martin, 2008). When White, middle-clasadbers enter diverse, urban schools,
they often return to what they know and are comafug with — direct instruction (Cone,
2009). African-American students have continualgih exposed to such practices as
‘teaching to the test’ as a “dominant instructioaaproach,” emphasizing “remediation,
skills-based instruction...decreased use of richicuitrm materials, narrow teacher
flexibility in instructional design and decision kiag, and the threat of sanctions for not
meeting externally-generated performance standdfsvis & Martin, 2008, p.11). The
biggest barriers to utilizing inquiry education #ne pressure to deliver quality state-test
results, and a lack of teacher educators modatiqgity during science methods courses

(Burton & Frazier, 2012).
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Hands-on science observed with inquiry learning @eamplified in the 1960s
(Wilson & Chalmers-Neubauer, 1990). In the 1988achers were instructed to employ
its methods (Wilson & Chalmers-Neubauer, 1990) detdSynthesis identified the four
goals clusters to focus on, including: personatisgsocietal issues, academic
preparation, and career education/awareness (P&yethesis, n.d.). Today, it is known
that to expect constructivism to enter classrodea;her educators must model it to
teacher candidates during pre-service educatiorsesi{Cone, 2009). A teacher’s belief
in his/her ability to help students understandrsmecontent is directly related to the
teacher’s choice of practice, and a teacher’s eholiractice is directly tied to how
he/she was taught in school and what practices meceled and reflected upon during
pre-service education (Cone, 2009). Examples ahiapractice and effects on student
learning gains are noted throughout the literattesearch that shows the importance of
inquiry science education are observed in studyeSrhith, Maclin, Houghton et al.
(2000), Darden & Richardson-Jones (2003), and Brardt (1992).

Smith, Maclin, Houghton et al. (2000) document secstudy of Dr. Hennessey's
elementary classroom where first through fifth grad/hite, middle-class students
develop “knowledge problematic epistemology” thrownroliment in a constructivist
science classroom (p.357). Students in Dr. Henreskssroom were encouraged to
“devise and test their emerging theories” (Smitlackh, Houghton et al., 2000, p.358),
“pursue personal understanding and meaning makmg61), “reflect on the
intelligibility, plausibility, and fruitfulness ofheir ideas” (p.363), and
“exchange...views, classroom dialogue, and develo@reshnorms” (p.387).

Significant findings show that the elementary shidexperiencing a constructivist
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classroom develop skill sets unnoticed in the tiadl classrooms, including: testing,
understanding and developing ideas (p.369), uralaistg the role of complex evidence
in investigations (p.377), providing better expltmas for choices, and understanding
that prior ideas can constrain progress in scigpn&¥7). Gains such as those observed in
Dr. Hennessy's classroom with elementary studehts were not expected to achieve
high intellectual development (Carey and Smith,3)98ing to question urban
administrators and teachers who doubt the abilitfagban youth (Spillane et al., 2001).

Furthermore, Brunkhorst’s (1992) study of exemphigidle and Junior High
School Programs connects exemplary science progmmsemplary science teachers
and the pedagogy embraced in their classroom. Bydipg 91% of class time with
hands-on activities and only 21% of class time Wattiure, exemplary science teachers
encourage their students to ask questions and gles® (Brunkhorst, 1992, p.573-574).
Results show students in the constructivist clasarexcited about learning science and
scoring higher on science knowledge assessmenisKBorst, 1992).

Darden & Richardson-Jones (2003) further supp@ridea of student-centered
learning. Investigating the results of studentreay of genetics, Darden & Richardson-
Jones (2003) examine student exit-survey respa@ftasbeing instructed in a learner-
centered environment. Student survey responsa¥dreed the necessary inclusion of a
variety of instructional strategies within teacpegparation courses and content courses”
(Darden & Richardson-Jones, 2003, p.106). Whilesthdy has a poorly structured
methodology — lacking demographic information atadistical analysis from the
participants in its report — an increase in studeativation to learn science through

learner-centered practices is observed (Smith, iklddbughton et al., 2000; Darden &
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Richardson-Jones, 2003). Motivation is a critieadtér in engaging urban youth who see
the culture of science as a barrier to their sicoethe field (Emdin & Lee, 2012,
Aikenhead, 1996).
Culturally Responsive Practices (CRP) in the SciemcClassroom

Capturing students’ attention, and motivating stusiéo connect with the
curriculum takes place in constructivist classroohad utilize an STS approach (Smith,
Maclin, Houghton et al., 2000) and comes to fruitio culturally responsive (CEP)
classrooms that encourage students to think dhtiabout the world around them
(Brown, 2004). “Culturally responsive pedagogy igaaes and utilizes...students’
culture and language in instruction, and ultimatelspects the students’ personal and
community identities” (Richards, Brown, & Forde (&) p.7). Figure 1.4 highlights

methods educators can use to integrate CRP indlassroom.



Method

CRP

(1) Explanation.
(2) Example.

Acknowledgement
of student
differences and
commonalities(p.8)

(1) Don't respond to students based on ethnic/ra@aéetypes. “Ascrib[ing] particular characteristiosa
student solely because of his/her ethnic or rag@lip demonstrates just as much prejudice as
expecting all students to conform to mainstreantucal practices” (p.8)

(2) A child from a cultural background that forbids eymntact with adults may or may not follow
traditional practices. A teacher who follows a otdl stereotype without recognizing the studerdras
individual with unique needs commits prejudice agathe child. Each student is unique.

Validate students’
cultural identity in
classroom practices
and instructional
materials (p.8)

(1) Classroom activities are used that are culturalppsrtive for students.

(2) Supplemental activities are added to curricula dnstlay diversity and that are sensitive to vasiou
backgrounds — not stereotypical. Students are givewpportunity to think differently, and feel
included in classroom activities. Cooperative lgggrcan be used to increase success for students
because the strategy encourages students to exifferent viewpoints. (p.8)

“Educate students
about the diversity
of the world around
them” (p.8)

(1) Students are provided with learning opportunities help them become more knowledgeable aboyt
other cultures as well as more comfortable wheemtering people different from them.
(2) Students interview people from other cultures. 8isl email people from other communities and/of
cultures. (p.9)

“Promote equity
and mutual respect
among students”

(1) All students feel like they are treated fairly agually.

(2) Establish a clear and consistent management systéra classroom that does not discriminate aggnst

cultural practices. (p.9)

“Assess students’
ability and
achievement
validity” (p.9)

(1) Assessment instrument(s) must be valid for the [adijom being assessed.
(2) Assessment instruments should be varied and st population being tested, and they must b
culturally sensitive. (p.9)

1Y%

“Foster a positive
interrelationship
among students,

(1) Students bring knowledge from home to school aachfschool to home. Teachers must effectively
bridge this home-community-school relationship.
(2) Teachers must utilize community partnerships amtiggaate in community events. (p.9-10)

N
(9]



their families, the
community, and
school”

“Motivate students
to become active
participants in
their learning”
(p.10)

(1) “Teachers must encourage students to become detikreers who regulate their own learning through

reflection and evaluation” (p.10).
(2) “Students set goals, evaluate their performandeeut.feedback, and tailor...their strategies” (p-10
Inquiry-based learning.

“Encourage
students to think
critically” (p.10)

(1) Help students become independent thinkers (p.10)
(2) Students analyze, synthesize, and view situati@ms multiple perspectives (p. 10); “what-if’
scenarios from various viewpoints

“Challenge
students to strive
for excellence as
defined by their
potential” (p.10)

(1) Teachers hold high expectations for their studesits appropriate assistance (p.10)
(2) Teachers continually “raise the bar” to push sttsléarther — helping all students reach their piaén

(p.10)

“Assist students in
becoming socially
and politically
conscious”(p.11)

(1) Teachers prepare students to participate meanipgfod responsibly in the classroom and in socie
(p.11)

(2) Students are encouraged to “critically examineetatpolicies and practices, and to work to correc
injustices that exist” (p.11); students “write gpoor individual letters to politicians and newspape
editors voicing their concerns about specific dassues” (p.11); students “participate in food or

clothing drives to help people less fortunate” {j).1

Figure 1.4. Methods to integrate culturally response practices (CRP) in the classroom.
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CRP aims to foster classroom environments whergwadlents are valued for the
contributions they bring to school, and where teehing environment is not mono-
cultural in origin. Teachers must recognize andaiaffrom the biases they bring to the
classroom regarding cultural and/or ethnic diffeeefrom the population they serve, and
address any inequalities established within theadum (Ladson-Billings, 1994). NSES
and NGSS connection to CRP through STS curriculas @eveloped, in part, through
the work of science educators analyzing twentygyeéeducation research on inquiry
methods in the science classroom (Project Synthesig. The four goals clusters that
form STS curriculum are seen in CRP — evidencdisfis found in school-community
outreach projects that are apparent in both STSC&¥ practices. Furthermore, NGSS
address what science educators can do to makee@encation accessible to all,
including acknowledgement that over the last 5fryscience education has failed to
incorporate historical contributions from non-Eueap cultures; thus, further supporting
CRP (NGSS ReleasAppendix D — “All Standards, All Studen{2013, p.4). Limiting
the study of cultural viewpoints to calendar hoyisidike Black History month alienates
urban youth and leaves them feeling isolated atacted from the school system
(Banks, 1995). The placing of engineering practines NGSS expose community-based
problems and invites students of all backgrounttstime science conversation. Having
students explore issues of societal injustice thinaie lens of science connects to both
STS and CRP, and offers a multitude of knowledgesgancluding: science content
knowledge, science connections to real-life, andmmgful science process skills

(Rodriguez & Berryman, 2002).
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Aikenhead (1996) acknowledges “most students vighodox science content as
having little or no relevance to their life-worldlsculture” (p.12). Basu & Calabrese
Barton (2006) confirms this view with a group oban students living in poverty who
identify science as boring because the curriculogsdot connect to student interests or
experiences (p.466). PD that addresses NGSS ineiquo of engineering practices,
which may ask students to design solutions to conityibased problems, may move
science educators away from an “arrogance of ethiiiacity” about science education
(Maddock, 1981, p.13) towards culturally responsilssrooms that expose multiple
truths of knowledge, biases, and interpretatiomfeomyriad of viewpoints.

Ladson-Billings’ (1994) tenets of culturally resigore practices include methods
that help students who do not have a backgroun@dano science or the cultural know-
how of science to become “intellectual leaderdim¢lassroom” as their real-life
experiences are legitimized and integrated intd'offecial” curriculum” (pp.117-118).
Furthermore, students and teachers that utilize &ePengag[ed] in a collective
struggle against the status quo” (pp. 117-118)tuCally responsive practices are
observed in short vignettes within the NGSS fram&Gase Study 2, 2013); thus, CRP
is suggested as having potential to cause significaange with student learning
outcomes in urban settings (Smith, Maclin, Houghebal., 2001; Aikenhead, 1996).

While NGSS address equity issues through culturaponsive teaching,
whether or not conceptualization of equity by NG8&®ators remains unclear as the
standards address a transition that students \aklerfifrom...naive conceptions of the
world to more scientifically-based conceptions” (8& Releasédppendix D — “All

Standards, All Students2013, p.5). The “culture of power” (Delpit, 19§8282) that
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resonates with the abovementioned statement, wdimaation of the subculture of
science through culturally diverse studemigiveconceptions, fails to recognize
students’ ability to derive understanding from thawvn exploration of science content
and the natural world. Nonetheless, NGSS’ focuglentifying key practices leading to
experiences that are “empowering and transformg@reourage students] to embrace
and further investigate what they [are] learningagu & Calabrese Barton, 2006, p.468).
NGSS further identifies aspects of culturally raspwee teaching, including: “(1) value
and respect [for] the experiences that all studentsg from their backgrounds...(2)
articulat[ion of] students’ background knowledge.thwdlisciplinary knowledge,
and...(3) sufficient school resources to supportettitearning” (NGSS Release,
Appendix D — “All Standards, All Student2013, p.6). Vignettes provided by NGSS
(Case Study 2, 2013) along with studies by Xu, €a&tDavidson (2012), Rubba
(1989), and Brown (2004) confirm student-learniagng in classrooms that are
culturally responsive.

Ms. C is identified in NGSS as a science eduocatay cares deeply for her
students. She maintains high expectations forfddeo students and utilizes a variety of
instructional approaches to respond to the diviela®ing needs of her “65% non-White”
student population that is attending an urban doti@ase Study 2, 2013, p.1). Ms. C
used technology, cooperative learning, and conlinti@inforced the idea that scientific
discussions become more robust when there arefldifferent perspectives” (p.2).
Inviting a guest speaker to her class that disclig§gebal conservation change in
Nigeria” (p.2) was so captivating to her studehts some shared their experience as

immigrants and their lack of knowledge in the aséacology. The use of student
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responses throughout the ecology unit to beginareas of student exploration is
common practice in Ms. C’s classroom and, alonf wie methods mentioned above,
provide examples of how Ladson-Billings (1994) tsraf culturally responsive practices
can be utilized in science education. Alternatesssents in the form of open-ended
guestions and research assignments further ali@iR® since they provide additional
modes of evaluation to expose student knowledgleercontent area. In addition to
culturally relevant pedagogy, wherein an educabmnects students’ cultural experiences
to science curriculum, Ms. C also used CRP, wheve&ors empower students through
the daily structure of classroom activities (Caged$ 2, 2013, p.3). Thus, students in Ms.
C’s class meet NGSS standards through an apprbathligns with CRP (p.9).

Xu, Coats, & Davidson (2012) examine the practafesxemplary African
American teachers on the African American studérey serve. Viewing science
homework as “an important vehicle for involving fiies and informing them about
what their children were learning and for fosteramgnmunication between children and
their families” (p.13-14), teachers understoodithportance of connecting science
homework to students’ home life (p.16). All Africémerican teachers in the study
shared similar approaches to how they ran thesscteom as well as homework
expectations (Xu, Coats, & Davidson, 2012). Thehesas encouraged parents to stop by
outside school hours to discuss what the childrerewearning so that parents could help
their children with the homework. In effect, theridébhn American teachers were
empowering parents and students by making whaewpscted of students explicit to
students and to families (Delpit, 1988). Studengsanencouraged to have discussions

about what they were learning in science with tfemilies, collaborate with other
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students about possible answers, and experienmgcecat home with hands-on
homework (Xu, Coats, & Davidson, 2012).

CRP has been shown to act as a bridge betweemstutdeme life and school
life (Larkin, 2012; Xu, Coats, & Davidson, 2012)e&-world application of science
content through a lens of social justice could sothe bridge by having students
address inequities they see in their neighborhooldoa community. A social justice
epistemological stance to pedagogy may not be exabrar utilized by teachers in urban
settings, but has the potential to help urban yadghtify science as “empowering and
transformative;” thus, exposing the myriad of imi@tion, resources, and talents
accessible to students within and among their locaimunity (NGSS Releas&ppendix
D — “All Standards, All Students 2013, p.10). Allowing students to hold the power i
the science classroom by researching and develgpsadution to a community-based
problem may address cultural barriers.

Past connection to science content through reakkperiences were suggested
through an STS approach utilizing community outhgamjects (NRC, 2012). And, the
ability to build student, parent, teacher, commyrand school partnerships has been
identified as an essential element of successhdnuteachers (Comer & Maholmes,
2010). In a sample of 65 exemplary science teadhmrsacross the nation, Rubba
(1989) analyzed responses to a STS questionndiesidEal amount of time identified by
participants to be spent on STS issues in classdeasified as 15%. Exemplary teachers
that were studied chose their STS focus to be mEthten globalized issues that were
present in the media, but the researchers suggesimiunity-based issues can be just as

interesting...and can provide an opportunity for stud to carry out investigations and
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take action” (Rubba, 1989, p.699). “The teachersliebed the purpose of integrating
STS into secondary science to be an issue awarasestated to concepts and topics of a
particular science course” (Rubba, 1989, p.700¢ fEachers did not choose to have
students undertake community action in their nesghbods. CRP is aligned to STS
curriculum. However, CRP focuses more on addresbmgeeds of marginalized youth,
whereas STS focuses more broadly on all studemgfgré=1.5 serves as a comparison of

practices found within and the two approaches taauum.
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Practice STS CRP

Acknowledgement of No Yes
student differences and
commonalities

Validate students’ cultural | No Yes
identity in classroom
practices and instructional
materials

“Educate students about No Yes
the diversity of the world
around them”

“Promote equity and No Yes
mutual respect among

students”

“Foster a positive Yes Yes

interrelationship among
students, their families, the
community, and school”

“Motivate students to Yes Yes
become active participants
in their learning”

“Encourage students to Yes Yes
think critically”
“Challenge students to Yes Yes

strive for excellence as
defined by their potential”

“Assist students in No Yes
becoming socially and
politically conscious”

Science for assisting with | Yes No
career choices (Yaeger,
1996, pp.5-6)

Science for preparing for | Yes No
further study (Yaeger,
1996, pp.5-6)

Figure 1.5. Presence of practice: Science Technojo§ociety (STS) and Culturally
Responsive Practices (CRP).

While supporting the field of science as a carg®ioo and preparing students for
future science exploration are not explicit CRH,fteey can be addressed through CRP
practices that welcome marginalized youth intodizéogue of science. On the other

hand, STS curriculum that addresses the four giassers formed through Project
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Synthesis (Harm, 1977) aims to provide a scienceatn for all students, but does not
focus primarily on students who have been tradaiigrunderserved (Delpit, 1988).
Science teacher pre-service and in-service edurcttad thematically integrates the two
practices rather than only utilizing one offersgudial inclusion of more students into
daily science lessons.

Documenting the importance of culturally responsgeaching for student
engagement, connection to curricula, and classmamagement, Brown (2004)
compared thirteen effective urban educators fronogls across the nation. Traits that
are necessary for teachers instructing in an uglpaironment were identified, including:
a caring attitude, assertiveness and authoritygre@mt communication processes, and
demanding effort (pp.269-273). Findings suggedtdtessroom management traits of
effective urban teachers addretisdent needs one of the tenets of culturally responsive
pedagogy (Ladson-Billings, 1994; Brown, 2004). “Maf the 13 teachers received any
specific training or education in culturally resgore teaching strategies” (Brown, 2004,
p.286); rather, time spent in an urban classroomaled what worked and what did not
work with urban students (Brown, 2004).

However, exposure to an urban environment will natjts own, lead to highly
effective urban teachers. In a 2008-2009 TeachkowdJp Survey, 97.3% of public
school teachers who left their current school remaiin a public school either within the
same district (51.8%) or in a different districb(8%) (U.S. Department of Education,
2010, p.11). Furthermore, teachers in a city sciamitified factors that led them to
leave their current school — of the three higheasons for moving to a different school,

22.7% cited a change in residence as reason fogeiatheir place of employment,
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19.8% cited dissatisfaction with the lack of suggeom administration as reason for
changing schools, and 19.6% cited dissatisfactiin administration (SASS, 2010). In
comparison, 33.5% of teachers at suburban schdetschange in residence as the
reason for their departure (SASS, 2010). When adtnattive support is missing or
lacking in urban schools, urban teachers move éisesy perhaps, by providing
alternative methods for science teachers to getupport they need — such as through
community outreach or structured PD — more edusatdt be retained at urban schools.

Brown (2004) identified culturally responsive pedgyg as an essential element of
pre-service education programs in producing teactinat are able to handle classroom
management at urban schools (Brown, 2004); how&RP, is not always implemented
with pre-service teachers (Sleeter, 2001). Sci¢emeher PD that integrates CRP has the
potential to not only reach urban students in ammegul way, but also to help teachers
navigate an urban student population who may/maylifier from their own educational
experience(s) and an urban environment that mighsupport teacher and/or student
needs.

CRP and explicit, reflective practicesBlack youth have been found to have
trouble identifying with the school community, mugteater than White students,
because of race issues (Gay, 2000). To surpasscamdortable school climate, urban
youth must be exposed to pedagogy and practicesnicaurage connection to real-life
experiences as well as collaboration and discussdioarious student ideas and
viewpoints (Burton & Frazier, 2012). Culturally pemsive teaching requires use of “the
cultural knowledge, prior experiences, and perforoeastyles of ethnically diverse

students to make learning more relevant and e¥edtr them” (Gay, 2000, p.29).
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Responding to the needs of “culturally and ethihyadiverse learners...[and use
of]...student-oriented instructional processes a$ agl.ethnically and culturally
relevant curricula” (Brown, 2004, p.268) is an edse skill to have at an urban school.
Explicit discussion of the importance of CRP habd@resent in science teacher
education programs, and/or be modeled in scieramhéz PD (Abd-El-Khalick &
Akerson, 2004).

The idea of explicit discussion has been showretbdneficial with students.
Khishfe & Abd-El-Khalick (2002) examined the struet of explicit and reflective
inquiry-based learning in the classroom. Two groofipsixth-grade students participated
in the study — one group was explicitly told of tearning goals for each unit and
participated in reflective practices after eactuinglactivity; the other group participated
in inquiry activities but were neither told of threarning goals nor provided with the time
to reflect upon inquiry activities. The latter gm(labeled the “implicit” group) was used
as a comparison to see if students would reachrdlafuScience (NOS) understanding
through inquiry activities alone. Analysis of ppwst-tests showed the implicit group to
have no gains in NOS understanding (Khishfe & AlbdkRalick, 2002). However,
statistically significant gains in the pre-/posstteesults of students in the
explicit/reflective group were found (Khishfe & AHgl-Khalick, 2002). Inquiry-based
learning “coupled with structured opportunities $tmdents to reflect on what they did in
those activities from within a framework of theget [learning goals of]
NOS...[showed]... positive [results]” (Khishfe & Abd-Klhalick, 2002, p.573). The
benefits of explicit and reflective practices obeerin Khishfe & Abd-EIl-Khalick’s

(2002) study are further supported by the reflecpvactices embraced with CRP, which
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aim to eliminate issues of marginalization foundag non-dominant student
populations (Delpit, 1988). Therefore, not onlyedplicit, reflective, inquiry-based
lessons lead to significant learning gains in smeeducation, but they have also been
suggested to address the ‘scienceafbrrequirement (NRC, 2012; NRC, 1996) that is
often unmet in science classrooms across the nation

The reflections on practice of three mathematic saience educators led to
revision of curriculum to address the needs ofucalty diverse learners (Osisioma,
Kiluva-ndunda, & Van Sickle, 2008). Osisioma, Kismdunda, & Van Sickle (2008)
report their own phenomenological narratives albeathing and learning mathematics
and science at urban schools. Of the three resaaftachers, two were educated in
Africa and one was educated in rural America -thabe taught at urban schools
(Osisioma, Kiluva-ndunda, & Van Sickle, 2008). Aymsé of the narratives reveals that
culturally responsive pedagogy is achieved thrdegiposure, experience, and
reflections” (p.397). Students in the teacherssstaoms benefited academically by
having educators who understood their needs. Stsifbecame invested in the
curriculum because teachers became invested in fhieeresearchers suggest that, “to
be successful, urban teachers need to teach intalyare potentially transformative by
learning how to identify and connect with the sbarad cultural resources of their
students” (Osisioma, Kiluva-ndunda, & Van Sicklé08, p.398). The practice of
creating home-school-community partnerships aligiis Ladson-Billings’ tenets of
CRP (1994). Training teacher candidates with thiksdk be culturally responsive
requires embracing the reflective practices docueteim Osisioma, Kiluva-ndunda, &

Van Sickle’s (2008) study. However, as Sleeter 3@dcuments, reflective practices
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are only one aspect of developing an effectiveanrducator. And, as evidenced by
Roehrig & Luft’s (2006) study, the road to teachbertification varies — not all science
teachers journey the same path.
Challenges of Science Teacher Pre-service Prepam@tiand PD

Science education not only has to be saturatednstructivist methods, but it
also has to provide a voice to the traditionallgerserved, urban youth. PD that fosters a
connection between community culture and schoauceihas the potential to help
students feel invested in the curriculum (Emdin &[.2012). Science teachers that “give
[a] voice to diverse ethnic, racial and languagammnities” (Banks, 2006, p.194) can
expose insider perspective[s] known by dominantigsaconcerning resource attainment
and allocation. Opening the door to opportunityddyan youth starts with breaking the
barriers that have traditionally maintained théustajuo of those who enter science
professions (Aikenhead, 1996). Integrating urbdtuces and norms into school culture
and norms makes resources available that wouldwite have gone unnoticed (NRC,
2012). It is time that science teacher learningioan making connections to urban
youth needs rather than only the content of science

Challenges in science teacher education progranfScience teacher education
programs must better prepare candidates in “instmu@ order to teach science to a
student population having great diversity in cudgjrbackgrounds, interest in social
learning, language, and reading abilities” (Slo&gRupley, 2010, p.352). The need for
science teacher education programs to examinegostructure, and include: urban
field experiences — both student teaching and comityrbased projects (Cone, 2009;

Sleeter, 2001) as well as discussions and reflestd culturally responsive practices
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(Osisioma, Kiluva-ndunda, & Van Sickle, 2008), anquiry-based learning modeling
are clear (Cone, 2009). No longer can science &atucation programs address just
the science — they must also address the challaigeaching at urban schools. When
prepared science teachers enter the field therdigher likelihood that urban schools
will retain exemplary science educators.

Calabrese Barton & Berchini (2013) document théirfge of a science intern at
an urban school, who feels she is not qualifiettéeh at the school because she was not
raised in an urban environment. The authors proadtbtional narrative accounts of
three science educators who become insiders at sdteols (Calabrese Barton &
Berchini, 2013). Whether utilizing active positiogi(teacher is a novice and learns about
the community through students’ shared experiencesical navigator (teacher plans
lessons and discussions that encourage a develbpimartical consciousness), or
symbolic engagement with place (teacher builddicgiahips with community members),
teachers that aim to be insiders to the commurthieg serve must restructure teaching
methods to meet that goal (pp.23-26). Knowing agldriging to the local community,
“supports teachers in noticing and leveraging sttglenon-dominant ways of knowing
as integral to the learning process” (p.27). S@egntucators positioning themselves as
active learners of their students, and participantee school community, effectively
engage students in school science and utilize QRF);

By implementing curriculum that helps students madad-life connections to
science, through community outreach projects thpbge issues of social injustice,
teachers encourage participation in school scioeall students (NRC, 2012). As

stated earlier, student, parent, teacher, commuanity school partnerships are an
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essential element of successful urban teachers ¢C&rviaholmes, 2010). The
importance and benefits of school-community pastinigis is observed in other fields of
practice, too. The health sciences have shown camtynlbiased participatory research
(CBPR) projects to be successful at causing chaster a community’s culture
(Carney et al., 2012; Spencer, Rosland, & Kief2éx11; Ross, 2010).

Positive Youth Development (PYD) and Social Jusvoaith Development
(SJYD) frameworks guided a study of at-risk studeparticipation in HOPE (Healthy
Options for Prevention and Education), a CBPR Ruog{Ross, 2010). PYD focuses on
urban youth development of “skills, values, attésadand competency to be successful
adults” (p.684), and SJYD aims to encourage urlmanhyto “analyze power in social
relationships at three levels” — self-awarenespregsive forces in the community, and
global change (p.686). The goal of HOPE was tarfglate health disparities and to
promote community change” (Ross, 2010, p.686-68flidents worked with a professor
and graduate student at a local university to agwvehd carry out HOPE goals in an
after-school-program. Policy changes in the localegnment to decrease tobacco use
were made as a direct result of student activity@PE. “Young people learned data
collection, analysis, and presentation skills” @side public-speaking, and the
importance of networking with “decision makers e tity” (Ross, 2010, p.698).
Community-based learning in the context of scho@rece and social justice that is built
through a CRP framework has the potential to biédsame type of outcomes in urban
youth. Professional development that helps sciedoeators include the culture of the
community and address issues of injustice therdirsupport the development of urban

youths’ connection to school science (Emdin & L2@12). Perhaps by making
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connections to urban communities and gaining arrstanding of urban space, teachers
will begin to change the disconnect that existsvben school science practices and
home and community practices.

NGSS (NRC, 2012) examines science education fatadlents — much in the
same way that Science for All Americans (SFAA) (A3AL990), the Benchmarks for
Scientific Literacy (AAAS, 1993), NSES (NRC, 199)d No Child Left Behind
(NCLB) (U.S. Department of Educationitle I: Improving the Academic Achievement of
the Disadvantaggdegislation promised scientific understandingd/anliteracy for all.
Ideas within the NGSS framework highlight STS piphes through a “social action
approach,” that is, science education through e®ging practices that address
community concerns (Atwater & Suriel, 2010, p.2#)cusing on “social justice...[sO
that]...students use their knowledge and skills t&erdecisions about important social
issues and take action to help solve problemsydneg their own” (Atwater & Suriel,
2010, p.275) is an approach to science educatedrhts to be developed and
disseminated through sustained PD. Pre-servicénaservice educators who, based on
demographics of the U.S. teaching population, mighithave the background to
conceptualize what home life feels like and lodks for urban youth, should be made
aware of successful attempts at achieving socséicgl through the science classroom so
that science educators feel encouraged to franedineiculum around CRP.

For students to develop a multicultural skill setl @ngage in social justice, they
must be exposed to reflective and explicit lesdangpthat examine diverse cultures as
well as historical and/or current injustice (Bank804). Constructivist classrooms that

engage students in examining the field of scienme fa transformative lens of social
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justice offer connections to society that may expibe status quo of power that exists in
today’s schools, and offer a way for students taldish their own voices within the
community of science (Banks, 1995; Delpit, 1988).

To eliminate the academic achievement gap in Setd@chnology-Engineering-
Mathematic (STEM) fields, Fayon, Goff, & Durzancz@010) suggest teaching
practices that encourage students to “evaluate dtteudes and beliefs” (p.9). In their
study, surveys were administered to undergraduiate(English Language Learners)
students enrolled in two sections of an Earth S®eourse. One section ran with student
learning communities (SLC) where students discufiseid learning and how the content
related to their lives (Fayon, Goff, & Durzancz@10). The other section did not have
SLCs. Students enrolled in the section with SLCskexd with a cohort of other ELL
students and experienced curriculum that made obions between their life and
content learned in the Earth Science course (Fdyoff, & Duranczyk, 2010).

Significant student learning outcomes were obsefoe8LL students working in the
SLC environment (Fayon, Goff, & Duranczyk, 2010).LEStudents participating in the
section containing the SLC also reported a greatenection between the Earth Science
content they learned, and experiences that theytad their communities at home,
than students in the non-SLC environment (Fayorif, &aDuranczyk, 2010).

Teaching science through a multicultural lens rexpueducators to approach
science education from multiple cultural perspesgiand provide “opportunities
for...students to make decisions and take actionseraing civic duties” (Atwater &
Suriel, 2010, p.277). Delpit (1988) suggests allaystudents to realize their own place

as experts in White culture. Banks (1995) sugg#istaission of Eurocentric viewpoints
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in class. Using materials provided by family andhoounity stakeholders can help
“science teachers not only give...students resoultddalso] draw on the talents and
strengths of their students” (Atwater & Suriel, RQp.276); thus, transforming students
who are marginalized from mainstream school sciémre caricatures of youth of color
to participants in and forces behind societal ckafigndin & Lee, 2012).

The need for culturally responsive practices irchea education is further
supported by Sleeter’s (2001) extensive revievhefliterature on multicultural teaching.
White teachers do not bring the same backgrouigetalassroom that teachers of color
bring (Sleeter, 2001). Most White teachers neitheterstand the culture of the students
they are serving, nor do they address the needsah youth (Sleeter, 2001). Teacher
certification programs are not identical in progreegquirements, and may not prepare
teachers to facilitate learning in settings witham students (Sleeter, 2001). Requiring
multicultural education courses in science teapheparation is a necessity; “continuing
business as usual in pre-service teacher eduaatiloonly continue to widen the gap
between teachers and children in schools” (Sle2@], p.96).

Research identifies numerous ways to incorporatéculiural education with
science teacher candidates, including: recruitratteachers of color to teacher
education programs, teacher cross-cultural immensiograms, added course work in
multicultural education, and multicultural courserkwith field work in an urban setting
(Sleeter, 2001). Programs recruiting teachers laofr dtave been successful at engaging
urban students, and immersion programs - requigaghers to live in the community
they are serving — have shown teachers to dranfigtstaft from traditional classroom

instruction to “engaging students with subject erattising culturally relevant
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knowledge” (p.97). However, minority recruitmentdrpre-service education programs
will not solve the problem of White, middle-clagsthers entering urban districts, and
immersion experiences will be difficult to institralize with pre-service education
programs (Sleeter, 2001).

Multicultural education courses have been showinaige students|[-teachers’]
awareness about race, culture, and discrimina(Bleeter, 2001, p.98), but awareness
and changes to practice are on two sides of thencwm for reaching urban youth. In
fact, some multicultural course work was found éocbunterproductive to teacher
candidates because the classes taught stereotygesddittle to change views on
culturally responsive pedagogy (Sleeter, 2001). &bmg must be done in science
teacher education for White teachers, who are utitarwith the community they serve,
to understand the barriers present for their stisd&tience teacher PD programs provide
a second outlet for training teachers in culturedigponsive practices.

Challenges in science teacher professional developnt programs. Spillane et
al. (2001) identify challenges that are faced bgrsme teacher PD in urban settings,
including the development of (1) physical capid), human capital, and (3) social
capital (p.920). Adams School utilized all threenie of capital in its transformation
from a school with an isolated teacher populatioan economically disadvantaged area
of Chicago, IL, with little to no science instrumti, to a cooperative, trusting school
environment with a growing science fair, conneditmlocal Universities, and
administrative support for science education (8pél et al., 2001). Adams School

demonstrates that when an entire school is engadged and the physical, human, and
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social capital needs are met, teacher and studamtihg gains are made in science
education (Spillane et al., 2001).

Physical capital: resourcesTate (2001) relates the lack of motivation in
engaging students in science education to a schfwmus on state testing (p.1020).
Spillane et al. (2001) identify urban district adistrators and teachers to have a
philosophy that children living in poverty should bducated with basic skills necessary
to graduate, and they do not value science asjaddrea (p.921). As a result, science
education does not receive adequate PD, suppditjdwet allowances when compared
to other subject areas — namely, English and mathiesn(Spillane et al., 2001). NGSS
does not have a mandated test for school accoyrttzdl will support its
implementation; whether the lack of NGSS testinll lvg helpful or a hindrance to the
science education students participate in remaickear.

The development of epistemological understandirggenked by Dr. Hennessey’s
students will be absent in schools that fail taoggtze the importance of, and the
educational growth found in, constructivist scierdecation (Smith, Maclin, Houghton
et al., 2000). Furthermore, Tate’s (2001) arguntlesit science education is a civil right
will not be realized unless steps are taken to nsake exemplary science education
programs are implemented in urban schools — eleanettirough high school levels. PD
that helps teachers find resources to support seieducation outside of the school
budget may help educators navigate unforeseen goesees of the new standards,
namely CCSS and NGSS, under NCLB revision and RTORP is one approach that
science teacher education programs should modbstter prepare teachers for the

challenges they will face in urban settings armpens the doors to resources through
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community outreach. CRP might also be one methatdRD designers integrate into
programs to help educators who are already in uskb#timgs and are finding navigating
an unfamiliar urban school environment to be alehgke (Cone, 2009).

Teaching loadsGiven the lack of resources available to urban slshdeacher
guality as well as teacher quantity is a probleamng urban youth (Banks, 1995).
Teaching responsibilities that involve large clsiges and multiple class preparations
prevent time spent revising curriculum. Furthemgrof new and uncertified teachers
that have not been trained to address the cultemabtional, and ethnic needs of their
diverse student body, adds to the challenges a@esstul PD in urban settings. “Student-
oriented instructional processes...[and]...choosingdeitvering ethnically and
culturally relevant curricula” (Brown, 2004, p.268ust be achieved by urban educators.
In the sciences, culturally responsive teachirggi®ecially important because it is here
that students experience ideologies present isubeulture of science which further
perpetuate a White, male scientist stereotype (Aike, 1996). PD that provides
materials for teachers to use in the classroomadadates time to revise science
curriculum using culturally responsive teachinglwénefit urban students.

Human capital: Teacher demographicsAccording to the National Center for
Education Statistics, 3.3 million full-time, pubbchool teachers are at work in the
United States — 83% White and female (U.S. DepartroeEducation, 2010). The U.S.
teacher demographic is in direct contrast withyihgth population seen in urban schools
— namely, poor, students of color (Larkin, 2012)eTultural divide in schools serving
urban youth is a barrier and a challenge in itelf has to be acknowledged and

addressed. PD programs using a framework of cliguesponsive practices — where
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student culture is at the center of lesson plansihgs shown statistically significant
gains with student learning outcomes (Johnson &®&,a009). Science teacher
education programs and other forms of PD must addtes disparities present in urban
settings, including a need for cultural connectpng the curriculum.

Unfortunately, many science PD programs do notdamuurban issues; rather,
they focus on science concepts and technologypfi@osynthesis, cellular respiration,
molecular genetics, iPads, probeware) (Johnsonr§d;&2009). Will furthering the
understanding of science concepts and technolameaddress the gap that remains
between urban and suburban students? Does theustrand objectives of science
teacher PD need to address the disparities fountban districts through the modeling
of lessons that encourages all students to feebami@d in the classroom (Ladson-
Billings, 1994)?

PD that is implemented has to be supported bydhed. Inquiry education, for
example, is known to be “valuable for many undesmsérand underrepresented
populations” (Haury, 1993, p.3), but it is not aftesed in such classrooms (Davis &
Martin, 2008). African-American students in partaruthave been identified as being
continually exposed to such practices as ‘teactartbe test’ as a “dominant instructional
approach” (Davis & Martin, 2008, p.11), emphasizirgmediation, skills-based
instruction...decreased use of rich curriculum matsyinarrow teacher flexibility in
instructional design and decision making, and tineat of sanctions for not meeting
externally-generated performance standards” (pMijority students often experience

low-level expectations and remedial work while nieddlass White students attend
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schools that “attract teachers who stay longer][andess better resourcing” (Pratt-
Adams, Maguire & Burn, 2010, p.35).

Spillane et al. (2001) examine seven high-poverhpsls in Chicago, each with
varied student demographics, and found elementdnyads to have limited
administrative support and budget allowances f@anee education when compared to
both language-arts and mathematics education. Adbfcus on what is important for
the development of the child is often found in uHs&ttings. For example, minimal to no
support for teacher PD led to the elimination steence education in elementary
classrooms because teachers had little to no bawgkdrin science, and the subject was
not being assessed.

Attrition. According to Tate (2001), “in many large urbanestihe rate of
retiring and re-locating certified mathematics angknce teachers is growing at a pace
that far exceeds the production of graduates in Bl[E€ience, Math, Engineering, and
Technology] education” (p.1023). SMET graduatesehaany options available to them,
including teaching in suburbs or working in indystboth of which provide “economic
advantage over urban schools...there is a priceuality” (p.1023). However, Adams
School (Spillane et al., 2001) shows that admiaiste support and a collaborative/
cooperative teaching environment can lead to sigmt changes in the climate of the
school — including retaining teachers. With manyam school districts lacking the
monetary incentives to attract highly qualified ealiors, PD that addresses restructuring
the school climate may benefit urban schools. Cailtyresponsive teaching aims to
bridge the school’s local community with classrol@ssons so that students, teachers,

and the school can be made aware of the richneéksswand among the surrounding area.
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When more students and teachers are invested loddlecommunity, positive
influences in school climate may be felt throughiet building.

Science is constantly changing, and science edurcegguires teachers to be
provided with continued professional developmerkeep up with advancements (Tate,
2001). The question remains whether or not theaepioblem with PD that is solely
focused on science advancement and does not &lltweed to issues found in urban
settings. A lack of administrative and school supgbe juxtaposition of teacher
demographics and the students they are servingeater attrition remain key
challenges that science PD programs should considen designing an event. Teacher
PD that addresses issues commonly found in urliingsewhile simultaneously
exploring scientific advancements supports urbanhers and may have profound effects
on urban students. Teachers trained in CRP mayttimgedagogical approach effective
when looking for methods that address the needshain students.

Social capital: School culture & climate.Even if “policies are established...that
address low wages, insecure work and the lack odl gaiblic housing” in urban areas,
White culture and White curriculum remain dominenschools (Pratt-Adams, Maguire
& Burns, 2010, p.128). The subculture of sciengaeets students to “acquire science’s
norms, values, beliefs, expectations, and conveatiactions,” but does not consider the
wealth of insight students bring to the classrobrough their own personal experiences
(Aikenhead, 1996, p.10). PD that models CRP manghahe minds of urban science
educators concerning how to address and strudtarkearning environment for urban
students. For example, Emdin & Lee (2012) calldomuunderstanding of hip-hop culture

among teachers in urban settings. Educators amcypobkers who see the cultural
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significance of hip-hop and tie that culture inte educational climate may open doors to
science education for urban youth (Emdin & Lee,Z20The “normative descriptions of
discipline-specific subject matter in schools...tespd restrict the intellectual and
expressive opportunities youth have in school &edeby reproduce the privilege...of
whiteness” (Bang et al., 2012, p.303). As a reSmigny minority students have never
had an opportunity to see themselves as otheraltanicature of youth of color’” (Emdin
& Lee, 2012, p.10-11). Traditionally associatednatgarning and behavior problems,
urban youth need to see their fit in the scienasstbom (Emdin & Lee, 2012). PD that
helps science educators embrace the culture(siifouarban settings and includes the
culture of the community they are serving with sta®m lessons will help urban youth
feel connected to science (Emdin & Lee, 2012). &loee, along with “subject-matter
knowledge, pedagogical knowledge, years of expegeiepehaviors and practices,
knowledge of learning, and/or certification stat(iBate, 2001, p.1023), quality teachers
must add culturally responsive teaching to theirdf essential traits. Empowering
marginalized youth by recognizing and embracinfed#int values, beliefs, and ways of
knowing, and structuring lessons to bridge comnyuguitd school stakeholders may help
the typical, White urban educator understand tlegls®f urban students.

Community culture. Successful understanding of community culture $atsklf
to “useful information or resources with which t@hance a school’s instructional
program, resources that would not have been attessithe school absent these
relationships” (Spillane, 2001, p.921). For examphban youth see themselves succeed
in the political arena because of President Obamgicit connections to his culture

throughout his terms in office (Emdin & Lee, 201Phe President’s choice to ‘fist-
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bump’ his wife and ‘brush off his shoulder’ at pgtdvents shows his roots in hip-hop
culture, and helps urban youth feel comfortabld@xpg the field of politics (Emdin &
Lee, 2012). Restructuring science curriculum tgraivith cultural norms of the
community and/or incorporating community partngoshinto lesson plans may lead
more urban youth to show interest in the sciences.

PD that addresses how CRP can be worked into scmmciculum requires
examples of successful incorporation for pre- amsgdrvice educators. The realization
that multiple stakeholders — community leaderspetleaders, teachers, students, and
parents — share a role in tying science curriculiicommunity culture may be daunting,
especially for an outsider to the community. Howefd that encourages teachers to
make connections with students’ home-life by prongchetworks to community
stakeholders may alter the “disconnect betweenaddwmence practices and home and
community practices of non-dominant student growgrsf aligns with CRP (NGSS
ReleaseAppendix D — “All Standards, All Students2013, p.8).

Johnson & Fargo’s (2009) longitudinal study of wéhethool PD in science
education shows “an increase in [student] scoressache 2 years [for the experimental
schools] ...compared to a loss [in scores] for th&rab schools” when teachers are
involved in the design of their own PD (Johnson&do, 2009, p.19). Teachers create a
community of collaboration within the school, mdi@me visits, learn Spanish, and
construct lesson plans to make the science thep t@aaningful to the students they
serve (Johnson & Fargo, 2009). Culturally respans@gsons are aligned with urban
minority students’ needs. The investigation suppsustained PD experiences rather than

“short-term opportunities in order for real changéake place that impacts student
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achievement” (p.25). By “attempt[ing] to challeryed change the educational provision,
its contents and pedagogy” (Pratt-Adams, Magui@ugn, 2010, p.93) through the
incorporation of cultural connections, teachersibhég address the barriers present
within the U.S educational system and studentsfiiene

Building cooperation and trust within a school amdlistrict can lend itself to
advancements in social capital as it builds schamiale. For instance, the increased
presence of science curriculum at Adams Schooblisegt response to administration’s
choice to encourage a collaborative and trustiaff snvironment (Spillane, 2001).
Cooperation among staff members formed networksaxthers that encouraged
information sharing and leadership positions tedz®gnized and appointed. Eventually,
school-University partnerships formed, extendirgsbhool network and bringing even
more resources to the school. To overcome the dbstaf an unsupportive
administration and school environment, PD musttaifoster collaborative teacher
environments that embrace culturally responsivehieg practices.

Figure 1.6 summarizes of the forms of capital @rajing science teacher PD and

also identifies the effects of deficient forms aifdscapital on schools (Spillane, 2001).
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Description

Effect(s) on
Schools
when Not
Present
and/or
Lacking

Physical Capital

Human Capital

Social Capital

e Money
e Resources (i.e. lab equipment,
textbooks, technology)

e Budget cuts

e Loss of teachers

¢ Closure of school

¢ State testing becomes a focus of
curriculum

e Teachers do not receive adequate
PD

e Increase in student:teacher
e Decrease in teacher quality

e Knowledge of a culture
e Knowledge of how to teach to reach
all students

¢ Cultural disconnect between
teacher(s) and students

¢ Cultural disconnect between school
culture and student culture

e Increase in teacher attrition

e Increase in student:teacher

e Decrease in teacher quality

e Low test scores

e Budget cuts

¢ Closure of school

e Home/school partnerships

e Community connections

¢ Relationships with the
community

e Decrease in physical capital
¢ Disconnect between school
staff and student body

Figure 1.6. Description of the forms of capital andhe effects on schools when the form of capital it present and/or
lacking in a school.

vS
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Measuring Change in Culturally Responsive Teachingractices

Teacher self-efficacy “is defined as a teacherlgeban his or her ability to
influence how well students learn, even those wieacansidered to be difficult or
unmotivated” (Cone, 2009, p.367). Academic traclkdngtinues to place minority
students who have not received a quality educatiéow-level courses, which are often
instructed by teachers that have low self-effic@egne, 2009). Believing that they
cannot reach students with diverse backgroundsy mdncators have low expectations
for students of color, and choose to use dire¢ctungson (Cone, 2009). In direct contrast
with what has been shown to work with urban yodttect instruction and low
expectations exacerbate the problems stereotypicaban classrooms, namely
disruptive learning environments. Kids are plaggd inferior learning environments
rather than into dynamic learning opportunitieseB8ce teacher PD programs must
address teacher self-efficacy to break the yeadieahat many urban youth experience
when entering classrooms that are led by teachleosde not believe in their students’
abilities.

Cone’s (2009) study of pre-service elementary sgdaachers’ self-efficacy
before and after participation in a science metlomigse that incorporated community-
based science learning (CBSL) experiences withi@kgiscussions of diversity
indicates that CBSL and diversity discussion aldo@ot show significant change in
teacher self-efficacy. However, when employed togeCBSL and diversity discussions
show positive gains in elementary teacher’s sditaty for instructing science (Cone,

2009). CBSL and diversity discussions mirror then€aptual Change Model (CCM)
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framework put forward by Larkin (2012) and may oféérategies for science teacher PD
programs’ incorporation of culturally responsivagdices.

CCM encourages measurement of students’ learnitepomes through
constructivist teaching, and is suggested as aoddtr measurement for teachers’
learning outcomes for CRP (Larkin, 2012). It is xymected that a teacher will change
his/her beliefs about teaching after a methodsssur multicultural education during
their pre-service education, much the same wayithatinlikely that a student will fully
grasp the processes of cellular respiration, plyotbgsis, or how to use an iPad with
students at first attempt. Rather, continued PDtthematically integrates culturally
responsive teaching in science education with séiepractices will help science
educators move multicultural education into theicutum (Banks, 1995). Larkin (2012)
identifies two examples of science teachers in Wwimnceptual change took place after
working with culturally diverse students. “To bdegtfive...teaching for conceptual
change...requires careful attention to the existilegs of the learner...instruction based
on these ideas, and adequate time for studentBtexqonsideration of competing ideas”

(p.28). Figure 1.7 shares these elements.

Element Explanation

Reflection Reflection of practice; prior concepsanf
school, society, students, and self are
identified

Explicit Discussion Alternate ideas are presented f
consideration; Discussion of one’s ideas
about school, society, students and self

Figure 1.7. The two elements of the Conceptual Chge Model (CCM) (Larkin,
2012, pp.27-28).

Aligned with Ladson-Billings (1994) tenets of culilly responsive practices,
Larkin’s (2012) CCM is based on the reflective piaas of teachers’ ideas about cultural

diversity in the classroom, and it may show to beffective way to measure science
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teachers’ effectiveness widlll students. PD programs that incorporate CCM mayinf
other teacher PD whether or not reflective praaiomg with explicit discussions change
teacher understanding of CRP.

If the prior conceptions that prospective teaclhetd about students,

schools, learning, society, and, perhaps most itapgrthemselves

continue to enjoy high status within their conceperrologies, it seems

likely that these concepts will be quite resistanthange. (p.26)
The CCM offers a step beyond cognitive dissonainseiggests that alternative ideas
concerning student diversity should be presentguideservice teachers, and, by
extension, in-service teachers, so there is anrtyomty for existing conceptions to be
replaced. Existing ideas of the learner are cetdr@CM — instruction is based on it and
time is given to students to consider competingsd@.28). Perhaps, science teacher PD
can use the CCM to encourage culturally responsiaetices in the classroom. By
integrating reflection of teachers’ prior ideas cemming school, society, students, and
self, through both social and cultural barriers] affering alternative ideas during group
discussion, CRP can be utilized by in-service ettusa

Abd-El-Khalick & Akerson (2004) applied CCM to tihenvestigation of
elementary pre-service teachers’ notions of thaifdéadf Science (NOS). Teachers
shared existing beliefs about NOS, reflected oir thediefs through various readings and
activities, and reflective papers (Abd-El-KhalickA&erson, 2004). Results showed pre-
service elementary teachers to have significamghan understanding of NOS. The
“strategy...satisfied conditions for learning as agptaal change [and] was notably

effective in helping participants develop informeews of the target NOS aspects”
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(p.797). Teachers are situated in environments evtiery are direct participants of
constructivism — figuring out what works best faudents as they develop and refine
curriculum through years of experience, reflectimg revision. CCM can measure
science teachers’ change in knowledge of CRP adtlecting upon CRP and having
explicit discussions of diversity with peers in pidgrams (Cone, 2009). “The
conceptual change model has important implicationthe goals of teacher education
for diversity” (Larkin, 2012, p.26). Incorporatiai the CCM framework into science
teacher PD experiences may have a positive effetheintegration of CRP at urban
schools.
Science Education: A Civil Right

Tate (2001) identifies science education as a ggfit and distinguishes a
historical shift from macro-level arguments, whadtallenge school segregation, to
micro-level arguments, which aim to “create anllatdual space for all students within
every school across demanding content domainsO{F )1 He not only identifies the
need to create equal spaces, but also to credligyqdacation for all. Programmed into
the minds of White educators is that ideas conti@atyaditional practices are inferior,
and that researched-based methods constituteygediication (Delpit, 1988). White
teachers, White parents, and White students oiehan environmentally poor home life
as the agent responsible for urban students’ unbdenzement on standardized tests
(Greene, 2000) — “a tendency, laid down over titnéhlame’ individual children, their
parents, their schools and their teachers for tailpfe’ in educational attainment”
(Pratt-Adams, Maguire & Burn, 2010, p.94). The tfaidure lies in a misunderstanding

of the wealth of resources found within and amorign schools by urban students and
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their families. Misunderstood is that the cultuegperience urban students embrace at
home may be different from those embraced by theacFamilies of urban students
“operate within perfectly wonderful and viable euks but not cultures that carry the
codes of rules of power” (Delpit, 1988, p.283).dnts who do not bring White, middle-
class experiences with them should not be discatashagainst through misguided
instructional practices (Atwater, 1995). Throwingmey at programs that aim to re-
create a White childhood fails to acknowledge tast wealth of knowledge,
perspectives, and insights that urban communitéd toncerning what is best for their
children.

Explicit in NSES (NRC, 1996) is science understagdorall students (Collins,
1997). Science teachers are to “recognize and melsjpostudent diversity when planning,
guiding, and facilitating student learning” (p.30#he “culture of power” found in
school science prevents minority populations frartipipating (Calabrese Barton &
Yang, 2000; Delpit, 1988). Student understandingoénce “implies facility in inquiry
and a breadth and depth of knowledge about fast&epts, laws, and theories that
describe, explain, and predict natural phenome@atliqs, 1997, p.304). However,
White groups and White viewpoints have structurediknowledge and ways of knowing
that are deemed acceptable by U.S. schools (Aikeh€996).

Consequently, there is a long history of the celtirpower dominating

school science through such things as how... scigetsedefined, how

science is taught and practiced, and how scieniteated in relation to

the rest of the world. (p.875)
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Reflection of knowledge — what is known, how knoage is known, and the value of the
knowledge — should be practiced alongside ingdione aims to create a climate that
encourages participation layl (Collins, 1997, p.304).

A case study by Calabrese Barton & Yang (2000)tifles a young man of
Puerto Rican descent, Miguel, whose goal is to hedglaughter navigate the culture of
power that dominates schools in the United St&ather than recognize the failure of
U.S. policies to provide him with a culturally resysive curriculum that embraced his
talents in science, Miguel identifies his own ctdtas the problem for his failure at
school: “it wasnecessaryo learn from the dominant culture in order tocaed both in
school and in science” (Calabrese Barton & Yan@02(.881). Delpit (1988) identifies
the culture of power as a realization that Whitejdie-class persons have control over
policies, beliefs, ways of acting and dressing. Wsieidents do not recognize the need to
embrace the culture of power early their educatigportunities for advancement are
limited (Calabrese Barton & Yang, 2000). Migueligerience, in which his own science
knowledge was not realized or valued by teachegests: “the culture of power...plays
a large role in who formally succeeds in Americaliuze and who stays in the margins”
(p.884). Losing his job and living with his wife@daughter in a homeless shelter,
Miguel’s story suggests that, “success is defitedugh how close one can come to
emulating the established dominant culture” (p.888hat then, can be done so that
Miguel’s story does not occur to countless otherderprivileged, ethnic minorities”
(p.884) attending schools in the U.S.? Calabres®oB& Yang (2000) offer a

suggestion:
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If all students are to be allowed to become fulhmbers of the culture of

power in science and science education — and &did&ed to help shape

that culture — then we must seriously considerombg how we teach

science, but also the science that we teach anelasonship to students.

(p.876).

The answer of how to address the culture of powgirts with science teacher education
programs providing teacher candidates with preparaknowledge, and experience in
teaching urban-youth and continues with in-serteaeher PD that addresses the needs
and navigation of an urban student culture. Folians of educators across the Nation,
in-service PD that models effective practices grapare teachers for student diversity
may begin to address the achievement gap presédany’s urban schools.

A child’s upbringing should not bar him/her fromitge accepted into the school
community (Delpit, 1988). White policies, White stiards, and White assessments have
ostracized non-White children (Delpit, 1988). Sciereducators must learn how to
engage students from unfamiliar backgrounds anideithe wealth of resources found
within the local community, thereby ensuring a gyaducation for all. School
curriculum that offers a one-dimensional view df thorld is a disservice to both urban
and non-urban students (Delpit, 1988). Teacherg masgnize the power they hold, and
look for explicit ways to “provide for students wko not already possess...the
additional codes of power” reality of that powemndaan appreciation for students’ own
cultural values (p.293).

While multicultural education was developed in @sge to minority groups’

feelings of marginalization, social justice aimstmfront disparities present among
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marginalized groups (Banks, 2004). Banks (2004tifles the need for standardized
tests to assess more than just core subject naditterglish and mathematics. Students
“should have the knowledge, skills, and commitnreegded to change the world to make
it more just and democratic” (p.291). In-serviceence teachers need to have CRP in
their box of tools to effectively reachl students and not just the academically elite
(Aikenhead, 2005).

Summary of literature review. Research has identified characteristics of science
teacher PD that benefits all students (Tate, 2001g.review explored the history of
science education standards on classroom practosfructivist and culturally
responsive practices in the urban classroom, aedaeteacher professional

development. How the results of this study willdmalyzed is now explained.
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Chapter 2: Theoretical Framework

Wilson & Berne (1999) examine the evolution of teaxcPD. Preparation for the
teaching profession includes the use of field eepee(s), method and foundation
courses in education, and subject matter coursgseaaific disciplines; however, even
these aspects of pre-service teacher educatioesvid@pehrig & Luft, 2006; Wilson &
Berne, 1999). Furthermore, changing curriculum iamalementing state testing have not
shown to change teaching practices (Wilson & Bet®89). In-service educators
participate in a myriad of PD, including: partiaydand/or full-day workshops delivered
by school districts, learning opportunities, andfgssional organizations — a “patchwork
of opportunities” (p.174). Such forms of teacher &P ineffective for teacher and for
student learning (Wilson & Berne, 1999). The eletn@i effective PD are identified
after analysis of various programs and includeachkeer learning...not bound and
delivered but. activated” (p.194), “engag[ing] [teachers] as leasnn the area that their
students will learn in but at a level that is msuéable to their own learning” (p.194),
and “privileging...teachers’ interaction with one #mer” (p.195).

Additional findings include the need for “substahtommitment to examining
teacher talk in interview and group conversatiams t@achers’ classroom behaviors” in
order to document teacher knowledge resulting fRidn(p.195). While teachers do not
expect to have their own “knowledge held suspeth®ir previous practices
guestioned... professional development designedlmptbachers acquire new
professional knowledge, especially subject matt@vkedge...involve[s] just that”

(p-200). Wilson & Berne (1999) offer four obsereas of teacher PD, including:
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(1) researchers tell thoughtful and personal storigbeaif struggles to
create...communities of learners and of the impogadocusing
teachers’ attention students and their ideas, bjesumatter worth
learning;

(2) [a] need for subject-specific investigations ofcteer
learning...science teachers engage...in experiments@edtific
inquiries;

(3) the “what” of teacher learning being identifiednceptualized, and
assessed. Models of knowledge are built to medsachers’ acquired
knowledge;

(4) link[ing] studies of teacher learning to teachirghavior and to
student achievement;

(5) systematic theorizing about the mechanisms by wigiabhers learn.
(pp.202-204)

Research in the field of teacher PD has not shovautcessfully intertwine “teacher
learning, professional development, teacher knogdednd student learning” into one
cohesive study (p.204). The need for researchsthdies the integration on all aspects of
teacher PD is clear.

Specifically investigating science teacher profasal development, Supovitz &
Turner (2000) found “the most powerful individuafluences on both teaching practices
and investigative culture were teachers’ conteepgaration and attitudes towards
reform” (p.974). Six research-supported ideas conieg science teacher PD include:

(1) immersing teachers in inquiry, questioning, argderimentation,
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(2) lengthening the time teachers spend in PD,

(3) engaging teachers in experiences that are dealim teachers’

experience with students,

(4) deepening teacher content knowledge

(5) connecting PD to state standards for studerfioqmeance, and

(6) connecting PD to school change. (p.964-965)

Science teacher PD that included sustained andsive activities had the most
significant impact on “teaching practices and alass culture” along with content
preparation, which showed to be the greatest darior towards change (pp.975-976).
Noteworthy, teachers from poorer schools showedeihst change at reform efforts in
the science classroom (pp.976).

Culturally Responsive Teaching Practices

Ladson-Billings’ (1994) tenets of culturally resigore practices were identified
in the literature review, and include learner-cesdeapproaches that empower students to
investigate issues related to their community (B&astalabrese Barton, 2006).
Culturally responsive practices that are suggeasigdde: helping marginalized youth
become “intellectual leaders in the classroom” @adBillings, 1994, pp.117-118),
creating a classroom that encourages a communigaaiers, and relating content to
real-life experiences — particularly those evemtstial to section(s) of the student body
who are isolated from dominant, White school catand policy. Furthermore, formative
assessments that include a myriad of methods eutsittaditional paper and pencil tests
that engage students in discussion(s) and actiarigh expose the status quo and elicit

change in the local community through outreachqutsj give power to traditionally
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marginalized urban youth who attend schools byittruand framed around White
culture (pp.117-118). Teachers must be aware af then personal biases as well as
their own power to draw out of a student body teechfor change and/or improvements
in the school’'s local community and/or locatingaexes provided by the school’s local
community (pp.117-118). By encouraging all studeotse “intellectual leaders in the
classroom,” students’ real-life experiences becamart of the “official curriculum”
(pp-117-118). PD needs to focus not only on scieocéent but also on methods that
marry science content to serve underserved — witath.

Culturally responsive practices are not often irdégg with pre-service teacher
education coursework, but teachers — particulaiiyan teachers — must be aware of ways
to reach urban students (Roehrig & Luft, 2006; BAl& Berne, 1999). Activities that
teachers can incorporate into their lesson plangefisas explanations of how the
activities are culturally responsive are found igufe 1.4 in the literature review.
Teachers must be exposed to how culturally resgernsiactices can be incorporated into
the science content they are learning during PDfdeDsed exclusively on science
content continues to ignore underserved urban ywhthhave traditionally been
alienated by White school policies and White scloudture (Delpit, 1988). PD alignment
to culturally responsive practices may lead to fpasteacher and student learning
outcomes for all students. If the goal of PD iki&we gains in teacher learning and for
those gains to be transfer into student learnilgpfgrams must acknowledge the needs
of all students, not just those comfortable with tfaditional practices (Wilson & Berne,
1999). And yet, science teachers also need a @éptintent knowledge.

Content Knowledge (CK)
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While subject-matter knowledge — content knowledge gauged by tests prior to
achieving teacher certification, it is not the oimlglicator of quality teaching. Policy
makers proposed seven categories for teacher ¢ioaluacluding:

(1) organization in preparing and presenting instrungiglans,

(2) evaluation,

(3) recognition of individual differences,

(4) cultural awareness,

(5) understanding youth,

(6) management, and

(7) educational policies and procedures. (Schulmang,1198)

Interestingly, content knowledge was, initiallyftleut how policy makers aimed to
assess teacher quality, in spite of its importangessing content-based teacher
certification tests. In fact, content mastery tesesonly required at initial onset of
teacher certification, even though science knowgdtigelf continually changes. Instead,
the focus on teacher evaluation surrounds teachsesof class time, instructional
methods, and classroom management. Minimal attergigiven to teachers’ content
knowledge and/or how teachers apply content knoyded curriculum. Content
knowledge is often supported in pre-service teaeldacation through courses taken in
specific disciplines and is reinforced in scienc&timds course work (Sleeter, 2001).
“Today, pre-service teachers must take the Préveisdm, which assesses their content
knowledge, but after certification, there is noastassessment of a teacher’s content
knowledge, even as research expands the fieldsahiseach decade” (B. Bales,

personal communication, January 31, 2014). Furtbegnthe role of Pedagogical
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Content Knowledge (PCK) in teaching and in learriiag been left out of the evaluative
process, but needs to be explored (Schulman, 1@86Driel, Verloop, & de Vos, 1999).
Pedagogical Content Knowledge (PCK)

While the importance of merging a teacher’s knogkedf content with a
teachers’ knowledge of how to teach that conteant secondary importance in teacher
evaluations, it is one of the more important aspetteacher quality (Schulman, 1986).
Schulman (1986) identifies the need to evaluatehiexa based on “the content of the
lessons taught, the questions asked, and the ettjaas offered” (p.8). PCK concerns
the teacher’s ability to transform the contentitbia student understanding (van Driel,
Verloop, & de Vos, 1999; Schulman, 1986). As muitbrdion should be paid to “the
content aspects of teaching as...to the elementsaohing process” (Schulman, 1986,
p.8). Schulman (1986) further describes three tghésowledge teachers are expected
to obtain, including: content knowledge, pedagdgtcatent knowledge (PCK), and
curricular knowledge. Of the three types, conteravidedge is routinely emphasized in
teacher pre-service education, but PCK and cuarduiowledge have, historically, been
left out (See Figure 2.1) (Schulman, 1986). PD #dalresses PCK and curricular
knowledge is essential to achieve high qualityhees and high quality classroom

lessons for all students (Schulman, 1986).
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Type of Teacher Knowledge Description

Content Knowledge ¢ amount of knowledge
(understanding of what and why
something is known)

e organization of knowledge

Pedagogical Content Knowledge ¢ knowledge of subject matter for
teaching

e “the ways of representing and
formulating the subject that make i
comprehensible to others” (p.9)

e knowledge of conceptions,
preconceptions, and misconceptiops
about the subject area

e strategies to address various aspegts
of subject area conceptions,
preconceptions, and misconceptiohs

Curricular Knowledge e knowledge of programs and
instructional materials that can be
used for particular subject area (i.g.
“alternative texts, software,
programs, visual materials, single-
concept films, laboratory
demonstrations,” etc.) (p.10)

Figure 2.1. Schulman's types of teacher knoweldge.

Conceptual Change Model (CCM)

Larkin’s (2012) Conceptual Change Model has shtmwlme effective in
measuring teachers’ knowledge of the Nature ofrf8eidNOS) (Abd-El-Khalick &
Akerson, 2004). Through readings, reflection —udahg explicit discussion of culturally
responsive practices with peers — and writing,gaedce elementary teachers showed
significant gains in NOS understanding (Abd-El-Kblal& Akerson, 2004). CCM
involves using the “thinking of individuals as theit of analysis.” (Larkin, 2012, p.13).
“Analyz[ing] the text of a written narrative hasthdvantage of using [a] built-in
structure created by the author that clearly pdmtsgnificant events and issues” (p.24).

In other words, a teacher’s written account offt@ésconceptions about urban students
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provides a “conceptual ecology,” or personal biadest can be analyzed (p.28). When
teachers fail to recognize their own biases towatngculum and towards the students
they teach, change in a teacher’s “conceptual ggblmay never change to support the
student body being served (p.26).

Adding further support to CCM as a tool to incomgerculturally responsive
practices in the classroom, Ladson-Billings (198éntifies a teacher’s need to
recognize his/her own biases as one of the temetdtarally responsive practices.
However, cognitive dissonance, or one’s dissatigfaavith his/her conceptions of
students, school, society, etc. is not enoughuseahange of his/her conception(s)
unless an “alternate conception is available” (Lark012, p.26). Science teacher PD
that presents alternative ideas and/or conceptmadeachers’ “conceptual ecology”
offers the potential for change in teacher undadstey of students and/or culture that is
different from their own (p.26). Recognition of dméconceptual ecology” through
personal narrative and embracement of alternasesidi®ng with explicit dialogue with
peers offers the possibility for teachers to “uiggeconceptual change more readily”
(p.28). Larkin (2012) cautions teacher educatoesresg) basing instruction on “a ‘right
answers’ approach” to culturally relevant practige28). “To be effective...
[CCM]...requires careful attention to the existingad of the learner...instruction based
on these ideas, and adequate time for...explicitideration of competing ideas” (p.28).
Whether or not PD programs incorporate CCM intarthegram design may provide
insight into whether or not practices employededfective for urban students.

Content Knowledge & Pedagogical Content Knowledgealong with Culturally

Responsive Teaching and CCM
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Interestingly, Schulman (1986), Wilson & Berne (28%nd Supovitz & Turner
(2000) do not include the importance of commundgireections — one of the tenets of
culturally responsive practices — in their theonegseacher professional development. In
fact, Ladson-Billings’ (1994) identification of durally responsive pedagogy is missing
from much of the research on science teacher P2théhor not Ladson-Billings’ tenets
of CRP are integrated into science teacher PDbaikxplored in this study. Wilson &
Berne’s (1999) and Supovitz & Turner’s (2000) thesion teacher professional
development, and Schulman’s (1986) recommendat@ri3CK development will also
be explored in this study.

The CCM utilizes explicit and reflective practiGsa method of measurement
for teacher learning outcomes, it also exposeh@duases found within the field of
science (Aikenhead, 1996) as teachers reflect modsbk personal beliefs when
developing their “conceptual ecology” (Larkin, 205228). CRP encourages the use of
explicit and reflective practices for teachersxaraine their own biases on student
populations who may differ from their own. CRP gtsomotes gains in student
populations who have been traditionally undersetetaving teachers become aware
of and utilizing cultural connections previouslyrealized. PCK bridges teacher CK with
an understanding of how to facilitate learningltesaudents, not solely through
traditional practices of direct instruction and nogrpation of facts; rather, students
explore content and make connections on their dwmough a journey that the teacher
constructs for the student. Finally, CK — the mateassessed on certification tests like

Praxis Il exams — is essential for instruction, ¢an also contain scientific biases that
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must be reigned-in by the teacher. Thus, the thieatdramework for this study
examines four elements of effective teacher practiceflection, CRP, PCK, and CK.

Measuring teacher-learning outcome(s) has beerifieéelnas a consistent
problem in educational research concerning teadébef‘Conceptual change is
considered to take place if the status of an ith@@ges, such as in the case of the status
of a new conception becoming greater than a prevome” (Larkin, 2012, p.10).
Whether or not explicit, reflective practice(s) &wand within PD, and whether or not
CRP, PCK, and CK are observed and effect teachariteg outcome(s) will be
examined in this study.
Summary of Theoretical Framework

Science teacher PD, PCK, culturally responsivetmes, and the CCM have
been explored in this section (Wilson & Berne, 1,99Gpovitz & Turner, 2000;
Schulman, 1986; Ladson-Billings, 1994). SUN, SEBA] CLA PD programs will be
analyzed for their alignment to the theories. Feg212 illustrates connections between
the theories and illustrates the confluence othieeries explored in this study. The
methodology used to examine how science teachemsuprofessional development
programs affect teacher learning outcome(s) andsahgequent translation into their

classroom practice(s) is shared in chapter 3.
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CCM: Method of
Measurement for
Student and Teacher

Learning (Larkin,
2012
Bias Inherent to Explicit and
Science Reflective
Practice
Enhance Teacher Culturally Relevant
Effectiveness for All Practices:
CK: Content Students; Teacher Community
Preparation Most and Student Connections
Important (Supoyitz Learning Gains (Lﬂﬂiﬂl:;l‘a‘!ll][ﬂﬁ,
& Turner, 2000)
Knowledge Change;
Knowledoe Gains

PCK: How To Teach
Content (Schulman,
1986)

Figure 2.2. Connections and confluence of theoriexplored in this study.
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Chapter 3: Methodology

This mixed-methods study examined three scienahé&grofessional development
programs — Students Understanding Energy (SUNgn8ei Education Partnership
Award (SEPA), and Climate Literacy Ambassadors (CEAo0 determine:

e How the design and delivery of three science teast@mer
professional development programs shaped teactesrsing
outcomes, and any subsequent translation intorolasspractice(s);

e Any alignment with Ladson-Billings (1994) tenetsauoilturally
responsive practices (CRP); and

e How teachers’ learning outcomes were measured toyrsr
professional development programs.

Quantitative data was collected and analyzed fieschers’ post-survey results
regarding program evaluation and teacher self-afficfrom a document analysis of each
program description, design, objectives, and freather responses to a culturally
responsive practice survey. Qualitative data waainéd from teacher responses to focus
group questions solicited from participants in epdgram. The independent variable for
this study was the level of CRP implemented ingfegram and the dependent variables
were (1) how the PD was delivered (e.g. on-sitéinel (2) the nature of the activities
pursued (e.g. program objectives), (3) the duratiotme PD (e.g. one week, one
weekend), (4) the nature of the content (e.g. GBKR (5) teacher reflection on self-

efficacy concerning both (a) implementation of CfeR). survey and focus group) and
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(b) implementation of the content learned (e.gchea evidence of program integration),
and (6) continued support (Lawless & Pellegrind)20

Teacher-learning outcome(s) concerning sciencesocband pedagogical content
knowledge were also explored. The amount of teactetent knowledge, PCK, and
CRP self-efficacy gains were analyzed through teashrveys that were administered by
each program as well as by teacher responsesus gyoup questions and a Google
Form survey concerning culturally responsive pasti Focus group questions and
details about the surveys are shared later irctiapter.

The amount of CRP present in any document or mpéeerk was measured using a
scale of: low (1-2 elements present), medium (Bthents present), and high (5-6
elements present). It was possible to use this fidfrmeasurement because each element
of CRP is equal to the other elements. Detailatienliterature review, elements of CRP
and teacher self-efficacy in implementing them are:

e Evidence of students helped to be intellectualdesd the classroom,

e Evidence of learning community in the classroom,

e Evidence of students’ real-life experiences legited,

e Evidence of literacy — literature and oratory,

e Evidence of engagement in collective struggle agiahre status quo,
and

e Evidence of teachers cognizant of themselves asgabbeings
(Ladson-Billings, 1994; Richards, Brown, & Ford@€08, pp.7-11).

A more detailed description of how documents werayzed is shared later in this

chapter.
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The unit of analysis for this study is both at finegram level with document analysis
for each program (SUN, SEPA, and CLA) and at tlaeher level with (1) teacher post-
survey data provided by each program along withg@gher focus group responses and
(3) teacher survey responses.

Selection of a Research Design

The quasi-explanatory sequential design method teecksults of each
program’s post-survey results as well as documesityais of program description,
design, and objectives to inform and build teadbeus group questions. Only teacher
post-survey data was collected because this shalséd on teacher learning outcomes,
rather than teacher learning growth. A mixed-meshapproach was chosen for this
study because both quantitative and qualitativecgsuof evidence were available to
address the research question. In order to examowesffective each program was with
respect to teacher learning outcome(s) and angl&ton into classroom practice,
qualitative evidence in the form of teacher focuzugs and evidence submitted (either
electronically or hard copy) that documented progteanslation into the classroom was
collected and analyzed. Furthermore, since thd tEveulturally responsive practice was
an important construct for this study, it was meaduhrough program document
analysis, teacher post-survey data from each pmygrad through a validated CRP
survey. Each program was analyzed individually, tueth compared to the others to
identify effective elements of science teachergssional development. Quantitative
measurement alone would not answer the researctiguéecause it would not show
evidence of teacher program integration in thesctamm, nor would it provide evidence

in the form of teacher responses to CRP questiofecus group sessions. Figure 3.1



77

illustrates the coherence between the two appreacted in this study: qualitative and

guantitative.



Figure 3.1. Coherence between qualitative
and quantitative approaches.

8L
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Selection of Methodological Tools

Various forms of measurement were used in thidysto triangulate the effects of
science teacher PD with teacher learning outcomB(®ument analysis, program post-
survey results, teacher focus groups, and teadRer stirvey results were all used in this
study.

Existing program data. Existing program data for SUN, SEPA, and CLA were
analyzed. SUN was completed in 2011 and did natived funding to repeat the
program for a high school study (Batiza, 2013)refere, current data was not available
for analysis; rather, teacher-learning data fromvidedge assessments conducted by
SUN was used in this report based on one publishety. SEPA has analyzed teacher
survey data each year since 2010 in the form ofst-survey results. 2012-2013
SEPA data was analyzed in this study because 2013-@ata will not be available until
after this research has been completed. Finally Cdllected teacher data from 2010-
2014, and was also presented and analyzed inttlug.s

Teacher learning outcome data and analysis with ifrential statistics.
Significant teacher learning outcomes are a gophdicipation in PD programs.
However, teacher-learning outcomes that enhanckestidearning outcomes is missing
in many PD programs and needs to be explored. &mgthat offer both teacher- and
student-learning outcomes to their participantst@nether PD designers to replicate their
methods so that all students can experience arsehievement. Less time will be
wasted on half-day or all day, district-run PD waitkps when the essential elements of
effective PD are learned. As such, inferentialistias will be used to examine teacher-

learning outcomes obtained from teacher post-suresyits.
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The null hypothesis for this study is that theraassignificant difference between
the three types of professional development exgdlaramely SUN, SEPA, and CLA, in
terms of teacher learning outcomes. The alterngtethesis for this research study is
that there is a significant difference betweenthnee types of professional development
explored, namely SUN, SEPA, and CLA, in terms attesr learning outcomes. All three
programs are based in science and aim to proviesgarclarity to the subject matter.
SUN provides modeling activities to students — Isamal manipulative equipment; SEPA
provides a research experience working with lianganisms, guest speakers, and a
research conference; CLA provides an iPad loanéebichers to use that includes apps
for students to explore, online continued learnany] professional support. All three
programs provide time for teachers to make conoestbetween the program and their
science curriculum.

The alpha level for this study is set at 0.05. @50alpha level is common in
educational research — smaller alpha levels arttnedy used in medical research where
the chance of Type | error needs to be extremeblidmecause of the direct possible
effect(s) on human health. | was able to obtaimpsisticipants from SUN, six participants
from SEPA, and four participants from CLA. Therervproblems obtaining teachers for
this study — three teachers from SUN, two from SE&# three from CLA cancelled
participation in the study after things in theirgmnal lives complicated their ability to
reschedule their missed focus group date/time. Measf central tendency (mean,
median, and mode) for teacher-learning outcomes B0 been reported.

After the data was collected from a Google Formv8uiconcerning CRP,

inferential statistics were used to examine coti@ia between program design and
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teacher self-efficacy at integrating CRP. Measofeentral tendency were computed to

summarize data for the CRP data set. Measurespédion were computed to

understand the variability of scores for the CRRdat. Any significant correlations

were analyzed for alignment to the constructs @ree teacher PD, CK, PCK, and

CCM. Tables 3.1-3.3 detail how these data was azgédn

Table 3.1. Measures of Central Tendency: Teacher B&fficacy Ratings Regarding

CRP
Program Sample Size Mean Standard Deviation}
N M SD
SUN
SEPA
CLA

Table 3.2. Correlations in the Data Set for SUN, SFA, and CLA

Program Correlation between program design andh&aelf-efficacy at
integrating CRP
SUN
SEPA
CLA

Table 3.3. Programs' Alignment to PD, CK, PCK, & CRP Constructs

Program Alignment to] Alignmentto | Alignmentto | Alignmentto | Alignment
PD CK PCK CRP to CCM

SUN

SEPA

LEAF

It is hypothesized that if a PD program is aligh@the constructs above, then the

program will show significant teacher-learning autes because the constructs identify

effective teacher PD design and a structure fatesttlearning.

Care was taken to not generalize the results sfstidy to alternate student

populations. In educational research, there isgeleange of student achievement

abilities across schools in the United States. ddrmeplexity of different schools and
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different student populations lends itself to giseshg the value of effect sizes in studies
that compare the results of students from suclouarackgrounds.

Document analysisAs mentioned above, a document analysis of eaairgmos
curricula and delivery structure was completed gisie constructs of (1) science teacher
PCK, and CK (Wilson & Berne, 1999; Supovitz & Turn2000; Schulman, 1986), (2)
culturally responsive practice(s) (Ladson-Billing994), and (3) CCM (Larkin 2012).
The document analysis assesses each program’sideslgstructure in relationship to the
theoretical model — Professional Development thaqualads Teachers’ Content and
Pedagogical Content Knowledge along with Cultur&®bsponsive Teaching and use of
the Conceptual Change Model. Second, data wastadlend analyzed from each
program during delivery of the professional devetept. These data included post-tests
and/or post-surveys conducted by each program.

The program description, design, and objectivesSftdN, SEPA, and CLA were
analyzed to gain insight into the structure of gacdgram. Documentation of each
program’s design and objectives were compared tisdia-Billings’ (1994) tenets of
culturally responsive practices and Larkin’s (20C2)M to observe whether or not the
programs addressed the needs of urban studentsreatider or not the programs
included explicit and reflective practices — allidfich have been shown to effectively
achieve conceptual change in the minds of educantgshave moved teachers beyond
traditional practices in the classroom (Larkin, 2D1

A document analysis was also done to examine agyraént to existing
knowledge about effective science teacher PD, @Q,RCK (Wilson & Berne, 1999;

Supovitz & Turner, 2000; Schulman, 1986). Sciemeeher PD, as discussed previously,



83

has been shown to be effective when the PD createsnmunity of learners with
participating teachers, and addresses subjectinkaibeviedge (Wilson & Berne, 1999;
Supovitz & Turner, 2000). Programs that obtairagjpects of effective science teacher
PD, CK, PCK, and culturally relevant practices wetplicit and reflective methods of
measurement in learning outcomes have the poteatiehd to positive gains for both
students and teachers. Analyzing SUN, SEPA, and foLAlignment to the constructs
would enable future PD planners to incorporate lsinstructure and design into their
programs.

To collect documents for analysis, emails were septogram directors of SUN,
SEPA, and CLA requesting each program’s (1) objesti(2) schedule, (3) teacher
learning data, and (5) program description. Thetdielow was used to document each
program’s data. Another chart documents each pnogralignment to science teacher
PD, CK, PCK, CRP, and CCM (Supovitz & Turner, 2088hulman, 1986; Ladson-
Billings, 1994; Larkin, 2012). Tables 3.4-3.8 ilitege how | marked and charted my

analysis of the collected documents.



Table 3.4. Document Anal

sis of Three Science TeaahPD Programs
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Program

Objectives
(Nature of
the Content)

Schedule
(How the
PD is
Delivered
and
Pursued,
Duration)

Method(s) of
Measuring
Teacher
Learning

Program Description

SUN

Duration:

Delivery of
PD:

SEPA

Duration:

Delivery of
PD:

CLA

Duration:

Delivery of
PD:

Table 3.5. Document Analysis' Alignment to Sciencéeacher PD (Supovitz &
Turner, 2000)

Progra | Evidence | Lengt | Evidence of | Evidence | Connectio | Connectio
m of h of Experience(s] of nto State | nto School
Immersio | Time |) Groundin | Deepening] Standards | Change
nin in PD | Teacher’s Teacher
Inquiry Experiences | Content
with Knowledg
Students e
SUN
SEPA
CLA
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Table 3.6. Document Analysis' Alignmentn to Pedagacpl Content Knowledge

(Schulman, 1986)
Progra | Knowledg Representing and Knowledge of | Strategies to
m e of Formulating Conceptions, Address
Subject | Subject...Comprehensibl] Preconceptions] Misconception
Matter for e to Others , S
Teaching Misconceptions
SUN
SEPA
CLA

Table 3.7. Document Analysis' Alignment to Culturaly Reponsive Practices

(Ladson-Billings, 1994)
Progra| Evidence | Evidence | Evidence | Evidenc | Evidence of] Evidence
m of of of e of Engageme of
Students | Learning | Students’ | Literacy nt in Teachers
helped to | Communit | real-life - Collective | cognizant
be y inthe | experience| literatur struggle of
Intellectu | Classroom S e and against | Themselve
al Leaders legitimize | oratory | status quo s as
in the d Political
Classroo Beings
m
SUN
SEPA
CLA
Table 3.8. Document Analysis' Alignment to CCM (Lakin, 2012)
Program Reflective Practices — Explicit Practices —
Relating to culturally relating to culturally
responsive practices responsive practices
SUN
SEPA
CLA

Focus group data and analysisA richer understanding of science teacher
professional development, content knowledge, pegiagbcontent knowledge, culturally
responsive practices, and the conceptual changelmas achieved by triangulating the

program centered data with teacher reflectionsmaedsures of self-efficacy through
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focus groups. Teachers who completed SUN, SEP&L#, and who volunteered for

this study were asked to participate in one, 45ut@iiocus group. The focus groups took
place via a conference call per participant requdstichers expressed concern over
using SKYPE as an alternative. There was an ireti@lectation to have one focus group
per program; however, teacher-scheduling confpoevented that. The focus groups
were broken into smaller, sub-groups. One to tteaehers attended each focus group. In
total, SUN had three focus groups, SEPA had tloeesf groups, and CLA had four
focus groups. The date/time for each focus group praposed through a Meeting
Wizard, and then confirmed by email. SUN focus gsotook place on March 12, 2014
at 4PM, March 19, 2014 at 6PM, and March 20, 2Q4Pa1. SEPA focus groups took
place on March 25, 2014 at 4PM, March 26, 20143l 4and March 27, 2014 at 4PM.
Originally, a third program out of the Universitf/\Wisconsin — Steven’s Point was

going to be used; however, because no interestéiépeesponded to an email invite,
other programs were pursued. Six programs wereacted, and CLA expressed
immediate interest — offering to contact their 6§past teachers in an effort to help find
participants for this study. CLA focus groups tquoé&ce on April 21, 2014 at 5PM and
6PM, April 29, 2014 at 5PM, and May 6, 2014 at B&M.

In early March, prior to any focus group, a lisfoe€us group questions were
piloted with five teachers from the science departhat a large, urban high school to
determine whether or not the questions were raliaht valid — i.e. questions asked what
they intended to ask and questions were consigtiémtheir interpretation. A few
teachers suggested re-wording the ending of thstipgms to make it clear to teachers that

their responses were to be focused on whethertdhagrogram affected their practice.
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Several changes were made, then shared againheitedchers piloting the questions.
The teachers agreed with the changes. Documentsaalas also used to help modify
focus group questions that were adapted from Ba'sl(2006) teacher self-efficacy
scale for things that cause difficulty for teach&andura’s (2006) survey was chosen as
a question set because it has been used in paatehsand is an established instrument.
Things that create difficulties for teachers aligrthe many reasons why teachers leave
the profession, among them are connections to nbki®wledge, pedagogical content
knowledge, and reaching a diverse student populatiall of which are constructs
analyzed in this study. The focus group questi@asiun this study are found in
Appendix B.

Professional development that addresses the dtfésueachers in urban settings
face has the potential to also help teacher retenparticularly in districts that face high
levels of teacher attrition (Lankford, Loeb, & Wyxtk 2002). According to Lankford,
Loeb, & Wyckoff (2002) “low income, low-achievingnd non-white students
particularly those in urban areas, find themseinesasses with many of the least skilled
teachers” (p.38). “Salary... class size, prepardime, facilities, [and]...characteristics
of the student body” were among the main attrastion obtaining and retaining teachers
(p-39). And, because teacher self-efficacy is finaiely tied to the curriculum for
students of such diverse groups as learning didasid English Language Learners”
(Sleeter, 2005, p.14), the form of measurementugasd to ascertain any influence on
teacher practice from each PD program. FigurelBi&rates the connection between

things that create difficulties for teachers (Bam2006) and the constructs examined in



88

this study, namely content knowledge (CK), pedaggigiontent knowledge (PCK), and

culturally responsive practices (CRP).

knowledge of
the subject area N
and how to teach
" Y addresses a b
diverse student )
|= J population

| I." ol B

o / Things that
Create
Difficulties for
Teachers

Figure 3.2. Constructs of the present study and thigs that create difficulties for
teachers.

Teacher responses in each focus group were tapelestand transcribed.
Transcribed reports were sent out to participantgview for any concerns. Transcribed
reports were analyzed for common response(s). Eedobus group responses were read
and re-read to confirm and/or modify patterns mdhata set. Codes were assigned to the
data set. Identifying the frequency each themedukip identification of patterns in the
data set.

Teacher surveysAfter each focus group, teachers received an easkihg them
to complete two, anonymous Google Form Surveyse-comcerning demographic and

socioeconomic status information and another sigadlif concerning culturally
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responsive practices in relation to the prograenattd (SUN, SEPA, CLA). The
demographic survey is found at the following link:

https://docs.google.com/forms/d/1Zu7p-

V184viDLMaQ9ZrOxEt4JCYCGMIbUBNG68dx6dLs/viewform?ussend formThe

CRP survey is found at the following link:

https://docs.google.com/forms/d/1QYRtnHStbbsN-

fKLatC7cHolgG4hVesozglgUYdHwCk/viewform?usp=sendnfo

The result of the demographic survey allows dataetpresented in relation to

participating teachers’ level of education as waslthe student body served.



Table 3.9. Teacher/Student Demographic & SES Inforation for Each Program Within the Present Study

Program] Teacher| Teacher | Teacher| Highest Total, Ethnicity | Race of | % Student
Gender | Ethnicity | Race Education | Annual of Studentq Population

Completed Household Students| Served | on
by Income of | Served Free/Reducegl
Teacher | Teacher Lunch

SUN

SEPA

CLA

06



The use of various methodological tools in thiglgtprovided a means to

triangulate results. Figure 3.3 illustrates theezehce among the selected tools.

91



Figure 3.3. Coherence among the selected tools.

[43)
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Test Validity

Test validity refers to how well the test measwrbst it is supposed to measure.
Various forms of test validity are cited in litewe¢ and fall under two main categories:
construct validity and criterion-related validi§elow is a discussion of the two main
types of validity, along with classification of sghtegories within each type and how
they apply to this study.

Construct validity. When the operation reflects its construct, comstvalidity is
achieved. In this study, culturally responsive pcas are defined in Figure 1.4, and a
validated instrument is used to measure teachelfséfficacy beliefs on culturally
responsive practices as a result of program pgatiicin (Coston, 2010). Thus, the
operation reflects the construct. A form of “truthlabeling,” construct validity makes
sure that the measurements that are used appedprasess the concepts that are
involved in the research project (RMKBlea of construct validity2006).

Triangulation also helps to capture the full breaaftthe concept. Triangulation
is achieved in this study through the exploratibdacument analysis, teacher focus
groups, program post-survey analysis, teacherdgegene of program integration with
their students, and teacher CRP survey responsssitR of the analysis are found in
Figures 4.2 — 4.8. Face validity is achieved is 8tudy because the CRP teacher survey
is an established instrument that supports thetaaiof CRP “on face value” (RMKB,
Measurement validity typeR006). Use in prior research adds to the cratilf the
assessment, as well as its apparent face validigy criteria that define the construct of
CRP are outlined in Figure 1.4 (Ladson-Billings94p

Criterion-related validity. Next to proper definition and measurement of the
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construct lies proper choice in the operation.etioh-related validity checks the
performance of the operation against some crite(i@MKB, Measurement validity
types 2006). In other words, does the operation bellaaevay it should given the
researcher’s theory of the construct? The followanly-categories support criterion-
related validity and are discussed in relatiorhie study: predictive validity, concurrent
validity, convergent validity, and discriminant icaty.

Predictive validity. By assessing how the operation predicts what itilsho
theoretically be able to predict, a study achigweslictive validity (RMKB,
Measurement validity typeR006). For example, an increase in the levelPiR@rogram
integration is expected to be correlate to an exedan teacher self-efficacy for CRP, and
itis (p = 0.01X 0.05 =q, r = 0.665). The assessment correctly predicted dongethat,
in theory, it was able to predict, and this studigiaves predictive validity.

Concurrent validity. An “operationalization’s ability to distinguish tveeen
groups that it should theoretically be able toidgtish between” defines a second type
of criterion-related validity — concurrent validifRMKB, Measurement validity types
2006). Because concurrent validity shows the gtilita test to discriminate between
similar groups, concurrent validity adds more potwea statistical test (RMKB,
Measurement validity type2006). Concurrent validity is achieved in thisttend is
shown with the Kruskal-Wallis H Test. With p = 094 a. = 0.05 for Item 11. The three
PD programs are shown to have significant diffeeenctheir results for ltem 11 on the
CRP survey.

Convergent validity. Using a correlation coefficient to examine how itamone

operationalization is to another operationalizatioat it should, in theory, be similar to,
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is one way that convergent validity can be meas(R&KB, Measurement validity
types,2006). Correlations that identify convergent vidjicire observed in this study, and
are observed in Figure 4.54, with r = 0.665 and(Q043 <o = 0.05. Because both the
CRP program documents and the CRP survey weretosgzerationalize teacher self-
efficacy, convergent validity is achieved.

This study’s inclusion of construct validity andterion-related validity makes it
credible to designers of science teacher profeabi®velopment. The constructs are
well defined, as are the methods used measureottsracts. The validity of
measurements ensures quality in research design.

Test Reliability

A study cannot have validity without reliability eRability refers to the
consistency, or repeatability, of measurement (RMRBliability, 2006). To increase the
reliability of measures — random or systematicletpesting is done of instruments to
receive feedback from respondents, trained intesstis or observers so that they do not
introducing error. Data is also double-checked, statistical procedures are used to
adjust for measurement error. Using multiple measof the same construct that
triangulate the data also helps to ensure reltglfffMKB, Measurement error2006).
The following are types of reliability that can feeind in this research study, and that
give credibility to the research findings.

Inter-rater reliability. The degree to which different observers give <iast
estimates of the same phenomena, inter-rater ilélyadims to decrease the human error
that exists in data (RMKB, Types of reliability, @). While there are not multiple

readers in this data set, the data was examinedeagxbmined for consistency in coding



96

for the focus group analysis. The data was codkalmg transcription and then re-
coded one-week later to allow time to pass betveeeimg.

Internal consistency reliability. In this study, teachers participated in a focus
group that measured aspects of culturally respermiactices through a lens of things
that create difficulties for teachers, and completesurvey that measured CRP. The
internal consistency of the focus group and the G&Wey, add to repeatability in
methods and reliability of results.

Relationship Between Validity and Reliability

Reliability is the consistency of measurements, \&aldlity is the accuracy of
measurements. Reliability can be achieved withalitlity because a researcher can
repeat an experiment and get similar results -e\alinvalid (i.e. measuring what the
researcher intended or not). However, only whenekalts of a study show both
consistency and accuracy of measuring the constfucterest, will advancements in
knowledge and practice be realized.

Selection of Participants

Three programs were analyzed in this study: SUNRAENd CLA. Programs
were chosen out of the researcher’s own interestwn science teacher PD structure,
design, and objectives varied among SUN and SERA.third program was difficult to
find — both in terms of program directors agredimgllow the evaluation and obtaining
participants. CLA program directors gladly acceptezlopportunity and had interested
parties volunteer to participate.

SUN was a two-week workshop with two, bi-annualoagl meetings, a

classroom visit, common half-day meeting, and adBons with project staff. Teachers
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attended the workshop at the Milwaukee School @figering and were provided with
hands-on materials during the workshop, and clatste take with them for students to
use. Group work and teacher reflections concercamgepts that were learned during the
program, along with a performance assessment atgds on content were utilized at
the workshop. Teachers were provided a stipendugte credits, materials to take back
to the classroom, and online interactive tools.rRément for participation in SUN
occurred via an email to interested high schoalldgly teachers. Teachers were asked to
apply to the workshop and were informed later éiytlhhad been accepted into the
program.

SEPA is a one-week, summer workshop offered attiieersity of Wisconsin —
Milwaukee and the School of Freshwater Sciencear-¥@g support, personal meetings
with teachers and students, materials, and an &stugent research conference are
staples to the structure of this program. Whilthemworkshop, teachers participate in
hands-on learning of science and pedagogy relatedwironmental education. Lectures
on science content as well as group work and rtedle@re also utilized throughout the
workshop. Teachers who participated in the progneare provided with a stipend,
graduate credits, and materials to bring backeactassroom. To recruit teachers for this
program, emails as well as fliers were sent to Big/tool science teachers that instruct
life science courses. Teachers applied to the prognd were notified whether or not
they were selected to participate.

Teachers who participated in the CLA program atteinal one-day or two-day
workshop during the summer at a University. Thegpam has been held at both the

University of Wisconsin — Milwaukee and the Univgr®f North Carolina — Chapel
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Hill. An on-line course was also offered to pagats in an effort to develop “web-
based professional development course” that metlitmate program’s low-carbon
objective (Ackerman & Mooney, 2014, p.3). Whiletie program, teachers experienced
hands-on use of iPad Apps related to program abgscas well as lecture on climate
change. Teachers were also loaned an iPad forahoelsyear, received college credit
and a stipend, and were provided with online ctas®rresources. To recruit teachers for
CLA, emails and fliers were sent to middle and hsghool science teachers. Participants
were notified whether or not they were selectepadicipate in the study.

In an effort to obtain teacher participants fostsiudy, an email was sent to
program directors asking them to disseminate fiiaist teacher participants via email in
February 2013. Teachers were asked to email thierast, and in return for their
participation, were provided a $10 Starbucks gifdc Due to the difficulty in obtaining
teachers for this study, all teachers who expreadedel of interest were invited to
participate in this study. One of the teachers f@iEPA and one of the teachers from
SUN no longer taught high school science. One et¢achers from CLA instructs
middle school science, not high school science.teraeacher from CLA instructs math
at a community college, but was asked by CLA progdirectors to participate in the
program due to the teacher’s genuine interestiense and choice to integrate science
content into mathematics lesson plans.

Email was used to confirm participation in the peog; one teacher inquired
about the study via a phone call. Teachers wereaseealectronic copy of an adult
consent form, and were asked to sign and returfotine After confirmation of

participation in this study was sent via emailrtterested teachers, optional dates and



99

times for the focus groups were presented via aikig®&Vizard. Multiple dates were
chosen and confirmed via email due to the inabibtghoose one date/time per program
per focus group. Teacher schedules varied, artteicdse of CLA, teachers tried to
scheduled their focus group across various timezamd were unable to identify a
common time to meet. Focus groups were held ussanéerence call due to three
teacher’s requesting the form of media over SKYRE&achers called into a number and
the focus group was tape-recorded. An email wasstedrachers following each focus
group that thanked participants and that outlitedrémaining teacher requests: (1)
complete an online demographic survey, (2) comg@atenline culturally responsive
practice survey, (3) send evidence of program natemn in the classroom, and (4) send a
mailing address for the Starbucks’ gift card. Rgrants were then mailed a thank you
note and gift card.
Protection of Human Subjects

The Institutional Review Board at UWM approved thiigdy with Exempt Status
under Categories 1 and 2 (see Appendix A) on Jgrigr2014. This study is approved
for three years until January 6, 2017. There werehanges to the research study since
IRB approval.
Researcher’s Role in the Research Process

The three programs studied in this report were éxadnbecause of the
researcher’s own curiosity concerning variationsarbed in teacher professional
development. After nine years of teaching at tlgi Isichool level, and a myriad of PD
experiences undertaken, the researcher questibaexffectiveness of PD on teacher

learning and any subsequent translation of thanieg in the classroom. SEPA and SUN



100

are two programs that the researcher has beernicipeant, and personal gains in teacher
and student learning were observed as a resuliritypation in both programs. Before
the study was completed, personal bias expectatiyeoacher responses for SUN and
SEPA. While the researcher did not participate ilCa colleague was a participant in
the program. Use of the iPad and data from onkseurces proved to be a new, positive
element in teaching; as a result, positive commaintsit the program were expected for
CLA.
As a result of this study, the researcher was tbilgentify various ways

programs integrate CK and PCK, as well as variaticddRP. Subtleties in program
evaluation and design, the ways in which prograraasure their data, and the time and
passion that go into PD design was unrealized befnalyzing the three programs.
Appreciation for SEPA, SUN, and CLA program desigrend support staff was
magnified as a result of this analysis.
Significance of the Study

Teacher professional development (PD) is a sigaiti@spect of school science
reform in the United States (Garet, Porter, Deseen al., 2001). Constructors of
effective teacher PD programs must read the lieeab find successful and unsuccessful
methods of program structure and analysis so ¢aahiers can experience programs that
will lead to significant gains in their own leargiras well as possible learning gains for
students (Garet, Porter, Desimone, et al., 20@d¢nSe teacher education programs and
science teacher PD is slow to change. For exaropleyrally responsive practices have
been shown to be successful with urban youth, teutaaely used in such classrooms

(Johnson & Fargo, 2009). The National Research €ib(MRC) recognizes the
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importance of culturally responsive methods, anls éar equity in the quality of
education offered tall students (NRC, 2012). However, even with reseancwing
gains and the government acknowledging such pes;tgrience teacher PD tends to
focus on the science (Johnson & Fargo, 2009). Eurtare, while much is learned
through qualitative studies (Calabrese Barton & ¢,&000), quantitative research
provides correlations that often go unexploreddanaational research.

There are many PD opportunities available to s@estucators. Ranging from an
hour-long workshop to months of research at a Usityelaboratory, and the structure of
PD varies as well. Program objective(s) may coeslggogical content knowledge and
culturally responsive practices, or may only cosantent knowledge. Delivery of
program objectives can range from instructors ofrRi2leling effective practices to
instructors lecturing about effective practice.d€ffve PD can lead to substantial changes
in teacher knowledge and in student learning (Bagizal., 2013), but the qualities of
effective PD remain disputed. “Relatively littlessgmatic research has been conducted
on the effects of professional development on im@naents in teaching or on student
outcomes” (Garet et al., 2001, p.917). Many PD oppaties claim to cause change in
teacher and student learning, but their statensptbased on faulty research designs that
do not have accurate or consistent methods of measmt (Garet, Porter, Desimone, et
al., 2001). “Although some researchers are beggtarexamine the effects of
professional development on teaching and learri@vg studies have explicitly compared
the effects of different characteristics of profesal development” (Garet et al., 2001,
p.918).

Student learning is directly tied to teacher effemtess (Cone, 2009). To ensure
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quality science education fatl, science teacher PD has to implement structure(s),
objective(s), and design(s) identified in scientfly valid and reliable research reports to
be effective. For NGSS to be realized, change tnéake place in the analysis, and
interpretation, of PD data (NRC, 2012).
Methodology Timeline

The following charts (Figures 3.4-3.7) illustralbe ttimeline for this study.
Recruitment of participants began in February 2@l@hg with piloting and modification
of focus group questions. In March 2014, teacheu$ayroups began and responses were
transcribed in May 2014. Following data collect{document analysis, teacher post-test
results, and teacher focus group responses), dalgseé examined relationships between
a program’s level of culturally responsive praciC&P) and teacher learning outcomes.
It was hypothesized that increased levels of CR&tience teacher professional
development leads to increased teacher learnirapoigs —in terms of teacher content

knowledge and pedagogical content knowledge comzpall learners.
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Time Frame

Objective(s)

Data Collected

February 2014

Fliers were sent to SUN,
SEPA, & CLA participants

List of participants

February 2014

Requests were sent to
program directors of SUN,
SEPA, & CLA for
description(s) of (1)
program objectives, (2)
program structure & (3)
program design

Documents for analysis

February 2014

Requests were sent to
program directors of SUN,
SEPA, & CLA for any data
collected during the
program (i.e. pre/post
tests/surveys) for students
and teachers

Program data for evidence
of student/teacher learning

Early March 2014

Modifications were made
focus group questions bas
on document analysis

to
od

Early March 2014

Piloted Questions for Foc
Group

uBilot focus group questions
to make sure questions arg
yielding the appropriate
data —i.e. responses
surround CK, PCK, CRP,
and CCM in relation to eac
program’s influence on

teacher practice

Figure 3.4. Phase 1: Recruitment of participants.
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Time Frame

Objective

Data Collected

Early March 2014

Program Document(s) we
analyzed

rAnalysis for program

alignment to (1) PD (2) CK
(3) PCK, (4) CRP & (5)
CCM (See Figures 3.1 — 3,
for organization of data)

March 2014 — May 2014

Requests were sent out {
teacher participants (those
who responded to the fliers
for evidence of program
integration with their
students (i.e. lesson plan,
unit test, project, etc.)

cEvidence of teacher

)

integration of the program

March 2014 — May 2014

Focus groups were
conducted for each progra

recorded

Focus groups were tape

May 2014

Focus groups were
transcribed

Transcribed reports

Figure 3.5. Phase 2: Data collection timeline.

Time Frame Objective Data Collected

May 2014 Evidence of teacher Measures of central
learning outcome(s) were | tendency, Kruskal-Wallis H
analyzed (self-efficacy Test, correlations
scale)

May 2014 Focus group transcripts | Focus group responses we

were coded

analyzed for patterns; re-
read and analyzed again fqg
confirmation of patterns

Figure 3.6. Phase 3: Data analysis timeline.

=
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May 2014 — June 2014

Triangulated data

Lookeddonections
between document analysi
student pre-/post- results,
teacher focus group
responses, and teacher
survey responses as to
connections with (1) PD,
(2) CK, (3) PCK, (4) CRP
& (5) CCM

2]

March 2014 — May 2014

Thank you note was sen
program participants

®10 Starbucks gift card ang
thank you note sent to

program participants

Figure 3.7. Phase 4: Triangulation of data.
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Chapter 4: Results
The purpose of this study was to examine threensei teacher professional
development programs to assess whether or notetegfeulturally responsive practices
(CRP) are evident within each program’s structdesign, and delivery. Further analysis
of the degree to which CRP is integrated withinghegram was analyzed for its effect
on teacher learning outcomes as a result of paatiicin in the program. This study used
program document analysis, program teacher poseguesponses, focus group
analysis, and CRP survey analysis to find ansveetiset following three research
guestions:
1. How does the design and delivery of science teagimamer
professional development programs, namely SEPA/Mét U
Milwaukee, SUN at M.S.O.E., and CLA at UW-Madisshape what
teachers learn and any subsequent translatiomlggsroom
practice(s)?
2. How do science teacher summer professional devedopprograms
(SEPA, SUN, and CLA) align with Ladson-Billings @4) tenets of
culturally responsive practices?
3. How are teachers’ learning outcomes measured byngum
professional development programs (SEPA, SUN, dn&)€
The conclusions reached from these three reseaestigns should inform practitioners
of science teacher professional development progragarding design, delivery, and
objectives so as to help teachers successfullgrate, for all students, what is learned at

the PD opportunity. The gender, race, ethnicitgj@aaonomic status of teachers who
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participated in this study was of interest, andedsk a short, demographic, online
survey. Participation in the survey was voluntamyteachers who participated in this
study, and the results are presented below.

Who Engages in Teacher Professional Development?

Teachers who participated in this study were astk@dmplete a Google Form
Survey that identifies demographic information both the teachers and the student
populations that they serve. While teachers wecewaged to participate in the survey,
they were also informed that the survey was volyntand allowed to skip questions that
they did not feel comfortable answering. Five @ #ix participants from SUN, four of
the six from SEPA, and all four from CLA completé& demographic survey. A
repeated attempt was made to request the remdemefers (one from SUN and two
from SEPA) to complete the survey; however, theeeewo responses to the requests.
Furthermore, it is important to note that one & @LA participants does not instruct
high school science; rather, he instructs math@satia community college, but chooses
to participate in science professional developraenitto integrate science applications
with his mathematics program.

The majority of respondents are female (nine out3)f Two out of the 13
respondents identified themselves as having HispamiLatino ethnicity with the
remaining 11 respondents identifying as non-Hispaninon-Latino. One teacher
identified him/herself as Black or African Americand one as Ashkenazi Jew, the
remaining teachers identified themselves as Whitdeacher respondents indicated
completion of graduate school, while two indicatediergraduate school as the highest

level of schooling they had completed. In respdonsghat student populations the
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teachers served, a majority of teacher respondatitsated not-Hispanic or not-Latino,
White students (69%), followed by Black or AfricAmerican (15%) and Other (15%).
Finally, four teacher respondents indicated 21-3@%eir students are on free or
reduced lunch, three indicated five teacher respotsdndicated 81-100% of their
students are on free or reduced lunch, and onlyté¢acher respondents indicated that
less than 1% of their students are on free or rdllinch. Table 4.1 summarizes the

demographic information of the respondents.



Table 4.1. Teacher/Student Demographic & SES Inforation for Each Program Within the Present Study

Program| Teacher | Teacher | Teacher | Highest Total, Ethnicity | Race of | % Student
Gender [ Ethnicity | Race Education | Annual of Students | Population
(F:M)* Completed Household | Students| Served on
by Income of | Served Free/Reducedl
Teacher | Teacher*** Lunch
(U:G)**
SUN 3F:4M|100% 100% 1U:3G 1: $150+; | 100% 1Mix:3 |1:<1%
Not- White 2: $100- Not- White 2: 21-30%;
Hispanic, 149; Hispanic, 1: 41-50%
Not- 1: $50-59 | Not-
Latino Latino
SEPA | 2F:2 M| 100% 100% ou:4G 1: $100- | 75% 2 Black or] 1: 21-30%;
Not- White 149; Not- African 1: 31-40%;
Hispanic, 1: $50-59; | Hispanic,] American:| 2: 81-90%
Not- 1: $40-49; | Not- 2 White
Latino 1: $30-39 | Latino;
25%
Hispanic
or Latino
CLA 3F:1M|50% 50% ou: 4G 2: $100- | 25% 1 Latino: | 1: <1%;
Hispanic,] White, 149; Not- 3 White ] 3:91-100%
Latino: | 25% 1: $90-99; | Hispanic
50% Black or 1:40-49 or Not-
Not- African Latino;
Hispanic,] American, 75%
Not- 25% Hispanic
Latino Ashkenazi or Latino
Jew

*F = Female; M = Male; **U = Undergraduate; G = @uate; ***Household income listed in thousands

601
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The majority of SUN teachers who participatedhis study were White, Not-
Hispanic, Not-Latino, completed Graduate Schoal, served a student population that
matched their ethnicity and race. SEPA Teacherspentcipated in this study were also
White, Not-Hispanic, Not-Latino, and completed Gratk School, with the majority of
teachers (75%) serving a student population thidbtsHispanic, Not-Latino, and half
serving students who are Black or African Ameriead half serving students who are
White. Finally, 50% of CLA teachers who participsia this study identified themselves
as Hispanic or Latino, and 50% as Not-Hispanic atirio, 50% identified as White, 25%
as Black or African American, and 25% as Ashkedam. All CLA teacher participants
for this study completed graduate school, and tapnty (75%) serve a student
population that is Hispanic or Latino with 91-10@¥#ihe students on free or reduced
lunch — the highest of all three programs.

It is interesting to note that the majority ofdbars who participated in this study
from SUN teach White, Not-Latino students, while teachers from SEPA and CLA
who participated in this study teach a more ethiyi@nd racially diverse student
population. Perhaps, if the teacher volunteers &N had instructed a more diverse
student population, responses during the focuspgamal culturally responsive practice
survey would have been different. The small samiaes for each program offer insight
into each program, but also limit any generalizatmthe larger population of teacher
participants for SUN, SEPA, and CLA.

A second point of interest from the demographivsyresults is the variation in
amount of students receiving free or reduced llambng the three programs. CLA

teachers reported the highest level — three ofdwfCLA teachers who participated in
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this study indicated 91-100% of their students irexthe assistance. Whereas, SUN
teachers reported the lowest level — three oubf SUN teachers indicated 30% or less
of their students receive the assistance. Agderger sample size might have indicated a
higher percent for SUN or a lower percent for CO&acher and student demographic
information helps in understanding the data becausdegorizes homogenous groups
and the possibility of skewed results. Teachen@pents also completed an online
survey that explored how each program prepared thehe instruction of culturally
responsive practices. Results of the CRP surveg@seexplored.
Culturally Responsive Practice Self-efficacy Scaléeasures of Central Tendency
Teachers who participated in this study completedifaefficacy scale regarding
how confident they felt the program prepared thenmtegrate culturally responsive
practices with their students. Five of the six beas from SUN, four of the six teachers
from SEPA, and all four teachers from CLA parti¢gzhin the survey. A repeated
attempt via email was made requesting the remateaghers (one from SUN and two
from SEPA) to complete the survey; however, theeeewo responses to the request.
The survey used is a validated instrument (Cos20h0), and the survey questions are
found in Appendix C. SPSS was used to produce amsugnof the data collected from

the CRP survey; the results are outlined in Talite 4



Table 4.2. Measures of Central Tendency: Teacher Bé&fficacy Ratings Regarding CRP

Descriptive Statistics

N Range [ Minimum | Maximum Mean Std. Variance Skewness Kurtosis
Deviation
Statistic | Statistic [ Statistic | Statistic | Statistic Std. Statistic Statistic | Statistic Std. Statistic Std.
Error Error Error
SUMofResponses 13| 199.00( 145.00 344.00 272.7692 | 19.21243 69.27139 | 4798.526 -.929 .616 -475 1.191
Valid N (listwise) 13

AN



Notably, 92% of respondents expressgh bonfidence (“quite a bit” to “a great
deal”) that the program (SUN, SEPA, CLA) prepafeeht to meet the needs of their
students, to assess student learning using vaypes of assessment, and to use
students’ prior knowledge to help make sense of inéevmation. It is important to note
because these results show that each program hefteahon teachers’ ability to help the
student population they serve. However, recalldés@ographic variation among the
teacher sample — the majority of student divemsityong participating teachers was found
in SEPA and CLA programs. Gathering a larger sarfguléhis study would aid in
understanding how homogenous each program truly aveshow effective each
program was concerning preparing teachers for CRP.

Additionally, 100% of teacher respondents expre$sgial confidence (“quite a
bit” to “a great deal”) that the program (SUN, SERA_A) prepared them to use a
variety of teaching methods. This is significantdngése, again, each program has shown
to have an effect on teacher learning outcome®eifsgally with how to meet the needs
of students, construct alternate forms of assessmsa prior knowledge to aid in student
understanding, and vary teaching methods. To se¢th@hor not there was a significant
level of difference among the programs with thestjoas asked in the CRP teacher self-
efficacy survey, the Kruskal-Wallis H Test was igld. Results of the test are found
below.

Teacher Self-efficacy and Culturally Responsive Piaices

The Kruskal-Wallis H Test was used to test the hyfiothesis for this study, that

the level of confidence teachers felt programs (SBEPA, CLA) prepared them to

instruct culturally responsive practices are thaes#r each program. The alternate

AN



hypothesis is that there is a difference betweerititee programs regarding the level of
confidence teachers felt they were prepared tzetdulturally responsive practices.
Kruskal-Wallis tests the significance of group difnces between two or more groups;
however, it only determines if there is a differetetween the groups, it does not tell
which program is different. The Kruskal-Wallis t@gs chosen because the
measurement does not meet the normality assumgitian ANOVA and because there
were an unequal number of subjects reporting fraohg@rogramr(=5 for SUN,n =4

for SEPA,n = 4 for CLA). SPSS was used to produce the resulise Kruskal-Wallis H
Test and is represented in Table 4.3. Survey datacellected from teacher participants
over the course of a month, from April 15, 2014tlgh May 15, 2014. As stated earlier,
a validated instrument, the CRP Survey (CostonQp04as used and responses were

kept anonymous.

AN



Table 4.3. Kruskal-Wallis H Test

Descriptive Statistics

a. Kruskal Wallis Test

b. Grouping Variable: Program

N Mean Std. Deviation | Minimum | Maximum
SUMofResponses 13 272.7692 69.27139 145.00 344.00
Program 13 2.0000 .81650 1.00 3.00
Ranks
Program N Mean Rank
SEPA 4 6.25
SUN 5 7.00
SUMofResponses
CLA 4 7.75
Total 13
Test Statistics®”
SUMofRespons
es
Chi-Square .297
df 2
Asymp. Sig. .862

STT



Table 4.4. Median Test Results

Frequencies

Program

SEPA

SUN

CLA

SUMofResponses

> Median

<= Median

Test Statistics?

SUMofRespons

es
N 13
Median 305.0000
Chi-Square 1.130°
df 2
Asymp. Sig. .568

a. Grouping Variable: Program
b. 6 cells (100.0%) have

expected frequencies less than

5. The minimum expected cell

frequency is 1.8.

911
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The assumption for the same shape for the treatdigtnbbutions was checked
and distributions were symmetrical. The samplesvaken randomly and independent
of each other, and because the data did not fiRM®VA assumptions, the Kruskal-
Wallis H Test was chosen to compare the three saar{plole, n.d.). As stated earlier, the
null hypothesis reads the level of confidence teeskelt instructing culturally
responsive practices as a result of participaticthe program is equal. The alternate
hypothesis is that none of programs are equakichier self-reports concerning CRP. The
significance level for this test is = 0.05; therefore, the null hypothesis is rejectéide
p-value< 0.05. Since the p-value = 0.862 > 0.0&,=we fail to reject the null hypothesis.
At the o = 0.05 level of significance, there is not enoegldence to conclude that there
is a difference in the teacher responses amontptae programs.

Check for errors. A type | error is the incorrect rejection of a trudl
hypothesis. The researchefects the null hypothesis, but the treatmentadlgtinas no
effect (Gravetter & Wallnau, 2009). This can ociihe sample is a misrepresentation of
the population. Perhaps, even though a random sangs selected, an extreme sample
was chosen rather than one that is representdtie @opulation. The treatment may
have shown a strong effect on the extreme samptaldes not have an effect on the true
population (Gravetter & Wallnau, 2009). Even thotlgh treatment does not have an
effect on the true population, because the sangikeféll into the critical region(s), the
researcher rejects the null hypothesis and maRepea | error. Type one errors are
serious because they “lead to false reports is¢rentific literature...[and]... other
researchers’ time and resources may be wasteXpilorng the results of a false report

(Gravetter & Wallnau, 2009, p.242).
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To decrease the chance of a Type | error, a Ofitadével was chosen. Alpha
levels determine the probability of a Type | efbecause define the boundaries for the
critical regions — regions where unlikely eventd meccur. “The alpha level for a
hypothesis test is the probability that the tedlti@ad to a Type | error” (Gravetter &
Wallnau, 2009, p.243). An alpha level of 0.05 mettuas there is a 5% risk of a Type |
error (5% chance that the null hypothesis was tegedut it that it should have failed to
be rejected). In comparison, an alpha value of@Q@Gvould substantially decrease the
chance of a Type | error, but would require suldsgaohange in the sample data for it to
reach the critical regions and show an effect efttkatment (Gravetter & Wallnau,
2009). Alpha levels of 0.05, 0.01, and 0.001 atero@ised as a balance between low
chances of Type | error as well as decreasing ‘&stee demands of the research results”
(Gravetter & Wallnau, 2009, p.245). A 0.05 alpheelds common in educational
research — smaller alpha levels are routinely useaedical research where the chance of
Type | error needs to be extremely small becauskeodlirect possible effect(s) on
human health.

A type Il error is the failure to reject a falsdlrhypothesis (Gravetter & Wallnau,
2009). “The treatment effect...exists, but the hypsth test fails to detect it” (Gravetter
& Wallnau, 2009, p.243). “The sample mean is ndhmcritical region even thought the
treatment has had an effect on the sample” (Gavé&tiVallnau, 2009, p.243). Type Il
errors occur when the effect of the treatment ials(Gravetter & Wallnau, 2009). Not
as critical as Type | errors, Type |l errors anerfd in reports that do not recognize the
treatment effect to be large enough to detect #fgreince between the control and

experimental groups (Gravetter & Wallnau, 2009)ll Nypotheses and alternate
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hypotheses indicate whether the level of evideaeifficient enough to conclude
change(s) in treatment effects. Type | errors iremdly identify a change from treatment,
and type Il errors fail to identify an effect tivaas present. Type | errors lead to a false
report that will directly affect other researchargl/or human health. Type Il errors
indicate that there is not enough evidence to calectreatment effect. While a change in
alpha level affects the likelihood of a Type | erithe likelihood of type Il errors is
defined by beta (3) — a probability that is asgedavith the power of the test (Gravetter
& Wallnau, 2009). Modifications can be made to apeziment that will decrease the
likelihood of a Type Il error and increase the powkthe test (Gravetter & Wallnau,
2009). ANOVA has more power than Kruskal-Walliswever, the assumptions for
ANOVA were not followed for this study. The sampiee for this study is also smai (

= 13), which decreases the power of the test.

SUN teacher patrticipants for this study represdmraogenous group, with most
being White, Not-Latino, and instructing White stuats, very few on free or reduced
lunch (<30%). Therefore, for SUN teachers, an ex¢reample may have been selected
which could lead to a Type | error. A Type | ermotthis study means that while there
may be a noticeable effect on teacher instructsoa gesult of program participation in
the sample, there might not be a noticeable effe¢eacher instruction in relation to the
entire population of SUN teacher participants. Heeve SUN data on all teacher
participants shows that this is not the case (Bateruhl, Zhang, et al., 2013). Significant
gains in teacher content knowledge and self-effieaere shown in the SUN study of the
entire teacher population. In comparison, SEPA@bA teacher participants also had a

small sample, but were more heterogeneous in étyjyniace, socioeconomic status and
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student population served. The number of sampefeizCLA was also smaller than the
sample size for SUN and SEPA, which may have efldhe significance of CLA’s
effect on teacher CRP self-efficacy, and led to/peTll error. Further analysis of each
program’s structure, design, and objectives givethér insight into the effect each
program had on teacher CRP self-efficacy and isoeeg below.

The Program’s Structure, Design, and Objective(s)

Each program (SUN, SEPA, CLA) submitted documemas dutline structure,
design, and objectives. The documents were analgzexhch, and also looked at for any
integration of culturally responsive practices aried by Ladson-Billings (1994). The
structure of each program is summarized in Tall8 4nd culturally responsive

practices found within each program are outlined@able 4.49.



Table 4.4. Document Analyses of Three Science Texaeb Programs

Program

Objectives (Nature of the Content)

Schedule (How #nPD
is Delivered and
Pursued, Duration)

Method(s) of Measuring
Teacher Learning

Significance

SUN

“To help teachers become aware @
why and how energy transfer occu
during cellular respiration and
photosynthesis” (Batiza, n.d., p.1)
“To build teacher self-

efficacy...regarding their knowledgginteractions with project

of these concepts, their ability to
teach them, and their confidence i
the ability of their students to learn
them” (p.1)

“To provide teachers with classroo
sets of tools...and initial curricular

lessons they could either use outriggacher reflection (also

or adapt for use in the classroom”
(p.1)

fDuration Two-week
svorkshop; two, bi-annuaj
regional meetings; a
classroom visit; common
half-day meeting;

staff (Batiza, n.d.)

Delivery of PD:Hands-
on use of the materials
rprovided for classroom
use; group work and

shared reflection) of
concepts learned;
performance assessmery;
guest speakers, lectures
on content

Teachers
“generate[d] a daily
record of concepts
learned during the
workshop” (Batiza,
nd., p.1)

Bi-annual regional
meetings for
reflection

All teachers were
given a performanc
assessment
regarding CR and
PS using the
materials provided
for classroom use
Group challenges
used to re-visit
concepts learned
Students evaluated

the materials used ih

the classroom

The program was

“a new conceptual
approach and new
curricular materials

energy transfer
processes of cellular
respiration and

hn.d., p.1)

SEPA

Develop skills of inquiry for “doing
and understanding environmental

Duration One-week in
summer at UW-
Milwaukee and Great

health science” (Petering & Berg,

Year-long formative
and summative
evaluation

“Connects teacher
educational
enhancement with

TCt

Program Description/

developing and testing

regarding the biological

photosynthesis” (Batiza




n.d., p.1)
Content Knowledge

Lakes Water Institutes;
Year-long support;

Science Education Pedagogy (PCKPersonal meetings with

Community Outreach — connection
made at Great Lakes WATER
Institute

teachers & students;
Annual student
conference

Delivery of PD:Hands-
on learning of science
and pedagogy related to
the environmental
education modules;
lectures on science
content; group work

Teacher reflection
and discussion of
the workshop

directly related student
activities involving in-
depth authentic
experimentation and
various modes of
scientific
communication”
(Petering & Berg, n.d.,

p.5)

CLA

“Advance climate literacy”
(Ackerman & Mooney, 2014, p.1) -
deepening content knowledge
“Facilitate climate education with
minimal carbon emissions...[using
web-based resources and Internet
interactions” (p.1)

“Infuse NASA satellite derived
climate data into G6-12 climate
education” (p.1)

Duration 1 and 2-day
workshops; on-line
course

Delivery of PD:“web-
based professional
development course” du
to low-carbon objective
(Ackerman & Mooney,
2014, p.3); hands-on use
of iPad Apps; lecture

174

Evaluation surveys
that “asked teacher
to rate their level of
agreement/disagresq
ment regarding eac
Essential Principle

of Climate Literacy”
(Ackerman &

Mooney, 2014, p.5)|

On-line quizzes
based on content
knowledge
End-of-Project
Survey — self-

-

efficacy scale rating

e “Use the teacher
workshops and
on-line climate
curriculum to
‘seed’ a network
of a self-
sustained
learning
community”
(Ackerman &
Mooney, 2014,
p.3)

e “Rather than
require educators
to design a

[44"



to determine

teachers’ confidenc

level in preparing
and conducting

lessons concerning

the Essential
Principles of
Climate Science

(p.7)

1%}

student researchl
project or
purchase
equipment to
conduct research
CIMSS would
loan iPads to
teachers for a fulf
school year.
Using iPads,
students could
collect data and
participate in
short-term
investigations”
(Ackerman &
Mooney, 2014,

p.4)

et
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Document analysis shows all three programs utdizarhands-on design with
teachers, whether with models (SUN), experimentadues (SEPA), or iPad Apps
(CLA). Furthermore, all three programs incorpomepening of the content knowledge:
photosynthesis and cellular respiration (SUN), emunental health (SEPA), climate
literacy and data analysis (CLA). However, thedtte (two-week (SUN), one-week
(SEPA), on-line (CLA)) and objectives for each pag vary. While SUN aims to help
teachers with content knowledge (CK) and pedagbgmatent knowledge (PCK), SEPA
adds community connections and inquiry skills. @& ather hand, CLA solely focuses
on CK and data analysis with iPad Apps. SUN and/&AE#th indicate teacher reflection
in their methods of analysis, and SUN and CLA zgilieacher self-efficacy as a method
of measurement to determine teachers’ learningoowgs. Table 4.5 summarizes any

alignment the programs show in relation to cullyredsponsive practices.

Table 4.5. Document Analysis' Alignment to Cultiy&esponsive Practices (Ladson-
Billings, 1994, pp.117-118)

Program| Evidence | Evidence of| Evidence | Evidence| Evidence of| Evidence
of Students| Learning of of Engagement of
helped to | Community | Students’ | Literacy | in Collective] Teachers
be in the real-life - struggle cognizant
Intellectual | Classroom | experienceq literature against of
Leaders in legitimized and status quo | Themselveg
the oratory as Political
Classroom Beings
SUN Yes Yes No No No No
SEPA Yes Yes Yes Yes No No
CLA No No No No No No

Document analysis of the three programs, shows SieRiag the highest

integration of culturally responsive practicesaitrf SUN second highest with two, and

CLA the lowest with zero. Tables 4.6-4.8 summaagpects of professional
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development, pedagogical content knowledge, anddheeptual change model in

relation to the three programs studied.

Table 4.6. Document Analysis' Alignment to Sciefieacher PD (Supovitz & Turner,

2000)
Progra | Evidence | Length of | Evidence of | Evidence | Connectio | Connectio
m of Time in Experience( | of nto State [ nto
Immersio | PD s) Ground Deepenin | Standards | School
nin in Teacher's| g Teacher Change
Inquiry Experiences| Content
with Knowledg
Students e
SUN No Two- Yes Yes Yes Yes
weeks;
one-year
commitme
nt
SEPA | Yes One-weekf Yes Yes Yes Yes
one-year
commitme
nt
CLA No 1-2 days; | Yes Yes Yes Yes
one-year
commitme
nt

All three programs (SUN, SEPA, CLA) utilize mangtiars known to be

effective for science teacher professional devekaumrhe SUN Program’s objective to

focus on conceptual change and the CLA Programnjettte to focus on data analysis

are not the foci of Supovitz & Turner’s (2000) eklmhof immersion in inquiry.

Table 4.7. Document Analysis' Alignment to PedagalgContent Knowledge
(Schulman, 1986)

Progra | Knowledg Representing and Knowledge of | Strategies to
m e of Formulating Conceptions, Address
Subject | Subject...Comprehensibl] Preconceptions| Misconception
Matter for e to Others , S
Teaching Misconceptions
SUN Yes Yes Yes Yes
SEPA Yes Yes Yes Yes
CLA Yes Yes Yes Yes
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All three programs address Schulman’s (1996) itledteffective practice of
pedagogical content knowledge. SUN, SEPA, and Cliliz@ a hands-on approach for
teachers to explore content knowledge. SUN ofiars tluring the workshop for teachers
to discuss, reflect, work together, and developdas using the new materials provided
by the program. SEPA provides group time for teexhe discuss practice and use of the
material. SUN and SEPA also utilize past teachdigy@ants as mentors to future years.
CLA has provided an on-line site for teachers tarshessons they have developed.
Table 4.8 identifies each program’s alignment tckirdés (2012) conceptual change
model.

Table 4.8. Document Analysis' Alignment to CCM (kiaf 2012)

Program Reflective Practices — Explicit Practices —
Relating to culturally relating to culturally
responsive practices responsive practices

SUN No No
SEPA No Yes
CLA No No

While SUN uses teacher reflection outside and witgroup discussions as a form
of evaluation for teacher learning outcome(s), 8&&A uses teacher reflection during
group discussion as well, none of the programseetflection specifically to culturally
responsive practices. Further, while SEPA expjidikcusses varying levels of
environmental toxicity within and among culturdsere is no evidence within the
documents from SUN and CLA to support explicit noeth in relation to culturally
responsive practices.

Interestingly, SEPA was the only program to shdwgh level of CRP

integration by documenting four out of six cultlyakesponsive practices. SEPA was
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also the only program to incorporate part of Laki{2012) conceptual change model in
relation to culturally responsive practices by &ify referencing community outreach
through tours of the Great Lakes WATER Institutesceence research conference that
incorporates local environmental organizations, lastlres on the disparities found
within environmental health issues.

Also of interest, one of the goals for CLA was pdayf community outreach
research project; however, 92% of CLA teachersntedmot participating in “a climate
mitigation project as a result of participatindtime program]” (Ackerman & Mooney,
2014, p.11). And, while SUN had extensive use ather reflection concerning content
knowledge throughout the program, connection ttucally responsive practices was not
made during the reflections. SEPA, SUN, and CLAshtiwed to be effective in
influencing teacher learning outcomes; however,théreor not teachers’ learning
outcomes could have incorporated practices thgi@tigtudent learning focusing on
urban districts as well, remains to be seen. Teaatmmpleted program surveys post
participation in SUN, SEPA, and CLA. Results of fuest-survey results are documented
below.

Each Program’s Post-survey Results

SUN, SEPA, and CLA each submitted teacher postesursults to this study.
SUN provided documents from a published reportid@atGruhl, Zhang, et al., 2013),
SEPA and CLA both provided their own end of yealeation reports (Goldberg &
Associates, 2013; Ackerman & Mooney, 2014). An eatbn of teacher self-efficacy
and change in teacher content knowledge was evateoss all three programs;

however, pedagogical content knowledge was mofieudlifto assess for both SUN and
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CLA. SEPA had clear documentation of PCK in theléatgon. The results provide

evidence for the concepts analyzed in this studlyaae summarized in Table 4.9.



Table 4.9. Programs' Evidence of Teacher Learnumg@ne(s)

Program

CK

PCK

CCM

CRP

SUN

pre-/post performance
assessment using a paired
samplegd test — “teachers
significantly increased thei
understanding of energy
transfer...and maintained 4§
significant increase even 1
year later” (Batiza, Gruhl,
Zhang, et al., 2013, p.298)
“All groups benefited from
the SUN workshop,
including the AP pilot
group” (Batiza, Gruhl,
Zhang, et al., 2013, p.299)
A large effect size from thg
treatment group (p.300)
Significant gains in teache
self-efficacy with the topics
(p.300)

“Both the treatment and
control groups’ personal
belief that they could
teach this topic increase
significantly as a result
the workshop” (Batiza,
Gruhl, Zhang, et al.,
2013, p.300)

Teacher reflection of
materials used

(p.295)

None

6¢CT




SEPA

e 83% reported an increase In

knowledge of
environmental health

concepts (Goldberg &
Associates, 2013, p.11)

95% reported the
workshop provided
“instructional and
curricular materials that
address the needs of
[their] students”
(Goldberg & Associates,
2013, p.24)

60% reported that the
workshop provided them|
with “a greater
understanding of ways tq
teach high school
science” (Goldberg &
Associates, 2014, p.25)
93% of respondents
“reported gaining new
understanding or skill in
teaching high school
science using an inquiry-
based approach through
presenting SEPA
modules” (Goldberg &
Associates, 2014, p.84)

100% reported
“discussions
with...colleagues
during the
workshop...
provided
[participants] with a
better understanding
of how other teacherls
approach instruction
and the teaching of
science” (Goldberg
& Associates, 2014,
p.26)

Barriers to
implementation werg
reported, including:
“lack of resources,
curriculum
constraints and
limited time”
(Goldberg &
Associates, 2014,
p.85)

“T7% of
teachers
agreed
that...stud
ents valueq
the
opportunit
yto
interact
with other
science
students
from other
schools”
(Goldberg
&
Associates
2014,
p.74)

O€T



CLA

End of project survey
reveals “93% of knowledge
and ability to prepare and
conduct lessons on each of
the Essential Principles of
Climate Science”
(Ackerman & Mooney,
2014, p.7)

90% reported an increase n

confidence “around

teaching or discussing
climate change...as a resuft
of participating in the
[CLA] Project” (p.10)

78% report using zero to
a few of the lesson plang
from the Global and
Regional Climate Chang
web page (p.10)

42% reported using their|
iPad daily (p.14)

69% reported using their
iPad to daily enhance
their own productivity
77% reported using their
iIPad to examine
teaching/learning
resources (p.20)

91% reported having the
students take observatiops
using the iPad (p.21)

1%

=

None

92%
reported
not
instigating
or
participati
ngin “a
climate
mitigation
project as
a result of
participati
ngin
[CLA]”
(Ackerman
&
Mooney,
2014,
p.11)

TET




132

As indicated in Table 4.9, SEPA shows evidencdlaoastructs in this study,
SUN shows three of the four (CK, PCK, and someeaweé of CCM), and CLA shows
three of the four (CK, PCK, and the potential f&2R). It must be noted that the evidence
cited is based on the reports provided by eachranagThere may be additional features
included in each program, but not cited in the deents provided, that would add further
evidence to the constructs. Additional data notaegl in this study was also found in
the documents. Figure 4.10 explores how the prfieakdevelopment opportunity was
translated into the classroom.

Barriers to program integration were discussedhdueacher reflections in the
SEPA program. Also discussed during SEPA reflestiwas how other teachers chose to
integrate program materials (Goldberg & Associa?@44). As stated earlier, SUN made
extensive use of teacher reflections, but reflestivere based on content knowledge and
pedagogical content knowledge, not on culturalgpomsive practices. To confirm gains
in teacher learning outcomes as a result of thgrpro, teachers who participated in this
study were asked to submit evidence of prograngraten with their students. Results
of teacher submissions are shared below.
How Teachers Implemented the Program in the Classaim

Teachers who participated in this study were asketibmit evidence of program
integration with their students. Evidence couldrbthe form of a lesson plan,
assessment, handout, reading, project, etc. Tabledbcuments the form of evidence
that was submitted by each teacher, along withcanpection observed in the

document(s) to CK, PCK, CRP, CCM.



Table 4.10. Teachers' Evidence of Program Integrai Connection(s) to the Constructs within theserg Study

Program

% Teachers Who
Submitted Evidence

Type of Evidence Submitted

Evidence of Whht
Construct(s)

SUN

100%

Venn Diagram Comparison
Fill-in-blank Story of ATP
Task Outline

Quiz

Video-taped lesson
Diagrams

Worksheets

Alternate assessments
Lesson Plans

Modeling assessments
Test

Reflection of modeling experience

e CK
e PCK

SEPA

100%

Handouts for writing instruction

Power point lecture

Rubric for writing

Schedule for module(s)

Background information Handout

Student posters

Pictures of students in lab working on a module
Worksheet with Student Reflection

Lesson Plans

Community Outreach Guidelines with Rubric
Cooperative Group Exercise

Student Research Papers

Article Critique/Review

e PCK
e CRP
e CCM

133



CLA

50%

Data analysis
Mathematical application(s)
Creation of website

CK
PCK

134
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The type of evidence that teachers were encourtagaabmit was left open to
various forms. Teachers submitted a myriad of exaddrom lesson plans to student
papers and posters to data analysis worksheetthr&l programs had teachers submit
evidence confirming CK and PCK; however, only SESPwed evidence for CRP and
CCM. One of the teachers mailed documents whilether teachers submitted
electronic copies.

Examples of teacher evidence that demonstrat®tineeonstructs examined in
this study are found in Appendices D — G. Demotisina of both content knowledge
(Appendix D) and pedagogical content knowledge @qbx E) were guided by
Schulman’s (1986) definitions which differentiabe ttwo constructs, and are outlined in
Figure 2.1. CK refers to the amount and organinadioknowledge learned, while PCK
refers to how teachers are able to make the kn@&ledmprehensible to others (p.9). In
Appendix D, a SUN teacher submitted a quiz givesttmlents in Honors Biology. The
student is asked about specific knowledge gainélddrunit; therefore, this piece of
evidence is categorized as CK. In Appendix E, PE€&hserved in the SUN teachers’
choice to use various tools to aid in students’austhnding of the content; thus,
addressing the requirement of making the knowlexgeprehensible to others
(Schulman, 1986). Culturally responsive practiaesadserved in Appendix F, where a
teacher participant from SEPA submitted an inglabyon fathead minnow that asked
students to choose a topic of their own interesbsunding lead, and to prepare a
presentation that proposed a solution to schoohneonity, or public health members.
This evidence is directly tied to the learner-cesdeapproach, empowering students to

investigate issues related to their local commugligdson-Billings, 1994; Basu &
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Calabrese Barton, 2006). A SEPA teacher also stdmatvidence that connected to the
reflection aspect of Larkin’s (2012) conceptualrmapamodel. In Appendix G, students
are asked to reflect upon what they learned aleauat poisoning. The CCM utilizes
explicit and reflective practices in the examinatad CRP. By having students reflect
upon what they have learned in an investigatiom SBPA teacher is reinforcing with her
students what was learned in the professional dpuatnt program.

Submission of community outreach guidelines (Amlpeir), worksheets
incorporating students’ reflections on the toplwst twere being discussed about
environmental health (Appendix G), and critiquimykeonmental health articles support
SEPA's influence on CRP and CCM in the classrooddi#onally, a few SEPA teachers
submitted student work to document their own pgditon in the program. In particular,
Appendix H demonstrates one students’ personalreqpe with an environmental
health concern — nicotine. Meanwhile, CK and PCkthated the evidence submitted
by SUN teacher participants (Appendices D and Bja@nalysis was the main form of
evidence submitted by CLA teacher participants @mpx I); however, there were only
four teachers from CLA who participated in thisdstuOf the four CLA participants, two
submitted evidence of program integration. Furthgport for teacher learning outcomes
is documented through analysis of focus groupschviriere completed for each
program.

Summary of Findings
Document analysis reveals that SEPA aligns toaxbtructs examined in this

study. SUN also aligns to most of the construces@red in this study, but contains a
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lower level of CRP and is missing CCM. CLA aligosRD, CK, and PCK, but is missing

components of CRP and CCM. Summary informatiorbseoved in Figure 4.1.

Program Alignment to] Alignmentto | Alignmentto | Alignmentto | Alignment
PD CK PCK CRP to CCM
SUN Yes Yes Yes Medium No
SEPA Yes Yes Yes High Yes
CLA Yes Yes Yes Low No

Figure 4.1. Program's Alignment to PD, CK, PCK, CRR and CCM constructs.

Major differences between the programs are fouriierievel of CRP

implementation and alignment to Larkin’s (2012) ogptual change model. SEPA’s high

level of CRP implementation is supported througloeument analysis, teacher CRP

self-efficacy survey, and program post-survey asialyA discussion with teachers from

each program was conducted to look for additiomalence of teacher learning

outcomes. Results of the focus group discussianfoand below.

What Teachers Learned in Their Professional Develapent Program?

Ten focus groups were conducted from April 2014ugh May 2014 to

accommodate teachers’ schedules. Focus group onestere developed out of

Bandura’s (2006) self-efficacy scale for thingst ttr@@ate difficulties for teachers and

piloted with science teachers from Greendale Higho8l. Modifications to teacher

focus group questions were made based on thegsilaiell as on document analysis. The

goal of six participants per program was met foNSihd SEPA; however, the third

program was difficult to establish. CLA agreed #otipate in this study, and emails

were sent out the past program participants. Fbtireoteachers who responded to the

request for participates in this study completetfttus group. Additional teachers from

SUN, SEPA, and CLA agreed to participate, but cowtlattend their scheduled focus

group session. Emails were sent to teachers wheeohibheir scheduled focus group;
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however, no replies were received to reschedulier&Abmpletion of the focus groups,
tape recordings were transcribed and themes wergifiéd and confirmed with a second
reading of the focus group responses.

Multiple themes were identified in the focus groupsluding: increasing student
understanding, increasing teacher content knowleglggancing student engagement,
modeling, student diversity, retention, studentaggment, building relationships with
students, and community connections. The follovargexamples of each theme.

Content knowledge.Teacher content knowledge is one of the targets for
professional development, and has been evidengagram documents and program
teacher post-surveys for SUN, SEPA, and CLA. Garirteacher content knowledge
were also evident during teacher focus groupsiqouéaitly for SUN, where all six
participants indicated an influence SUN had onrtbentent knowledge. Four teachers
from SEPA indicated an increase in content knowdedgo teachers from SEPA
indicated no change in content knowledge as atresthe program. All four teachers
from CLA indicated an increase in content knowledge result of participation in the
program. Teachers also referenced increases iargtudderstanding, from long-term
retention of photosynthesis and cellular respiraitoSUN to analysis skills in SEPA.

Teacher content knowledge. Teachers who participated in focus groups indicated
an increase in their own content knowledge aswtresparticipation in SUN, SEPA,
and CLA. The following are excerpts from focus greuegarding teacher content
knowledge.

SUN MAN 1: “It was a much deeper, better understanding ofggnend

how energy is interconnected and related to everytiAnd just to, you
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know, look at a plant and think about the electnorwing through that
plant and just creating energy, is driven by the’su

SUN WOMAN 1: “It really connected the dots between the sunthad
chloroplasts and the glucose and the mitochonddtlae ATP, and so |
go back to that all the time, too. And | never ¢éalkabout electrons before,
and now I'm talking about them all the time becayse know, it's such
a, it's just such a—it’s just a beautiful relatibis you know.”

SUN WOMAN 3: “I was actually surprised at how little | actuakgew
about energy within the context of photosynthest eell respiration. So,
yeah, | was surprised at my lack of knowledge,dsg.’

SUN WOMAN 4: “I have a little bit of knowledge on a lot of tlgs, and
so | was actually able to gain a deeper understgnafijust energy
transfer in general, which | can now apply to nalfyadhose two units, but
| also our unit oWhat is Lifeand start talking about ATP right off the bat.
| also used it in all of my other science course=ath, whether it's Earth
Science or Meteorology or even Physical Sciencenwietalk about
almost any kind of energy. | am always using thithgg | learned through
the SUN project.”

SEPA MAN 1: “| guess, um, not a whole lot of understanding,ibu
reinforced a lot of things that | wanted to do.”

SEPA WOMAN 1: “I think it definitely gave me some richer matéta
use, um dealing with, um—I'm a biology teacher,thgghool. That's the

class I use it in, high school biology, and | thidkring the genetics
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lessons it really, uh, allowed for me to get ddithore depth of the

historical perspectives behind finding the humamogee and what

happens then, and how we can study certain thingseally there’s

never a direct cause and effect relationship. Antiteought that it was

really fun.”

SEPA MAN 3: “It didn’t necessarily, like, change my understiagdof

[the content], but it allowed me to put a differsfant on how

l...teach...the material.”

CLA WOMAN 3: “You know I can actually see that | had risen in

educational work tools, and that’'s how I’'m workikigd of, of course |

accessed a lot of um all of the great resourcepérenced using the iPad

through different kinds of research and inquirydArpulled together, |

actually wrote a program, well | didn’t write itdesigned it and hired a

programmer who wrote it. And that’s really changeylway of teaching

climate; I do it using that program now.”
SUN, SEPA, and CLA each had teacher participantsimtlicated an increase in
content knowledge as a result of participatiorheprogram. Gains in student
understanding as a result of participation in ttegpam were also reported.

Student understanding. Teachers suggested an increase in student undérgjan
of the content during their focus group as welttipalarly for SUN, where all six
participants indicated in increase in student ustdeding of the processes of
photosynthesis and cellular respiration as a regydarticipation in the program. All of

the SEPA teachers also expressed an increasadenstunderstanding, mostly as a result
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of presenting a unique experimental experiencstiztents to work with living
specimen. One of the CLA teachers indicated thaéhehes math at a community
college, and does not focus on science contentth®nd@ LA teacher indicated that she
teaches fifth grade, and the materials providethf@lLA did not fit the needs of her
students. The remaining two CLA teachers indicatede data analysis for students to
observe regarding climate change. Excerpts froch&afocus groups for SUN, SEPA,
and CLA are found below.

SUN WOMAN 1: “What...surprised me was how you can take something

so complicated—really complicated—and really turimio something

that kids can wrap their heads around.”

SUN WOMAN 2: “I think it helps my students really understand th

whole process of what's going on with the electy@ml what’'s going on

with protons, you know, what’'s going on with theesgy—that | don’t

think they did before because | was too vaguet, was too abstract, and |

didn’t have a good way to explain that.”

SEPA WOMAN 2: “It really didn’t affect the content of our subjexrea,

but it did affect my understanding of how we teaolme of the science

skills, um, so like, when 1 first found it, um, tagear when I first did the

first module, I did the Zebrafish module, and itsv& hard for kids to

write the paper because their analyzing skills veergveak.”
SUN teacher participants reported the highest leVvelcrease in student
understanding with all six teachers mentioningdfiect. Most reported modeling

as the method having the greatest effect on inesgasstudent understanding.
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Modeling. Modeling is one of aspect of the Next Generatiole@® Standards
(NRC, 2012), and was a present theme throughoudbthes groups for SUN. Four out of
six SUN teachers mentioned the positive effectsetiog had on student retention of the
content; the remaining two SUN teachers mentioragdis-on manipulative pieces
improving student understanding of the content el. Weither SEPA nor CLA focus
groups mentioned modeling within the focus growgedssions. Retention of content
knowledge as a result of modeling was another agjfe¢lbe SUN program that was
brought up by SUN participants, but was missingnffi®EPA and CLA focus group
discussions.

SUN WOMAN 2: “I have been more willing to, um, look at modeliag

a way to get across an idea because | was, | tedd & lot of labs and

inquiry labs, but not necessarily utilizing modeédsd that's helping them

understand.”

SUN WOMAN 3: “my experience was | had students as freshmen and

then | turned around and | had them again as jemimadvanced biology.

And they were really amazed at their retentionyas I, um, and so I'm

very confident that what the students learned wassterred. And while

they might have lost some of the details, the adnteent more over a

significant amount of time.
Outside of content knowledge and pedagogical cokiemwledge, facilitating a
diverse student population through culturally respee practices has been
another construct explored in this study. Teacbeus group analysis also

revealed student diversity as a theme among paatics from each program.
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Student Diversity. In relation to how the program aided teachers'’igitib
instruct a diverse student body, five out of theSIUN teachers indicated that hands-on
tools helped reach a wide-range of learning styed,one SUN teacher chose not to use
the models with her lower level students. Two SE®#chers indicated that the program
did not influence their ability to teach to a diserstudent population because they teach
higher-level advanced placement students — a vamnolgenous group; the remaining
four SEPA teachers indicated a positive influencéheir ability to teach to a diverse
student population as a result of SEPA. One ofdhehers from CLA indicated a strong
connection between the program and instructingyersie student body. Another CLA
teacher cited the potential for reaching diversdet populations using CLA materials.
The remaining two teachers did not find CLA as addbp their ability to instruct a
diverse student population. Excerpts from the fagnosips are below.

SUN MAN 1: “Even the students who struggle the most—the nsofe|

them, really clears it up.”

SUN WOMAN 1: “I did not use the SUN material on my lower level

students, which they probably would, you know, ldwat | just didn’t

know where the students would be, so | didn’t—Indidake the steps to

try it with them.”

SUN MAN 1: “For deeper understanding, in the right environmiéryou

get the right support anyone can learn a difficalicept. And you know,

if you can get someone who | thought wasn’'t gomgairn much to get to

learn respiration and photosynthesis, then realflg wan’t you get to
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learn. It really helped that effort my academiditibs more than anything
from me.”

SEPA WOMAN 1: “I think [SEPA] helped overcome, um, some power
dynamics, where students feel helpless, and ligg tlan only do what
they’re told because of the offered opportunit@stiiem to get creative
and to choose, to choose their chemicals and #tiokit what they're
going to do. And they got really excited, they lsathe surprising, um,
results, and they talked about it. You know, anaglas kind of an easier in
because you're dealing with fish instead of humaesause then you
don’t seem quite as, um, harsh.”

SEPA WOMAN 1: “[SEPA] provided opportunities to, um, be able to
kind of mix up a heterogeneous group of studenit& wouldn’t normally
work together. Um, but they all worked togethercingse it was] new for
all of them. It...kind of like evened the playinglfiea little bit. So, | had a
few students who worked together, and one wasyraatlve and loved to
do stuff, but he did not take very good lab noteargthing like that, and
then | had a quiet student who was really goodl aif daer book work but,
um, was not comfortable taking risks. You know, slaes like a well-
trimmed, typical student, um, and so by pairingphying those two up,
and | did this before, but those two—they workedllye really well
together because, um, | think she was actuallkihigshe was going to

blame him when things didn’t go right.”
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CLA WOMAN 3: “I have a master’s degree in multicultural edumati

and the whole CLA thing is really like multi you éw, like reaching

learners where they are, you know what their isteiseand kind of being

you know with the different learning styles andr#ig just such good

resources out there, you can find something forydesly.”

Another aspect of student diversity that was browghin SEPA, and indirectly
during SUN focus group discussions was the outkefprogram provided for
relationship building with students.

Building relationships with students. For teachers in the SEPA program, the
experimentation exposed opportunities for themuitdirelationships with students. Half
of the SEPA teachers mentioned some type of columeittey were able to make with
students as a result of participation in the progr@UN and CLA teachers did not
directly mention building relationships with studeduring the focus groups. However,
two teachers from SUN mentioned their studentsastimg them while in college and
commenting on the positive impact working with thedels had on their learning.

SEPA WOMAN 1: “What SEPA did was provide this great opportunity

for me to experiment with my students, insteadiwihg them an

experiment to do. You know, we worked side-by-saig] it was super

exciting when we got the fish to lay eggs, you knbke one of those all

shocked, you know, it was really a bonding expe@emand one | could

not have done without SEPA.”

SUN WOMAN 2: “1 had numerous AP students come back from college

and took freshmen biology and told me that thek ttoathe trays when
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they were in my class, and it helped them rementb&hat’s what they

remembered was the trays, and they could rememlzard it helped them

in their freshmen college class. So, | mean briggitack to anecdotal,

but let me tell you | have had numerous studentsecback and tell me

that.”

Opportunities to explore living specimen and cohtegether built partnerships with
students; it also opened the door to outreach fremocal community.

Community involvement. SEPA and CLA teachers indicated some level of
community involvement as a result of participationhe programs. One SUN teacher
mentioned a microbial fuel cell as providing thegeial for community involvement,
but did not pursue it. The remaining SUN teacha&sdt indicate community
involvement as an aspect of program integration.

SEPA WOMAN 1: “We took a field trip to the water institute. Swe got

to do a little tour there. We also got to go to UVt the conference, and

so in both of those situations it gave us oppotiemjust to be a part of a

greater learning community. Um, and then, and alsg,we spent one

day just checking out different rivers and the slsaf Lake Michigan

because students hadn't really ever thought aboutactually they were

really—they got really interested in drugs in thatev, like, individual

drugs in the drinking water and how that can hapgehthe impact it has

on all of us. So, then we started to do some tglkamd we just got out

and kind of cruised around, and | think that wésige impact—it got

them thinking. And you know, and I'm not sure thate-didn’t get to the
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level of depth that it really probably changed amydirectly, but we got
enough depth that they started to get interestad.r@ally that’s the key
because then they have, you know they have adibe/ers at their hands
right now with their smart phones and technologies.

SEPA WOMAN 2: “We took kids to find a solution for the impacts o
lead in the community...and they were able to do thhaarying degrees
in connecting to the community—that was the whdksai but they
weren’t all necessarily able to do that. And whegytwere designing the
solutions, some of the kids reached out to the conityto get answers
and help. Um, so for example one group was talkimgut lead education,
and then connected that to the health center inké&na. And another
group was wondering about lead pipes in Waukesithiley asked the
Public Health Department to look at their...problenteat kind of
stuff...even just listening to them about the conioest and reaching out,
to at least talk to some adults about what theyewdeing was, was good.”
SUN MAN 3: “I've had probably 2 or 3 or 4 conversations wittiedtent
teachers in different districts about the programrereto the point where |
brought materials along and shown them kind of lmwse it and, so as
far as that goes, | mean to a different commumitg,our own community,
but a different community. That has then greathgéal for just getting to
know people better, and that'’s just a skill thaellearned through the

program.”
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SUN MAN 3: “I could see how you could get the community invdlve
but | didn’t use it that way.”
CLA WOMAN 1: “Part of the reason | went to the training is hesathe
whole topic of global warming and global climateanlge was touchy.
And so now | feel like you know if a parent wouldnee in having issues
you know, “How can you teach my child about thisat least can say
here’s the data.”
CLA WOMAN 3: “Whatever I'm doing | think that my CLA experience
has enhanced my depth of knowledge about the aféaaching that | am
doing. So, um it does because it’'s just part oftwhakes me more
interactive with the communities able to do whdo!”
All three programs had teachers mention the patefoi community outreach;
however, only SEPA and CLA had teachers who meatarsing what they
learned in the program to try a community outrgaiject with their students.
Interestingly, SUN teachers who did mention comnyuoutreach referred
mainly to a teaching community; whereas, SEPA abd Both mentioned
outreach to the surrounding area.
Summary of Themes
All three programs (SUN, SEPA, CLA) expresseckast one of the constructs
focused on for this study — content knowledge, gedecal content knowledge, and
culturally responsive practices. Of the themes énag¢rged from analysis of focus group
responses, SUN connected with an increase in teaoh&nt knowledge, increase in

student understanding of the content, modeling,aaltiiessing a diverse student
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population. Teachers from the SEPA program indccatedence of increases in teacher
content knowledge, in student understanding ottrdent, addressing a diverse student
population, making connections with students, ammdraunity connections. The teachers
who participated in CLA supported the themes ofeased teacher content knowledge,
addressing the needs of a diverse student populainal making community connections
as a result of program participation.

All three programs had teacher participants wh&kspassionately about the
program they attended. One SUN teacher voiced conbat a lack of community
outreach expressed during the focus group mightadisfrom the strong, positive impact
the program had on her students. A CLA teacher imeed her master’s degree in
multicultural education backing the methods usethleyprogram to educate teachers. A
SEPA teacher indicated the program offered oppdr&srto build relationships with
students. There was no evidence provided througheubcus groups that indicated
disappointment in the programs. Therefore, allélpegrams used in this study were
effective for the science educators who particigpalbeit are the methods effective for all
science educators and for all students? The resiultss study are important for
designers of science teacher professional developpnegrams because they identify
aspects of teacher learning that translate intecgffe practices that support all students.
Limitations

This study examined three science teacher prafesisdevelopment programs,
explored how the programs affect teacher learrang,any subsequent translation of that
learning into classroom practices. The purposéisfdtudy was not to seek casual links

among these elements. Instead, | was interest@tieéther the tenets of CRP were
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present in these programs and how they became esanifteachers’ understandings and
their work with students. As such, there are sdvengations to this work that | wish to
point out: (a) Obtaining a third professional deyghent program to study was
challenging. Six additional programs were contatiefdre finding a third that had

willing teacher participants. (b) The third progra@iLA, had a smaller sample size than
SEPA and SUN; perhaps, the difference was duerttacting teachers towards the end
of the school year while they were wrapping uplfgrades. (c) Because the three
programs did not have the same sample size, moverpd statistical tests like ANOVA
were not used. Larger sample sizes of the sameitndgrwould have provided more
powerful data. (d) A greater number of teacherpaaded to my invite to participate

than actually participated in the study. Due toylsshedules, seven teachers were unable
to follow through with the focus group request. The construct of CRP is relatively

new to the field of science education. Ladson-Bg#’ (1994) tenets of CRP, which were
used to analyze each program’s documents, werereiiff from the validated, online

CRP survey which teacher participants respondéalltiwing the focus group

discussion. Having a defined construct for CRPricston would have allowed for better
alignment of the data. (f) Student learning wasengtiored due to the scope of this

study; therefore direct impacts on such cannot adenHowever, a study by Yager,

Choli, Yager, et al. (2009) indicates that if teashraodel what they learn in PD with
students, student learning increases. Connectiane finetween the present study and the

one completed by Yager, Choi, Yager et al. (2089)iither explored in the discussion.
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Chapter 5: Discussion

Educational reform efforts to improve studentstigag outcomes are often
present in teacher professional development oppibies; however, the structure and
design of these opportunities varies and oftendeswn a homogenous student
population — White students in suburban schoolsteBsional development that helps
science educators embrace the culture(s) foundbianusettings and include the culture
of the community they serve with classroom lessaitishelp urban youth feel connected
to science (Emdin & Lee, 2012). Currently, preparafor the teaching profession
includes the use of field experience(s), methodfanddation courses in education, and
subject matter courses in specific disciplines; &asv, even these aspects of pre-service
teacher education vary among teacher certificgirograms (Roehrig & Luft, 2006;
Wilson & Berne, 1999). Many PD programs are indffecfor teacher learning and for
student learning (Wilson & Berne, 1999). Wilson &me (1999) identify effective
elements of teacher PD, including:

teacher learning...not bound and delivered but...a&d;a..engag[ing]

[teachers] as learners in the area that their stadeill learn in but at a

level that is more suitable to their own learningnd] privileging...

teachers’ interaction with one another. (p.194-195)
Research in the field of teacher PD has been usssftd at bridging “teacher learning,
professional development, teacher knowledge, amdest learning” into one cohesive

study (p.204). Therefore, the need for studiesititagrate all aspects of teacher PD is
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clear. Furthermore, research that examines effestiience teacher PD in relation to the
needs of urban students is lacking.

The No Child Left Behind (NCLB) Act (U.S. Departmesf EducationTitle I:
Improving the Academic Achievement of the Disadgeg requires that states ensure a
high level of professional development for teachkeus it does not define what high-
guality professional development entails (BorkaQ@20 Current reform efforts to
evaluate teachers include what teachers shoultlba@do, but do not define the type of
professional development support that teachersldti@uexposed to in order to reach all
students (DPI, 2013). “For teachers, learning accaumany different aspects of practice,
including their classrooms, their school commusiti&nd professional development
courses or workshops” (Borko, 2009). Supovitz &riarmr(2000) identify six research-
supported ideas concerning science teacher Pidimg):

(1) teacher immersion in inquiry, questioning, axgerimentation,

(2) lengthening the time teachers spend in PD,

(3) teacher engagement with experiences that ateaded in teachers’

experience with students,

(4) deepening teacher content knowledge

(5) connecting PD to state standards for studerfidqmeance, and

(6) connecting PD to school change. (p.964-965)

Noteworthy, teachers from poorer schools showedeist change at reform efforts in
the science classroom (p.976). Empowering margiedlyouth by modeling how
teachers can recognize and embrace different vdbeésfs, and ways of knowing, and

structuring lessons to bridge community and scstakeholders may help the typical,
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White urban educator understand the needs of gti@ents; yet professional
development is not regulated to incorporate theaetiges. When teachers learn about
culturally responsive practices, and how to integ@RP into classroom lessons, urban
students may begin to feel more of a connectistience.

The purpose of this study was to examine threensei teacher professional
development programs and to assess whether oegoteks of culturally responsive
practices (CRP) were evident within each prograstrigcture, design, and delivery.
Further analysis of the degree to which CRP wagnatted within each program was
analyzed for its effect on teacher learning outceamea result of participation in the
program. SEPA indicated a high level of CRP, SUNealium level, and CLA a low
level. Results of the correlation showed a strqogjtive relationship between program
level CRP and teacher response on the CRP satkeffisurvey. This study used
program document analysis, program teacher poseguesponses, focus group
analysis, evidence of teacher integration of tlegmm with their students, and CRP
survey analysis to find answers to the followingethresearch questions:

1. How does the design and delivery of science teaslm@mer professional
development programs, namely SEPA at UW-Milwaul&éN at M.S.O.E.,
and CLA at UW-Madison, shape what teachers leadnazwy subsequent
translation into classroom practice(s)?

2. How do science teacher summer professional devedopprograms (SEPA,
SUN, and CLA) align with Ladson-Billings (1994) 48 of culturally

responsive practices?
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3. How are teachers’ learning outcomes measured byngumprofessional
development programs (SEPA, SUN, and CLA)?
The conclusions reached from these three researdtigns inform program designers as
to essential design, delivery, and objectives whkithelp teachers successfully integrate,
for all students, what is learned at the PD oppoiyu
Findings & Interpretations

If the program includes it, teachers will learnTihis was the case for
participating teachers in the three programs exadhfar this study. SUN, SEPA, and
CLA each contained elements of effective profesdidevelopment (Supovitz & Turner,
2000). Content knowledge and pedagogical contemtvledge was incorporated into
each program’s structure, design, and objectived waas identified as forms of teacher
learning in focus groups, program post-surveys,endence of program integration that
was submitted by teacher participants. In partrcul@0% of participating teachers from
SUN and CLA indicated gains in content knowledge assult of participation in the
professional development program.

The findings are consistent with literature on sceeteacher PD, which has been
found to routinely focus on gains in teacher conkmowledge (Xu, Coats, & Davidson,
2012). In 1996, the National Research Council datle science teacher professional
development to focus on subject-matter knowledgketarmeepen teachers’ content
understanding (NRC, 1996; Cohen & Hill, 1998). Hoee sole focus on content
knowledge may fail to reach all students. An achmeent gap remains in science
between Hispanic and White students, and betweackBind White students — with

White students scoring higher on average on ndtessessments (NAEP, 2011).
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Science teacher professional development prograatsaim to reach all students must
begin by addressing barriers that teachers in udisricts face on a daily basis. CK and
PCK are important to PD design, objectives, anacsire, but they cannot be the only
focus. Science teachers need to be given waygildadee learning for all students to
engage in and understand the content.

For example, SUN focused on modeling two of thetrabstract concepts in the
biological sciences: photosynthesis and cellulapiration. Teachers need development
in how to teach these areas for student understgnttiis need is evident in SUN teacher
focus groups and in a study by Batiza, Gruhl, Zhab@l. (2013). SUN has shown to
deepen student understanding to a level that exteegbnd the high school classroom.
Yet, participating SUN teachers reported <30% efrtetudent population requiring free
or reduced lunch, and the majority of students Waitd Not-Latino. The question that
arises is whether or not the methods used to ictsBUN teachers is enough to satisfy the
needs of teachers in urban districts who are priynasstructing poor students of color?

Gains in student understanding market a succegsftéssional development
program, and both SUN and SEPA teacher participaetgioned gains in student
understanding during focus group sessions. SUN&raeports focused on learning
through modeling and SEPA teachers focused onrtalytac skills of research writing as
a result of program patrticipation. Both reportsiiify expectations outlined by the Next
Generation Science Standards for secondary stu(eRtS, 2012). NGSS labels
modeling as an essential performance expectatidrs@ence and engineering practice to
be integrated with classroom lessons. SUN wasrthepyogram that had teachers

specifically mention modeling during focus groupdalissions as important to their own,
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and to their students’ learning. Inquiry-basedneay and a focus on student
performance also dominate NGSS and are obsenvbeé iresearch writing incorporated
by SEPA. Yet, how the standards will be realizedlassrooms across the nation remains
to be seen. Yager (1996) indicated the need fooplwrtunities to help science teachers
incorporate Science-Technology-Society curriculbot, teachers did not embrace the
standard as much as they did the content knowlddgewere expected to deliver to
students (Weiss, Banilower, McMahon, et al., 20@D.opportunities that help
educators understand how to implement NGSS wiklittyenhance the success of
NGSS’ integration into K-12 classrooms; howevergtiler or not NGSS’ incorporation
of engineering practices will address the achievergap between majority and minority
students, particularly in urban schools, in sciesgiecation remains to be seen. Avoiding
the problems inherent with standardized accountgipleasures that were observed with
the National Science Education Standards (Collif87) will be an important avenue for
professional development programs to navigate veivamg to increase the level of
understanding for all groups of students. Therefecence teacher professional
development that aims to help teachers navigatadtestandards should include
instruction on practices that meet the needs ddtatlents, namely through the use of
CRP.

Research on PD identifies teachers from poorerdshwving the least amount
of reform in the science classroom (Supovitz & Bur2000, pp.976). The majority of
urban teachers do not understand the needs ofutiers body they serve — that is,
incredibly diverse, and “disproportionately poottidents of color (Atwater, 1995, p.22).

In the present study, participating CLA teacheentdied themselves as serving the
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poorest students of the three programs, with tbreef four teachers reporting > 91% of
their students on free or reduced lunch; and, wioste teachers did not mention gains in
student understanding as a result of program imghtation. However, one of the
participating CLA teachers instructs middle scheménce and reported the level of CK
too high for her students to grasp, and another @aricipant does not instruct science
at all; rather, he instructs mathematics at a comiygollege and chooses to integrate
science into his lesson plans. A third CLA par@npindicated she created a computer
program to help her students understand climategghas a result of participation in the
program; she also indicated the online lessonsigeovby CLA serve a multitude of
learning styles. Nevertheless, only two out offthe teachers sent evidence of program
implementation with their students; whereas, 100%oth participating SUN and SEPA
teachers sent evidence of program implementatiendig evidence was connected in
this study to teachers’ implementation of the pangmith their students; however, there
may have been alternative reasons why two of the@@.A teachers did not submit
evidence. Focus groups for CLA took place middlate May 2013, near the end of the
school year, when teachers are busy finishing gratleus, the time frame for CLA
teachers may have distracted participants in thdys However, because student
achievement is directly tied to teacher effectissn@leicher & Lindgren, 2005), there is
a need for science teacher PD to examine pradhe¢prepare teachers for urban
settings.

Science teacher professional development and cultlly responsive
practices. Building relationships and community outreachtare areas Ladson-Billings

(1994) identifies as essential practices to intiegndnen aiming to reach urban youth. The
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six tenets of culturally responsive practices wetamined for each program. Of the three
programs studied, SEPA had the highest rating d® GRth participating SEPA teachers
identifying CRP in their submitted evidence of giarg integration, and focus group
discussions. However, potentially due to a smati®a size, in an inferential statistics
analysis, the null hypothesis that SEPA, SUN, abh4 @ad the same effect on teachers’
ability to use a variety of teaching methods assalt of participation in the program
failed to be rejectedo(= 0.862).

In comparison, CLA reported that 92% of teachedsmdit participate in a
community outreach project; coincidently, theraasevidence in program
documentation that community outreach was a fooughke program (Ackerman &
Mooney, 2014). It is expected that if there hadb®ere emphasis and modeling of
community outreach projects, teachers would havieed the tool. Participating SUN
teachers varied in their response concerning stutiearsity: one teacher indicated not
using the tools provided by the program for lovearel students, two teachers reported
they taught a homogenous group of high-level leatrend did not instruct diverse
learners, and four teachers indicated a positifhleance on diverse learners using the
tools.

Half of teacher participants from SEPA identifibée orogram exposing
opportunities to build relationships with studedising focus group discussions. While
SUN and CLA teacher participants did not directlgntion their program in this way,
two of the six SUN teachers did mention their stugdeontacting them while in college
and the positive impact the models had on theietstdnding. Klem & Connell (2004)

identify that “students with caring and supportinterpersonal relationships in school
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report more positive academic attitudes and valed more satisfaction with school”
(p-262). A strong, positive connection between stiicind teacher is also observed
throughout Ladson-Billings’ (1994) tenets of cuétlly responsive practices, where
students are part of a learning community, suppgdddsecome intellectual leaders in the
classroom, and participate in discussions aganesstatus quo (pp.117-118). Both SEPA
and SUN teachers expressed relationship buildimgglfiocus groups, and relationship
building was also modeled in program structure wémantists and program directors
worked directly with teacher participants. Scietstalso supported teachers throughout
the school year. SEPA added a layer of studentstipyg having scientists serve as guest
speakers and as sounding boards for student résg@esmns. In comparison, outside of
the use of an iPad throughout the school year lamalbility of teachers to access online
educational resources, further support from saé&nin the CLA program was not
documented. Modeling relationship building in scemreacher PD has the potential to
transfer into classroom practices, and is an ingmbraspect of CRP. Another area that
PD experiences should model is community outreacjeqts. Science educators
positioning themselves as active learners of stedents, and as participants in the
school community effectively engage students irostBcience and utilize CRP
(Calabrese Barton & Berchini, 2013).

Teachers that aim to be insiders to the commurtitieg serve must restructure
teaching methods to meet that goal (Calabrese B&t®erchini, 2013, pp.23-26).
Further, knowing and belonging to the local commufsupports teachers in noticing
and leveraging students’ non-dominant ways of kngvas integral to the learning

process” (p.27).
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Schools that succeed in engaging families from d&rgrse backgrounds

share three key practices. They (1) focus on mgldiusting collaborative

relationships among teachers, families, and commpamembers; (2)

recognize, respect, and address families’ needselss class and

cultural differences; and, (3) embrace a philosopihyartnership where

power and responsibility are shared. (Hendersonapp 2002, p.7)
Both SEPA and CLA had respondents indicate some @ygommunity involvement as a
result of participation in the program. One SUNcte&xr mentioned the possibility of
community outreach through a microbial fuel cellt bad not pursued this form of
student learning with program materials. In comgzanj SEPA program documentation
identified teachers going on a field trip to a lo8ahool of Freshwater Sciences and
discussing potentially controversial issues in emuinental health. CLA also took on a
controversial issue — global climate change. Thihod@ta analysis and online resources,
the program provided tools for teachers to spatiseussion that had potential to cause
change in the school and the local community. Comtypwutreach may not have been
the goal of SUN, but it had the potential to moegdnd process modeling, and spark
discussions of alternative energy sources. By eitlgplimodeling community outreach to
their participants, science teacher PD has thenpateo see this practice transferred into
classroom lessons. Greater community involvemermntshaw greater interest in science
by all students.

A need to reach all types of learners is evidethanliterature. Science teachers
are to “recognize and respond to student divevsitgn planning, guiding, and

facilitating student learning” (Collins, 1997, p480The “culture of power” found in
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school science often prevents minority populatimos participating (Calabrese Barton
& Yang, 2000; Delpit, 1988). For millions of educeg across the Nation, PD that models
effective practices that prepare teachers for siudieersity may begin to address the
achievement gap present in academia. Perhaps, @R#dwn this endeavor. What and
how a program chooses to measure teachers’ leaontcgme(s) serves as an indicator
for what the program values. Explicit and refleetpractices were observed in SUN and
SEPA; however, only SEPA documents and teacheenegof program integration also
showed discussions explicitly tied to community cems.

How science teacher PD measures teachers’ learningtcomes.Both SUN
and SEPA implemented a high level of teacher rafiachroughout their program. In a
document analysis, SUN gathered teacher reflecbarchanges in content knowledge
and pedagogical content knowledge throughout théstop; however, there is no
evidence of the reflection’s ties to culturallypessive practices. Conversely, SEPA’s
reflections occurred during group discussion bygpan evaluators and transferred into
classroom practice with worksheets concerning stuglections of controversial topics
surrounding environmental health disparities. Tluelating of explicit health concerns
during the program, and teacher group reflectiona¥ they will use the information in
their classroom successfully made its way intostla@m lessons. Neither reflection nor
explicit practices were found in CLA documentatidaring teacher focus groups, or in
evidence of program integration. According to pesgmpost-survey data, CLA evaluators
focused on the technology borrowed to educatoPads, Apps, and their effects on
teacher learning. The results of program measureapgear to have an effect on what is

transferred into classroom practice. SEPA modekptia@t discussion of CRP, and the
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practice re-surfaced in teacher lesson plans amkisiveets. Therefore, designers of PD
should not only consider implementing CRP in tipeogram structure, design, and
objectives, but should also consider how they m#lasure teachers’ implementation of
the practices.

Effective elements of professional development Hzeen identified in the
literature (Supovitz & Turner, 2000). Left out dktdiscussion are practices that meet the
needs of all students. While teacher content kndgdeand pedagogical content
knowledge are important areas to address in sumprograms, modeling effective
practices for a diverse student population throeigturally responsive practices may
cause more of an impact on student understandarg@x and PCK alone. The
following provides recommendations to policy makansl professional development
designers as to what can be done to ensure the néethrginalized youth are not left
out of PD opportunities.

Recommendations

Sykes (1996) identified problems in teacher protesd development as “the
most serious unresolved problem for policy and fozadn American education today”
(p.465). An achievement gap in science remainsdmtviHispanic and White students,
and between Black and White students — with Whitdents scoring higher on average
on national assessments (NAEP, 2011). Ladson-Bdl{1994) focused on identifying
best practice in her work with successful teacbéisfrican-American students.
Choosing to focus on best teaching practice rattear telling a ‘good story’ of
successful African American students, Ladson-Bii{1994) calls upon all teachers to

begin incorporating CRP practices with their studelm a comparative study, Yager,
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Choli, Yager et al. (2009) identify Science-Techggi&ociety (STS) curriculum
benefiting 4-, 5", and &-grade students when compared to traditional tektmsed
instruction. While many teachers are reluctantiange practices due to either (1)
unfamiliarity with the practice(s), or (2) fear tlihe new practice will take away from
content mastery, the study showed no significaffér@d@ince in content mastery between
traditional and STS instruction (Yager, Choi, Yags#ral., 2009). However, students in
the study who experienced STS curriculum showdadrafieant increase in their
application of knowledge, creativity, and procdefiss(Yager, Choi, Yager, et al., 2009).
STS practices are closely aligned to CRP. The pbstudents who succeed in science
coursework lacks in diversity. If, as Yager, Chdager, et al. (2009) note, teachers
model what they learn in PD with their students Eadning increases, future research
should examine how adding CRP to teacher’s learoppgprtunities improves learning
across a more diverse pool of students. In thisn@argood science teaching in urban
classrooms would incorporate a cultural compon€RR) as a conduit to help students
learn science.

Furthermore, designers of PD must consider thetstre, design, and objectives
of teacher in-service, and whether or not practieased will transfer to the students
being served. Policy makers should consider alilogajrant money to science teacher
PD programs that model CRP alongside content kradyel@nd pedagogical content
knowledge. Perhaps, prior to delivery of a PD paogrteacher educators, science
faculty, and scientists can meet together to dsansl combine best practices in each
field and how it might be brought together for tears of science. All participants would

gain in the knowledge of new perspectives broughtdaring the discussion. Currently, a
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lack of cultural understanding is a barrier to sceeeducation for millions of students
across the nation. Learning best practice from e#doér — whether from one ethnic
group to another, or from one field and/or levekdtication to another — exposes
unknown viewpoints.
Suggestions for Further Research

As stated earlier, it would be interesting to exelthis study with a larger sample
of teachers. Indicated in the methodology, SUN @B&A had six teacher participants
each, and CLA had four teacher participants. Deffiees in the sample size led to use of
the Kruskal-Wallis H Test, which does not hold aschnpower as ANOVA.
Additionally, research into programs that run naaily would also be of interest. This
study examined two local and one national progrEime. national program had a larger
number of teachers who instructed poor, studentslof. Further, the programs studied
in this report were regarded highly by participgtieachers. Perhaps, by studying more
programs that appeal to teachers across the natienyould gain insight into more
varied structures, designs, and objectives anddftettive, or ineffective, they are on
teacher learning outcomes. Finally, examining howrse teacher education programs
outside of the United States incorporate CK, PCRPCand CCM into PD would be of
interest. Other countries routinely score highembernational assessments when
compared to students in the United States. ldengfgny similarities or differences
between programs in the U.S. and other countrigbtnailso benefit all students.
Summary and Conclusions

Teacher learning outcomes were shaped by PD steycesign, and objectives.
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SEPA documentation supplied evidence to suppochrdearning of CK, PCK, CRP,
and some CCM. Patrticipating SEPA teachers evidelsading of CK, PCK, CRP, and
CCM through focus group discussions and evidengeagjram integration. In
comparison, SUN’s documentation supported CK, P&1d, some elements of CRP, and
teachers reported gains in CK and PCK. Evidenaa f&@.A supported teacher learning
of CK and PCK, and teachers reported gains in GKR@GK through data analysis and
online resources. CK and PCK are essential elenoém@tffective teachers, but CRP and
CCM must be considered as necessary additionsviersg student populations. PD
designers and policy makers must carefully constind advise teacher professional
development so that effective methods are traredt@nto classroom lessons for all

students.
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After review of vour research protocol by the Unmrersity of Wisconsin — Milwankes Institunional
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by 45 CFR 46.101(%).
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expiration date. If the study is closed or completed before the IRB expiranion date, vou may
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Appendix B: Bandura’s (2006) Teacher Self-Efficacyscale — Things that Create

Difficulties for Teachers

Questions are adapted from Bandura’s (2006) teashkefficacy scale that focuses on

things that “create difficulties for teachers” (pS3:

1.

2.

What grade level do you teach?

How long have you been a K-12, science teacher?

Do you currently teach at an urban, suburban, @ school?

What course(s) do you currently teach?

How often do you participate in science profesdidieaelopment programs?
What made you choose to participate in the [SUNPSECLA] program?
What did you expect to gain from the [SUN, SEPAAThrogram?

What surprised you in the [SUN, SEPA, CLA] program?

Did participation in [SUN, SEPA, CLA] change yourderstanding of certain
unit(s) in your subject area?

9b. If you answered “yes” to #9, provide one exagilhow this influence is
seen in practice in your classroom.

10.0n a scale of 0 - 100 with 0 = cannot do at all=5@oderately can do, and 100 =

highly certain can do, are you able to teach thetest covered in the summer PD
to your students?

10b. Using the same scale, how confident do yolulieeprogram prepared you
to get through to the most difficult students?

10c. Using the same scale, how confident do yoltlieeprogram prepared you to
help students learn when there is a lack of sugpmrt home?

10d. Using the same scale, how confident do yolulieeprogram prepared you
to keep students on task on difficult assignments?
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12.
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10e. Using the same scale, how confident do yduttiegprogram prepared you to
help increasing students’ memory of what they Hasen taught in previous
lessons?

Did participation in [SUN, SEPA, CLA] influence hoyou teach unit(s) in your
subject
area?

11a. If you answered “yes” to #11, provide one epd@nof how this influence is
seen in practice in your classroom.

11b. On a scale of 0 - 100 with 0 = cannot dolat8l= moderately can do, and
100 = highly certain can do, how confident do yeel the program prepared you
to motivate students who show low interest in stlok?

11c. Using the same scale, how confident do yolutlieeprogram prepared you to
overcome the influence of adverse community comwiii.e. community crime,
discrimination, harsh parenting, deviant peers$ments’ learning?

11d. Using the same scale, how confident do yolulieeprogram prepared you
to get children to follow classroom rules?

11le. Using the same scale, how confident do yduttiegprogram prepared you to
control disruptive behavior in the classroom?

11f. Using the same scale, how confident do yoltfeeprogram prepared you to
get children to do their homework?

Did participation in [SUN, SEPA, CLA] change theywou teach to a diverse
student population?

12a. If you answered “yes” to #12, provide one epl@nof how this influence is
seen in practice in your classroom.

12b. On a scale of 0 - 100 with 0 = cannot dolat8l= moderately can do, and
100 = highly certain can do, how confident do yeel the program prepared you
to successfully teach a diverse student population?

12c. Using the same scale, how confident do yoltlieeprogram prepared you to
get parents to become involved in school activities

12d. Using the same scale, how confident do yolulieeprogram prepared you
to assist parents in helping their children do weBchool?

12e. Using the same scale, confident do you feeptbgram prepared you to
make parents feel comfortable coming to school?
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13.Did participation in [SUN, SEPA, CLA] influence yoaurriculum’s
connection(s) to the local community?

13a. If you answered “yes” to #14, provide one epl@nof how this influence is
seen in practice in your classroom.

13b. On a scale of 0-100, with 0 = cannot do at5@ll= moderately can do, and
100 = highly certain can do, how confident do yeel the program prepared you
to make connections between your school’s localmamty and classroom
lessons?

13c. Using the same scale, how confident do yolutlieeprogram prepared you to
get community groups involved in working with theheol?

13d. Using the same scale, how confident do yolueeprogram prepared you
to get businesses involved in working with the sdfo

13e. Using the same scale, how confident do yduliegprogram prepared you to
get local colleges and universities involved in kweg with the school?
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The Culturally Responsive Teaching Self-Efficacy Scale

A number of statements about crganizations, peopls, and teaching are presented below. The purpose is o gather
information regarding the achual attitudes of educators conceming these stalements. There are no correct or incomeact
answers. We are inmterested ondy in your frank opinicns.  Your responses will remain confidential.

INSTRUCTIONS: Please indicate your personal cpinion about each statement
by circling the appropriate response at the right of each statement.
I=nothing 3=very little 3=some influence T=quite a bit 9=A great deal

7.

8.
a.

100
11,
12,

13.

14,

15.

16.

17

18.

19

. 1 am able to adapt instruction tc meet the needs of my studenis.
. | am abde to obtain information about my students’ academic

strengths.

. | am abie to determine whether my students like to work alone

or in a group.

| am able to determine whether my students feel comfortable
competing with other students.

| am abie to identify ways that the school culture {e.g., values,
nomms, and practices) is different from my students’ home culture.

| am able to implement sirategies to minimize the effects of the

1 2.3 456748 93
12345678 8

123 456878 9

1 23 456748 8

12 3 45678 8

123456678 8

mismatch between my students’ home culture and the school culture

| am able to assess student learning using varous types
of assessments.

| am able to obtain information about my students” home life.
| am abie to build a sense of trust in my students.

| am able to establish positive home-school relations.

| am able to use a variety of teaching methods.

| am able to develop a community of learners when my class
consists of students from diverse backgrounds and social classes.

| am able to use my students’ cultural background to help make
leaming meaningful.

| am able to use my students’ prior knowledge to help them
make sense of new information.

| am able to identify how students communicate at home that
may differ from the school norms.

| am able to obtain information about my students”
cultural background.

| am able to teach students about their culiures’
confributions to science.

| am able to greet English Language Learners with a phrase
in their native tongue.

. | am able to design a classroom environment using displays

1234567 8

=]

1234567 8
12345 78
123 456748
123 4567 8
123 45678

W W o D

123 456878 8

12345678 8

1 23 4567 8 9

123 45667 8 8

1234667 88

123 4 56789

12345678 8
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that reflects a variety of cultures.
20. 1am able to develop a personal relationship with my students. 12345678 9
21. | am able to obfain information about my students” 1234567808
academic weaknesses.
22. | am able to praise English Language Learners for thelr 123456789

accomplishments using a phrase in their native language.

23. | am able to identify ways that standardized tests maybebiased 1 2 3 4 5678 9
towards linguistically diverse students.

24. 1am able to communicate with parents regarding their child’s 12345678239
educational program.
25. |am able to structure parent-teacher conferences so that the 1234567 89

meeting is not intimidating for parents.
26. | am able to help students to develop positive relationships with

.

23 45678 9

their classmates.

Z7. | am able to revise instructional material to include a befter 123 456768 9
representation of culiural groups.

28. | am able to crfically examine the curriculum to determing 1234667 8 9
whether it reinforces negative cultural stereofypes.

29. | am able to design a lesson that shows other cultural groups 12345678 9

have made use of mathematics.

30. | am able to model classroom tasks fo enhance English language 1 2 34 567 89
Learner's understanding of classroom tasks.

31. | am able to communicate with the parents of English Language 123456789
Learner's regarding their child's achisvement.

32. |am able to help students feel like important members of 1 2 3456789
the classroom.

33. 1am able to identify ways that standardized tests may be biased 1 23456789
towards culturally diverse students.

34. | am able to use a learning preference inventory to gather data 123456789
about how my students like to learn.
35. | am able to use examples that are familiar to siudents from 123456788

diverse culiural backgrounds.
36. | am able to explain new concepts using examples that are taken 1 2346567 88
from my students’ everyday lves.

37. | am able to obtain information regarding my students’
academic interesis.

-

23456789
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38. | am able to use the interests of my students to make leaming 1234567 88
meaningful for them.

39. | am able to implement cooperative learning activities for those 123466789
students who like to work in groups.

40. | am able to design instruction that matches my students’ 123456789
development needs.

From: Coston (2010)
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Appendix D: Teacher Evidence of Content Knowledge

Cuestions about Cellular Respiration. ..

I

. Which atom is the electron acceptor?

Ghecose i the ultimate electron donor...

Which atom in glucose carries and donates the electrons?

. Which molecule carries TWO electrons and TWO protons

[(hydrogen] from one pump to another?

(pink guinone or blue cytochrome C)

. Which molecitle carries ONE electron at a time from one pump

to anocther?

[pink ouinone or blus cytochrome C)

. What is the 'work® being done by electrons as they move from

one pump to another?

. How many protons (hydrogen] get pumped into the

intermembrang space once the electrons pass through all three
proton pumps?

. What structure takes protons [hydrogen] from the inter-

membrane space and returns them to the matrix?

. In ATP Synthase every protons causcs ATP Synthase to

produce 1 molecule of ATP.

. What does ATP provide for the cell organelles?
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Appendix E: Teacher Evidence of Pedagogical Contertnowledge

Evidence of SUN Project Program Integration

CAPP Biofogy Course — Cellular Respiration

My CAPP [College Advanced Placement Program) Biology was driven by reflective
practices. Early in the year students were introduced to the Hydrogen Fuel Cell Activity
with this reflective queny:

Given the fact that the flow of electrons does work in both
the fuel cell as well as living systems, write a comparative
reflection on your experience in this lab activity. Relate flow
of electrons to work in the fuel celf - powered motor and to
the flow of electrons im your body to penerate ATP.

Rubric: Well developed, word processed paper refating the
fiow of electrons in the fuel cell az well 2= living systems.
Double spaced bevween 200 and 300 words. Be prepared
to supply an electronic copy if requested.

Cellular Respiration was introduced by re-visiting the Hydrogen Fuel Cell Activity. The
purpose was to establish the concept that the fiow of electrons does work. This concept
would then be expanded from the abiotic world of the hydrogen fuel cell to the biotic
wiorld of cellular respiration —an essential life process. To follow is the reflective query:
Revisit your original Fuel Cell Reflection which addressed the following:

Grven the fact that the flow of electrons does work in both the
fuel cell - powered motor as well as living systems, write a
comparative reflection on your experience in this lab activity.
Relate flow of electrons to work in the fuel cell - powered motor
and to the flow of electrons in your body to generate ATP.

Az we progress through Cellular Respiration continue to make
parallels. Re-write your reflection. Turn im both your original
and new reflection. Include a paragraph that reflects your
leamning curve. This reflection will be due on the day of test.
Rubric: Well developed, word processed paper discussing the
abvowe gueries and follow-up. Double spaced between 200 and
300 words. Be sure to develop your answer 1o demonstrate
your understanding of the queries. Be prepared to supply an
electronic copy upon reguest. if you are absent on due date,
send an electronic copy via e-mail

Cell mats are then introduced with assocated voabulany placards. Students are asked
to use the vocabulary placards to orientate themselves to the celiular structures,
functions, as well as the major inputs and outputs of cellular respiration and
photosynthesis. (Note: Cell mats were first introduced in the unit on cell structure and

function.}

A formative assessment is accomplished via oral guestions
asked by the teacher to the various student groups.
MMisconceptions are addressed on an individual group basis.
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Self-guided SMART Notebook tutoriaks are used to guide students through the ten steps
of Glycolysis. Students work with a partner and save their SMART Motebook along with
their analysis and conclusion remarks to the school’s G-drive for teacher review and
Comment.

Similarly a self-guided SMART Motebook tutorial is used to guide students through major
reactions of the Citric Acd Cycle. Again students work with a partner and save their
SMART Motebook along with their analysis and conclusion remarks to the school's G-
drive for teacher review and comment.

Students are then intreduced to the SUN Project water molecule, the laminated
mitochondrial membrane, various protein complexes, mobile camiers and electron
donors to aid in the understanding of what happens in the Eleciron TrRnsport Chain.
This is accomplizhed during a SMART Motebook presentation by the teacher where the
flow of electrons through the mitochondrial membrane is demonstrated. Students are
then given the laminated table-top models to manipulate the process and the attached
activity entitied Laminated ETS Activity. This is an ungraded activity.

Students are then introduced to the 5UN Project Tray Medels and manipulatives. They
use the pdf developed by Dr. Batiza for the 5UM Project entitied CR-Path of Electrons
Worksheet.

Using Campbell 3e, students manipulate the ATP Synthase model to penerate ATP.

A selection of short answer essay guestions that have been given to students at the
beginning of the Cellular Respiration Unit are used as the unit assessment tool and are
scored using a rubric. | can make a3 sample of these questions and the scoring rebric
available as reguested.
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Appendix F: Teacher Evidence of Culturally Responsie Practices

Lead Project - sSummary, Directions and Rubric

This project will corclude pur studies of sustalnability, ecolegy and humar impact on the
environment, and sarve as our Semester One Final Assessment. Project presentation dates
will be determined during the pianning process.

Summary of Project:

Driving Question:
How can we, as high school students; deslgn a solution to reduce the impacts aof l2ad on the
environment, humans, and other organisms that can be by corsumed by the general public?

Project Description:

Students will work to design & solutlon to design, avaluate, and refine & solution for reducing
the Impacts of lead on the environment, humans, and other organisms. They will Identity a
specific issue surrcunding lead that they wish to address, learn abaut this Issus, and then
writa & shart propasal of their solutien. After this is approved, they will create a product - this
might either BE the solutian, or It might describe & solution that they think should be used

Studenis will present thelr soiutions 0o their pears and o a small grovp of schodl or
communlty members, such as sclentists, public health afficials, etc. If they create an ltem of
art or a videao they may scbmit to UWM for copsigeration faran award.

Profect Purposa:

Tha purpose of this project Is 1o give stvdents the apporiunicy 1o apply their understanding of
how the spacific human Impact of lead is simiar to the ways In which other human impacts
develop Into global problems. We also want to glve studenis the cpportunity o be creative,
collaborative, and to practice problem-solving and guestioning skills.

Steps to Completing the Project

Step 1 - Identify the Issue - [dentity the specific issue with lead that vou want o address
with your project. (Examples might include: how children take in iead; lack of funding for
lead research; clean up lead naar factories). (formative check)

Step 2 - Project Proposal - write a short proposal for their salution. It should include the
specific issue you are addressing, how you are addressing It, and row and why you think It

will reduce tha Impacts of lead. It will alsa Include a list of any materials that you will need,
and wnere you plan 1o get those materials,

{formative - chefk off)

Step 3 - Work on Project - you will be cbservad for evidence of Inguiry and problem-soiving
skills as you work. [(summatively - Inguiry target)

S5tep 4 - Presant - present your solutions o your peers and ©o a small group of school or
community members.

S5tep 5 - Evaluate - assess yoursalf and your grodp members on your leaming and inguiry skills,



Project Proposal Checklist

Whnen campleted, submit e vour instructor for approval before you begin. Your team will then meet
with your instrictor ba review your proposal, make adjustments as negdad and 0 3NSwWer any
Questions.

[ ] What is the issue that you wish to address with your project?
[ 1How are you addressing this issue?

[ ] How and why do you think your work will reduce the impacts of lead?

[ 1wWhat materials will you need and where do you plan to get these materials?

Rubrics for Product

Tis project will be used 1o assess ore of the Mext Generation Science Standards “Performance Tasks”
as described below:

"ﬂHiﬂ'ﬂ; evaiuate, and rafine a solution for I'E'ﬂl.lﬂﬂp the ﬂnpaﬂ_'z aff human activities on the
environment and biodiversity.” (H5-L52-7)

The Following rubrics will b usad to assess this Perforrmance Task, which includes two of our Learning
Targeis - #1 [Inguiry) and #7 Concepis and Conient:
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EhdimiL o kanatth, sepulition sies, w0 AL o 1he prabikem.
Eiadveriity ] Eiodivariity

Mote for Students Who Wish o Submit a Work of At or Video 1o UW-Milwaukes

Wisuat arts can provide an imporiant and creacve ool for conveying 2 scientific message. As a speclal
feature of the SEPA program we are Involved in, WM Is hasting an art and vides contest open [o any
current student in the program. The awands, given at an Aprll conference, are nice, and you have a
charce to reach a large audience WIitn youUr message. You are not required to submit Your work io
WM, but we encourade you o consider it! Complete guidelines from UM are posted on
Blackboard.

IF your group is not interested in creating an 1tam that could e submitied e LIWM, you may choose oo

create an entry independently or with a group auiside of this project

[F some outside of this project,

the toxin you focus on c2n be fead, sicchol, caffeine, or ricotine. Al entrias for UWHM must be
submitted to the proper person by Friday, March 7, 2014, See Ms. Corado with any gquestions
regarding the UWM program.
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Appendix G: Teacher Evidence of Conceptual Change btlel
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agll-Hedecliomn

1. How did yau do st keeping aceerate, organized records during the
expectment? Explain,

2. How did yau do at concentrating during your stinnow obeervations? Explain

3. How ded you do at collaborating snd cooperating with the people i your
group? Explain

4. How ded wou do at creating an aceurate, eady-lo-read and understand graph?

5. How did yau do at anabyiing and discuscing your resules? Explakn,

6. What will you do differently next time we do an experimant?

7. What most interests you, surprites you, concerns ¢ou, or saddens yvau about
lead paisoning?
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Appendix H: Teacher Evidence — Example of Student \Wk

The Affects Of Nicotine On Zebra Fish Embryo’s

. ata
b " what nicatine has done
0 a new born child. The child's motk
ould smoke cig vhile she

Variables
sIndepende

are the imde

wie will ot

could happen
tHecause will be , it

fish
ble because

How miuch
Howe mueh

Hypothesis »

ml Y h l,.'prth
eventually die.

Materials

i

Conclusion
In each well, we put at leazt 10 ar more embryos
were put inte group
{1
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Appendix I: Teacher Evidence of Data

Analysis



Modeling the Keeling Curve with Excel

Atmospheric CO, at Mauna Loa Observatory

]
__ 3gQf 19581874 Scripps Inst. Dceanography 1 -
& 1974-2007 NOAAESHL
&
E -
i 360 - m
E
o
T 340 -
g
320 11
i | | l i ;

1880 1870 1980 1980 2000 2010
YEAR

Thizs is the Keeling Curve, derived by researchers at the Mauna Kea
observatory from atmospheric carbon dioxide measurements made between
1956 - 2005. The accompanying data in Excel spreadsheet form for the period
between 1982 and 2008 is provided at

http://lspacemath.gsfc.nasa.govidata/KeelingData.xls

Problem 1 - Based on the tabulated data, create a single mathematical model
that accounts for, both the periodic seasonal changes, and the long-term trend.

Problem 2 - Convert your function, which describes the carbon dioxide volume
concentration in parts per million {ppm), into an equivalent function that predicts
the mass of aimospheric carbon dioxide if 383 ppm (by volume) of carbon dioxide
comesponds to 3,000 gigatons.

Problem 3 - What would you predict as the carbon dioxide concentration {ppm)
and mass for the years: A) 20207 B)2050, C)21007

Space Math http://spacemath.gsfc.nasa.gov
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