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ABSTRACT

Elementary science education provides a platfommtellectual development,
building a foundation of scientific literacy andimst entry point into interest in Science,
Technology, Engineering, and Mathematics (STEMylfieA significant body of
research on elementary science education cleafityedenvhat high-quality science
education should look like at the elementary lekelwever, there is little understood
about how to implement high-quality science indinrceffectively within a school
system. Prior research indicates that this proliefurther compounded in low
socioeconomic elementary schools by a lack of negsytime, and high teacher
mobility. | used descriptive research to identhg presence of the key elements to
elementary science reform within ldaho public sdébddloat demonstrated consistent high
science achievement. Survey responses were call&ota principals and teachers from
both low and high socioeconomic schools. The relflthis study provide insight into
how Idaho is currently defining high achievemeng¢i@mentary science education and
the value that Idaho schools are placing on sciarstaeuction at the elementary level.
The results of this study also suggest a road mapliere Idaho needs to focus efforts to
achieve high-quality science achievement at thexemeary level.

Keywords elementary science education, STEM, elementaense reform,
leadership in elementary science, high achievenh@mtsocioeconomics, high

socioeconomics
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CHAPTER ONE: INTRODUCTION

Introduction

Elementary science education provides a platfommtellectual development,
building a foundation of scientific literacy and antry point into interest in Science,
Technology, Engineering, and Mathematics (STEMy&€Allen, 2006; American
Association for the Advancement of Science [AAAB}93b, 2009; Furtado, 2010;
Keeves, 1995; Michaels, Shouse, & Schweingrubé¥82National Research Council
[NRC], 2007). There has been significant reseacctdacted on high-quality science
education and there is little debate about whdt-auggality instruction should look like at
the elementary level (Allen, 2006; Anderson, 2(B&nnett, Lubben, & Hogarth, 2006;
Dorph, Shields, Tiffany-Morales, Harty, & McCaffre3011; Michaels et al., 2008;
Minner, Levy, & Century, 2010; NRC, 2007; ShymangKgdges, & Woodworth, 1990).
Inverness Research Associates (2007) defined ®yelements needed to achieve
elementary science reform. These key elementsdaclrograms and Practices;
Assessment and Feedback; Instructional Leaderskip/andate; and Professional
Development. Despite this knowledge, it is well silmented that few elementary schools
provide consistent high-quality instruction in eksmary science (Anselm & Moore,
2007; Dorph et al., 2011; Enochs & Riggs, 1990,gRi§ Enochs, 1990; Spillane,
Diamond, Walker, Halverson, & Jita, 2001; Stake &y, 1978; Weiss, 1978). This

problem is further compounded in low-socioeconoetdgmentary schools by a lack of



resources, time, and high teacher mobility (Bandov®mith, Weiss, Malzahn,
Campbell, & Weis, 2013; Berryman, 1983; Dorph et2011; Lynch, Kuipers, Pyke, &

Szesze, 2005).

Background

The National Assessment for Educational Progregd@ continues to report a
significant gap, nationally, in science educatietween low and high-socioeconomic
students (National Center for Educational Stas§iMCES], 1992, 1997, 2011). Idaho’s
NAEP results mirror this trend (NCES, 2011). Despiitese findings, some schools are
able to overcome the challenges associated wittstmioeconomics and achieve at high
levels in all curricular areas, including scieneaycock, 1998; Idaho State Department
of Education [ISDE], 2011a, 2012a, 2013a; Kane &t@l, 2009; Konstantopoulos &
Borman, 2011).

Research examining how low-socioeconomic schoelshble to achieve and out-
perform their high-socioeconomic counterpartsiigtid, possibly a result of the need to
first question the Coleman study (Coleman et &66). Coleman et al. (1966) identified
socioeconomic status (SES) as a predictor of acedmrhievement and social
effectiveness. The Coleman report was authorizeléutihe 1964 Civil Rights act and
was the second largest social science researagcpinjhistory, with 600,000 students
and 4,000 schools participating nationally. Coleraaal. (1966) reported,

School brings little influence to bear on a childhievement that is independent

of his background and general social context; Aadthis very lack of an

independent effect means that the inequalities segmn children by their home,

neighborhood, and peer environment are carriedgaiobecome the inequities
with which they confront adult life at the end ehsol. (p. 325)



Reform models attempting to refute the finding€ofeman et al. (1966) are not
widespread in Idaho (Parrett & Budge, 2012). Witreulear predictor of why some
schools across the state are achieving so hightenudifficult circumstances, it is
important to evaluate both the school and classyiawel influences on elementary
science success.

Influences on Elementary Science Achievement

Elementary science program effectiveness can heemied at multiple levels.
These levels of influence include: the school letled classroom level, and the external
environment. The external environment includes yharg outside of the school, such as
the political environment, parental-education leparental support, socioeconomic
status, and outside experiences. Schools can iteenfluence on the external
environment. This study evaluates the influenceéketchool and classroom level on
high achievement in elementary science, withinetkternal environment of low and high
socioeconomics.

High achievement is defined many ways throughoefiterature. For the
purposes of this study, high-achieving schoolsiarsce had to meet the following
criteria: (1) Maintain consistent performance other past three years on the fifth grade
science Idaho Standards Achievement Test (ISAT)A¢hieve ISAT school-level scale
scores within advanced (216+) or in the top thirgroficient (215-212) on the fifth
grade science ISAT; and (3) Have at least 30%fthf graders performing within
advanced (216+) on the science ISAT (ISDE, 2000k,12, 2012a, 2013a).

Socioeconomic status (SES) is defined as the loigical ranking of individuals

or families based on access to jobs, wealth, ggsatger, and social status (Mueller &



Parcel, 1981). The method of measuring SES varigslyvacross educational research.
One common method of measuring SES comes fromsthefuFree and Reduced Lunch
(FRL) status. For the purpose of this study, | hetvesen to use FRL status to identify
low-SES schools. The Title One qualifier for whelghool intervention in Idaho is
school-level FRL qualifications of 40% or greatenave defined schools meeting this
criterion as low SES. Free and Reduced Lunch qeadibn of 25% or less at the school

level was defined as high SES.

The Classroom Level

Research on the classroom level has dominated etamgescience education
research since the 1960s. Research on elementangs@ducation at the classroom
level has included: cognitive development throulgimentary science instruction (Adey,
2004, 2008; Adey, Robertson, & Venville, 2002; Adephayer, 1993, 1994; Endler &
Bond, 2001, 2008; Hu et al., 2011; Karplus & ThiE¥69; Shayer, 1996; Shayer &
Adey, 1981, 1993, 2002), instructional methods @@erman, 1974, 1983, 1985;
Dickerson, Clark, Dawkins, & Horne, 2006; Furtakjd®l, Iverson, & Briggs, 2012;
Karplus, 1962, 1964, 1977; Karplus & Thier, 196%mschy, 2002; Klentschy,
Garrison, & Amaral, 2001; Shymansky, Kyle, & Alpot983; Vanosdall, Klentschy,
Hedges, & Weisbaum, 2007), science instruction &itlglish language learners
(Dickerson et al., 2006; Klentschy, 2002; Klentsell., 2001; Vanosdall et al., 2007),
science instruction with children who have mental physical impairments (van
Benthem, Dijkgraaf, & de Lange, 2008), teachercaffy (Joseph, 2010; Riggs & Enochs,
1990), and teacher content knowledge (Alonzo, 2802khouse, 1990; Heller, Daehler,

& Shinohara, 2003; Lederman, 1999; Nehm & Schonf2dd7). Despite an



understanding of why elementary science is impodad an understanding of what
high-quality instruction includes, there has batlelsystem-wide change in elementary

science instruction over the last fifty years.

The School Level

Lack of change, despite overwhelming evidence worfaf inquiry-base
elementary science instruction, has prompted rekaartake a different direction,
looking for other influences on change at the clzm® level. More recently, research has
looked toward school leadership and external ressuio understand how they influence
student achievement in elementary science. Researtie principal’s influence on
elementary science instruction is still new and/@handful of studies have been
conducted. Research on the school level includek oy Spillane et al. (2001) who
conducted a qualitative study on schools in pov@®o Free and Reduced Lunch
qualification or higher) in the process of eduaagioreform. Spillane et al. (2001),
looked at distributed leadership, focusing on humesiources, social capital, and
physical resources. They found that not all eleargrgéchools achieved success in the
same manner, and that some schools that had respbiath social and capital, were
ineffective in reform because they were unablectovate their resources. Spillane et al.
(2001) also found strong evidence that support fpositional leaders is crucial in
activating and sustaining school-wide reform. Regeay Lanier (2008) and Casey,
Dunlap, Brown, & Davison (2012) found that in order elementary science programs
to match the message of reform, principals asunstmal leaders are integral. Based on

the work by Casey et al. (2012), Lanier (2008), Spdlane et al. (2001), it is apparent



that the effect of leadership within the schoolraztrbe discounted when looking for
influences driving low-SES school achievement.

Identifying a Gap in Understanding

Outside of national and state-level reports, tih@®been no comprehensive
research conducted, to date, that has looked tiokécat driving influences of school
and classroom-level influences in high scienceeashg disadvantaged elementary
schools (Banilower et al., 2013; Dorph et al., 20BLlknowledge gap exists in our
understanding of what influences similarly achigvathools from high and low-SES
demographics to achieve highly in science, leat@mgpercent of Idaho elementary

schools performing below proficient in elementariieol science (ISDE, 2012a).

Problem Statement

Outside of report data, comprehensive researchoiide a collective evaluation
of school and classroom-level influences drivinghhscience achievement in
disadvantaged elementary schools is lacking (Besitet al., 2013; Dorph et al., 2011).
This knowledge gap also persists in our understendi what influences in similarly
achieving schools from high and low-SES demograpinove students to high
achievement. Without an understanding of the iégrpetween school and classroom-
level influences driving high achievement in eletaey science, our education system
has become paralyzed in the implementation of kiglity elementary science
instructional system wide. These gaps in our uridedsng of how to successfully
implement high-quality elementary science instautthave resulted in high numbers of
schools opting out of science instruction and levels of performance in elementary

school science (Anselm & Moore, 2007; Banilowealet2013; Berryman, 1983; Dorph



et al., 2011; Enochs & Riggs, 1990; Lynch et @02 Riggs & Enochs, 1990; Spillane

et al., 2001; Stake & Easley, 1978; Weiss, 1978).

Purpose of Study

The purpose of this study is to identify if the ieypentation level for each of the
four key elements needed to achieve elementarpceieform, as described by
Inverness Research Associates (2007), are prashigh science achieving elementary
schools in the state of Idaho. This study also @et$o identify how the implementation
level for each of the key elements differ betwemm &nd high-socioeconomic Idaho
elementary schools that are achieving highly iersoe.

The implementation level for each of the key elets@fh reform (programs and
practices; assessment and feedback; instructieadérship and mandate; and
professional development) was evaluated at theot@mal classroom level (Inverness
Research Associates, 2007). | used the perspedtibe principal to evaluate the school
level and the perspective of elementary teacheesatuate the classroom level, using

Internet-based survey tools.

Research Questions and Hypotheses
This study sets out to answer the following questiand sub-questions:
Question 11n Idaho, are all of the four key elements pregeat| of the high
science achieving elementary schools? This questaafurther broken into four sub-
guestions:
* Is there evidence of the element Programs andiBeadound within all of

the high science achieving elementary schoolsaha@



» Is there evidence of the element Teacher Backgranddevelopment found

within all of the high science achieving elementseiiools in Idaho?

* Is there evidence of the element Instructional keeslip and Mandate found

within all of the high science achieving elementsefiools in Idaho?

» Isthere evidence of the element Assessment artb&elk found within all of

the high science achieving elementary schoolsahd@

Hypothesis 1Based on three years of science ISAT resultsdimified Idaho
schools have consistently developed high achiaaessience (ISDE, 2011a, 2012a,
2013a). As a state, Idaho has scored above thenabaverage on the last National
Assessment of Educational Progress (NAEP) teshgivéhe elementary grades (NCES,
2011). The NAEP test is a rigorous test that tesy®nd rote knowledge, making it
reasonable to believe that evidence will be preseall of the highest science achieving
schools in the state indicating that they are eedag delivering all four key elements
considered important to achieving success in eléangscience.

Question 2In Idaho, high science achievement can be foormbth low and high
socioeconomic status elementary schools. Doesvileree indicate a difference
between the low and high-SES schools’ implemematiche key elements to
elementary science reform in Idaho high scienceesatiyg schools? This question was
further broken into four sub-questions:

» Is there a difference in the implementation of Paogs and Practices between

Idaho low and high-SES, high science achieving etgary schools?



* Is there a difference in the implementation of Tead@ackground and
Development between ldaho low and high-SES, higimse achieving
elementary schools?

* Is there a difference in the implementation of Levaflip and Mandate
between Idaho low and high-SES, high science attgeslementary schools?

* Is there a difference in the implementation of Asseent and Feedback
between Idaho low and high-SES, high science attgeslementary schools?

Hypothesis 2Based on the different pressures created by scoimmic status in

low and high-SES schools, the ability to implemeath of the key elements will be

different in the high science achieving, high ang-SES schools.

Theoretical Basis
The theoretical basis of this proposal was framedrad the key elements of
elementary science reform (Inverness Research fteec2007), then evaluated at the
school and classroom level. At the classroom leygdlity science instruction was
theoretically framed by constructivist learningahe While at the school level, the study
was framed around instructional leadership theory.

Theoretical Basis for the Key Elements to Elemengaience Reform

The key elements to elementary science—(1) ProgwasPractice; (2) Teacher
Background and Development; (3) Instructional Leski@ and Mandate; and (4)
Assessment and Feedback—were established fronRéwazars of research and
evaluation of elementary science reform effort$rimerness Research Associates (2007).
Inverness Research Associates (2007) gatheredntiititude of multi-faceted data from

participant observations, in-depth interviews, ®guoups, surveys, and document
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review research and evaluations of National Sciéfmendation (NSF) funded State
Systemic Initiative projects, five Local Systemibahge Projects, a rural systemic
initiative, and four urban systemic initiatives.@mapter Two, | will review three of these
elementary science projects. Each is large in sbBonal Science Foundation funded,
and focuses on implementing high-quality elemensaignce instruction into districts
where quality and quantity of elementary scienstruction was lacking.

Classroom Level Theoretical Framework

Research over the past 50 years has shown thagbeglty elementary science
instruction is achieved through the implementatbmethods that are supported by the
constructivist learning theory. These methods beélldiscussed in Chapter Two, but the
essential elements are based on the belief thatitgpoccurs as learners are actively
involved in the processes of meaning and knowledgestruction, as opposed to
passively receiving information (Driscoll, 2005)irhplemented properly, instruction
based on constructivist learning theory should $oom fostering critical thinking and
creating motivated, independent learners. Thisr#taal framework maintains that
learning builds upon knowledge that a student dirdelds. This prior knowledge is
referred to as schema by Piaget (Driscoll, 2005)s#dents encounter conflicting
experiences, they must restructure their knowleggeething that Piaget refers to as
schema accommodation (Driscoll, 2005). During ungion based on constructivist
learning theory, the role of the teacher is to nhodtach, and scaffold learning,
emphasizing learning in context, with defined thigkactivities as central. Problem-

based learning and inquiry-based learning are bttiels of teaching that are based on
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constructivist learning theory, both of which regeet the core elements of what has been
identified as quality science instruction.

School Level Theoretical Framework

Instructional leadership theory is based on theeb#at instructional quality is
one of the most important factors in effective teag. Without quality instruction,
school reform is not possible. Instructional leatigy includes all actions that a principal
performs or delegates for the purpose of promagitogvth in student learning
(DeBevoise, 1984). By making instructional quathe top priority, the principal
encourages educational achievement and makesisiat @ reality. As an instructional
leader, principals work with teachers to definecadional objectives, set school wide
goals, provide the necessary resources for legronegte new learning opportunities for
students and staff, and provide effective feedlthakis consistent with and helps to
shape quality instruction in their teachers (Wiglpimmock, 1993). Instructional
leadership theory holds that the leader is a kesneht to instructional reform. Glickman
(1990) found that instructionally effective schobsse principals who have become the
primary instructional leader in their school, ahd presence of an organizational
phenomenon of collective action, an agreed-on mapehere teachers perceive that
they are part of something that is beyond them. lBamand Andrews (1990) described
effective instructional leaders as the followingeaource provider that is knowledgeable
about curriculum and instruction; an instructioleglder that sets expectations for
continual improvement of instructional program atively engages in staff
development as well as encourages the use of eliffénstructional strategies; an

effective communicator that models commitment toost goals and articulates a vision
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of instructional goals and a means for attainireséhgoals; provides a visible presence in
classrooms, collaborative meetings, and is acdes&thch of these factors is key in
developing principals who are able to become ketigigants in helping students

achieve.

Nature of the Study
This descriptive study was designed to identifihd key elements, identified as
necessary to achieve elementary science reforng present within science achieving
elementary schools in the state of Idaho. Thisysalsb set out to identify if the
implementation level for each of the key elemeatslementary science reform differed

between low and high-socioeconomic science achyesi@mentary in ldaho.

The study made use of descriptive analysis anddmtwneasures analysis to
answer the two overarching questions. Descripthadyais was used to identify if the key
elements were identifiable within the high scieachieving elementary schools in the
state of Idaho. Between-measures analysis wastasedeal the implementation level
for each of the key elements to elementary sciegfcem between high science
achieving, low and high-SES elementary schoolslaino.

The independent variable for the between-measuaygses was socioeconomic
(SES) status, as determined by school-level FrdeRaauced Lunch (FRL) qualification.
This variable was broken down into high SES (25%ess qualification for FRL) and
low SES (40% or higher qualification for FRL). Timelependent variables for the
normative analyses are Idaho high science achiedghgol participants and national

school participants.
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The dependent variables in the study were theKeurelements to elementary
science reform. These variables were measuredghrie perspective of the elementary
school principal and teachers using an adaptafi@dt? National Survey of Science and
Mathematics Education: Science Program Questioaitdiorizon Research, 2012b) and
an adaptation of the 2012 National Survey of S@eartd Mathematics - Science Teacher
Questionnaire constructed by Horizon Research (@Q0Each of the tools used in this
study were aligned to the key elements elementaense reform: Programs and
Practices, Assessment and Feedback, Instructiceaddrship and Mandate, and Teacher
Background and Development (Inverness Researchcisdss, 2007)

The measurable dependent variables included nonmmetval, and ratio survey
and protocol responses, as well as short answgomsss that were analyzed using
gualitative coding methods. Purposive sampling weesl to select the participating high
and low-SES participant schools. High-SES schoalieweompared to low-SES schools,
scoring within the same scale score bands on sjenath, reading, and language on the
fifth grade ISAT. By looking at schools with similacores, | minimized reading,

language, and mathematics as confounding variables.

Assumptions, Limitations, Scope, and Delimitations
There were three key assumptions in this studys&lassumptions include: 1.)
The data collection and data analysis methods aererate and capable of answering
the proposed research questions; 2.) The partispanhe study provided true, accurate,
and thoughtful answers to the self-report survesstjans; and 3.) The science ISAT is

an accurate measure of high-quality science achiene
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Limitations included lack of generalizability ofdHSAT science scale scores
outside of the state of Idaho. Each state has entigmtly developed its own state-level
science assessment, creating an inability to coenjgst scores across states. The NAEP
science test is the only widely used, nationallxegi science test at the elementary level.
Scores on the NAEP test are not broken down belevstate level. As a result, the
NAEP science test does not provide comparablesteses at the school level, leaving
only state developed tests, such as the ISAT tluateathe effectiveness of elementary
science education.

In an effort to remove the potentially compounduagiables of mathematics,
language arts, and reading abilities, | only loo&edimilarly achieving schools. The high
science achieving schools were also high performersathematics, language arts, and
reading. It is not possible to know how much highiavement in other content areas
influenced achievement on the science ISAT. Howahere were Idaho schools that
were high achieving in language arts, mathemadicd,reading that were not high
achieving in science, indicating that high scieackievement is not solely a measure of
high achievement in language arts, mathematicsreaing.

Since a “model” of elementary science does notettily exist, | was limited to
using key elements to elementary science reforfended in the literature, to scaffold
the study (Inverness Research Associates, 20Gtjuments used to survey participants
about science education, assessment, and leademstépgimited and did not contain
Cronbach alpha reliability coefficients associatgth them. However, the composites of

guestions | was able to use with Cronbach’s alphahility coefficients previously
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demonstrated strong to moderate reliability, anthtaaed this level of reliability on this
survey.

| followed contact protocols to minimize potentihs in the study. | know one of
the principals of the schools | asked to parti@patthe study and | previously worked
for one of the schools that | asked to participatine study. | followed procedures to
reduce the possibility of bias, despite my persasabciations with various principals,
teachers, and schools in Idaho. ISAT data seteepgted using school codes, so | was
unaware of schools’ names during the original sElegrocess. Once | identified
schools that met the criteria for participatiobgktame aware of each school’'s name. |
followed contact protocols, even with individudiat | knew, and | did not discuss the
study with any of them until after their distrigieovided consent for me to work in their

district.

Significance of the Study

Very little research has been conducted to exammneg within a culture of low
socioeconomics, some schools are able to achievewrperform their high
socioeconomic counterparts. The National AssessfoeBiducational Progress (NAEP)
has reported a significant gap, nationally, insceeeducation between low and high
socioeconomic students (NCES, 1992, 1997, 201ahdd NAEP results mirror this
trend (NCES, 2011). Outside of national and stetellreports, there has been no
comprehensive research conducted, to date, thabdlesd collectively at driving
influences of school and classroom-level influenodgsigh science achieving
disadvantaged elementary schools (Banilower e2@1.3; Dorph et al., 2011). A

knowledge gap persists in our understanding of siowlarly achieving schools from
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high and low-SES demographics move students todugievement. These gaps in our
understanding of what drives elementary scienceeaement has left 10% of Idaho
elementary schools performing below proficientlengentary school science (ISDE,
2012a). Understanding what influences, in Idahapénschools of diverse
socioeconomic backgrounds to achieve is criticéldlping Idaho schools who are low

performing in elementary science.

Definition of Key Terms

There are terms used regularly throughout this oheru that may not have a
common universally understood definition; | havéirterl each of these terms for the
purposes of this study.

Assessment and FeedbackRssessments are a method of establishing evedainc
students’ ability to use scientific practices, apgbleir understanding of crosscutting
concepts, and draw on their understanding of sipatigciplinary ideas, over time
(Pellegrino, Wilson, Koenig, & Beatty, 2014). Statlassessment should come from a
variety of approaches, including: diagnostic, fotieg summative, and performance.
Data collected from these assessments providesoons feedback on a teachers’
instructional effectiveness, their students’ leagpiand should be used to make data-
driven decisions about refinement of curriculum arsdructional practices (Inverness
Research Associates, 2007; Pellegrino et al., 2014)

Classroom Levelt The level at which the teacher has influencetodest
achievement.

Elementary School Any school containing the fifth grade; for examglas may

include Grades K-5, K-6, K-8, 3-5, 4-5.
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High Achieving Elementary Science Sche@lementary schools that: (1)
Maintain consistent performance over a three yean ®n the fifth grade science ISAT;
(2) Achieve ISAT school-level scale scores withitvanced (216+) or in the top third of
proficient (215-212) on the fifth grade science TSAnd (3) Have at least 30% of fifth
graders performing within advanced (216+) on thers® ISAT (ISDE, 2007b, 2011a,
2012a, 2013a).

High-Quality Elementary Science Instructiofnstruction that links content and
process skills, through the use of inquiry instiet This instruction should focus on
crosscutting principles and should develop studemtderstanding of scientific
explanations, generate scientific evidence, caugkests to reflect on scientific
knowledge, and encourage active participation ieree (Michaels et al., 2008).

High Socioeconomic Status (SES¥chools with less than 25% of their students
that qualify for FRL.

Instructional Leadership and Mandatelnstructional leadership encompasses all
actions performed or delegated by a leader fopthpose of supporting teachers’
development and promoting student growth in sciefbes instructional leadership in
science should extend from positional leaders #wexhleadership roles within the school
(DeBevoise, 1984; Spillane et al., 2001; Inverriegsearch Associates, 2006b, 2007;
Casey et al., 2012). Instructional mandate is ¢lglirement of a school and its teachers
to implement science instruction, encompassingjtiaity of instruction and the quantity
of instruction (Inverness Research Associates, B0PB07; St. John, Heenan, Heenan, &

Helms, 2007)
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Low Socioeconomic Status (SESJchools with 40% or more of their students
that qualify for FRL, defined using the Title Oneatjfier for whole-school intervention,
which is 40% FRL at the school level.

External Environmert The level at which influences on student achiesrat are
outside the control of the school, examples inclpadicy, parental education, and
experiences occurring outside of school.

Program and Practice- Program and Practice encompasses both the gaatity
guantity of the adopted instructional program argiructional practice within a school.
A quality program is identifiable by the adoptiemplementation, and support of high-
quality instructional materials and instructionedqtices that meet state and district
standards, and are consistent with the higher-afidem of the National Science
Standards or the Next Generation Science StandEndsquantity of a program is
identifiable by the number of hours dedicated tekig instruction of science (Inverness
Research Associates, 2006b, 2007; St. John &04l7).

School Level The level at which the school building administria or
individuals acting in a leadership role within gehool building have an influence on
student achievement.

Socioeconomic Status (SESA hierarchical ranking of individuals or famgie
based on access to jobs, wealth, assets, powesparal status (Mueller & Parcel, 1981),
as defined at the school level by the percentagéudients qualifying for Free and
Reduced Lunch (FRL) status.

Teacher Background and Developmenteacher background encompasses a

teacher’s years of experience as an educator, tgather’'s formal education in teaching
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pedagogy and science content. Teacher developroer@scfrom the access to
professional development (PD) that focuses on pettagogy and content. The highest
quality PD comes from sustained professional dgrant (50+ hours) that promotes
collaborative approaches, builds strong relatigmshimong teachers, connects to
classroom practice, and focuses on teaching anditggespecific academic content

(Heenan & Helms, 2013).

Summary

Despite the many studies conducted over the lage&fs on elementary science
instructional methods, there still exists a lackinflerstanding of how to implement
quality science instruction across an entire scbotthroughout school systems. Issues
that instigated instructional reform in the 1966s still the issues of today. It is
important to look at a broader range of stakehgldehnis study focused on stakeholders
that had direct influence over student achieventaetprincipals and teachers. By
collectively evaluating the implementation levet &ach of the key elements to
elementary science reform at the school level &ssmom level, in high achieving
elementary science programs across the state lod |thais study sought to identify
commonalities and differences between participanwtdnd high-SES elementary schools

in ldaho (Banilower et al., 2013).
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CHAPTER TWO: REVIEW OF RELATED LITERATURE

Introduction

With the shift, nationally, in the economic basedods technology, increased
concerns have surfaced that the United States oitdyenable to meet future scientific
and technological needs without a substantial aszen students entering Science,
Technology, Engineering, and Mathematical (STEMM)$ (NRC, 2005; Oakes,
Ormseth, Bell, & Camp, 1990). This needed incréasescientific literate society may
be achieved through increasing the number of stsdigveloping an interest in STEM
fields during early exposure in the elementary gsaahd by increasing the number of
underrepresented groups entering STEM fields (Oakak, 1990; Tai, Liu, Maltese, &
Fan, 2006). In this literature review, | will idégtthe importance of early exposure to
science education. | will provide a thorough distors of the theoretical framework of
high-quality elementary science education. | wsllablish the importance of strong
instructional leadership for achieving elementanigisce reform, and the theoretical
framework for instructional leadership. | will thestablish the existence of the
achievement gap between low and high socioeconstaias students in elementary
science achievement. | will provide an explanatibelementary science achievement
measures and introduce the key elements of elemyestience reform as a framework
for evaluating the presence of support for highliggiacience education in Idaho high

science achieving elementary schools.
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The purpose of this study was to identify the pnee of each key element in the
identified Idaho high science achieving schools @anidentify the differences in the

presence of these elements between low and higbesonomic Idaho schools.

Importance of Early Exposure to Science Education

Children begin school with a rich knowledge of ttegural world, innate
curiosity, the ability to demonstrate early reasgnand an interest in the discovery of
new knowledge (NRC, 2007). The implementation ghhguality elementary science
programs further develop and nurture these eanmlyeecies into higher-order thinking
skills and problem-solving skills. These skillslunde: the ability and propensity to ask
guestions, observe closely, evaluate, analyze, flmo&vidence, and think rationally.

The goal of high-quality elementary science indtaucis to develop a student’s
power to reason and solve problems in a sciemifig. Thus, teachers must feel
comfortable with guiding student-driven investigas and discussions in the early
grades (Elstgeest & Harlen, 1985). Research inekcdiat teachers find helping students
to develop scientific thinking, understand scieatihethodology, and develop student-
driven investigations their greatest challenge (hscher & Roth, 2002). Even in
schools where professional development (PD) isigeal observations reveal low
cognitive demand placed on the students. This logwnitive demand comes from the
teachers failing to provide students with oppotiesito respond to questions and not
requiring students to provide evidence or explamatifor their thinking, resulting in low
cognitive demand (Aschbacher & Roth, 2002). Addisiloresearch indicates that science
is not being taught in many elementary grades tiigh priority or in a way that is

consistent with what is considered high-qualitytinstion (Anselm & Moore, 2007,
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Dorph et al., 2011; Enochs & Riggs, 1990; Riggsr#éhs, 1990; Spillane et al., 2001,
Stake & Easley, 1978; Weiss, 1978).

The lack of high-quality science instruction at gélementary level is problematic,
since elementary students need access to gooasdretruction as early as possible
(Mulholland & Wallace, 2005). Exposure to high-gtyascientific content and processes
in the elementary grades is crucial to buildingrargy foundation for further scientific
learning and intellectual development of arguméAtien, 2006; AAAS, 1993b;

Furtado, 2010; Keeves, 1995; Michaels et al., 2008C, 2007; Rowe, 1992). The

development of these skills is the focus of a laghtity science education.

Theoretical Framework
The theoretical basis of this proposal was franrtedrad the key elements to
elementary science reform, and evaluated at tlssidam level and at the school level.
At the classroom level, | framed quality sciencgtimction around constructivist learning
theory. While, at the school level, | framed thedstaround instructional leadership
theory.

Theoretical Basis for the Key Elements to Eleman&gience Reform

Using more than twenty-five years experience aatimally recognized
independent project evaluator for many successédtablished and sustained high-
guality science programs, derived from multipleibiaél Science Foundation State
Systemic Initiative projects, five Local Systemibabge Projects, a rural systemic
initiative, and four urban systemic initiatives, $ohn, founder of Inverness Research

Associates, unveiled the key elements to elemest@ence education reform during a
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congressional briefing in 2007 (Inverness ReseAsdwociates, 2007). St. John stated the
following:

There is no secret about what it takes to instatt@ng elementary science
program. A good well-rounded curriculum that is poipied by well-designed
instructional materials as the centerpiece. Thestemals, in turn, need to be
supported by district or regional science matealster that assures teachers will
have the materials they need to teach science.

A wide range of professional supports is also lethat teachers have the
opportunity to learn how to teach their sciencs,kievelop deeper
understandings of content, become experts in fatifig student inquiries, learn
how to use science journals, and become bettessasaing their students’
learning. Teachers also need good assessmentslremdvays to get feedback on
their teaching. Finally, teachers need to be supfddsy strong science leaders
and also administrators who can help them imprbee practice and make the
case for science in their districts. The administealeaders in the district need to
make science a priority and establish a clear ntarfdaits teaching.

With these elements in place, high-quality elemgngaience instruction

becomes a high, rather than a low, probability ev@émverness Research
Associates, 2007, p. 25)

The key elements to elementary science reform(ayd2rogram and Practice; (2)
Teacher Background and Development; (3) Instruatibeadership and Mandate; and
(4) Assessment and Feedback. St. John et al. (200m)fied these elements as key
supports necessary for elementary science refoemggs, after seeing that these
elements were present in each of the schoolshbgtitad identified as having developed
a successful, sustained, elementary science refayjacts that provided high-quality
science education for their students. The resedgsiyn used by Inverness Research
Associates to evaluate improvement projects imseieducation, which ultimately
allowed them to identify the key elements to eletagnscience reform, included a multi-
faceted approach that gathered data from partitiplaservations, in-depth interviews,

focus groups, surveys, and document reviews. Térerenany studies that have been
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conducted by Inverness Research Associates thatraot the presence of each of key
elements in school districts that successfully enpgnted elementary science reform. |
will discuss three of these projects. Each of tteggets that | discuss was large in scale,
National Science Foundation (NSF) funded, and fedus) implementing high-quality
elementary science instruction in districts wharaldy and quantity of elementary
science instruction was lacking. These projecthities a six year study of the Gilbert
School District, Arizona; the San Diego Urban Sgsteroject, California; and finally, a

fifteen year legacy study of the Bay Area Schodtifit, California.

The Gilbert Systematic Science Plan

The Gilbert Systemic Science Plan began as a N&fetliproject in 1999 to
implement an elementary science program acrosSithert Public School District
capable of serving all of the district's young stnoth (Inverness Research Associates,
2006b). Inverness Research Associates (2006b)atedlthe project during its sixth
year. The presence of each of the key elementgitlbert Systemic Science Plan was
documented. In regards to Programs and Practitieei@Public Schools piloted,
selected, and adopted into use three to four NB&efd and nationally recognized kits
from Full Option Science Systems (FOSS) or SciemteTechnology for Children
(STC). Gilbert put in place a central kit refurbisént center within their district to
manage the cleaning and replenishment of eachedt,805 kits district-wide for their 25
elementary schools. During the first year of impdeation, the Inverness research team
observed in ten classrooms and found that onlydivitbese classrooms were
implementing NSF funded instructional materialsp@mof science lessons incorporated a

science notebook, and only 30% of lessons wereeplitiy be of high quality. By the
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spring of 2005, the Inverness research team obdd®¢eachers. All of them were using
NSF funded instructional materials, and 89% ofiéssons incorporated science
notebooks and were judged to be of high qualitjb&si Public Schools addressed
Teacher Background and Development by providingiahworkshops to the district’s
1,555 teachers for the purpose of developing effectse of the FOSS and STC kits,
increasing effective use of science notebooks,j@eréasing teachers’ content
knowledge within areas addressed by the kits. Texgutofessional development was
tiered to provide opportunities for all teachergxpand their knowledge and pedagogy
of science content and science skills. Workshop® &kso held to develop and train one
to two teacher leaders from each school to implénsacher training workshops and
increase the teacher leaders’ background in tadgetsas through field experiences with
specialists and scientists. There were as man@@svarkshops held during one school
year to service 1,555 teachers. Instructionaldestdp came primarily from a district
science team composed of an elementary sciencdinator, two science resource
teachers, the science material center staff, oheddead teachers from each elementary
school, and a professional consultant from a n&ighf district. Elementary principals
and district administration provided support foe ffrocess, but the process was lead by
the district science team. The science coordirdgggeloped deeper buy in by the
principals by taking key principals with her to ioaial science conferences. She also
showed them how Gilbert Public Schools was pad lafgely national movement to
change science teaching and learning at the elanyestthool level. Teachers were
required to participate in kit training prior toextking out their first science kit. The

science team provided principals with data regaytlve number of hours each teacher
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logged in to science professional development.data was then used to help target each
school’'s needs. Assessment and Feedback of stiedening came from state-mandated
assessments in science, student notebooks thausetleor various forms of

assessment, including formative and summative FES unit assessments. Notebooks
were also used as a method of providing studentsfe@dback (Inverness Research

Associates, 2006b).

San Diego Urban System Project (San Diego USP)

The San Diego Urban System Project, CA (St. Jolah€2007) was a K-12
initiative aimed at improving teaching and learningnath and science. The initiative
was funded by NSF over five consecutive yearsgctffg 133,000 students, who spoke
60 different languages and dialects, and approxiydt500 teachers. Program and
Practice was addressed by the adoption of FOS$Kite elementary grades. In
addition, the district worked with the inquiry-baseurriculum development group,
Biological Sciences Curriculum Study (BSCS), tolthgiapacity and implement new
instructional materials. Teacher Background andel@ment was met through the
development of large-scale and high-quality praotesd development for teachers. They
built infrastructure for professional developmdmdttresponded to teachers’ increased
sophistication, offering an ever-evolving set oaliénges for administrators, teachers,
and students that were cumulative, strategic, eyid for the system. Over the course of
one school year, K-12 teachers participated ingasibnal development focused on
science. Classroom teachers spent 6 hours whitthesand lead teachers spent up to 80
hours in professional development. Instructionatiérship and mandate were taken very

seriously within these and previous initiatives dénthe Blueprint for Student Success
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initiative for literacy and mathematics, principalere expected to act as instructional
leaders, providing intensive professional develapnte their teachers and spending
about two hours each day in classrooms. Under @ineDtego USP, leadership teams of
principals, vice-principals, and teachers receivanhing on identifying high-quality
science pedagogy and developing science contemt.tdacher leaders were established
within each elementary school, one for coordinatimajerials and another for leading
peers in lesson study. Content administrators wstablished that worked
collaboratively with teachers and principals. Téadership team designed and delivered
workshops, provided teacher coaching, identified @mse curriculum, and designed
assessments. The district took the developmeritaig well-defined district wide math
and science programs, at every level, and fortadlets, very seriously. They mandated
the use of adopted instructional materials distmicke and required participation in the
accompanied professional development and assessopgurts. Their mandates were
deliberately engineered mechanisms to ensure lhsttidents were exposed to the same
curriculum, leveling the playing field for all stedts. Assessment and Feedback was
achieved through assessments aligned to the eaithérs taught, use of science

notebooks, and monitoring of state and district-daded testing (St. John et al, 2007).

Bay Area Schools for Excellence in Education (BASEE

Bay Area Schools for Excellence in Education (BA$EEan Francisco, CA was
a five year (Inverness Research Associates, 20&één&h & Helms, 2013) NSF funded
project involving eight school districts. It iniliya began as an investment from Hewlett-
Packard Corporation to implement a kit-based hamdslementary science program,

including training at the National Science Resosit€enter in Washington, DC. Looking
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at Program and Practice, the BASEE initiative auned the support for FOSS kits within
the district and support for the district refurbigmt center. Inverness Research
Associates did a legacy study 15 years after tipdeimentation of the BASEE initiative.
They found that the use of FOSS kits was stilliingbnalized within district elementary
schools and that despite the presence of the fiaignstrapped district, a method of
refurbishment of these kits still existed. TeadBackground and Development created
by the BASEE initiative, and other initiatives tlatcurred before and after BASEE,
provided extensive teacher and administrator tngiim elementary science pedagogy
and content knowledge. BASEE specifically providiear strands of professional
development, which introduced teachers to the da@selopment of content background,
provided teacher leadership development, and peoMidhining for administrators in
supervision of science teaching. The legacy stodpnd that many of the teachers that
were trained by BASEE were still teaching and thpbol of teacher leaders still
advocated for elementary science education. IngsrResearch Associates found that
the training BASEE provided was deeply ingrainethim teachers who had participated
in the trainings. Some of these ingrained trainivgse seen in the commitment to still
use the FOSS instructional materials, engage stsidteimquiry-based science
instruction, and work with other teachers. Durihg kegacy study, Inverness Research
Associates found that the administrative supparséience education, although not what
it was during the implementation of BASEE, stiliged within the district. During
implementation of BASEE, principals were trainedgupervision of science instruction,
teachers were trained as leaders, science coasbaugred, and lesson study groups

existed. Some of these formal leadership role®ngdr existed, but building and district
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support for science instruction was still supp@tivOne weakness of the Inverness
Research Associate’s legacy report was that Asssgsand Feedback was not discussed,
despite its presence in the BASEE project. HenmanHelms’s (2013) BASEE legacy
study shows us,

... longer term sustained funding for science edooadtnprovement is important

in developing champions with expertise and commitimleuman capital

necessary for achieving sufficient strength ancblility to weather lean and

unpropitious times. Funding is most effective wifigrused on creating

supportive environments for local educational inveraent efforts, aiming

funding toward creating the capacity for ongoingrovements in instruction,
through the development of teacher leaders andank$w(p. 3)

The insight that the sustained work of Invernesse@ech Associates has
contributed over longer periods of time and muttés of districts across the United
States provides us a rare glimpse into the mechlkwarkings of districts before, during,
and after change occurs. Their work has contribtdete theoretical basis for what is
necessary to create change in science instructithimwhe elementary school
environment (Inverness Research Associates, 20ddn&h & Helms, 2013).

High-Quality Elementary Science, the Classroom L&Weoretical Framework

During the 1960s and 70s a huge outgrowth of rekemnd understanding of
thinking and learning in science education occua®d result of low achievement in
math and science and entry into the Sputnik eraplia & Thier, 1969; Shayer & Adey,
2002). Surprisingly, many of the views that werélhe the 1960s about science
education are still held today. Karplus (1962) besn noted as saying,

Teachers’ colleges require [too] few science caufeegraduation; many

[elementary] teachers feel inadequately preparageach science; many school

districts allot less than an hour a week to sciensguction; and ... science
competes for [teaching] time with reading, writiggpd arithmetic. (p. 243)
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The result of science reform of the 1960s-70s Wwaslevelopment of several new
elementary science education programs that focoisélde interactions between
cognitive development and the development of sifietiinking and reasoning (Karplus
& Thier, 1969). The result of this research in thated States (US) was the development
of Science Reasoning Patterns and the LearningeQkerplus & Thier, 1969). This
movement in the US was mirrored in the United Kimgpd UK) by their concern with
poor math and science achievement at the secotedealy Similarly, this reform
movement in the UK resulted in investigations iobgnitive development and the
development of scientific thinking and reasoningdger & Adey, 2002). The result of
the research in the UK was a process known as @ogwicceleration and the 5-pillar
approach to science instruction. This researchribrtéd greatly to our understanding of
what high-quality science instruction encompasaed,the development of the term
inquiry instruction.

Inquiry instruction is developed from the implenaidn of methods supported
by the constructivist learning theory (Adey & Shgyi993, 1994; Allen, 2006;
Anderson, 2002; Bennett et al., 2006; Dorph e28l1,1; Karplus, 1977, 1964, 1962;
Karplus & Thier, 1969; Michaels et al., 2008; Minm¢ al., 2010; NRC, 2007;
Shymansky et al., 1990). Constructivist learningptly is based on the belief that
learning occurs as learners are actively involvethe processes of meaning and
knowledge construction, as opposed to passivebivieg information (Driscoll, 2005).
Learners are the makers of meaning and knowledgeuttion based on constructivist
learning theory should foster critical thinkingeating motivated and independent

learners. This theoretical framework holds thatriesy builds upon knowledge that a
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student already has. This prior knowledge is reféto as schema by Piaget (Driscoll,
2005). As students encounter conflicting experisntteey must restructure their
knowledge, something that Piaget refers to as salemommodation (Driscoll, 2005).
Bruner and Vygotsky developed similar conceptsctmant for changes in a child’s
knowledge (Driscoll, 2005). In a lesson based amstroctivist learning theory, the role
of the teacher is to model, coach, and scaffolchiag, emphasizing learning in context,
with defined thinking activities. Inquiry scienagstruction is consistent with
constructivist learning theory; it refers to whatesitists do, how students learn, and a
pedagogical approach that teachers employ (NRC3)199

Within the United States, elementary science progrdeveloped with National
Science Foundation funding continue to be develdyzsed on the Learning Cycle, or
aspects of the Learning Cycle (Karplus & Thier, @96awson, Abraham, & Renner,
1989). The reasoning patterns developed by KaotdsLawrence Hall of Science
(1981) are no longer used. This change has coraeemilt of a change in our
understanding of what children are capable ofg@réicular age or grade (Lowery, 1998;
NRC, 2007). What children are capable of is theltex a complex interplay between
maturation, experience, and instruction, makingtvwehédren are capable of, in large
part, based on their opportunities to learn, rathan a fixed sequence of developmental
stages (NRC, 2007).

The Schwab scale, originally developed in 1962hkerrdefined inquiry by the
level of student involvement in the proceBetba, Auldridge, & Rhea, 199Schwab,
1962). These levels became known as confirmatiguitiy, structured inquiry, guided

inquiry, and open inquiry.
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» Confirmation inquiry is the lowest level of inquirpuring confirmation
inquiry, students are working to confirm a prineiphrough an activity in
which the results are already known in advamitezpa et al., 1999)

» Structured inquiry is used to investigate a questhat the teacher has
presented though a prescribed procedure. The gtudeltect data, and
develop a conclusion based on results. The reswdtaot known prior to the
investigation Rezba et al., 1999)

» Guided inquiry is used to investigate a teachesqueed question, using
student developed/selected hypothesis, procedisis collection methods,
and analysisezba et al., 1999)

» Students form their own conclusions based on thega. The student-
developed criteria is typically checked by the teadefore the student
progresses on to investigatirfggzba et al., 1999).

* Open inquiry is the highest level of inquiry. Ingliorm, the students develop
their own question, method, and solution. The teaslhill typically checks the
student-developed criteria before allowing the shid to progress on to the
investigation Rezba et al., 1999)

Using the more than 50 years of research on higttitgielementary science to
guide them, Michaels et al. (2008) took a stepeutide direction of the National
Research Council, to recognize the vital connedbemveen content and process skills in
elementary science instruction. They redefined {gjgality instruction in terms of
science practices, rather than inquiry-base instmicScience practices encompass all

types of inquiry instruction. Michaels et al. (20@®fined high-quality science
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instruction as occurring when, “conceptual undeditag is linked to the ability to
develop or evaluate knowledge claims, carry outigogb investigations, and develop
explanations” (p. 35). High-quality instruction thavolve students deeply in science
practices can be divided into four strands. These $trands include: understanding
scientific explanations; generating scientific @nde; reflecting on scientific knowledge;
and participating productively in science (Michagisl., 2008).

Each of these four strands requires further detsenippo develop a full
understanding of what they encompass. Within e&theostrands, learning should be
based on developmental appropriateness for therstud

» Strand 1: Understanding Scientific Explanationsd8nts need to know, use,
and interpret scientific explanations of the ndtwarld. Students should not
be taught to simply memorize facts and definitidnstead, learning should
emphasize concept acquisition. Students shouldught how to apply and
connect new knowledge to prior knowledge, interestsl experiences
(Michaels et al., 2008).

» Strand 2: Generating Scientific Evidence. Strang fiocuses on scientific
reasoning. The aim should be to develop studentsivledge and skills to
guide them in building and refining models and axptions, designing and
analyzing investigations, and constructing and rigifeg arguments with
evidence. Teachers should guide students in lggtoiask questions,
deciding what to measure, developing measuremeuitecting data from the

measures, organizing data, interpreting and evaly#te data, and using
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results to develop and refine arguments, modetsflaories (Michaels et al.,
2008).

» Strand 3: Reflecting on Scientific Knowledge. Statdeshould be exposed to
the scientific process enough that they begin tietstand that scientific
knowledge builds over time and can be revised asawdence emerges,
scientific knowledge should be viewed as an eviddrased body of
knowledge. Students should recognize this chaiatitein their own
predictions or explanations as they revised timenking based on newly
observed evidence, increased content knowledggeva@opment of a new
model (Michaels et al., 2008).

» Strand 4: Participating Productively in Scienceidgnts should develop a
proficiency in science from their participation. &tnmastery level, they should
be able to represent their scientific ideas, usmnsic tools, and
communicate about science with their peers (Michathl., 2008).

These four strands outlined by Michaels et al. 8Qtere used by the National
Research Council (2012) to develag-ramework for K-12 Science Educatidrhis
framework was then used to guide the developmetitedfiext Generation Science
Standards (NGSSNGSS Lead States, 2013). Developers oNSSare seeking
approval nationally. Currently the NGSS has beaptatl by nine states (California,
Delaware, New Jersey, Rhode Island, Kansas, Keptddaryland, Vermont, and
Washington) and endorsed by the National Scieneefer Association (NSTA).

The classroom-level research that has dominatedesi&ry science education

research since the 1960s, has been successfulndéiigh-quality elementary science
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instruction, and in developing the K-12 framewoidsscience instruction and standards
for implementing science instruction (Breddermady/4, 1983, 1985; Furtak et al., 2012;
Karplus, 1962, 1964, 1977; Karplus & Thier, 196%rschy et al., 2001; NGSS Lead
States, 2013; NRC, 1998, 2005, 2007, 2012; Shaykddy, 1981, 2002; Schwab, 1962;
Shymansky et al., 1983; van Benthem et al., 20@8i0gdall et al., 2007). Unfortunately,
despite these well developed understandings ofeldiypentary science is important and
what high-quality instruction includes, there hagmblittle change in elementary science
instruction over the last fifty years.

Leadership in Elementary Science, the School L&kebretical Framework

Lack of change, despite overwhelming evidence worfaf inquiry-base
elementary science instruction, has prompted rekaartake a different direction,
looking for other influences on change in elemansaience at the classroom level.
Research into the area of instructional leadershgfound that instructionally effective
schools have principals who have become the primnatyuctional leader in their school,
and the presence of an organizational phenomenoallettive action, an agreed-on
purpose, where teachers perceive they are paoneéthing that is beyond them
(Glickman, 1990). Bamburg and Andrews (1990) désdtieffective instructional leaders
as the following: a resource provider that is kremgeable about curriculum and
instruction; an instructional leader that sets exgi@ns for continual improvement of
instructional programs and actively engages irf siafelopment as well as encourages
the use of different instructional strategies; iaative communicator that models
commitment to school goals and articulates a visidnstructional goals and a means

for attaining these goals; provides a visible pmesen classrooms, collaborative
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meetings, and is accessible. Each of these faist@esy in developing principals who are
able to become key patrticipants in helping studaaiseve.

Instructional leadership theory is based on theeb#at instructional quality is
one of the most important factors in effective teag. Without quality instruction,
school reform is not possible. Instructional leatigy includes all actions that a principal
performs or delegates for the purpose of promagitogvth in student learning
(DeBevoise, 1984). By making instructional quathe top priority, the principal
encourages educational achievement and makesisit @ reality. As an instructional
leader, principals work with teachers to definecadiwnal objectives, set school-wide
goals, provide the necessary resources for legromegte new learning opportunities for
students and staff, and provide effective feedlthakis consistent with and helps to
shape quality instruction in their teachers (Wiglfpimmock, 1993). Instructional
leadership theory holds that the leader is a kesneht to instructional reform.

Current elementary science research has beguokddward school leadership
and external resources to examine how they inflestedent achievement in elementary
science. Research with a primary focus on the jpatis influence on elementary
science instruction is still new and only a fewdsés have been conducted. Research on
the school level includes work by Spillane et 20q1), who conducted a qualitative
study on schools in poverty (60% FRL or higher)ha process of educational reform.
Spillane et al. (2001) looked at distributed leatigy, focusing on human resources,
social capital, and physical resources. They fahatinot all elementary schools
achieved success in the same manner, and thatsihioels that had resources, both

social and capital, were ineffective in reform hesmthey were unable to activate their
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resources. Spillane et al. (2001) also found stendence that support from positional
leaders is crucial in activating and sustainingpstiwide reform. Research by Lanier
(2008) and Casey et al. (2012) found that in ofdeelementary science programs to
match the message of reform, principals as ingtmalt leaders are integral. Based on the
work by Casey et al. (2012), Lanier (2008), andl&pe et al. (2001), it is apparent that
the effect of leadership within the school canr®tiscounted when looking for

influences driving low-SES schools’ achievement.

Underrepresentation in Science, a Function of Soa@aonomics

The National Assessment for Educational Progres&@® continues to report a
significant gap, nationally, in science educatietween low and high socioeconomic
students (NCES, 1992, 1997, 2011). Idaho’s NAERBItesirror this trend (NCES,
2011).

Despite these findings, some schools are abledocome the challenges
associated with low socioeconomics and achievégatlbavels in all curricular areas,
including science (Haycock, 1998; ISDE, 2011a, 20P®13a; Kane & Cantrell, 2009;
Konstantopoulos & Borman, 2011). Few studies tlaaehsought to examine how, within
a culture of low socioeconomics, some schools bieta achieve and out-perform their
high-socioeconomic counterparts. This may stem fileemeed to first question the well-
accepted Coleman study (Coleman et al., 1966).nGanlect al. (1966) identified
socioeconomic status (SES), the hierarchical rap&imnndividuals or families based on
access to jobs, wealth, assets, power, and soatakgMueller & Parcel, 1981), as a
predictor of academic achievement and social effecess. The Coleman report was

authorized under the 1964 Civil Rights act and thassecond largest social science
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research project in history, with 600,000 studamis 4,000 schools participating
nationally. Coleman et al. (1966) reported,
School brings little influence to bear on a childhievement that is independent
of his background and general social context; aatlthis very lack of an
independent effect means that the inequalities segmn children by their home,

neighborhood, and peer environment are carriedgaiobecome the inequities
with which they confront adult life at the end ehsol. (p. 325)

This finding was unsuccessfully challenged, uhi@ meta-analytical research on
the relationship between SES and academic achieudméNhite (1982) and by follow-
up research by Sirin (2005). White (1982) and S{g805) showed the key to student
achievement was not as simple as looking at sosraeuic status. White (1982) found
only a weak correlation between the traditional suees (using one or more indicators of
parents’ income, educational attainment, or océapal level) of SES (with the student
as the unit of analysis) and academic achieverbehg strong correlation with grade
level and home environment. Sirin’s (2005) findimggealed a moderate to strong
correlation between SES and academic achievemeneriRresearch by Brockmeier,
Starr, Green, Pate, and Leech (2013) found sclevel-variables do affect elementary
school student achievement; however, the percemtfalgBL was a stronger predictor of
an elementary school’'s academic achievement. kForeghson, it is important to evaluate
not only school and classroom-level influences,lHaw low-SES high-achieving
elementary science programs have overcome the®tietow SES as a primary
indicator of students’ achievement (Andrews & Sedé87; Firestone & Wilson, 1989;
Kannapel & Clements, 2005; Siegrist, Weeks, Pat®lafaetti, 2009).

Additional research into the effects of socioecomostatus and student

achievement, conducted by Hoy and Sabo (1998)dfgahool climate has significant
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independent effects on academic achievement trataven SES. Wenglinsky (2000)
found, through the use of the 1996 NAEP study daléle SES was an influential
predictor of achievement (0.75 standard deviationken multiple aspects of teacher
guality were taken into account teacher quality &lbdut as strong an influence in
science achievement (0.74 standard deviations).

Since the work of Coleman et al. (1966), Hoy andcSd998), and White (1982),
many researchers have conducted input-output dod-aalded research searching for
ways in which teachers, teaching methods, schdtireyand resources can overcome
the effects of socioeconomics (Haycock, 1998; Kareantrell, 2009; Konstantopoulos,
2011). Reform models within the United States apt@mg to refute the findings of
Coleman et al. (1966) are not wide spread (Fry@t12Secada et al., 1998). Idaho is no
exception to this trend (Parrett & Budge, 2012).

Oakes et al. (1990) and Sirin (2005) both conclutiatthe quality of the
learning opportunities children have access tarangly related to the child’s family and
community location in the socioeconomic structétecess to learning opportunities are
affected directly, by providing resources at hoarg] indirectly, by providing the social
capital. Family SES also helps determine the kinsthool and classroom environment
to which students have access. Low-income studevis access to fewer material
resources and fewer qualified teachers who focugeorloping inquiry and problem
solving or promoting active involvement in matheiwgind science (Banilower et al,
2013, Inverness Research Associates, 2007; Oalats #990; Weiss et al., 2001).

National testing has indicated that a gap existsiwihe United States, and in

Idaho. This gap continues to persist between staagriow and high socioeconomic
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status (NCES, 1992, 1997, 2011). Tettional Assessment of Educational Progress
NAEP is the assessment that the United Statesaigeaige both state-level and

national-level performance in elementary science.

Measuring Elementary Science Achievement
There are few measurement instruments universaélyl to assess science in
Idaho. In Idaho, students participate in Megional Assessment of Educational Progress
(NAEP), as available, and in the sciehdaho Standards of Achievement T@SAT)
given in the fifth, seventh, and tenth grades.|l discuss each of these assessment
measures, and the viability of each of these asasure of elementary science
achievement.

The National Assessment of Educational Progress

The NAEP is used in the United States as a natioohbligned to th&lational
Science Education StandardRC, 1998) an@enchmarks for Scientific Literacy
(AAAS, 1993a) to measure science content knowleaigescience practices. Content
knowledge is measured in physical science, lifersm@, and earth/space sciences.
Science practices measure students’ ability totifyescience principles, use science
principles, use scientific inquiry, and apply tectugical design. The NAEP science
assessment is a comprehensive test that contges-pancil items, hands-on
performance tasks, and interactive computer tasks NAEP science test is given every
four years in the fourth grade. NAEP scores ardahla at the state level and national
level (NCES, 2012).

In 2009, the NAEP report on science continued &le®-income students, as

identified by qualification for a Free and Redutemch (FRL) program, with less access
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to material resources in science and less qualkiéadnhers. The science NAEP also
reported an achievement gap at grades 4 and 8 &éetstedents from higher and lower-
income families in both the hands-on tasks, interacomputer tasks, and the paper-
pencil test. When broken down to state levels, ddads one of the smallest SES
achievement gaps in the United States (-15.43 ptbietween scale scores), second only
to Maine (-14.86 points between scale scores), thi#gmational average at 29 points. An
achievement gap is also noted in Hispanic studaeiritis,a mean score that was 31 points
lower than white students. This performance gapsiasgar to the national average (32
points) (NCES, 2011).

Although the NAEP test is a good test for providanigig picture of how our
schools are performing at the state and natiownal,l@ is not useful for providing
student, building, or even district-level data. Tmy universally given science
assessment given to students in elementary schtfohwhe state of Idaho is the science
ISAT.

The Science Idaho Standards of Achievement Test

The science ISAT is given annually in the stat&laho to elementary students in
the fifth grade. Scores are available at the intligl student level, classroom level,
school level, district level, and state level. Bogence ISAT assessment measures
understanding of the nature of science; conteniviedge; understanding of personal and
social perspectives; and use of technology. Comdeoiviedge is tested over life science,
physical sciences, and earth/space systems. TérecsciSAT assessment is a computer-
based assessment composed of multiple-choice tteahare aligned to the Idaho content

standards (ISDE, 2007a). Analysis of the fifthdgracience ISAT test found 50% of the
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assessment questions are composed of recall que¢bepth of Knowledge - Level 1),
29% are made up of basic application of skill/cg¢®epth of Knowledge - Level 2),
21% are made up of strategic thinking questionp{ef Knowledge - Level 3), and 0%
are extended thinking questions (Depth of Knowledgevel 4) (ISDE, 2007d). The
reviewers, composed of representatives from Idaational experts, and a national
psychometrician, found the questions to be condistéh the Idaho content standards.
Inter-rater reliability between the eight revieweras found to be 0.80 (Wang et al.,
2007). The science ISAT assessment has an empmimasgsall of facts, with only 21% of
assessment elements focused on strategic thinking.

State-developed science tests, like the scienc@& |84 not directly measure
higher-order thinking skills, which has lead to cems that high-achievement on these
tests may only be identifying successful teachmthe test. In response to this concern,
Kane and Cantrell (2009) conducted research thdtest students assigned to groups of
teachers over a three year time span. The studyrectin six MET project districts
across six states. Teacher effectiveness calcntatiere created for each teacher based
on past student performance in mathematics. Ihieracest scores fluctuated greatly
from year to year, this reduced the teacher predianpact on student achievement.
Students were randomly assigned to 1,181 of thicyant teachers and given tests for
higher-order thinking and their standard statesssent. What the MET project found
was that the group of teachers with high predictizieies continued to produce high
gains on state assessments for mathematic, wittonally assigned students the third
year. Even more importantly, the students with fgghns on the state test also

consistently scored high on the higher-order tmgkests (Kane & Cantrell, 2009, 2013;
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Kane, McCaffrey, Miller, & Staiger, 2013). The MEtudy found moderate correlations
between different sections of the same class taugtite same teacher, for both the state
assessment and for the higher-order thinking tastsell as for different academic year

state achievement test data for the same teadeeiéble 1) (Kane & Cantrell, 2009).

Table 1. Teacher Value-added Correlation on Varioug\ssessments
Type of Test Different Section Prior Year
Total Correlation Total Correlation
Variance Coefficient Variance Coefficient
State Math Test 0.05 (0.23) 0.38 0.4 (0.20) 0.40
BAM Test 0.07 (0.27) 0.30

(Higher-order thinking test)

The correlation value was approximately the samstiedents within different
sections of the same class (0.38) as it was falesiis from the previous year (0.40),
indicating that the teacher’s effect on students sfmred similarly between classrooms
in the same year as between academic years (K&en&ell, 2009).

The MET study revealed moderate correlation coeffits between students’
performance on state achievement tests and théarpence on higher-order tests, for
the same teachers (see Table 2). The higher-aedgisr ised included the Balanced

Assessment of Mathematics (BAM) test for math.

Table 2. Assessment Pairwise Correlations with Teher Value-Added
Type of Test Value-Added State Test Value-AddedHaher-
Order Test
Different Prior Year Different
Section Section
Value-Added State 0.38 0.40 0.54
Math Test

The conclusion of the MET study was that groupteathers who consistently
produce students with gains on states tests atsngie deeper conceptual understanding

in their students (Kane & Cantrell, 2009). Althowsihte tests are only proxy assessments
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and do not test for higher-order thinking directhe science ISAT should provide a fair
amount of insight into identifying schools that &igh achieving in Idaho. By identifying
schools that showed consistent high achievememtaotreee year span on the science
ISAT, | anticipated that | would be able to identsichools developing students’ higher-
order thinking skills in a similar manner. This asgtion is contingent on Kane and
Cantrell’'s (2009) findings being consistent foretleurricular areas, such as science, and
for grade-level data from the same schools, ratieer groups of teacher-level data taken
across six different schools in six different state

The standard error of the science ISAT is describéichble 1 (ISDE, 2011b,
2012Db, 2013b). The standard error on the fifth gredence ISAT, over the last three
years, has been fairly consistent. The reportetstal errors, however, show that actual
science ISAT scores can deviate plus or minus-3.883 points from the reported

scores. These deviations vary by score band, a&sated in Table 3.

Table 3. Standard Error for the Fifth Grade SciencelSAT
2011- 5§ Grade 2012 — 8 Grade 2013 — &' Grade
Science ISAT Science ISAT Science ISAT
Overall 3.962 3.967 3.960
Advanced/Proficient 4.13 4.13 4.10
Proficient/Basic 3.41 3.40 3.36
Basic/ Below Basic 3.43 3.40 3.41

Analysis of the 2012 ISAT data shows that the paemge of schools that are
performing at théasiclevel on the fifth grade science ISAT is far gezdhan any other
discipline. A school’s rating dfasicis an indicator that students are only able to:

Demonstrate a limited understanding of how the evarbund them works.

Students have a minimal understanding of how towgéple observations, data,

models, and measurement systems to make predietiwhsferences during
scientific inquiry. Students demonstrate a limitedierstanding of simple
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systems, properties of matter, basic cell structtageth interactions, the rock

cycle, basic environmental issues, the relationbbipreen science and

technology, and natural resources. Understandieggtkcientific concepts allows
the student to more fully understand the world atbthem (ISDE, 2007c, para

3.).

Thirty-four schools, or 10% of Idaho’s elementach@ols, are performing at the
basiclevel on the fifth grade science ISAT, comparedight schools (2%) in
mathematics, one school (0.3%) in reading, anchdds (1%) in language (ISDE,
2012a). Each of these schools has fifth grade Fétlulations that range between
28.95% and 100% (ISDE, 2012a). Although all theosth performing abasicor below
basicon the ISAT have high FRL populations, there asmynschools with similar FRL
populations that are achieving at high levels ircatricular areas, including science
(ISDE, 2012a). In addition, only a small numbetha schools performing in thmsic
range were schools with populations of limited Esfgproficient (LEP) students, which
included 11 underperforming elementary schoolgiarse (scoring below proficient),
one elementary school in mathematics, one elemestaiool in reading, and two
elementary schools in language (ISDE, 2012a). éstargly, 59% of schools whose fifth
grade ISAT scale scores fell into thdvancedevel had fifth grade classes that were
composed of 30-67% FRL. Achievement atalkde@ancedevel is an indication that
students in these schools are able to:

Consistently demonstrate the ability to use thedarstanding of the world

around them to solve real-world problems. Studantierstand how to use

multiple observations, data, models, and measuresystems to make
predictions and inferences during scientific ingutudents demonstrate a clear
understanding of multiple systems, characteristfer@nces of matter, basic cell
structure, Earth interactions, the rock cycle, clex@nvironmental issues, the
relationship between science and technology, ahdadaesources.

Understanding these scientific concepts allowssthdents to more fully
understand the world around them. (ISDE, 2007 @&.far
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Ninety-four percent of the top third of schoolsfpeming at theproficientlevel
on the fifth grade Science ISAT had between 30-87%iudents qualified for FRL
(ISDE, 2012a). Achievement at theoficientlevel is an indicator that students are able
to:
Demonstrate a clear understanding of how the wamddnd them works. Students
have an understanding of how to use multiple oladEms, data, models, and
measurement systems to make predictions and irdfemduring scientific inquiry.
Students demonstrate a general understanding pfessystems, properties of
matter, basic cell structure, Earth interactiohs,rock cycle, simple
environmental issues, the relationship betweemseiand technology, and

natural resources. Understanding these scientificepts allows the student to
more fully understand the world around them. (ISRE)7c, para 2)

This study focuses on success already occurringmitlaho schools in spite of
their socioeconomic status. This success was feehbyy finding both low and high-SES
schools with consistent high science achievemenhefifth grade science ISAT over a
three year span. Without a clear predictor of wiiyne schools across the state are
achieving so highly, under difficult circumstancisyas important to evaluate both the
school and classroom-level influences on elemerst@ignce success. This evaluation
occurred by setting Idaho schools alongside a ptiedimodel or standard for elements
required to achieve system-wide success in elemestéence education, and looking to
see which of these elements are occurring withesetsuccessful Idaho elementary

science programs.

Keys to Achieving Elementary Science Reform
A model or standard of driving system-wide achiegatnn elementary science
education does not currently exist. Research armein elementary science instruction

has identified several keys to achieving high-qualementary science reform
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(Inverness Research Associates, 2007). These &meals can be broken into four
categories: Programs and Practices; Teacher Baskgyrand Development; Instructional
Leadership and Mandate; and Assessment and Fee@lbaekness Research Associates,
2007). Each key element is defined in the followivey:

» Program and PracticeProgram and Practice encompasses both the gaality
guantity of the adopted instructional program arsiructional practice within a
school. A quality program is identifiable by theoation, implementation, and
support of high-quality instructional materials anstructional practices that
meet state and district standards, and are consigith the higher-order vision of
the National Science Standards or the Next Gewoer&icience Standards. The
guantity of a program is identifiable by the numb&hours dedicated to weekly
instruction of science (Inverness Research Assegi@&006a, 2006b, 2007; St.
John et al., 2007).

» Teacher Background and Developmérgacher background encompasses a
teacher’s years experience as an educator, amddhmial education in teaching
pedagogy and science content. Teacher developrosrascfrom the access to
professional development that focuses on both megegnd content. The highest
quality PD comes from sustained professional deraént (50+ hours) that
promotes collaborative approaches, builds strolagioaships among teachers,
connects to classroom practice, and focuses ohitepand learning specific
academic content (Heenan & Helms, 2013).

* Instructional Leadership and Mandatestructional leadership encompasses all

actions performed or delegated by a leader fopthpose of supporting teachers’
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development and promoting student growth in sciehhés instructional

leadership in science should extend from posititeeders to shared leadership

roles within the school (DeBevoise, 1984; Spill@hal., 2001; Inverness

Research Associates, 2006a, 2006b, 2007; Caséy 2012). Instructional

mandate is the requirement of a school and itezado implement science

instruction, encompassing the quality of instructémd the quantity of instruction

(Inverness Research Associates, 2006a, 2006b, 3D0Fohn et al., 2007)

Assessment and Feedbagksessments are a method of establishing evidance
students’ ability to use scientific practices, apgbleir understanding of crosscutting
concepts, and draw on their understanding of spetigciplinary ideas, over time
(Pellegrino et al., 2014). Student assessment dloawhe from a variety of approaches,
including: diagnostic, formative, summative, andfgenance. Data collected from these
assessments provides continuous feedback on atsautstructional effectiveness, their
students’ learning, and should be used to makedtatan decisions about the
refinement of curriculum and instructional practi¢tverness Research Associates,
2007; Pellegrino et al., 2014).

The presence of evidence indicating implementatiogach of these key
elements to elementary science reform may seregpasdictor of high science
achievement within elementary schools in IddBach of these key elements to the
elementary school reform can be evaluated at theat@nd classroom level (see Figure
1). The primary influence at the classroom levehes from the teacher. The primary
influence at the school level comes from the scladahinistrator. Both the classroom

level and school level are vital to establishirguacessful elementary science program.
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Program and Practice Teacher Background
& Development

-y

Instructional Leadership Kicasannenp R sl
& Mandate
Figure 1. Implementation of the Key Elements at th&chool and Classroom
Level

Inverness Research Associates (2007) identifiettelyeelements as important to
achieving elementary science reform. In additiothtar 25 plus years of research that
went into the identification of these key elemeaadsvital, there are many studies that
support and complement their work when key elemargsvaluated at both the school
and classroom level. | will begin by first discugsthe classroom level within the
context of the key elements of elementary schdokmg, followed by a discussion of the
school level within the context of the same keyredats.

The Classroom Level

Teachers are central to science reform (Glickm@801Levitt, 2001; Mechling

& Oliver, 1982; NRC, 1998; Woodbury & Gess-Newso2@02). In a synthesis of over



50

500,000 studies, Hattie (2003) calculated that 8¥%ie variance in student achievement
can be attributed to teacher influence. Hattie 80@0rther found that master teachers
can affect student performance on standardizes bgst1.25 standard deviations. Hattie
(2003) concluded, “It is what teachers know, dal eare about that makes a difference,

these things are powerful in this learning equdt{pn2).

Programs and Practices

Programs and practices incorporate what teache/tat teachers do includes
how much time they spend in implementing progrants@actices, as well as how they
implement programs and practices of science instmicTime spent on science
instruction is inarguably important to increasirfpi@vement in science. Based on an
analysis of the 2009 fourth grade NAEP sciencees;aonducted by Blank (2012) for
the Noyce Foundation, instructional time for sceehas dropped 2.3 hours per week
since 1994. In 2009, the average time spent omaeiearied across the United States,
ranging from 1.9 hours per week in Oregon elemgrgahnools to 3.8 hours per week in
Kentucky elementary schools. According to the NAE§ults, Idaho elementary schools
spend an average of 2 hours per week on scienitadtisn at the fourth grade level.
When Blank(2012) compared 2009 fourth grade sci®&®EP scale scores to the
number of hours spent per week on science instru¢ti the percent of students qualified
for Federal Free and Reduced Lunch (FRL), he fauhd&-point increase in states where
FRL qualified students were exposed to four or ninangrs of science per week.
Additionally, Blank (2012) found that in states wdachools were reporting a higher
mean of science instruction per week, he also fahatteachers reported a higher

frequency of hands-on science activities. Kentutbtyexample, reported 3.8 hours of
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science per week. Seventy-six percent of the teacugveyed there indicated that
hands-on science activities occurred every dagnoe or twice a week. In Idaho, where
only a mean of 2 hours per week of science ingonatas reported as occurring, only
35% of the teachers surveyed reported implemeti@mgis-on science instruction daily,
or once or twice a week. Idaho teachers reportedobthe lowest frequencies of hands-
on science activities use in the nation on the 20R€P survey, along with: California,
Hawaii, Mississippi, Oklahoma, Oregon, Tennesseeé \&est Virginia. By comparison,
Kentucky’s 2009 NAEP scale score on the fourth gredence test was 161. Idaho had a
scale score of 154. Nationally, students exposéestthan one hour per week of science
instruction and eligible for FRL services scoredaarrage of 126, and students who
were not eligible scored 154 on the science NAERODO. Nationally, students who

were exposed to four or more hours of scienceunstn per week and eligible for FRL
scored a mean of 138; those who were not quakiteded a mean of 166 on the science
NAEP in 2009 (Blank, 2012). The data from the sceeNAEP begins to show us that the
guantity of science instruction at the elementaxel matters.

In addition to quantity, the quality of the scienestruction implemented is also
important. The use of well-written curriculum anabg instructional materials greatly
improves the quality of science teaching. A study.ocal Systematic Change (LSC) by
Banilower, Boyd, Pasley, and Weiss (2006) found Wieen teachers implement well-
designed materials in the way they were origineitgnded, the lesson was more likely
to be highly rated on providing significant and Wwevhile content, providing
developmentally appropriate content, and for pgmigscience as a dynamic body of

knowledge. The use of good materials as part adtaict program greatly improves the
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quality of science teaching. The vast majority leh@entary classrooms in the United
States do not have this level of support, anddhelters are forced to improvise lessons
and gather their own materials. If the resultshig study hold true, only 11% of teacher-
generated lessons will be of high-quality (Baniloweal., 2006). High-quality
curriculum and instructional materials are impott#@nhigh-quality science program
should incorporate all four strands of sciencerutdion as established by Michaels et al.
(2008). These strands include: understanding sficeréasoning, generating scientific

evidence, reflecting on scientific knowledge, amadtigipating productively in science.

Teacher Background and Development

Teacher support and development, comes in manystdPnofessional Learning
Communities (PLCs); professional conferences; stigérict, and school-level in-
service; institutes; university courses and worksh@and on-line professional
development, professional blogs, and tutorialsuAvey of 215 teachers (39%
elementary teachers) from across Idaho found #aahiers have distinct preferences for
whom they seek out for content and pedagogical@tippor content support, teachers
prefer, in rank order: (1) professional developmaeetings, (2) teachers in their
building, (3) websites, (4) teachers in their dtstr(5) an administrator in their building,
(6) a master teacher/mentor, (7) online forumsp(8hne communities (Nadelson,

Seifert, Hettinger, & Coats, 2013). When asked apedagogical support, teachers were
more likely to use a website and less likely tauesj help from a master teacher, mentor,
or administration. They were least likely to seekptfrom an online forum or online
community (Nadelson et al., 2013). Nadelson e28l13) concluded that teachers most

often access people they know and are physicadiggmt for support.



53

Professional development provides the opportuniteflect on teaching
practices, and develop both content knowledge addgogical skills. A recent survey of
California educators, administrators, and distracisducted by Dorph et al. (2011) found
that although almost 90% of elementary teachetpfepared to teach English language
arts, only one third of those surveyed felt pregdceteach science. Despite this finding,
professional development for elementary schoolhe@cin science is scarce. More than
85% of teachers surveyed had not received anyasimiated professional development
in the last three years (Dorph et al., 2011). bleoto make science more accessible to
the elementary school teachers, professional deredat is key to increasing content

knowledge and pedagogical skills.

Instructional Leadership and Mandate

Teachers can play an integral role in elementagnse leadership, formally and
informally as teacher leaders. Their roles can edngm organizers of the annual science
fair, or ordering supplies and instructional matks;ito coaching instruction (Spillane et
al., 2001). Spillane et al.’s (2001) qualitativedst found that leadership for elementary
science instruction came largely from teachers, didaot have official designations or
receive monetary resources, release time, or redfuict teaching responsibilities. This
study showed that although we think initially oétprincipals role in instructional
leadership, there is also evidence that teachaysgptritical role in leadership that helps

move schools to high achievement.
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Assessment and Feedback

The body of research conducted since the publicatiaheNational Science
Education Standard@\NRC, 1998) has indicated that developing deegeptual
understanding is more productive for future leagrtimn memorizing discrete facts.
Learning experiences should be designed over nrilggars with coherent progressions
in mind (Black & Wiliam, 2009; Heritage, 2010; NRE012; NGSS Lead States, 2013,
Pellegrino et al., 2014; Perie, Marion, & Gong, 2ZD0ro achieve a comprehensive
assessment of student science understanding, teawkexl to balance measuring
students’ abilities to implement scientific prae¢ measuring students’ ability to apply
crosscutting concepts, and measuring studentstyatmlunderstand core ideas
(Pellegrino et al., 2014).

To measures students’ abilities to implement siiemdractices, students must be
given the opportunity to engage in scientific piceg. By allowing students to engage in
scientific practices, teachers allow them the opputy to truly understand the core
ideas. In order to assess students in scientifictipes, teachers need to ask students to:
answer and ask questions; develop and use moditsapd carry out investigations
where they are given opportunities to analyze atetpret data; use mathematics and
computational thinking; construct explanations dedign solutions; engage in argument
from evidence; and obtain, evaluate, and commumicddrmation (Pellegrino et al.,
2014).

To measure students’ ability to apply crosscuttiogcepts, teachers need to first
help students develop links between knowledge fitwenvarious disciplines. As students

develop these links, they begin to develop an argdéinnal framework for connecting
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knowledge across disciplines and developing amgrated understanding of what they
learn in different settings. Examples of crossagtttoncepts that should be assessed at
varying developmental levels include identifyingtpens and creating organized
meanings from them; developing an understandirgao$e and effect; and conservation
of energy and matter (Pellegrino et al., 2014).

To measure students understanding of core ideshdes need to evaluate core
ideas within physical science, life sciences, eantth space sciences, and engineering,
technology, and applications of science. Evaluatibcore ideas, however, should not
focus on scientific details; rather, it should fe@n helping students build sufficient core
knowledge and abilities to provide them a scaffolavhich they are able to attach,
acquire, and evaluate new information on their ewhey continue their education
(Pellegrino et al., 2014). In other words, the ®otficore ideas is building a framework
for a deeper understanding of the crosscuttingetscand scientific practices.

To reflect each of these three dimensions of legrrassessment tasks must be
designed to provide evidence of students’ abibtyse scientific practices, apply their
understanding of crosscutting concepts, and drath@n understanding of specific
disciplinary ideas, over time (Pellegrino et aQ12). No single assessment type is
capable of assessing all three dimensions of le@isimultaneously, so teachers need to
implement a variety of assessment activities aquiaggehes. These assessment tasks
must be representative of: what is valued; theicultrm objectives; the instructional
methods; and the purpose for the assessment (FKeabBedtmer, 2004). Assessment is
often thought about as an instrument to evaluatkahge has occurred, but the purpose

of some forms of assessment is to enhance learAgsgssment comes in many forms:
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diagnostic, formative, summative, and performaisierent types of assessment are
used for different purposes.

The purpose of a diagnostic assessment is to fdenstudents’ current
understanding of a subject, identify students’ mmaeptions, and identify skill sets and
capabilities. Examples of common diagnostic assesinclude pre-tests, self-
assessments, discussion board responses, andemgrv

The purpose of a formative assessment is to impstaaent learning and reduce
the gap between the targeted student performarntelaserved student performance
(Bell & Cowie, 2001; Ruiz-Primo & Furtak, 2007). fReoative assessment allows teachers
to evaluate key points and check for student unaledsng before, during, and after
instruction (Ruiz-Primo & Furtak, 2007). Formati@esessment can be more formal, such
as quizzes, tests, and portfolios, or more inforfRaliz-Primo & Furtak, 2007). Informal
formative assessment is key to implementing tealguehigh-quality science instruction
because the teacher must listen to students taikgitine activity, asking students to
explain their thinking, beliefs, and ideas, anduiggg evidence for their thinking (Ruiz-
Primo & Furtak, 2007). The key to good informalrfative assessment during inquiry
science instruction is to listen to students’ @lking the inquiry activity (Ruiz-Primo &
Furtak, 2007). The craft of questioning is keyctears must master the difference
between asking questions for the purpose of rémitand asking probing questions
(Ruiz-Primo & Furtak, 2007). Informal formative assment can take place during
whole-class, small-group, or one-on-one teachatestuinteractions. It is
improvisational in nature and often goes unreco iRdz-Primo & Furtak, 2007). Lines

may be blurred between instructional activities assessment activities, when teachers
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are implementing formative assessments. Assessmaytgome in the form of students
explaining their model designs, sharing ideas wéabh other in a group, or from artifacts
that are the result of science activities (Pelleget al., 2014).

The purpose of summative assessment is to evatiatents’ learning; it is
product-oriented and the assessment is the fioalyast. Examples of summative
assessment include: final exams, term papers, peaftces, and standardized tests.
Summative assessments assess the final produat, rewisions can be made. If revisions
are made, learning continues, and the assessnfentiative. Idaho has one statewide
science assessment at the elementary level: fifitleg This one test is not able to capture
all the learning outcomes related to science, antyl grovides data on students’ science
knowledge after being in elementary school fory@ars. This situation is similar in
many states, including California where a studloyph et al. (2011) found that 66% of
California elementary teachers felt that they neeeilittle to no support in assessing their
students’ science learning. Teachers in elemestdrgols serving high percentages of
low-SES students were more likely to report recegdimited or no support for assessing
their students’ science learning than teachertementary schools serving lower
percentages of low-SES students (Dorph et al., 2011

Traditionally, science assessments have focusedeasuring students’
understanding of aspects of core ideas or of seipractices as discrete pieces of
knowledge. Progression in learning has generakynhikought of as knowing more or
providing more complete or correct responses. Assests were more likely to ask for
definitions than for actual use of the practicel@®gino et al., 2014). Performance

assessment, also known as authentic assessmessessment tasks, requires a student to
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perform a task or demonstrate a skill under defir@atlitions, knowing that their work
will be evaluated according to an agreed upon stah(Ruiz-Primo & Furtak, 2007).
Performance assessments should have multiple ca@nfmnncluding opportunities for
students to engage in practices to demonstratedaeacity to apply their knowledge.
Assessments should include opportunities to aglests to articulate a claim and
provide justification linked to evidence (Pellegriat al., 2014). Examples of
performance assessments include open-ended oidexteasponse exercises, extended
tasks, and portfolios.

In order for teachers to assess students on ak ttimensions of learning, they
should use a variety of assessment activities; sheyld be providing tasks with multiple
components; the assessments should focus on cammseamong scientific concepts; and
the assessments should gather information aboufdrostudents have progressed along
a defined sequence of learning (Pellegrino eall4). Teachers should also provide
well-developed feedback to students about thefopmance or understanding of a
concept.

Teachers use feedback to provide information testhdent about their
performance or understanding (Hattie & Timperle§02). The effective use of feedback
by the teacher can assist students in compreheretiggging, and developing a clearer
understanding, and can motivate the student. Fekdizs one of the greatest influences
on student learning, with an effect size up to 1Bf8ective feedback must be clear,
purposeful, meaningful, and compatible with studeptior knowledge and provide
logical connections to instructional content (Ha&i Timperley, 2007). The importance

of classroom culture and climate is important istéoing peer and self-assessment and to
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allow for learning from mistakes. When feedback&ambined with effective instruction
in classrooms, it can be very powerful in enhanégagning (Hattie & Timperley, 2007).

The School Level

Research on the classroom level has predominated gie 1960s. Despite an
understanding of why elementary science is impodad an understanding of what
high-quality instruction includes, there has beattlelchange in elementary science
instruction. Teachers are central to science ref@hckman, 1990; Levitt, 2001,
Mechling & Oliver, 1982; NRC, 1998; Woodbury & Gedswsome, 2002); however, to
have great influences on student achievement, ¢éeacieed support (Hattie, 2003).
Teachers cannot be held solely responsible foreaoty successful science reform; “the
past failures of many attempted reforms can ofeeexplained by reformers’ lack of
attention to the support systems that surroundsaetechange” (p. 774). Despite both
small and large-scale efforts to reform sciencecation, centered on curriculum and
methodological changes to instruction, reform e#drave made little difference over the
past 50 years. Elementary science education refasibeen experiencing the paradox of
change without differeng&oodman, 1995; Woodbury & Gess-Newsome, 2002).

Many science education professionals have concltidgdschool principals have
the greatest influence within the context of thieosd (Ediger, 1999; Greenleaf, 1982;
Mechling & Oliver, 1982, 1983; Vasquez, 2005). Migutp and Oliver (1983) stated,
“Principals have the power to promote or prevenbiration not because they have a
monopoly on imagination or creativity, but becatlssy have the authority to make a
decision” (p. 14). These decisions can influena®ss to resources, professional

development, high-quality instructional materiasd support. Current research on the
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principals’ role in elementary science educatiomigs infancy, but the limited research
indicates that principals do have an influence@arse achievement in elementary

schools (Brockmeier et al., 2013; Casey et al.228han, 2012; Lanier, 2008)

Programs and Practice

Administrators play a critical role in creating thigace, time, and incentives for
teachers to engage with the ideas in science redfiorts and in helping teachers to
critically examine their current practice. Admimatbrs control access to budgetary
resources and often make judgments about instnadtroaterials. When there is a lack of
budgeting for materials and replacement costs;uasbn is affected and often it
completely prevents high-quality instruction froetting off the ground (Goldsmith &
Pasquale, 2002). The current economic climatearithited States has brought about
deep cuts in education across the country. Idaho exception. These cuts have limited
funds to support high-quality science programs fibast al., 2011; Goldsmith &
Pasquale, 2002). Teachers in schools serving hjggreentages of students in poverty
are even more likely to report lack of facilitigsdaresources as a major challenge to
providing science instruction than teachers frofluaft schools (Dorph et al., 2011).
Seeking external funding and resources to suppthse becomes crucial (Dorph et al.,
2011; Spillane et al., 2001). However, Dorph e{2011) discovered that most schools

do not seek out external funding.

Teacher Background and Development

Principals need to be skilled in providing support feedback to teachers. Like

teachers, principals also need to seek out prafeskdevelopment. Principals need to be
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current on the elements of high-quality sciencé&urcsion. Dorph et al. (2011) provide
examples of high-quality principal professional eleypment that schools in California
have implemented with success. One example invawaidtrict science coordinator
providing training to principals to familiarize imewith the science instructional
materials. In another case, a science coordinatiged principal support by
conducting science observations with the principadebriefing followed these
observations on what high-quality science instarcghould look like and what evidence
they saw of it during the observations (Dorph et2011).

A principal’s ability to identify teachers who neegtra support becomes crucial
in schools that have large populations of low-SES,, and minority students. Due to
high teacher mobility in schools with high levefsdoversity and low socioeconomics,
teachers that are less skilled and have less experiare more highly concentrated in
schools with large populations of underrepresestedents. Therefore, learners
traditionally underrepresented in the STEM caragelme are most apt to be at the
mercy of outdated texts and curriculum materialeifteachers are more likely to be
less able to compensate for these weak materialsodack of content knowledge and
pedagogical skills, preventing students from gameeded skills to enter or continue
down the STEM career pipeline (Berryman, 1983; &t&tl Commission on Mathematics
and Science Teaching for the®XZentury, 2000).

School administrators can create a school commitimétlyactively supports
science learning. Administrators can help buildarsthnding of what highly skilled
teachers are doing and encourage others to jois@oabrt them. They can help educate

other teachers, students, and parents about tingef#hat they observe in these
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teachers’ classrooms (Michaels et al., 2008). Ryals can create support positions, such
as teacher mentors and/or science coaches wh&iled &1 implementing high-quality
science instruction. These individuals can plaliared leadership role in the selection of
instructional materials and the development oficubum. Dorph et al. (2011) found that
only 25% of schools received support in the formepienishment centers, instructional

coaches, or science specialists.

Instructional Leadership and Mandate

Science is considered a core subject in the elaneathool. However, it is not
assessed to the degree that reading, languagaraitsjathematics are assessed. In
Idaho, the science ISAT is given in fifth, severgthd tenth grades, meeting the standard
set by No Child Left Behind (NCLB). According toetihdaho State Department of
Education, the science ISAT only assesses stanttardghe fifth, seventh, and tenth
grades (ISDE, 2013c, para 6). This pattern of assest is similar to many states
throughout the United States. For this reasos, nioit surprising that across the United
States, science has continued to be one of thediwssgarded subjects at the elementary
level. It has taken on the role of a fringe subgatessed when time allows, taught
intermittently and unsystematically (Ediger, 19@eenleaf, 1982; Mechling & Oliver,
1982, 1983; Spillane et al., 2001; Vasquez, 200%)is haphazard treatment of
elementary science instruction is counterprodudtiveeveloping a foundation for
intellectual development, scientific literacy, 888EM career awareness.

A national survey conducted by Weiss (1978) shothatelementary teachers
taught science a mean of 17 minutes per day assedio about 90 minutes per day for

reading. Results of the National Survey of Sciesno# Mathematics indicate that this
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pattern has changed little (Banilower et al., 204/2jss, Knapp, Hollweg, & Burrill,
2001). In 2000, elementary teachers spent a meah wiinutes per day on science and
114 minutes on reading/language arts (Weiss e2@0.1). In 2012, the survey indicated
that elementary teachers spent a mean of 21 mipetagay on science and 86 minutes
per day on reading/language arts (Banilower eR@ll 3). Weiss (1978) pointed out that
elementary teachers’ perceptions about their qoatibns for teaching science are
consistent with the amount of time they spend tegcscience. Lynch et al. (2005)
believed that the less skilled and less experietitedeachers, the less likely they are to
use high-quality instructional practices.

Teachers need the support of their principals ool their instructional
practices (Banilower et al., 2013; Johnson & Thgjdet on The Next Generation of
Teachers, 2007). Through effective instructionadirship, principals can create cultures
of collaboration, inquiry, lifelong learning, exp@entation, and reflection, resulting in
greater teacher motivation, self-esteem, and maflebehavior, with increased
innovation, variety in teaching, and risk takindg& & Blase, 2001; Glickman, 1990).
Banilower et al. (2006) found that teachers areentigely to implement the use of
science reform-based instructional materials aadtfmes if they are supported by their
principals. Blasé and Blasé (1999a, 1999b) fouatl phincipals can have a direct impact
on teachers’ efficacy and teacher instructionatficas. This is important because we
know that teacher efficacy and teacher instructiprectices interact to promote student

achievement (Hallinger & Heck, 1998; Pitner, 1988).
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Assessment and Feedback

Principals’ use of assessment and feedback shatédae:to a school-wide model,
as well as supporting effective practices at tssioom level. Principals should monitor
and model effective use of both summative and ftimassessment data within their
schools, both through the use of state assessratnadd by monitoring evidence of
student learning during classroom observations eld@ment of frequent, common,
high-quality formative assessments used by teasharsng collaboratively together on
an agreed-upon focus can result in powerful resBifduilding a team’s capacity to
improve their programs and practices, they enswatthe curriculum is taught. They
provide information about the practice of indivititeachers, and they facilitate a
response system for students who are experiendingutdy (DuFour, DuFour, Eaker, &
Many, 2006).

Closing the knowing-doing gap by embedding the @sswf acquiring new
knowledge into actually doing to the task, theytketr teachers up for a greater chance
of success (DeFour et al., 2006). Establishindhadewide culture of reflective practices
provides opportunities for principals to evaludte éffectiveness of curricular programs
within their schools on an ongoing basis and predgdportunities and guidance for
teachers to participate in professional learningrouinities (PLC) or lesson study groups
focused on science. Within these PLC or lessorygjuolips teachers have the
opportunity to discuss science assessment and stuaent artifacts with their peers
(DuFour et al., 2006; Pellegrino et al., 2014).

Principals need to be knowledgeable about the eltaé high-quality science

instruction so that they can contribute valid ea#ibn of teachers’ instructional practices
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in science. Principals need to model, providingcgpmefeedback on instructional

practices that are meaningful. They need to idgatifd support teachers that need
increased pedagogical growth or increased backdrkoowledge in science to be
successful (National Commission on Mathematics3eidnce Teaching for the 21

Century, 2000; Berryman, 1983).

Summary

The key elements to elementary science reform gdeava framework against
which to check Idaho high science achieving eleargrdéchools. By gathering the
perspectives of the teachers and principals, latdes to identify the level of
implementation of the key elements to elementaignse reform, holistically, within
participant high-achieving schools.

By identifying the presence of each of the key @pts to elementary science
reform within participant schools, this study ideato provide a road map to where Idaho
needs to focus efforts for achieving high-qualitieace instruction and further insight
into what Idaho is currently defining as high asei®ent in elementary science
education. This study also provides a unique prspeinto the differences between low
and high-SES schools and value that Idaho schooterttly place on science instruction

in the elementary grades.
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CHAPTER THREE: RESEARCH METHODS

Introduction
The purpose of this study was to discover if tha key elements of elementary
science education reform were present in high sei@chieving elementary schools
within the state of Idaho and specifically if thegence of the key elements differ
between low and high-SES schools. The four key etgato elementary science reform
include: Programs and Practices, Assessment artb&ele Instructional Leadership and
Mandate, and Professional Development (Invernesedeh Associates, 2007).
This study sets out to answer the following questio
Question 11n Idaho, are all of the four key elements pregeial of the high
science achieving elementary schools? This questasfurther broken into four sub-
guestions:
» Is there evidence of the element Programs andiBeadound within all of
the high science achieving elementary schoolsahd@
* Is there evidence of the element Teacher Backgranddevelopment found
within all of the high science achieving elementsefiools in Idaho?
» Is there evidence of the element Instructional leesttip and Mandate found
within all of the high science achieving elementseiiools in Idaho?
» Is there evidence of the element Assessment artb&elk found within all of

the high science achieving elementary schoolsaha@
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Hypothesis 1Based on three years of science ISAT resultsdemified Idaho
schools have consistently developed high achiemessience (ISDE, 2011a, 2012a,
2013a). As a state, Idaho has scored above thenabaverage on the last National
Assessment of Educational Progress (NAEP) teshgivéhe elementary grades (NCES,
2011). The NAEP test is a rigorous test that tesy®nd rote knowledge, making it
reasonable to believe that evidence will be preseall of the highest science achieving
schools in the state that indicates they are emageelivering all four key elements
considered important to achieving success in eléngscience.

Question 2In Idaho, high science achievement can be foormbth low and high
socioeconomic status elementary schools. Doesvileree indicate a difference
between the low and high-SES schools’ implemematiache key elements to
elementary science reform in Idaho high scienceatiyg schools? This question was

further broken into four sub-questions:

Is there a difference in the implementation of Paogs and Practices between

Idaho low and high-SES, high science achieving etgary schools?

* Is there a difference in the implementation of Teadackground and
Development between Idaho low and high-SES, higinse achieving
elementary schools?

» Is there a difference in the implementation of instional Leadership and
Mandate between Idaho low and high-SES, high seiecbtieving elementary
schools?

» Is there a difference in the implementation of Asseent and Feedback

between Idaho low and high-SES, high science attgeslementary schools?
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Hypothesis 2Based on the different pressures created by scarmmic status in
low and high-SES schools, the ability to implemeath of the key elements will be
different in the high science achieving, high ang-SES schools.

| attempted to answer these questions and testyputimesis using the following
research design and rationale, which details aginase study focused on collecting data

from principals at the school level and teacherstae classroom level.

Research Design and Rationale

This study was descriptive in nature, but took atlage of between-measures
analysis to reveal the implementation level fortealcthe key elements to elementary
science reform between high science achieving loaviagh-SES elementary schools in
Idaho.

The independent variable used for the between-messmalysis was
socioeconomic (SES) status, as determined by sd¢beell Free and Reduced Lunch
(FRL) qualification. This variable was broken doimto high SES (25% or less
qualification for FRL) and low SES (40% or higheradjfication for FRL).

The dependent variables used for the between-nesaanalysis were the four
key elements to elementary science reform. Theatipeal definitions for each of the
key elements, for the between-measures analysissaiollows:

* Programs and Practices he Programs and Practices variable investigated
the time committed to science instruction, teaclpragtices and beliefs about
application of practices, and the promotion of luca of science education.
This variable also analyzed the science textbooksanlules used, the

availability of science instructional resourceg] #ime annual funding
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budgeted for science. Questions and compositesealitp this variable are
available in the Programs and Practices sectidheofeacher and principal
survey tools (see Appendix C and in Table Al).

Teacher background and developmdrite Teacher Background and
Development variable analyzed teachers’ pedagogiwlcontent background
and their feelings of preparedness to teach thewsscience disciplines,
encourage students in science, and teach diveseels in science. The
variable also evaluated the perceived availabidjtiality, and the focus of
elementary science professional development. Quressiind composites
aligned to this variable are available in the Teadackground and
Development section of the teacher and principalesutools (see Appendix
C and in Table A2).

Instructional leadership and mandatghe Instructional Leadership and
Mandate variable evaluated the presence of shaaeldiship and the presence
of instructional leadership. The variable analytezlextent to which the
policy environment and school-level support prordatéfective science
instruction. The variable looked at the availaitf coaching of science
instruction, support for struggling teachers ireacie, and the presence of and
participation in professional learning communiiiescience. The variable
evaluated the presence of a mandate to providaciastruction within the
schools. Finally, the variable evaluated the preseri school-level
instructional observation and feedback in sciens#ction, as well as the

presence of a school-level understanding of refoased science instruction.



70

Questions and composites aligned to this variatdeaaailable in the
Instructional Leadership and Mandate section oté¢laeher and principal
survey tools (see Appendix C and in Table A3).

» Assessment and feedbatke Assessment and Feedback variable analyzed
the methods of assessment and feedback used,dheteato evaluate
students in elementary science. The variable eteduhe types of
assessments (formative, summative, diagnosticparfdrmance) that
teachers’ use and how they change their individtuadent and whole-class
instruction based on data. The variable also aedlytze use of school-wide
monitoring of student progress in science. Questard composites aligned
to this variable are available in the Assessmedtreedback section of the

teacher and principal survey tools (see Appendan@in Table A4).

Research Design

The dependent variables used for the between-ne=sadaesign were measured at
the school and classroom level. The school level agsessed through the school
principal’s perspective, using an adaptation of28&2 National Survey of Science and
Mathematics Education: Science Program Questiom@orizon Research., 2012b).
The classroom level was assessed through the tsapkespective, using an adaptation
of the 2012 National Survey of Science and Mathaws&ducation: Teacher
Questionnaire (Horizon Research, 2012b). Eacheotdbls used in this study were
aligned to the study questions and the key elentdrglementary science reform:
programs and practices, assessment and feedbatkciional leadership and mandate,

and teacher background and development (InvernessaRch Associates, 2007). The
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measurable dependent variables include nominakvak, and ratio survey and protocol
responses, as well as short answer responses se/aton responses that were
analyzed using qualitative coding methods.

The principal survey was administered to princigiaden 35 schools in 17 school
districts across the state of Idaho. The princgpaley was completed by 24 principals
and was followed up with a survey of approximatélge teachers from each of these
participating schools. The teacher surveys werdradtared to 80 elementary teachers in
third through fifth grades. Both the principal seyvand the teacher survey were aligned
to the four key elements of elementary scienceme{dnverness Research Associates,
2007). The data collected from this study providestic information about school-wide
and classroom-wide influences on achievement imetegary science within the state of
Idaho.

Sampling Procedures

Idaho covers 83,574 square miles, but has onlyl /283,953 residents, making it
a predominantly rural state. There are 366 puldimentary schools statewide. The
samples collected and used in this study includedand high-SES, high science
achieving Idaho elementary school principals aaghers. The sample included schools
from urban, suburban, and rural districts from asrthe entire state of Idaho.

Idaho Science Achievement Testing

In Idaho, the science component of ileho Standards of Achievement Test
(ISAT) is administered annually in the fifth, setgrand tenth grades. Scores are
available at the individual student level, classndevel, school level, district level, and

state level. The science ISAT assessment measodessstanding of the nature of
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science; content knowledge; understanding of patsamd social perspectives; and use
of technology. Content knowledge is tested overdifience, physical sciences, and
earth/space systems. The science ISAT assessna&obisputer-based assessment
composed of multiple-choice items aligned to thehlal content standards (ISDE, 2007a).
Analysis of the fifth grade science ISAT test folsi®b of the assessment questions are
composed of recall questions (Depth of Knowledbgewvel 1), 29% are made up of basic
application of skill/concept (Depth of Knowledgkevel 2), 21% are made up of
strategic thinking questions (Depth of Knowleddeevel 3), and 0% are extended
thinking questions (Depth of Knowledge - Level Bilhe reviewers, composed of
representatives from ldaho, national experts, anatianal psychometrician, found the
guestions to be consistent with the Idaho contemdards. Inter-rater reliability between
the eight reviewers was found to be 0.80 (ISDE,1202012b, 2013b; Wang et al.,
2007). The science ISAT assessment has an emmmasesall of facts, but also assesses
elements of problem solving. The standard errotb®&cience ISAT are presented in
Table 3 (ISDE, 2011b, 2012b, 2013b).

In addition to the annual ISAT test, many distriatBninister the mathematics and
language component of theational Assessment of Educational Progr@¢$8EP) test
annually, and a random selection of Idaho schaditsirister the science NAEP every
four years in the fourth grade. The science NAE&sed in the United States as a
national tool, aligned to thidational Science Education Standa{tkC, 1998) and
Benchmarks for Scientific Litera@pAAS, 1993a) to measure science content
knowledge and science practices. Content knowledgeasured in physical science,

life science, and earth/space sciences. Sciencéqgaameasure students’ ability to
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identify science principles, use science principls® scientific inquiry, and apply
technological design. The NAEP science assessmakesiuse of paper-pencil items,
hands-on performance tasks, and interactive compmagks. The NAEP science test is
given every four years in the fourth grade. The WPA& more closely aligned to the how
teachers are encouraged to teach science, howe/BIAEP scores are only available at
the state and national level (NCES, 2012). Thensei¢SAT is the only science
assessment given statewide with scores that aialateaat the school level, as such this
assessment was used to identify schools that ghedahieving. However, in order to be
considered, schools must maintain this high-acere standard with consistent scores
across three years, which is suggestive of instu¢hat is occurring beyond the rote
level, according to research conducted by KaneGardrell (2009).

Idaho High Science Achievement Sample

The populations | was interested in identifyinglied high and low-SES
elementary schools showing consistent high perfao@an the fifth grade science ISAT
for three consecutive years. The confounding véegabieading, language, and
mathematics, were controlled for by comparing lagd low-SES schools with
comparable performance on the reading, languagemathematics ISAT test. | used a
non-random purposiveampling to generate my participant school sanfugosive
sampling selects sample participant schools bygusiirct criteria to eliminate non-
participants Johnson & Christensen, 2008; Teddlie & Yu, 2007dam, 2007)The use
of purposive sampling techniques was appropriatéhie study because of its focus on
evaluating deviant cases. The sample selectedepassentative of high and low-SES

schools that are high achieving on the fifth gradence ISAT (Tongco, 2007),
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providing high internal validity, but decreasing tbtudy’s external validity. The external
validity, however, could be increased by the degwelent of a second study used to
confirm the results within the context of anothtate (Tongco, 2007). School ISAT
scores and demographics were accessed through &ateoDepartment of Education’s
data files, available to the public through stagpattment’s website. The data used were
the 2011, 2012, and 20N Child Left Behind School Report of Scores and
DemographicsThese data contain demographics and ISAT scalesdor reading,
language, and mathematics at each grade levek@@ace ISAT scale scores for fifth,
seventh, and tenth grades.

Schools were initially sorted using the 204@ Child Left Behind School Report

of Scores and Demographitike. The sort criteria order was: (1) grade: 5768, 9, 10,

11, 12, 3, 4; (2) subject: science, mathemateasling, language; (3) science ISAT scale
scores, highest to lowest; and (4) percentageudisits scoring in th&@dvanceccategory
within each school, highest to lowest. | then ardat formula to calculate percent
gualification for SES, based on the number of sttslesho took the test and the number
of students that qualified for FRL. By looking hetpercent qualified for FRL, | color
coded the data, based on schools meeting the iolipset criteria:

» High achievement, scale scores that fit into eitktiranced216+) or within
the top third ofProficient(212-215). See Table 4 for fifth grade scienceTSA
scale score bands (ISDE, 2007Db).

* A minimum of 30% of fifth grade students performwaghin the Advanced
category on the science ISAT, to prevent a few sapleievers from skewing

the results.
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» Fifth grade classes of 25% or less FRL qualificagioigh SES) and fifth
grade classes of 40% or greater FRL qualificatiow SES). These schools
were also checked to ensure that the school-leREldtatus met these
criteria.

» Consistent scale scores over three consecutive géarcience ISAT testing at
the fifth grade level, looking at 2011, 2012, afd 2 science ISAT results.

* A minimum enrollment of 50 students at the fiftlade level, ensuring
multiple teachers and reducing the statisticalot$fef small population sizes

on percent FRL, and the effect of individual studssores on the average

score.
Table 4. ISAT Science Scale Score Bands
Advanced Proficient Basic Below Basic
Science 216 and up 206-215 194-205 193-below

The criteria | used to identify low and high-SE#gées were based on Title One
requirements. In the state of Idaho, to receiveTile One whole-school intervention, a
school must maintain Free and Reduced Lunch qcetlifin of 40% or higher at the
school level. For this reason, | used 40% or grdai®t qualification as my identifier of
low socioeconomic status schools. Title One tadyassistance in Idaho is FRL
qualification at the school level of 30% or greatesr this reason, | chose 25% or less
FRL qualification as my identifier of high socioemmic status.

After identifying the high and low-SES schools thadt the criteria for
qualification in the study, | then used the schaad district codes to identify the name of

each school. This allowed me to look up the schade percent of FRL qualification
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and ensure that it also met the set criteria. Tel Zchool coding system was changed
between 2011 and 2012, thus by having the schooéna allowed me to match up
schools in the 2018lo Child Left Behind School Report of Scores anch@graphic

files. | compared the 2011, 2012, and 2013 fifthdgr science ISAT scale scores of the
identified schools, and eliminated any schools micl large fluctuations occurred in
their scores within the three year span.

The original sample of 366 elementary schoolsestigte, was narrowed to Six
high-SES schools and three low-SES schools witieAtlvancedRIT band (216 or
higher) and 11 high-SES schools and 35 low-SESdshio the upper third of the
ProficientRIT band (212-215), totaling 17 high-SES schoaold 38 low-SES school (55
total schools). This number further decreased tech®ols when | looked for schools
with consistent scale scores on the fifth graderss@ ISAT over three years. These 40
schools are made up of: 14 high-SES schools wédlescores ranging between 223 and
212 on the 2013 science ISAT and 26 low-SES schaititsscale scores ranging
between 222 and 212 on the 2013 science ISAT. ffice ariteria used for this study
revealed a small sample size, precluding the usanafomized sampling, but allowed for
the entire identified sample of 40 schools to hatéd to participate in the study.

The participant schools are located in five ousigfof Idaho’s regions (see
Figure 1). These schools can be further definagsiding in rural or non-rural districts,
as defined by the state of Idaho (ISDE, 2013d). §thee of Idaho defines rural schools as
having met at least one of the following critefeaver than 20 enrolled students per
square mile within the school district boundariea aounty in which the school district

is located in an area with fewer than 25,000 reggldased on the most recent United
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States census. Charter schools are consideredlgulnlic school if where they reside is
considered rural. Virtual charter schools are adgrgid rural if at least 50% of their
enrolled students reside within school districtt tineet the definition of a rural school
district. In my sample, 11 rural school districid (schools) were invited to participate

and 7 non-rural school districts (29 schools) wewged to participate (ISDE, 2013d).

Region I
| 10 Schools Invited to Participate
Region II
1 School Invited to Participate
Region III
16 Schools Invited to Participate
" Region IV
1 School Invited to Participate
Region V
Vi 6 Schools Invited to Participate
Region VI
i 6 Schools Invited to Participate

v v

Figure 2. Schools Invited to Participate in the Stdy, Dispersal Map

Identifying Principal Participant Sample

I invited forty schools to participate in the studye procedure for invitation
included first requesting permission to conductdtugly within each of the 19 districts. |
submitted a proposal to each of the 19 districtsli$tricts chose to participate. This
process reduced the school sample down to 35 stHamintacted each of the 35 school
principals via telephone to introduce myself aneldtudy (see Appendix B). | made
verbal contact with 23 of the principals and | lessages for 14 principals prior to
sending the principals the Internet-based surveyation letter (see Appendix B). |

followed the initial letter and survey link withveeekly reminder letter and survey link
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(see Appendix B). The survey began on Decembe®dB3 2and concluded on January 6,
2014. Twenty-three of the invited school principeti®se to participate (66%), which
represents 56% of the total identified population.

Identifying Teacher Participant Sample

Schools in which the principal participated wenrgtied to participate in the
teacher survey phase of the study. | contacte@rheipals and asked them to provide
me the names of up to six teachers in third thrdiffthgrades, with preference given to
fifth grade teachers (see Appendix B). Principats/gled me with the names of one to
ten names of teachers. Actual teacher responsesstthools ranged from one to five
completed surveys. Three schools opted out ofpiése of the study. Principals
provided me the names of 80 teachers in third tjindiith grades. Once | received the
names of teachers, | sent a letter and surveyriikng the teachers to participate in the
study via e-mail (see Appendix B). | followed tmitial letter and survey link with a
weekly reminder letter and survey link. The surteegan on March 13, 2014. | sent
weekly e-mail reminders until May 6, 2014, wherhsthe last reminder. | closed the
teacher survey on May 9, 2014. Fifty-one teacharspf the 80 invited, participated in
the survey (64%). These teachers were composex tfisl grade teachers, six fourth

grade teachers, thirty-seven fifth grade teactzard,two multi-grade specialist teachers.
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Measurement Instruments

The survey instruments used in this study weregtdesi to evaluate elementary
science based on the implementation of the keyeiésrto elementary science reform
(Inverness Research Associates, 2007). The measaténstruments used in this study
were adapted from a robust set of national sumstyuments created by Horizon
Research (2012a, 2012b, 2012c). Adaptations abrilgenal surveys were necessary in
order to include assessment and instructional fshge Other published surveys were
used to influence question choices for the assedsane instructional leadership
subsections (Lanier, 2008, Lanier, Gallard, & Seutdnd, 2009; Louis, Dretzke, &
Wabhlstrom, 2010; Pritz & Kelley, 2009) and for the&ckground section (Horizon
Research, 2012a). | asked several non-participachers and administrators to provide
feedback on the instrument items. | revised theunsents based on the teacher and
principal feedback to increase clarity and minimarebiguity, while maintaining fidelity
to the original constructs.

The School Level: Principal Survey

The Science Prograrsurvey tool for principals constructed by HoriZzeesearch
(2012b) explicitly targeted principals’ knowledgeamd mandate for elementary science
education. The principal survey (Appendix C) is pased of 25 questions on the
following topics: School Programs and Practicegcher Background, Support and
Development, Instructional Leadership, and Assessared Feedback (see Figure 2). An
additional five background questions and one opspanse conclusion question were

included in the survey. The survey was composegsiho items, five point Likert
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items, and fill-in items (see Appendix C). The pipal survey took approximately 15

minutes to complete.



Program Teacher Instructional Assessment
& Background Leadership &
Practice & Development & Mandate Feedback

Principal Survey

How science is taught
within the school
Pedagogical views
Entities that have
influence over
instruction

Resources and funding
for science.

Beliefs about teachers’
preparedness to teach
science

PD available to teachers
Focus and content of PD
STEM initiatives
Teacher study groups

Quantity and type of
observation that occurs
in science

Instructional feedback
Opportunities for
teacher leadership
Instructional coaching
Principals beliefs about
science instruction and
science standards.

Figure 3. Focus of Principal Survey Items

* Types of assessment
used in science

* Changes to whole-
class instruction based
on data

* Changes to individual
instruction based on
data
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The Horizon Research (2012B8¢ience Program Surveyas primarily used to
create the School Programs and Practices, andsBiof@l Development components of
the principal survey used in this study. Usingdaenalysis, Horizon Research combined
guestions within important constructs in sciencecation and tested whether the items
targeted the same underlying constructs, resultiiyonbach’s alpha reliability
coefficients for these question composites (Bargioet al., 2013). Composite scores
provide a way to report summative responses fgelamounts of data and provide a
greater reliability than that of individual surviéggm (Banilower et al., 2013). Horizon
Research identified six composites in tt&iience Program SurveVhree of these
composites are presented within the principal sunaed in this study (Banilower et al.,
2013). These constructs and their respective Cadribalpha reliability coefficients are
presented in Table 5. Cronbach’s alpha reliabddgfficients found oiscience Program
Survey(Horizon Research, 2012fgr each of these composites ranges from 0.658; 0.7
indicating a moderate to strong reliability for kaomposite (Banilower et al., 2013). |
calculated Cronbach’s alpha reliability coefficefr each of these same question
composites for this study and found slightly betésults, with alphas that ranged
between 0.79 — 0.82. | used these composites ke s@mparisons between Idaho’s high

science achieving low and high-SES schools.
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Table 5. Composite Questions Used on the Princip8urvey Developed by
Horizon Research (2012c)
Variable Question Composites Alpha (Horizon Alpha

Research, 2012c)

Instructional ~ Supportive Context for Science Instruction 0.78 90.7
Leadership

& Mandate

Instructional ~ Extent to Which a Lack of Material 0.76 0.81
Leadership and Supplies is Problematic

& Mandate

Instructional  Extent to Which a Lack of Time 0.65 0.82
Leadership is Problematic

& Mandate

To calculate the composite values, | used the ndetlwtlined by Banilower et al.
(2013). This process required that | first recdderesponses to set the Likert scales to
zero. For example, a Likert scales of 1-4 was caadgo 0-3 and a Likert scale of 1-5
was converted to 0-4. This recoding was complateassure that 50 became the true
mid-point of the data when placed on a 100-poiatescThe composite data was placed
on a 100-point scale by computing the maximum stiresponses for a series of items
and dividing by 100; for example, a 5-item compmsihere each item was on a scale of
0-4 would have a denominator of 0.20. This numlesiaime the denominator in the
composite calculation. | calculated the composjteddculating the sum of the actual
responses to the items associated with that cotepasid dividing by the prepared
denominator. | completed this process for eachamdgnt. Since my data was non-
parametric, | reported the median scores for eaofposite.

| selected additional survey items from the follogpublished survey2012

National Survey of Science and Mathematics Educachool Coordinator
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QuestionnairgHorizon Research, 2012aystructional Leadership Action/Behavior
QuestionnairgLanier, 2008; Lanier et al., 2009); abdta-driven Decision Making
QuestionnairgPritz & Kelley, 2009). Horizon Research’s (2012812 National Survey
of Science and Mathematics Education: School Coatdr Questionnairavas
administered as part of the 2012 National Surve§aénce to collect initial background
information from each of the participating schodlssed this survey to construct
background questions in this study’s principal syrinstructional Leadership
Action/Behavior Questionnaingas a survey instrument developed for a dissertatio
aimed at identifying the role of instructional leaship in influencing elementary science
programs and was later presented at the Annualiiget the National Association of
Research in Science Teaching (Lanier, 2008; Lagtiat., 2009). Thénstructional
Leadership Action/Behavior Questionnaivas used to help develop the Instructional
Leadership and Mandate section of the principaleyuiThe Data-driven Decision
Making Questionnair¢Pritz & Kelley, 2009)was used to help develop the Assessment
section of the Principal surveyhe Data-driven Decision Making Questionnawvas
developed to identify if teachers and principaldenstand how to use data effectively
and was funded by the U.S. Department of Educalibe.questions developed from
these surveys provide both descriptive and inf@ksiatistics to compare ldaho’s high
science achieving low and high-SES schools to oothar.

The Classroom Level: Teacher Survey

At the classroom level, teachers were surveyedewmnsi pertaining to each of the
four key elements of elementary science reformgRuim and Practice, Teacher

Background and Development, Instructional Leaderahid Mandate, and Assessment
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and Feedback (see Figure 3). The teacher survéwasocreated primarily from the
2012 National Survey of Science and MathematicsenSe Teacher Questionnaire
(Horizon Research, 2012c). The Horizon Researcha@eacher questionnaire
explicitly targets teachers’ knowledge of and cohtf elementary science education.
This tool lends itself to easily be adapted asa@rhet-based tool. The teacher survey
(Appendix C) is composed of 11 background questiand 57 questions on the key
elements, and 2 conclusion questions. The survewhadditional five questions on
background and an open-response conclusion queStiensurvey was composed of
binary yes/no items, five-point Likert items, arlttif items (see Appendix C). The
teacher survey took approximately 30 minutes toglete, however many participants

completed the survey over several sessions.



Program Teacher Instructional Assessment
& Background Leadership &
Practice & Development & Mandate Feedback

Teacher Survey

How science is taught at Educational background Quality and type of Types of assessment
the various grade levels Professional observation that occurs used in science
Amount of teacher development experience in science Changes to whole-class
control over instruction PD content and focus Instructional feedback instruction based on
Pedagogical views Feeling of preparedness Opportunities for data

Influence over

teacher leadership

Changes to individual

instruction practices Instructional coaching instruction based on
Access to resources data

Types of resources Types of assessment
available used during last unit of

Figure 4. Focus of Teacher Survey ltems

instruction in science
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The Horizon Research (20128¢ience Teacher Questionnawes used to
develop the school Programs and Practices, Te&awkground and Development, and
Assessment and Feedback sections of the teachveryslusing factor analysis, Horizon
Research combined questions within important cantrn science education and tested
whether the items targeted the same underlyingteants, resulting in Cronbach’s alpha
reliability coefficients for these question compgesi(Banilower et al., 2013). Horizon
Research (2012c) calculated Cronbach’s alpha ikfjatoefficients for 21 composites
on theirScience Teacher QuestionnaiRFesented in Table A5 are the composites | used
in the teacher survey, their respective Cronbaalpka reliability coefficient reported for
the Science Teacher Questionnaiead the Cronbach’s alpha reliability coefficient
calculated from this study (Banilower et al., 2013)

Cronbach’s alpha reliability coefficients for th@tzon Research (2012c)
Science Teacher Questionnarsnge from 0.70 to 0.92 indicating moderate torsgr
reliability for each item on the survey (Banilowetral., 2013). Using the same
composite, | calculated Cronbach’s alpha religbgefficients for this study that ranged
from 0.50 — 0.98. | had two composites that fetbithe poor reliability category; these
included: Instructional Technology Composite (0.&0) Pedagogical Control (0.75).

The various composites were used to compare Iddigisscience achieving low
high-SES schools to one another. To calculate ahgposite values, | used the method
outlined by Banilower et al. (2013), describedha tSchool Level: Principal Survey”
section of this study. The remaining data acquirech the teacher survey provided both
descriptive and inferential statistic analysistfog following key elements: Programs and

Practices, Teacher Background and DevelopmentAasdssment and Feedback.
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The Instructional Leadership section of the teashievey was influenced
primarily by thePrincipal Leadership Survegreated by Louis et al. (2010). Two of five
constructs that are identified in tReincipal Leadership Surveyere used to develop the
Instruction Leadership section of the teacher surkrarther information about the
composites developed from these constructiongdardified in Table 6 along with the
Cronbach’s alpha reliability coefficients reportagLouis et al. (2010) and the
Cronbach’s alpha reliability coefficients calculafer this study. These composite scores
for each of these composites provided the oppdstuaiuse inferential statistics to

compare ldaho’s high science achieving low-SEShagld-SES schools to one another.

Table 6. Teacher Survey Composites for Instructiond_eadership and
Mandate
Variable Question Composite Alpha Alpha
(Louis et al,
2010)
Instructional Leadership Shared Leadership 0.78 0.88
& Mandate
Instructional Leadership Instructional Leadership 0.82 0.71
& Mandate

Other published surveys that influenced the devet of the teacher survey
include:2012 National Survey of Science and Mathematics&chn: School
Coordinator Questionnair€Horizon Research, 2012ajstructional Leadership
Action/Behavior Questionnair@anier, 2008; Lanier et al., 2009); abDdta-driven
Decision Making Questionnail@ritz & Kelley, 2009). The questions developediro
these surveys provide descriptive statistics topamen Idaho’s high science achieving
low and high-SES schools to one another for theviehg key elements: Assessment and

Feedback, and Leadership and Mandate.
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Methodology
Participant schools for the study were identifisthg science ISAT data for the
past three years (ISDE, 2011a, 2012a, 2013c) abkestt consistency in results. Criteria
for participation in this study included the follow:

. High achievement, scale scores that fit into eitkebranced216+) or
within the top third oProficient(212-215). See Table 4 for fifth grade
science ISAT scale score bands (ISDE, 2007b).

. A minimum of 30% of fifth grade students performinghin the
Advancedcategory on the science ISAT, to prevent a fevesaphievers
from skewing the results.

. Fifth grade classes of 25% or less FRL qualificafleigh SES) and fifth
grade classes of 40% or greater FRL qualificatiow SES). Schools
were also checked to ensure that the school-leREldtatus met these
criteria.

. Consistent scale scores over three consecutive géacience ISAT
testing at the fifth grade level, looking at 202012, and 2013 science
ISAT results (ISDE, 2011a, 2012a, 2013a).

. A minimum enrollment of 50 students at the fifttade level, ensuring
multiple teachers and reducing the statisticalot$fef small population
sizes on percent FRL, and the effect of individstatent scale scores on
the average scale score.

After | received Boise State University InstitutadriReview Board Human

Subjects (IRB) approval on November 7, 2013, | sitiecha proposal to conduct
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research in each of the 19 Idaho school distrctghich the identified schools reside. |
received approval from 17 of these school districkeegan administering the principal
surveys. The survey format that | chose was artrelgic survey administered through
Qualtrics. | chose an electronic survey format bheeahey are low cost and provide a
high level of fidelity to implementation.

The challenge electronic surveys created was anatty high response rates. It is
well documented that people who receive Internsetaurveys are more likely to
complete them if they know the person they areiveugthe survey from and they feel a
connection to the purpose of the survey (Fowle@2®erkins, 2011). For this reason, |
made telephone contact with the each of the prateifsom the identified schools within
each participant district. | followed a telephores (see Appendix B) that included an
introduction and a short explanation of the stu@nswered questions and asked the
principal to participate in the study. If the prippal agreed to participate, | sent the
principal an e-mail invitation to participate iretstudy by completing the principal
survey.

The survey questions were designed to have theWolh qualities: use of short
items, use of simple direct items, use of all @igiceted items, avoidance of biased
wording, and use of meaningful, mutually exclusiescriptive scales (Anderson &
Kanuka, 2003; Fowler, 2009). Another factor thatitiressed in survey development was
the use of follow-up reminders. Research by KlafsBoulianne, and Basson (2008),
found that when participants are told that they miteive a reminder to complete the
survey, it provides press, making them more likelgomplete the survey early.

Additional research by Joinson, Woodley, and R&097) found that when survey
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invitations were addressed to the participant atmeeprovided a link to a secure survey
site or provided a login and password to a seaumeey site, they were more likely to
take the survey and less likely to leave itemsl&eminders were sent to principals
once per week.

| collected descriptive background data (ethnigignder, and age) from both the
principals and the teachers. | used these datasiare that the principal and teacher
samples were representative ldaho samples. Akcieitl data containing personal
identifiers were stored on the Boise State UniveiSU) database associated with
Qualtrics or on a password protected thumb driveirig the analysis phase, data were
stored in SPSS and Excel files on a password pgeatehumb drive.

Since my sample size was limited, indirectly, by simall size of Idaho, it was
important to get a high response rate from botlptirecipal and teacher surveys. For this
reason, it was important to: develop trust, redheerisk to participants, and ensure that
the completion of the survey was not burdensomestiwas developed initially with the
districts and principals through introductory pha@o@versations and the connection to
Boise State University. Going through both IRB @imel districts’ research committees’
processes reduced the potential risk to particgppd@evelopment of both the principal
and teacher surveys were accomplished by usingdirested survey items and by
trialing the surveys prior to their use (Perkin312).

| implemented the principal and teacher surveysgisimilar processes.
However, because of the larger number of teaclsdested to take the survey, 80, | did
not attempt to make personal contact with eacthera®rincipals were asked to select

and provide names of third, fourth, and fifth grael@chers that they would like to
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participate in the teacher survey sample. Prinsipare also asked to talk to their
selected teachers about the study, so that whgmrebeived an invitation to participate,
they would already be familiar with the study. Test of the procedures were the same
as the principal survey.

Teachers and principals, both, received an e-muaitiation to participate in the
survey (see Appendix B). | obtained informed coh&em participants at the start of
each survey. If participants choose to providerimid consent, they were directed to the
survey. If the participants elected not to prowidasent, they were redirected to the end
of the survey and no data were collected. For als who chose to participate in the
survey, the survey took approximately 15 minutesaimplete. | followed the initial letter
and survey link with a weekly reminder letter andvey link (see Appendix B). The
survey began on December 6, 2013 and concludedrarady 6, 2014. For teachers that
choose to participate in the survey, the survel sggproximately 30 minutes to
complete. | followed the initial letter and surdewk with a weekly reminder letter and
survey link. The survey began on March 13, 205k&nt weekly e-mail reminders until

May 6, 2014, when | sent the last reminder. | dloe teacher survey on May 9, 2014.
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Analysis

Principal Survey and Teacher Survey

The principal and teacher surveys (Appendix C) @ioieid binary response items,
five-point Likert scale items, and open-responemg. The quantitative data obtained
from these surveys were analyzed using descriptmnadysis and between-measures
analysis. The between-measures analysis evaluaeatifferences in implementation
level of the four key elements to elementary saeredorm between low and high-SES,
high science achieving Idaho elementary schoalsed the Shapiro-Wilk Test of
Normality to determine if my data were normallytdisuted, thus determining if a
parametric or a non-parametric test should be tesadalyze the data. The Shapiro-Wilk
test can be used on small sample sizes (<50)skais® appropriate for samples up to
2000. The null hypothesis for the Shapiro-Wilk TesNormality assumes normal
distribution of data, so if the p-value is below tritical value of 0.05, then the null
hypothesis is rejected and the population is fartave a non-normal distribution
(Razali & Wah, 2011; Shapiro & Wilk, 1965). The u#ts of the Shapiro-Wilk tests
indicated that the majority of my data were nonapaetric in nature, so | used medians
as my measure of central tendency, and PearsolirsqObre tests and Mann-Whitney U
tests to compare the low and high-SES schoolstat'teacher survey results.

Between-Measures Analysis

| analyzed the binary response items using thesBaar Chi-square test to test for
significant differences between the low and higt8SEhools. The Pearson’s Chi-square
test was chosen because it is a non-parametrithisiests for goodness of fit to

theoretical distributions and as a test of independ to two variables (low and high
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SES). Although the Pearson’s Chi-square test ishbas random sampling, Chi-square
test has been identified for use with some nongeandample methods (Michael, 2001).
According to Tongco (2007), who wrote exclusivetytbe purposive sampling
methodology, Chi-square test is an accepted methpdrposive sampling analysis.
Pearson’s Chi-square test requires the preserniodependent observations. Independent
observations are present when the response ofeyeerphas no influence on the
response of another person’s response. Internetitsagvey sampling lends itself to
independent observations. Since the selected pahparticipants are from across the
state of Idaho, it is unlikely that one participaad any influence on another
participant’s response. Pearson’s Chi-square tegtsabest with large samples and large
expected frequencies (Michael, 2001). When sangtetarge and the expected
frequencies are greater than five, the samplingibligion is closer to predicting
Pearson’s Chi-square test distributions. When ergetequencies are too small, the
sample size is probably too small, and the samglisigibution becomes too deviant
from a Pearson’s Chi-square test distribution tageful. Fisher developed a method for
computing the exact probability of the Pearson’s€fjuare test statistic that is accurate
when sample sizes are small. This method is c#iledrisher’s exact test (Field, 2013;
Fisher, 1922). | used and reported the Fisher'stexeat to verify reliable statistical
conclusions. The final assumption of a PearsonissGhare test is that the null
hypothesis states that there is no relationshiwdsn classifications. The alternate
hypothesis states that a relationship or dependexisys. In addition, frequency
distribution graphs and cross-tabular data tabl®wsed to analyze responses for each

of the binary response questions. | used the P@ar€ii-Squared test to run initial
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analyses. When a significant difference was folihabked at Fisher’s exact test to
verify significance.

The five-point Likert items can arguably be consédiescaled ordinal data.
However, because of the nature of the Likert sdaealyzed these data as scaled
numerical data using the Mann-Whitney U test. Tlogpessive incremental scale
ranges, for example: from (1) Unimportant to (5)y\Wbnportant. The data provided by
the open-ended questions within the survey wereaislyzed using the Mann-Whitney
U test. The Mann-Whitney U test null hypothesidestdhat the two groups come from
the same population. My study meets the followNfenn-Whitney U test assumptions:
independent observations, there is no relationséipreen the observations in each group
or between the groups themselves; the dependaabiears measured at the ordinal,
interval, or ratio level; and the independent Maleaconsists of two categorical groups
from one population (low and high SES). The dataltave a non-normal distribution,
but since the two groups come from one populatioeMann-Whintey U test assumes
equal variances. To ensure equal variance, | @oxy homogeneity of variance test for
equal variance. The test | chose was a non-paranetrene’s test. The null hypothesis
for the Leven’s test assumes the data had equahear (Nordstokke, Zumbo, Cairns, &
Saklofske, 2011).

The teacher and principal open-ended questions aveakyzed to contribute
further insight into survey questions. They weralgred using qualitative methods. |
coded the qualitative data initially using the foeform-based evidence categories, but as
| found other commonalities in the data, | addezséhadditional descriptors. The process

of coding the data required several reads to acismp looked for patterns in the data
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to emerge as | read through the principal and &adsponses and thought about them in
terms of low and high SES, as well as classroon vierses school-wide view (Bogdan
& Biklen, 2007; Foss & Waters, 2007; Ryan & Bern&@03).

Matching School Data

Each participant was assigned a unigue random nudabing the study; these
numbers were linked to their schoolgQnaltrics. This provided me the opportunity to
match data from the principal survey and teacharesu(see Table A6). The purpose of
this matching was to increase the validity of théadby providing a verification check of

the self-report data.

Threats to Validity

Threats to validity in this study included the wdeelf-report survey data, which
relies on the assumption that principals and teade providing true, accurate, and
thoughtful answers to the self-report survey qoesti To combat this, | performed a
validity check by making comparisons between tlaeler and principal survey data.

Instruments used to survey principals and tead®srst science education,
assessment, and leadership that were approprititeststudy were limited and some of
them did not contain Cronbach’s alpha reliabilibgefficients associated with them.
However, the composite of questions that | was &blese with Cronbach’s alpha
reliability coefficients had strong to moderataahility. | also trialed the surveys prior to
using them with participants, and made adjustmieased on feedback from
professionals.

| made every effort to provide the largest samdessavailable, reaching 64% of

my teacher sample and 66% of my principal sampéspde strong efforts to achieve the
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highest sample size, the limited sample size doss p threat to my validity. Additional
threats to validity came from using data analysehmds. | interpreted ordinal data as

scale data, using the Mann-Whitney U test.

Ethical Procedures

Personal identifiers were collected in this stuolythe purpose of ensuring a
representative sample. All data that were connect@ersonal identifiers were assigned
a randomized code unique to each participant arsdstaaed on the BSU database
associated with Qualtrics or on a password-protetttemb drive. This included both
survey data and observation protocol data. Duteganalysis phase, data were stored in
SPSS and Excel files on a password-protected thdrimé. All participating individuals,
schools, and districts participating in the studly mave their identities masked in any
published or unpublished report of findings fronststudy to ensure confidentiality of
the participants. No data were collected from sttgler parents. This study only
involved the collection of data from participanin@ipals and teachers. This study
received IRB approval, protocol number: 170-SB13-(@ppendix D). Participating
school districts will receive a copy of my findinigsthe form of the completed

dissertation.

Summary
This study set out to examine the four key elemeh&dementary science
education reform and their implementation levehwithigh science achieving
elementary schools in Idaho. This study uses thgppetive of the school and classroom

level to better understand the similarities anfkd#nces in the implementation level of
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these elements in low and high-SES schools. Thyydtas two phases. Phase one uses a
survey to evaluate the school level through thegestive of principals. Phase two uses a
survey to evaluate the school level through thegestive of teachers. The data collected
across both phases were matched to identify comnfloences present in both the

school and classroom.
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CHAPTER FOUR: RESEARCH FINDINGS

Introduction

The purpose of this study was to discover if tha key elements of elementary
science education reform are present in high seiechieving elementary schools within
the state of Idaho. The four key elements to el¢angiscience reform include: programs
and practices, assessment and feedback, instratcteadership and mandate, and
professional development (Inverness Research Astesci2007).

This study sets out to answer the following questio

Question 11n Idaho, are all of the four key elements pregeial of the high
science achieving elementary schools?

Hypothesis 1Based on three years of science ISAT resultsderified Idaho
schools have consistently developed high achieuessience (ISDE, 2011a, 2012a,
2013a). As a state, Idaho has scored above thenabaverage on the last National
Assessment of Educational Progress (NAEP) teshgivéhe elementary grades (NCES,
2011). The NAEP test is a rigorous test that tesy®nd rote knowledge, making it
reasonable to believe that evidence will be preseall of the highest science achieving
schools in the state that indicates they are emfegeelivering all four key elements
considered important to achieving success in eléngscience.

Question 2In Idaho, high science achievement can be foorzbth low and high

socioeconomic status elementary schools. Doesvileree indicate a difference



100

between the low and high SES schools’ implememtasiche key elements to
elementary science reform in Idaho high sciencéeatig schools?

Hypothesis 2Based on the different pressures created by scoimmic status in
low and high-SES schools, the ability to implemeath of the key elements will be
different in the high science achieving, high ang-SES schools.

| attempted to answer these questions and test thgmtheses through both the
perspective of the principal, giving insight intchsol-level factors that are contributing
to the success of Idaho elementary schools in sgjeand through the teacher, providing

insight into classroom level factors.

Data Collection

Forty elementary schools in the state of Idahotimepurposive sampling
procedures described in Chapter Two. From this Egrf3 principals chose to
participate in the study (58%). The participantpipals provided the names of 80
teachers in third through fifth grades. Of thesde&@hers, 51 teachers chose to
participate (64%).

The 23 patrticipant schools have a three-year meae score on the science
ISAT of 214, which would be considered a hijtoficientrating (216 would receive an
Advancedating). As can be seen in Table 7, the three-yesn scores for both low and
high-SES schools in mathematics and reading ofS/A€ are at théAdvancedating
level. The high-SES schools’ three-year meandngliage was at tifavancedevel,
while the low-SES schools received a higjloficientrating, just missing the cut off for
AdvancedThese results provide further evidence that laggureading, and

mathematics were not confounding variables in thdys as all the schools scored
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similarly across all subject areas. A total of 3df4ifth grade students who qualified for
FRL were represented in the total mean scale scohes can be further broken down
into 45% of the low-SES sample qualifying for FRidal5% of the high-SES sample
qualifying for FRL.

Table 7. Three Year Mean for Participant Schools’ ith Grade Science ISAT
Scale Scores

Three-year Scale Score Mean for Sample

Fifth Grade ISAT Total (N = 23) Low-SES (n=16) igH-SES (n=7)
Science 214 214 215
Mathematics 225 225 226
Reading 222 221 222
Language 221 221 222

The patrticipating schools were composed of 16 ti@atil neighborhood schools,
five district schools that have been identifiedsafiools of choice,” ‘magnet,” or ‘focus
schools,” and two charter schools. The structuthefschools varied, as seen in Table 8.
The term ‘elementary school’ is used in this sttalgncompass all schools that include

the primary target grade: fifth grade.

Table 8. Participant School Grade Structures by Parent
Schools
Grade Sample (N=23) Low-SES High-SES (n=7)
(n=16)
PreK/K-5 or K-6 70% 50% 71%
K-8 4% 0% 14%
K-12 9% 25% 14%
Middle Grades 17% 25% 0%

(3-5, 4-5, 4-6, or 5-6)

Schools were invited to participate in all six @w of Idaho. Participant schools

are located in five out of six of Idaho’s regiossé Figure 4). Schools can be further
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defined as rural or non-rural districts. The stdtilaho has defined rural districts as
either having fewer than 20 enrolled students gaase mile within the school district
boundaries or as a county in which the schoolidiss located in an area with fewer
than 25,000 residents, based on the most recetedJBtates census. The participant
sample represented nine rural school districts mpessing 9 participant schools (39%)
and 5 non-rural school districts encompassing tdggzant schools (61%) (ISDE,
2013d).

Region I
| 4 Participant Schools

Region II
1 Participant School

| Region III
8 Participant Schools

Region IV

Vi 0 Participant Schools
]
Region V
v v 5 Participant Schools

Region VI
5 Participant Schools

Figure 5. Participant School Dispersal Map

Participant Description

Principal Participant Description

The participant principals represent 15 low-SESethand 8 high-SES schools.
The low-SES schools range from 41 — 66% FRL schwidé during the 2012-2013
school year. The high-SES schools range from 826% FRL school wide during the

2012-13 school year.
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The demographics of the principal participant sangse as follows: 100%
Caucasian; 48% Male and 52% Female; and mean aife ofhe principals who
participated had a mean of 10 years experiencegéasa@pal, with a range of 0 to 20
years. Additionally, the principals had a mean .&f years experience as principals in
their current schools, with a range of 0-16 yeBrsicipals’ median years of prior
teaching experience were 12 years, with a ran@etof31 years. The majority of this
teaching experience comes from work in grades Wi\, only 17% of the principals
with teaching experience exclusively at grades 9Fi\@ principals reported that their 6-
10 years teaching experience was in a STEM fieddr Bf these five had science
teaching experience. See Table A7 for a completakalown of principal demographics.
Overall, the Idaho participant sample had simikxmdgraphics to what is seen statewide
(see Table A7).

According to the data presented by Snyder and Wi{012) from the National
Center for Education Statistics, the demograploosd in these Idaho schools are
similar to the national mean. The national meanfagprincipals is 50 years old, with
less than 12% of new principals 40 years or younfjee percentage of female principals
is currently 44% of the workforce. In the Uniteates, only 18% of public school
principals were considered racial/ethnic minoritielse state of Idaho has a lower
percentage than the national average of racialfethversity, so it was not surprising
that 100% of the principals were Caucasian. Natipn29% of new principals are
former teachers, with a mean of 14 years of classrexperience. This was consistent
with what | found in the Idaho participants, witlmean of 13 years of experience, and

95% of the principals having prior teaching expece The one principal that did not fall
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into this category had prior experience as a scbowhselor. The national trend also
indicated more mobility, which was consistent whk principals’ mean time in their
current position being 5 years.

Teacher Participant Description

The participant teachers were from 20 of the 28@pant schools, 13 low-SES
schools and 7 high-SES schools. Fourteen of thejpant teachers were from high-SES
schools (27%), and 37 of the participant teachergrom low-SES schools (73%).
Teacher participants have teaching assignmentsadd=3 — 5. The breakdown of grade-

level teaching assignments by the schools’ SE8stat presented in Table 9.

Table 9. Percent of Participant Teachers AssignedatVarious Grade Levels
Teachers

Grade Total High-SES Low-SES
(N =51) (n=14) (n=37)

Multi-grade Science 4% 14% 0%

Specialist

Fifth Grade 37% 57% 78%

Fourth Grade 73% 14% 11%

Third Grade 12% 14% 11%

In Table 10, the teaching assignments are furthadm down by their science
teaching assignment. It is interesting to note ¢imdy 4% of the participant elementary
schools had multi-grade science specialists, edaich were high-SES schools.
Another interesting point was that 8% of the piiatirecommended, teacher participant
sample reported that they did not teach sciencachiers reporting that thelyd not teach
sciencewere redirected to the end of the survey. Nonmegdeaching participants did

not contribute data to the study following the bat@mographic questions.
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Table 10. Percent of Participant Teachers Assigne Various Science Teaching
Assignments
Teachers
Total Low-SES High-SES
(N=51) (n=37) (n=14)
K-5
Multi-subject classroom 75% 78% 64%
teacher
Science teacher for grade-level  14% 16% 7%
team
Multi-subject classroom 8% 5% 14%
teacher that does not teach
science
K-8
Multi-grade science specialist 4% 0% 14%

The general demographics for the teacher partitigpample are as follows: 100%
Caucasian; 18% Male and 82% Female; and mean aif dhe teachers who
participated had a mean of 13 years experiencéitggonith a range of 1 to 34 years.
Additionally, the teachers had a mean of 12 yempggence as teachers within their
current district, and 8 years within their curreahool. The teachers that indicated they
teach science as part of the elementary currictladha mean of 9 years teaching science
as part of the curriculum, and the teachers tiditated they were dedicated science
teachers had a mean of 8 years teaching scienbke A8 provides a complete

presentation of the teacher demographics.

Survey Implementation
The survey implementation went smoothly. Initiagdtdbution of the survey

identified an erratum in one of the question itemghe principal survey. The first
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principal participant to take the survey contacter] and | was able to close the survey,
fix the miscue, and resend the survey links witgn20-minute time frame. This issue did
not seem to affect participation, as those thattto enter the survey during this time
period accessed and completed the survey latéialloontact via the telephone seemed
to increase response rates. Principals with whoniyl left messages did not have as high
a response rate as those that | was able to spgakmd introduce the study and myself.
Four of the 23 patrticipants, or 17%, who completeriprincipal survey received only a
voice message. The remaining 19, or 83%, receiredtdcontact with me via the
telephone. After the first weekly reminder, addiareminders increased the response
rate minimally, resulting in one or two responsasheweek. Another factor that seemed
to increase the response rate was district-levaiaod with the principals about the
survey. It appeared that in districts where thagpials already knew about the survey,
prior to my contact, there was increased interesbmpleting the survey.

The teacher survey went smoothly, as well. The rdoallenging part of
implementing the teacher survey was collectingidumes of the teachers from the
principals. As a result, | began the survey prohaving all of the participant names.
Some teachers received more reminders to completeurvey than others, depending on
when | received their name to participate. Theigigeint teachers received a reminder to
complete the survey once per week, and every teaelte at minimum, five weeks to

complete the survey.

Results
The results section has been organized by thekiapuelements: Programs and

Practices, Teacher Background and Developmentutiginal Leadership and Mandate,
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and Assessment and Feedback. Data related to edahtavo study questions from both
the teacher and principal surveys were handledméhch of these four major sections,
first discussing the population as a whole, thecusing the sub-populations of low and
high SES.

Programs and Practices

Time for Science Instruction

When asked to describe the frequency at which seieras taught in their
schools, the majority of teachers, 76%, indicabed science was taught every week (see
Figure 5). However, when asked how many weeky@ar were spent on mathematics,
science, social studies, and reading/English laggaats, teachers indicated that they did

not teach science every week of the year.

m Science is taught every week, but
typically three or fewer days each
week

m Science is taught all or most days,
every week of the year

Science is taught some weeks, but
typically not every week

Figure 6. Percent of Teachers Reporting Frequencyf &cience Teaching
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Teachers were asked about how much time they déwvsi@ence teaching. The
median time reported by the teachers that theytspescience added up to 4,320
minutes on science instruction (12% of instructldmae), 16,200 minutes on reading/
ELA instruction (44% of instructional time), 12,6@tinutes on mathematics instruction
(34% of instructional time ), and 3,800 minutessoial studies instruction (12% of
instructional time) per year (see Figure 6). Inhhégience achieving elementary schools,
teachers reported spending nearly four times loogeeading and ELA instruction than
they spent on science per year (see Table A10urld no significant differences in these

trends between low and high-SES schopls 0.05).

mReading and ELA ©Mathematics mScience mSocial Studies

Figure 7. Teacher Reported Percent of Time Spent ofieaching Core
Curriculum

When the time spent on science was averaged d@meeek school year, |
found that the Idaho high science achieving schepésit a median of 2 hours per week,

as reported by 43 teacher responses (see Figure 9).
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When | considered the time spent on science ittotieand high-SES schools,
averaged over a 36 week school year (see Figutdd@)nd that sixty-one percent of the
low-SES teacher responses fell into 2 or more hpersveek, while 40% of the high-
SES teachers responses fell into the same catefueymajority of high-SES teacher

responses (53%) fell into the one hour 15 minudesne hour 45 minutes category.

60
2
2 50
(8]
5 40
|_
ks 30
S 20
(&)
x 10 —— |
S o T
€ =
8 1' or less L .15 2'-2'45" | 3'or more
5 1'45
a Hours (') and minutes (") Spent on Science Insivact
m Percent of High SES
Reporting Teachers 7 53 21 13
&
Percenj[ of Low SE? 18 21 43 18
Reporting Teachers

Figure 8 Time Spent per Week on Science Instructiobow and High-SES
Schools, as Reported by Teachers

When principals were asked about time spent omeseighey indicated that
insufficient time to teach science was an importaator that needed to be addressed. |
found no significant difference in the responsekwafand high-SES principals on this

line of questioning > 0.05).
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A composite score was calculated for the extemttizh a lack of time is
problematic, and these data are displayed in THhle

Table 11. Median Composite Score for the Extent té&vhich a Lack of Time Is
Problematic

Principals
Composite Total Low-SES High-SES Mann-Whitney
(N=23) (n=15) (n=8) U test, p-value
Lack of Time is 67 (31, 83) 63 (19, 96) 67 (40,77) U=55z=-
Problematic 0.07,p=0.97

Promoting Effective Science Instruction

Factors that teachers identified as important anpating effective science
instruction included: principal support; time ftvetn to plan individually and with
colleagues; time for professional development; ettideading abilities; student
motivation, interests, and effort in science; amelldaho Content Standards. Factors such
as: the Common Core State Standards; Next Genei@tience Standards; district
pacing guides; state science testing and accolibginlicies; textbook or module

selection policies; community views on science; pacent expectations were seen as



111

moderately important in promoting effective scient&ruction. Interestingly, only 6%

of participant principals reported being knowledgeaf the Next Generation Science
Standards. | found no significant difference betwksv and high-SES schools on these
factors p > 0.05). Principals saw lack of opportunities $orence teachers to share ideas
as a moderately important factor that needed @doeessed. | found no significant
difference in the responses of low and high-SEBggals on this line of questioning (

> 0.05).

Low and high-SES schools did demonstrate a diffezén the importance of the
district science curriculum frameworld € 101,z =-2.07,p = 0.045). Teachers in high-
SES schools indicated that the district curriculsmmework was important, and teachers
in the low-SES schools viewed the district scieciweiculum framework as moderately
important.

Teachers indicated that although they hanoelerate controbver course goals,
they havestrong controlover selecting their teaching techniques and oeténg the
amount of homework they assign. | found a signiftadifference between low and high-
SES school teachers’ perceived control over texttmsonodule selectionf = 281,z =
2.46,p = 0.02), choosing criteria to grade student pentorce { = 290,z= 3.06,p =
0.01), and section of content, topics, and skillbe taughty = 282,z=2.42,p = 0.02)

(see Table 12).
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Table 12. Median Ratings* for Teachers PerceptionfadControl Over Pedagogy
and Curriculum Content

Teachers
Total Low-SES High-SES  Mann-Whitney
(N=44) (n=32) (n=12) U test, p-value
Median Median Median

(IQR)  (IQR) (IQR)

Determining course goals 3(2,5) 3(2,5) 3(2,5) U =213,
z=0.55,
p=0.59

Selecting textbooks/modules 2(1,3) 3(1,3 1(1,2) U =281,
z=2.46,
p=0.02

Selection content, topics, and skillst 3 (2,5) 4(2,5) 2(1,4) U =282,

be taught z2=2.42,
p=0.02

Selecting teaching techniques 5 (5, 5) 5(5,5) 4,%5) U =218,
z=0.94,
p=0.51

Determining the amount of homework 5 (5,5) 5(5,5) 5(@4,5) U = 236,

to be assigned z=1.73,
p=0.26

Choosing criteria for grading student 5(4,5) 5(5,5) 4 (3,5) U =290,

performance z=3.06,
p=0.01

* (1) No control, (2) Little control, (3) Moderat®ntrol, (4) Considerable control, (5)
Strong control.

Teacher control over curriculum and teaching pedggueas further assessed
using questions from the questions in Table 12¢ate composites on curriculum
control and pedagogical control. These compos#esaled significant differences
between the low and high-SES school teacher respdnghese lines of questioning.
High-SES teachers felt that they had less contret both curriculum and pedagogical

control of their instruction than the low-SES teaish(see Table 13).
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Table 13. Teacher Programs and Practices Median Cgposite Scores
Teachers

Composite Total (N=44) Low-SES High-SES Mann-Whitney

Median (IQR) (n=32) (n=12) U test, p-value

Median (IQR) Median (IQR)

Curriculum 45 (17, 73) 50 (33, 75) 21 (8, 54) U=267,z=
Control 1.99,p = 0.049
Pedagogical 100 (83,100) 100 (92, 100) 79 (75, 98) U=295z=
Control 3.02,p = 0.006

Science Teaching Practices

The teachers reported that they completed thewollg activitiesduring all or
almost allof their science lessons: at the start of a letisey provided students with the
purpose of the lesson, engaged the whole clagsc¢nssions in all or most science
classes, and they provided opportunities for sttgdenshare their thinking and
reasoning. Science reform-based activities thairedoften, or once or twice per week
included: having students work in small groupsuigng students to supply evidence
with their answers; and covering ideas in-deptlena¥that meant covering fewer topics.
Reform activities that teachers from both low arghkSES schools reportesdmetimes
implementing included engaging the class in preaged learning (PBL) activities and
having students represent or analyze data usimgstatharts, or graphs (see Table A12).
Reform-oriented practices that teachers from lod lagh-SES schools responded
significantly different on included: doing handsHaboratory activitiesly = 105,z = -
2.32,p = 0.03) and having students write reflectiods«97,z=-2.31,p = 0.03).
Teachers from low-SES schools indicated that thdy sometimesisked students to
write reflections. Teachers from high-SES schoefsorted asking their students to write

reflectionsoften Teachers from low-SES schools indicated that tidy used hands-on
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or laboratory activities with their studersgsmetimes, or once or twice a mantlkeachers
from high-SES schools reported that they implentghtnds-on or laboratory activities
with their studentsften When principals were asked about the importafictudents
engaging in hands-on activities, both low and H&fS principals reported a median
ranking ofvery importantsee Table A13).

Non-reform-based instructional practices that teesheported they engaged in
oftenincluded: focusing on reading literacy skillsyimg students read from science
textbooks or other related material, and providiagds-on activities primarily to
reinforce a science idea that the students haeadjrlearned. Additionally, teachers
reportedssometimegxplaining an idea to students before having thensider evidence
that relates to the idea and providing studentl detfinitions for new science vocabulary
at the beginning of instruction. | found no addiabsignificant differences between low
and high-SES schools on these factprs 0.05) (see Table A12).

When teachers were asked about the importanceriotigascience teaching
practices, | found no significant difference betwémwv and high-SES schoolg ¢ 0.05).
Teachers rated the following practicesrasy important in promoting effective
instruction understanding science, learning about real-fifgiaation of science,
increasing students’ interests in science, andgpieg students for future study in
science. Other items that they ratednagortant in promoting effective instruction
included learning science process skills and learningtsdshg skills and strategies.
Memorizing science vocabulary or facts was seanaderately important in promoting

effective instructiorfsee Table 15).
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Table 14. Teachers Use of Reform-Oriented Teachirfgractices Median
Composite Scores
Teachers

Composite Total (N=42) Low-SES High-SES Mann-Whitney

Median (IQR) (n=31) (n=11) U test, p-value

Median (IQR) Median (IQR)

Use of 67 (50, 79) 63 (50, 75) 79 (63, 88) U =97,
Reform- z=-2.11,
Oriented p=0.04
Teaching
Practices

| used questions focused on the frequency thah&acimplemented reform-
based science teaching practices, found in TabR #lcalculate composite scores on
the use of reform-based teaching practices. | fausignificant difference between low
and high-SES school teachers for the reform-bassching practiced = 97,z=-2.11,
p = 0.04). High-SES school teachers had a mediampaosite score of 79 (63, 88) and the
low-SES school teachers had a median composite s€&@7 (50, 79) out of 100,
indicating that high-SES school teachers repoitiatithey conducted reform-based

teaching in their classroom more frequently tham&8ES school teachers.
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Table 15. Median Teachers Ratings* of Importance foVarious Reform and
Non-reform Science Teaching Practices
Teachers
Total (N=44) Low-SES High-SES Mann
Median (n=32) (n=12) Whitney U-
(IQR) Median (IQR) Median (IQR)  test, p-value
Memorizing science 3(3,4) 33,4 3(2.25,3.75)) U =228,
vocabulary and/or z=1.00,
facts p=0.354
Understanding 5(4,5) 5 (4,5) 5 (5,5) U =137.5,
science z=-1.66,
p=0.153
Learning science 4 (4,5) 4 (4,5) 4.5 (4,5) U =185.5,
process skills (for z=33.55,
example: observing, p = 0.866
measuring)
Learning about real- 5(4,5) 5(4,5) 5(4,5) U=173,
life applications of z=-0.57,
science p=0.630
Increasing students’ 5(4,5) 5(4,5) 5 (4.25,5) U =168,
interests in science z=-0.77,
p=0.541
Preparing students 5(4,5) 5(4,5) 4 (4.25,5) U =135,
for future study in z=-1.67,
science p=0.138
Learning test taking 4 (3,4) 4 (3,4) 3.5(2.25,4) U =224,
skills/strategies z=0.89,
p=0.412

* (1) Inhibits effective instruction, (2) Of littlenportance in promoting effective
instruction, (3) Moderately important in promotiaffective instruction, (5) Important in
promoting effective instruction, (5) Very importantpromoting effective instruction.

Teachers’ beliefs about the importance of implemngnteform-oriented
instructional objectives were further evaluatedhlculating composite scores for

reform-oriented questions found in Table 15; theswes are presented in Table 16.
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Table 16. Teacher Beliefs about the Importance ofiplementing Reform-
Oriented Instruction Median Composite Scores
Teachers
Question Total (N=44) Low-SES High-SES Mann-
Composite Median (IQR) (n=32) (n=12) Whitney U
Median (IQR) Median test, p-value
(IQR)
Reform-Oriented 90 (80, 95) 90 (75, 95) 95 (86, 100) U =107,
Instructional z=-1.86,
Objectives p =0.07

Principals were asked about the importance of uargzience teaching practices.
Principals rated reform-oriented instructional pices as eithevery importantor
important These reform-oriented instructional practicesuded providing inquiry-
oriented activities, encouraging students to prewadidence for their answers, having
teachers use questioning strategies, having stsiganticipate in appropriate hands-on
activities, and having students working in coogeeagroups. | found no significant
difference between the way the principals from kovd high-SES schools responded to

the instructional practice questionsX 0.05) (see Table A13).

Science Textbooks and Modules

Teachers were asked if they were using commergiaibjished textbooks or
modules, or non-commercially published materiaibstySeight percent of teachers
responded that they were using only commerciallylipbed textbooks(s), 7% reported
using only commercially published modules, 18% reggbusing both commercially
published textbooks and modules, and 7% reported esly non-commercially

published materials.
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Textbooks and modules being used by teachersl@asit two of the high science
achieving schools can be found in Table 17. A lgrgion of the textbooks and modules
reported as primary curriculum materials in thehhaghieving schools (70%) were more
than five years old. In addition, the other matsriaported by schools were all more
than five years old. A surprising finding was tB&8®b of the materials used to support
science instruction in the high science achieviegientary schools in Idaho were
textbooks, rather than science kits or modulesiciyals reported an inadequate supply
of science textbooks or modules as a moderate note@npeding science instruction.

Table 17. Number of Teachers Reporting Use of Varigs Science
Textbooks/Modules

Textbook or Module

Teachers Publication Year Publication Title Puldisbr Author

4 2007 Full Option Science Delta Education
Kits

2 Various Delta Education Delta Education
Kits

4 2000 Discovery Works  Houghton Mifflin

4 2006 Science Scott Foresman

4 2007 Science Houghton Mifflin

3 2011 Science: A Closer MacMillian
Look

3 2000-2005 Harcourt Science Harcourt

3 2012 Science Fusion Houghton Mifflin

2 2011 National Geographid\ational Geographic

Science Learning
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Teachers from high science achieving schools belileat incorporating activities
from other sources to supplement their textbookodule isvery importanto
promoting effective instruction. They also belighat picking out what is important from
the textbook or modules and skipping the reshjgortant while they ranked using the
textbook or module to guide the overall or the diedastructure and content emphasis of
the unit as onlynoderately important found no significant difference in these teache
views between the low and high-SES schopls 0.05).

When teachers from high science achieving schagdplement their curriculum,
it is primarily because they believe they haveftergnt activity that works better to
support the science concept being taught (82%y,nked a supplemental activity to
provide students with additional practice (83%)because they need a supplemental
activity for students with different ability leve{88%). | found no significant difference
in these teacher views between the low and high<®E8ols |p > 0.05).

Reasons that teachers from high science achieeimapts choose to skip
activities in their curriculum included: lack of meaals needed to implement the activity
(62%) and the ideas addressed in the activity areavered in their pacing guide (54%).
| found no significant difference in these teachiews between the low and high-SES
schools jp > 0.05).

Teachers mentioned module management systemsdimgas their open-
response statements, saying things like, “I receiyescience kit units as other teachers
are done with them, and fill in other times withtamot needing kits.” Both low and

high-SES principals viewed their district’s methafdnanaging instructional resources,
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such as science modules ahdittle importancen their ability to impede science

instruction U = 45,z=-0.83,p = 0.44).

Instructional Resources

The median ratings by the teachers for instructicesources and facilities were
somewhat adequater the materials are available but quantitieterocation of the
items make coordinating the use of the items chgitey. This rating was given to
scientific equipment, instructional technology, somable items, and facilities; see Table
18 for further details. | found no significant @&fEnce present between the teachers from
low and high-SES schools on these items 0.05).

Table 18. Median Teacher Ratings* on the Adequacyf@dvailability of Science
Instructional Resources

Teachers
Total (N=43) Low-SES High-SES Mann Whitney
Median (IQR) (n=31) (n=12) U-test, p-value
Median (IQR) Median (IQR)

Equipment 3(3, 4) 3(2,4) 5(3,5) U =148,
z=-1.06,
p=0.31

Instructional 3(2, 4) 3(2,4) 4(2,4) U =184,

Technology z=-0.07,
p=0.95

Consumable 3(2, 4) 3(2,4) 4(3,4) U =125,

ltems z=-1.71,
p=0.10

Facilities 3(1, 3) 21,3 3(4,5) U =133,
z=-1.50,
p=0.15

* (1) Not available, (2) Limited availability (Prest but not available for use), (3)
Somewhat Adequate (Available, but quantities oalimn makes coordinating use
challenging), (4) Nearly Adequate (In classroont, lmmited quantities), (5) Adequate (In
classroom in recommended quantities).
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| calculated a composite score for adequacy ofuregs for instruction in science
based on teachers’ responses to items in Tablef@8nd no significant difference

between low and high-SES school teachers’ respanséss compositep(> 0.05) (see

Table 19).
Table 19. Median Composite Scores for Adequacy ot®nce Instructional
Resources
Teachers

Composite Total (N=40) Low-SES High-SES Mann-Whitney

Median (IQR) (n=28) (n=12) U test, p-value

Median (IQR) Median (IQR)

Adequacy of 50 (25, 63) 44 (25, 63) 44 (45, 72) U =133,
Resources for z=-1.44,
Instruction in p=0.16
Science

Principals rated the lack of science facilities amtlequate materials for
individualized instruction as being a moderate eondn their impact on science
instruction. Principals also rated science instomal resource management as of little
importance in its impact on science instructiosaw these trends in the responses of
principals from both low and high-SES schogqis>(0.05). | combined several questions
from the principal survey to form a resource conieoguestion looking at the extent to
which a lack of materials and supplies are probtem@he data from this composite are
displayed in Table 20.

Table 20. Median Composite Scores for the Extent té/hich a Lack of
Materials and Supplies are Problematic

Principals
Composite Total (N=23) Low-SES High-SES Mann-Whitney
Median (IQR) (n=15) (n=8) U test, p-value
Median (IQR) Median (IQR)
Lack of 47 (37.5, 70) 56 (37.5, 64) 41 (28, 84) U =58,
Resources is z=0.14,

Problematic p=0.920
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When teachers were ask more specifically abouaviaédability of science
equipment and technology, a better picture of resoavailability was revealed.
Teachers reported that Internet access was readiiiable inall or almost allscience
classes, and computers/laptops and calculatorsftere available, once or twice a week
Handheld computers or tablets wemmetimes available, once or twice per mottdms
that werenever availablenclude triple beam balances and digital probesédiecting
data. Simple balances and measurement tools (geatloginders, beakers, etc.) are
sometimes available, once or twice pemtin, and microscopes ai@ely available, a
few times a yeai found no significant difference in what | foubdtween low and high-
SES schools for each of these items 0.05). Surprisingly, though, the presence of
classroom response or ‘clicker’ systems were faigdificantly more available in low-
SES schoolsy = 316,z= 3.39,p = 0.001). Low-SES school teachers reported ‘cligke
as availablssometimeswhereas high-SES school teacher reported thatwbesnever

available. For further details regarding this lofequestioning see Table 21.



123

Table 21. Median Teacher Ratings* on the Availabity of Specific Science
Instructional Resources

Teacher
Items Total (N=40 Low-SES High-SES (n=11, Mann Whitney
Median (IQR) (n=29) Median (IQR) U-test, p-value
Median (IQR)
Persona 4(3,5) 4(2,3 45 (3.25, ¢ U =137,
computers/laptops z=-1.40,
p=0.18
Handhelc 3(1,4.75 25(1,4 3(1.25,5 U = 169,
Computers/Tablets z=-0.64,
p=0.54
Internet Acces 53,5 5@B,5 5 (4.25-5) U = 148,
z=-1.21,
p=0.30
Digital Data Probe 11,2 11,2 1(1,2 U =192,
z=-0.02,
p=0.99
Microscope 2(2,3.75 22,3 25(1.25,¢ u=172,
z=-0.56,
p=0.59
Classroon 21,4 25(2,5 1(1,1 U = 316,
Response “Clickers’ z=3.39,
p=0.001
Calculator 4(3,5 43,5 45 (2.25, & U =176,
z=-0.46,
p=0.67
Simple Balance 3125 32,5 22,5 U =174,
z=-0.06,
p=0.97
Triple Beam 1(1,2 1(1,1.75 1(1,2 U =173,
Balances z=-0.64,
p=0.63
Liquid 324 324 35(3.5,5 U = 168,
Measurement Tools z=-0.51,
p=0.62

* (1) Never, (2) Rarely (A few times per year), @metimes (Once or twice per month),
(4) Often (Once or twice per week), (5) All or alsh@ll science classes.



124

As a final analysis of science resources, | catedla composite score for the use
of technology, from items found in Table 21. Anadysf these composite scores revealed
no significant difference between low and high-S€Bool teachers’ responses to the

frequency of use of science instructional technpl@ge Table 22).

Table 22. Median Composite Scores for Use of Techipgy in Science
Instruction
Teachers
Question Total (N=42) Low-SES (n= High-SES Mann-Whitney
Composite Median 30) (n=12) U test, p-value
(IQR) Median (IQR) Median (IQR)

Use of 53 (40, 75) 50 (35, 75) 60 (50, 76) Uu=121,
Technology z=-1.19,

p=0.241

Funding for Science

Funding for science comes from various sources.mb& common sources of
funding are from state/district funding sourcesnoaunity donations, teacher donations,
and PTO fundraisers. | found no significant diffeze in funding between low and high-
SES in the category of parent donations. EightyMgagrcent of high-SES school
principals reported receiving funding from pareandtions, as compared to only 27% of
principals from low-SES schools. Although not sttially significant, 27% of low-SES
principals reported receiving and spending fedkenadis (Title | or Title 1) on science, as
opposed to 0% of high-SES schools. For furtherkatean of funding sources, see Table

23.
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Table 23. Principal Reported, Percent of Schools #t Receive Science Funding
from Various Sources
Principals
Total Low-SES High-SES  Pearson’s Chi
(N=23) (n=15) (n=8) Square, p-value
State/District Funding 91% 87% 100%  X“(1) = 1.168,
p=0.28
Title | Funding 14%* 20%* 0%* X?(1) = 1.62,
p=0.20
Title 1l Funding 5%* 7%* 0%* X?(1) = 0.489,
p=0.48
Parent Donations 48% 27% 88% X¥(1) = 7.74,
p= 0.01**
Community Donations 88% 40% 57%  X¥1) =4.79,
p= 0.07**
Teacher Donations 74% 80% 63%  X*(1) = 0.829,
p=0.36
Grants Received by 65% 60% 75% X?(1) = 0.52,
Teachers p=0.47
Grants Received by 48% 40% 48% X?(1) = 1.059,
the School p=0.30
Grants Received by 23%* 13%* 43%* X?(1) = 2.2369,
the District p=0.12
Fundraiser or PTO 74% 67% 88% X3(1) = 1.17,
Funds p=0.28

* N =22 (nLow= 15, nHIGH=7), ** Fisher's Exadest (2-sided) reported for p-value
use, to prevent type two error, because of smaipsasize.

The total median dollars spent on science, at thidihg level, was reported by
the participant principals to be only $300 durihg tast completed budget year (2012-

2013); see Table 24 for a complete breakdown of thisvymoney was spent. Principals
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from low and high-SES schools reported that inadegjtunds for purchasing science

equipment and supplies wasiarportant concerfU = 63,z= 0.46,p = 0.66).

Table 24. Principal Reported Median Spending on Sence during the Most
Recently Completed Budget Year
Dollars
Total (N=40) Low-SES (n=28) High-SES Mann Whitney
Median Median (IQR) (n=12) U-test, p-value
(IQR) Median (IQR)
Consumable $300 (0,500) $300 (0,535) $250 (0,500) U =56,
Science z<0.01,
Supplies p=1.0
Science $0 (0, 100) $50 (0,213) $0 (0,100) U =52,
Equipment z=-0.57,
(Not including p=0.64
computers)
Software for $0 (0, 30) $0 (0, 158) $0 (0,0) U =52,
Science z=-0.67,
p=0.64
Total $300 (0, 700) $510 (0,600) $200 (0,900) U =63,
z=0.17,
p=0.88

Promoting a Culture of Science or Engineering

When teachers and principals were asked what theéy gromote the culture of
science or engineering within their schools, ngleiractivity was identified consistently
across a large portion of the high science achgesamhools; see Table 25 and Table 26.
Approximately 20% of teachers indicated that theyvled various after-school help
clubs, support for fairs or competitions in scienc&ngineering, or arranged guest
speakers by individuals that worked in STEM careBeschers’ beliefs about their
support for these activities were lower than thegypal responses, which hovered

between 25-30%, regarding these same items. Thimgpercent of principals reported
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that their schools arranged opportunities for STilakhtors to participate in their
schools, compared to 18% of teachers.

Table 25. Percent of Teachers who Reported that tireSchools Provide
Activities to Promote Science or Engineering

Teachers
Total Low-SES  High-SES Pearson’s Chi
(N=44) (n=32) (n=12) square, p-
value
Family 39% 28% 6% X4(1) = 5.47,
Science/Engineering Nighi p= 0.04*
After-school Help in 23% 25% 17% X?(1) = 0.35,
Science/Engineering p= 0.56
Science/Engineering 23% 25% 17% X?(1) = 0.35,
Club(s) p= 0.56
Science/Engineering Fairs 16% 19% 8% X%(1)=0.71,
p= 0.40
Teams Participating in 20% 22% 17%  X*1) = 0.15,
Science/Engineering p=0.703
Competition
Encourage 43% 34% 67%  X¥1)=3.71,
Science/Engineering p= 0.9*
Summer Programs
Visit Science/Engineering 18% 19% 17% X?(1) = 0.03,
Related Community Sites p= 0.87
Adult Mentors From 18% 19% 17% X?(1) = 0.03,
Science/Engineering Fields p= 0.87

* Fisher's Exact Test (2-sided) reported for pealise, to prevent type two error,
because of small sample size.

Teachers and principals also had conflicting viei#heir schools’ support for
after-school help in science or engineering. Twathtge percent of teachers reported
that they provide support in these areas, whenelysli@% of principals reported that

their school provided support in these areas. |dilgest percentage of schools (43% of
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teachers and 65% of principals) said that they eraged students to participate in
science or engineering summer programs or canfpantl a significant difference in the
number of teachers reporting that their schoolsigdeml family science or engineering
nights. | found only 28% of low-SES teachers repathat science or engineering nights
were provided at their schools, compared to 67%igi-SES teachers. | found no
additional significant differences in teacher vidvetween the low and high-SES schools
(p > 0.05).

Table 26. Percent of Principals who Reported thathteir Schools Provide
Activities to Promote Science or Engineering

Principals
Total Low-  High-SES  Pearson’s
(N=44) SES (n=12) Chi square,

(n=32) p-value

Family Science/Engineering Night 32%* 21%* 5%* X°(1) = 1.92,
p=0.17

After-school Help in 13% 7% 25% X?(1) = 1.55,
Science/Engineering p=0.21

Science/Engineering Club(s) 26% 20% 38% X%1)=0.83,
p=0.36

Science/Engineering Fairs 26% 27% 25% X3(1) = 0.008,
p=0.93

Teams Participating in 26% 27% 25%  X*(1) = 0.008,
Science/Engineering Competition p=0.93

Encourage Science/Engineering 65% 53% 88% X?(1) = 2.69,
Summer Programs p=0.10

Visit Science/Engineering Related  26% 20% 38% X?(1) = 0.83,
Community Sites p= 0.36

Adult Mentors From 39% 63% 27%  X*1) = 2.81,
Science/Engineering Fields p= 0.09

*N =22 (nLow = 14, nHigh = 8)
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Teacher Background and Professional Development

Teachers’ Educational Background

Participant teachers gained their teaching ceatifb from the Idaho State
Department of Education through various paths. magrity of the teachers obtained
their teaching certification through an undergradueaching program (87%) and the
minority of them obtained their teaching certifioatthrough a master’s program. A
larger percentage (21%) of high-SES participartiees obtained their certification
through post-baccalaureate credit completion prograith no master’s degree awarded,
such as through the American Board of Certificatbiteacher Excellence (ABCTE)
program. See Table 27 for further information relgay participant teacher paths to

certification.

Table 27. Percent of Teachers Taking Various Pathe Certification
Teachers
Sample  Low-SES High-SES
(N=47) (n=33) (n=14)
An undergraduate program leading to a 87% 94% 71%

bachelor’s degree and a teaching credential

A post-baccalaureate credit completion 9% 3% 21%
program (no master’s degree awarded)

A master’s program that also awarded a 4% 3% 7%
teaching certificate

No formal certificate program completed 0% 0% 0%

Five participant teachers held graduate degret®rdlasters or Doctorate
degrees in an education related field. Eighty-tireeent of the teachers indicated that

they held a Bachelor's degree in education. Alldng of the teachers, 2%, held a
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Bachelor’'s in Secondary Education. Only one pigndiat teacher held a degree in a
natural science or engineering field, and that eegvas in a Biology related field. See
Table 28 for a further breakdown of teacher pgréint educational background.

Table 28. Number and Types of Degrees Earned by Raripant Teachers

Teachers
Total Low-SES High-SES
(N=38) (n=26) (n=12)
Degree in Education
Elementary Education 3 26 12
Secondary Education 2 0 2
Masters, Doctorate, or second Bachelors in 8 5 3
Education
Degree in Natural Sciences or Engineering
Biological Sciences 1 0 1

The participant teachers reported that their sei@ontent knowledge came
predominantly from introductory level biology (9686the sample) and earth science
(78% of the sample) coursework. Only 45% of the®arpopulation had taken an
introductory chemistry course and 38% had takem@oductory physics course. Six
percent had taken an introductory Environmentadi@z course and 2% had taken an
engineering course. This breakdown was similabfith low and high-SES school

teachers; see Table 29 for a more complete breakdow

Table 29. Percent of Teachers Reporting Completioaf Introductory
Coursework in Science and Engineering
Teachers

Total (N=47) Low-SES (n=35) High-SES (n=12)
Chemistry 45% 46% 42%
Life Science 96% 100% 83%
Physics 38% 34% 50%
Earth/Space Science 79% 80% 75%
Environmental Science 38% 34% 50%

Engineering 2% 3% 0%
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Thirty-four percent of the teacher sample had tdketogy coursework beyond
the introductory level, with the coursework comprgdominately from courses on
Anatomy and Physiology, Ecology, and Zoology. O24§% of the teacher sample had
taken courses beyond the introductory level in de&gy physics, or earth science. One
teacher, or 2% of the teacher sample, held a bacselegree in a science-related area
(see Table A9).

The National Science Teachers Association (NSTA)dstablished elementary
science teacher course background standards requiimgehat all elementary teachers
have at least one college-level course in lifeflEand physical science. Forty-seven
percent of the participant teachers met these atdadsee Table 30).

Table 30. Percent of Teachers Meeting the NSTA Cose-background
Standards

Teachers

Total (N=47) Low-SES (n=35) High-SES (n=12)
Courses in life, Earth, 47% 49% 42%
and physical science
Courses in two of the 36% 34% 42%
three areas
Courses in one of the 17% 17% 17%
three areas
No courses in any of 0% 0% 0%

the three areas

The largest percentage of participant teachers }3&8btook a formal science
course for college credit more than 10 years agih, %% of teachers reporting that they
had never taken a formal science course for colteggit. See Figure 10 for the

remaining breakdown.
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m Completed the last formal
science course three or less years
ago

= Completed the last formal
science course 4-6 years ago

= Completed the last formal
science course 7-10 years ago

= Completed the last formal
science course more than 10
years ago

Never Completed a science
course for college credit

Figure 10.  Percent of Teachers Completing Formal $ance Courses, for College
Credit

Similarly, the largest percentage of participaacteers last took a course in
science pedagogy more than 10 years ago. A statlgtsignificant difference arose
between low and high-SES school teachers for thestipn p = 0.04). Sixty-seven
percent of high-SES school teachers reported hdsien their last course in science
pedagogy more than 10 years ago, whereas only 288« 5ES school teachers
reported having taken a course more than 10 ygarsfasurprising 26% of participant
teachers have never had a course in science pedddognd no significant difference
between low and high-SES school teachers (p > 0s@®)Figure 11 for a more complete

breakdown of the data.
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m Completed the last formal science
pedagogy course three or less
years ago

23% = Completed the last formal science

pedagogy course 4-6 years ago

= Completed the last formal science
pedagogy course 7-10 years ago

Completed the last formal science
pedagogy course more than 10

34% years ago

Never Completed a science
pedagogy course for college cred

—

Figure 11.  Percent of Teachers Having Taken Courseés Science Pedagogy

Teachers’ Feelings of Preparedness

Teachers were asked about their feelings of prepass to teach various subjects
areas. As can be seen in Table 31, teachers inditaat they felvery well preparedo
teach mathematics and English language artsfaaryg well preparedto teach the life
sciences, earth sciences, and social studies. Howeachers felt a deficit in their
preparation to teach the physical sciences andheagng. Teachers in Idaho also felt a
deficit in their preparation to teach science talsthts with learning disabilities and
English language learners (ELL) students; see Tabl€articipant teachers did report
that they feltvery well preparedo manage classroom discipline during science
instruction. | saw these trends in teacher prepaesiin both low and high-SES schools
and no significant difference exists between trsegepopulationsp(> 0.05); see Table

31 and Table 32.
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Table 31. Median Teacher Ratings* on Feelings of Bparedness for Teaching
Various Subject Areas
Teachers
Total (N=34) Low-SES High-SES Mann Whitney
Median (IQR) (n=33) (n=11) U-test, p-value
Median (IQR) Median (IQR)

Mathematics 4 (3,4) 4 (3,4) 4(3,4) U=217,
z=10.95,
p=0.441

Reading/ELA 4 (3, 4) 4(3,4) 4 (3,4) U =203,
z=0.52,
p=0.687

Social Studies 3 (2.25, 4) 3 (2.5, 4) 3(2,4) U =210,
z=10.81,
p = 0.453

Life Science 3(2,3.5) 3 (2, 3.25) 3(2,4) U =183,
z=-0.12,
p=0.93

Earth Science 3(2,3) 3(2.75, 4) 3(2,3) U=242,
z=34.88,
p =0.152

Physical 2(2,3) 25(2,3) 2(2,3) U =187,

Sciences z<0.01,

p=1.0

Engineering 2(,2) 2(1,2) 2(,2) U =202,
z=0.43,
p=0.71

* (1) Not adequately prepared, (2) Somewhat prebdB Fairly well prepared, (4) Very
well prepared.

When principals were asked about teacher prepassdtieey indicated that their
teachers had been adequately prepared by tea@paration programs to teach science,
and that their teachers had adequate science kagevknd interest in science. | found no
significant difference in the responses of low aigh-SES principals on this line of

guestioning (p > 0.05).
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Table 32. Median Teacher Ratings* on Feelings of Bparedness for Teaching
Various Student Populations

Teachers
Total (N=45) Low-SES High-SES Mann
Median (IQR) (n=33) (n=12) Whitney
Median (IQR) Median (IQR) U-test,
p-value

Learning Disabilities 2(2,3) 2(2,3) 2(2,3) U = 207,
z=0.08,
p=0.94

Physical Disabilities 2.5(2,3) 2.5(2, 3) 2.528..3) U =218,
z=0.37,
p=0.71

ELL 2(2,3) 2(2,3) 2(1.25, 3) U =207,
z=0.08,
p=0.94

Gifted & Talented 3(2.,3) 2.5(2, 3) 3 (2, 3.75) U =170,
z=-0.91,
p=0.36

Females in STEM 3(2.75, 4) 3(2.75, 4) 3(2,4) U =219,
z=10.40,
p=0.69

Minorities in STEM 3(2.75, 4) 3(2.75, 4) 3 (2.2, U = 200,
z=-0.11,
p=0.92

Low-SES in STEM 3(3,4) 3(2.75, 4) 3(3,4) U =215,
z=0.28,
p=0.78

* (1) Not adequately prepared, (2) Somewhat prebdB Fairly well prepared, (4) Very
well prepared.

As a final analysis of teachers’ perceptions oppredness, | calculated
composite scores from questions that addresselddesaperception of preparedness to
teach diverse learners and perceptions of prepassdn encourage students. These

composite scores are available in Table 33.
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Table 33. Composite Scores for Teacher Perceptions Preparedness Questions
Teachers
Question Total (N=40) Low-SES High-SES Mann-
Composites Median (IQR) (n=28) (n=12) Whitney U
Median (IQR) Median (IQR) test, p-value
Perception of 47 (33 67) 47 (33, 62) 50 (33,67) U =198,
Preparedness to z=-0.16,
Teach Diverse p=0.87
Learners
Perceptions of 67 (50, 100) 67 (50, 100) 67 (46, 100) U =206,
Preparedness to z=0.20,
Encourage p=0.85
Students

Professional Development

Twenty-nine percent of principals indicated thagitischool or district had
offered professional development focused on scienseience teaching in the last three
years. Principals indicated that the most commotihaas of providing professional
development time for teachers’ professional grosaime from the use of: early dismissal
or late start for students (67%); professional dayteacher workdays during the
students’ school year (67%); and common plannimg tior teachers (67%). | found no
significant difference between low and high-SESostiprincipals p > 0.05).

Fifty-six percent of participant teachers repotteat they had participated in
science or science teaching focused professional@ament in the last three years.
Twenty-two percent of participant teachers haveengarticipated in science or science
teaching focused professional development. Onlyo8%#e teacher sample indicated that
they had attended a national, regional, or stagmee association meeting. | did not find
a significant difference between low and high-SElSosl teachers for this line of

guestioning§ > 0.05).
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Of the teachers that indicated that they have@patied in science or science
teaching focused professional development: 96%erhthad participated in science or
science teaching focused workshops; 8% had attesdational, state, or regional
science association meeting; and 50% have parizpa professional learning
community, lesson study, or teacher study groupgded on science or science teaching.
The hours spent by each of the teachers that egptivey completed science or science
teaching focused professional development areablaiin Figure 12. The largest
percentage of teachers completed less than sixs§40%0); the second largest percentage

of teachers completed more than 35 hours (36%).

= Completed more than 35 hours o
science professional development
in the last three years

= Completed 16-35 hours of sciencg
professional development in the
last three years

= Completed 6-15 hours of science
professional development in the
last three years

40%

Completed less than six hours of
science professional development
in the last three years

Figure 12.  Percentage of Teachers Participating iRrofessional Development

Professional development experiences that teathekgart in provided the
following opportunities to @onsiderable extenbpportunities to engage in science
investigations; opportunities to try out what thegrned in their classroom and then talk

about this experience as part of the professioamabldpment; work closely with other
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science teachers from their school; and work closgth science teachers from the same
grade level or subject area.

Table 34. Teachers Beliefs about the Focus Placed @arious Instructional
Components, During Professional Development, Ovehe Last Three Years

Professional Development Focus of Importance

Limited Extent (2) Moderate Extent (3) Considerabigent (5)

Learning about the Planning instruction so Deepening science content
difficulties that students students at different levels knowledge
may have with particular  of achievement can increase

science ideas and their understanding of the
procedures ideas targeted in each
activity

Discovering what students Monitoring student
think or already know aboutunderstanding during
the key science ideas prior science instruction

to instruction

Implementing science Assessing student

textbook or module adoptedunderstanding at the

by the district or school conclusion of instruction on
a topic

Providing enrichment
experiences for gifted
students

Providing alternative
science learning

Teaching science to ELL
students

Participant teachers reported that the professideatlopment opportunities that
they participated in over the last three yearsqaacrange of importance on various
issues facing science education. Table 34 presniss facing science education and the
level of importance that the professional developinceordinators assigned to each of

these issues, as perceived by the teacher partisipduring various professional
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development opportunities. | found no significaiftedence between low and high-SES
school teachers on these iterqps(0.05).

When principals were asked about the same focasiefice professional
development in their schools and districts, overl#st three years, their responses
indicated a heavy emphasis on the Common Core Statelards and integrating science
with other content areas. Every principal (100%li¢ated that these two instructional
components were the focus of science professiaaldpment in their districts over the
last three years. Teachers reported that scientergovas focused on to a considerable
extent in professional development, yet only 22%raicipals believe that science
content was a focus of professional developmeound no significant difference
between low and high-SES school principgals (0.05). Principals reported that
insufficient time to teach science was an importamicern, and they found inadequate
science-related professional development opporésid be a moderate concern.

| found a significant difference between teachspomses of low and high-SES
school teachers when they were asked if their dshayalistricts had participated in any
STEM initiatives over the last five years£ 0.01). High-SES school teachers, with a
smaller sample size of 12, reported that 83% df 8@hools or districts had participated
in STEM initiatives. Only 37% of low-SES school ¢bars (sample of 35) reported that
their schools or districts had participate in STEMiatives. This is a surprising finding
because | found no significant difference betwesnand high-SES school principals,
when asked the same questipr>(0.05). Forty-three percent of principals reparigat

their schools or districts had participated in &Sfinitiative within the last five years.
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The high-SES sample size of principals was eigid,law-SES principal sample size
was 15.

| calculated teacher composite scores for seveeakaof teacher professional
development, including, quality of professional eleyment and extent to which
professional development (PD) and coursework fatwsestudent-centered instruction.

The composite scores for each of these categaegsrasented in Table 35.

Table 35. Composite Scores for Teacher Professiodaévelopment Questions
Teachers
Question Total (N=40) Low-SES High-SES p-value
Composites Median (IQR) (n=28) (n=12)
Median (IQR) Median (IQR)
Quality of 37.5 (27, 50) 37.5 (26, 55) 29 (25, 46) 0.458

Professional
Development

Extent to Which  43.75 (25, 62.5) 44 (31, 56) 62.5 (20, 68.75) 0.585
PD/Coursework

Focused on

Student-centered

Instruction

Instructional Leadership and Mandate

Teachers as Leaders

Over the last three years, only a small numbeeachers have participated in
various teacher leader roles. Some of these ldaigaxaes includedteaching in-service
workshop(s) on science or science teaclis®h); serving as a formally assigned mentor
or coach for science teachirf§%); andsupervising student teacher(§3%). | found no
significant difference in these findings betweescteers from low and high-SES schools.

Teachers reported that thearely have influence on how money is spent and

studentgarely have direct influence on decisions. The partidipaachers felt they
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sometimegplay a role in school-wide decision-making, inpatplans for professional
development and growth, and participation in decisiabout school improvement (see
Table 36). Questions regarding teachers’ roleshasl decision-making were used to
calculate a composite score on shared leaderstgpl@ble 37). | found no significant
difference between low and high-SES school teadsgonses for the individual
guestions on shared leadership or the shared Eageomposite.

Table 36. Median Ratings* by Teachers on Shared Lership within their
School Buildings, During the 2013-2014 School Year

Teachers
Total Low-SES High-SES Mann Whitney
(N=43) (n=30) (n=13) U-test, p-value
Median Median (IQR) Median
(IQR) (IQR)
Influence on Money 2(2,3) 2(2,3) 2(2,3) U=178,
Spending z=-0.23,
p=0.84
Role in School-wide 3(2,3) 3(2,3) 3(2,3) U=191,
Decision Making z=0.13,
p=0.90
Significant Input into 3(2,4) 3(2,3) 3(2,4) U =180,
PD plans z=-0.18,
p=0.86
Principal Ensures Wide 3 (3, 4) 3(2,4) 3(3,4) U =164,
Participation in School z=-0.64,
Improvement Decisions p =0.547
Students have Direct 2(1,3) 2(1,4) 2(1,2) U=222,
Influence on School z=1.01,
Decisions p=0.34
School Teams have 3(2,4) 3(2,4) 3(2,4) U =187,
Influence on School z=0.03,
Decisions p=1.00

* (1) Never, (2) Rarely (A few times per year), @metimes (Once or twice per month),
(4) Often (Once or twice per week), (5) All or alsh@ll science classes.
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Table 37. Composite Scores for Shared Leadership

Teachers
Question Total (n=43) Low-SES (n=30) High-SES p-value
Composite Median (IQR) Median (IQR) (n=13)

Median (IQR)

Shared 42 (33, 58) 42 (33, 58) 40 (30, 55) 0.841
Leadership
Composite

Principals as Instructional Leaders, ObservatiahBeedback

A large number of principals reported (73%) tha&tytkdid provide observation
and feedback of science instruction during thiosstlgear. | found no significant
difference between principals of low and high-SEBosls (1) = 0.87,p = 0.35).

When teachers were asked how often they were foyrolserved during science
instruction during this school year, a significdifference was found between the
teachers in low and high-SES schogs 0.05). Thirteen percent of low-SES school
teachers reported that they had been observedgdorimal observation this school year,
whereas 77% of the high-SES school teachers reptiréé they had been formally
observed during science instruction. Likewise,teglian number of formal science
observations in low-SES schools was 0 (0,0) andribéian number of formal science
observations of the high-SES school teachers wa5, 2). This difference in
observation times between low and high-SES scleaalhers is statistically significant

(U = 63,z=-4.23,p = 0.001).
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Table 38. Percent Teacher Reported Observational @arrences, During the
2013-2014 School Year
Teachers
Science ObservationTotal (N=43) Low-SES High-SES Pearson’s
or Feedback (n=30) (n=13) Chi-square, p-
value

Formal Observation 33% 13% 7% X5(1) = 13.66,

p< 0.049*
Informal 70% 70% 69% X?(1) = 0.08,
Observation/ p=0.783
Walkthrough
Received Feedback 35% 23% 62% X?(1) = 7.40,
on Science p= 0.01*
Instruction
Received Specific 16% 13% 23% X?(1) = 0.93,
Feedback on p=0.35

Reform-minded
Science Practices

* Fisher's Exact Test (2-sided) reported for p-ealise, to prevent type two error,
because of small sample size.

When participant teachers were asked about infoolsgrvations of their science
instruction, the findings between low and high-&€Bool teachers were not significantly
different. The median times observed during infdraravalk-through observations for
the participant teachers was 1 (0, 2) occurrenc@glthis school year. Seventy percent
of participant teachers indicated that they hadleserved during science instruction
during an informal or walk through observation. Bdditional information, please see

Table 38 and Table 39.



144

Table 39. Median Number of Teachers Reported Obseational Occurrences,
During the 2013-2014 School Year

Observational Occurrences of Teachers

Science Total (N=43) Low-SES High-SES Mann Whitney
Observation Median (IQR) (n=30) (n=13) U-test, p-value
Median (IQR) Median (IQR)
Formal 0(,1) 0 (0, 0) 1 (0.25, 2) U =63,
Observation z=-4.23,
p=0.001
Informal 1(0,2) 1(0, 2) 0.5(0,2.75) U=224,
Observation/ z=0.80,
Walkthrough p=0.46

When observing, 76% of principals indicated thegkléor reform-minded
science practices, and 88% of them reported pnogigpecific feedback on how teachers
can improve science instruction. When teachers agked about feedback that they
receive on their science instruction, a signifiadifference was found between low and
high-SES school teacheys=0.01). Twenty-three percent of low-SES teachecsived
specific feedback on their science instruction, ighe 62% of high-SES teachers
received specific feedback on their science instsacA significant difference was not
found, however, between low and high-SES schochta when they were asked about
feedback on reform-minded science practices. O8% bf participant teachers received
specific feedback that was reform-minded (inquiegrning cycle, evidence based
responses, etc.) (see Table 38).

Support for Struggling Teachers in Science

| found no significant difference between low anghhSES school principals in
the support structure that they reported puttinglace for struggling teachers in science.

Table 40 provides an overview of the services predi
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Table 40. Percent of Principals Reportedly Using lterventions to Help
Struggling Teachers in Science

Principals

Intervention Total Low-SES High-SES Pearson’s Chi-

(N=22) (n=14) (n=8) square, p-value
Seminars, classes, 14% 7% 25% X%(1) = 1.38,
or study groups p=0.24
Higher Level of 41% 36% 50% X3(1) = 0.43,
Supervision than p=0.51
for Other Teachers
Guidance from a 41% 43% 38% X?(1) = 0.086,
Formally p=0.81
Designated Mentor
or Coach

Science Mentors and Coaches

| found a significant difference in the number @t¢hers reporting that they had
received feedback about their science teaching &anentor or coach that was formally
assigned by the school or distript£ 0.01). Only 16% of low-SES teachers received
feedback from a formally assigned mentor or coattile 58% of high-SES teachers
received feedback from a formally assigned ment@oach. When teachers were asked
about mentorship and coaching, few respondentsateli that these roles exist in their
schools or districts. A small percentage of teaslmaticated that their principal (2%),
district science supervisor or coordinator (7%acteers who have no classroom teaching
responsibilities in the district (5%), and teacheith full-time teaching responsibilities
in the district (12%), filled coaching or mentorirges in their district. These numbers
were similar to what the principals reported, exebpt the principles reported that 23%

saw themselves as filling this mentoring or coaghwie in their school. | found no
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additional significant difference in responses fri@achers or principals, from low and
high-SES schoolg¢0.05).

Science Professional Learning Communities

Twenty-six percent of participant principals regarthat in the last 5 years their
school offered teachers study groups where teachees on a regular basis to discuss
teaching and learning of science. During theseystmoups, principals indicated that
teachers primarily plan science lessons togetinatyze students’ science assessment
results, and analyze science instructional magerzZdro percent of the teacher sample
reported that they had led a professional learoorgmunity, lesson study, or teacher
study groups focused on science or science teaciWihgn teachers were asked about
participation in professional learning communitiesson study, or teacher study groups
focused on science or science teaching, 50% reptirée they had participated in one of
these types of learning communities within the thete years. | found no significant

difference between low and high-SES school prifsif@> 0.05).

Instructional Leadership

Teachers were asked about their principals’ insvoal leadership skills; the
median teacher response indicates that teacheesflough their principatometimes
observed their science classroom instruction. Teaateported that their principals
rarely provided specific ideas to improve instruction aackly attended teacher planning
meetings. The teachers indicated that their gradshevermake suggestions on
classroom management. | found one significanetgffice in the data between low and
high-SES school teachers on instructional leader@h+ 0.04). The high-SES school

teachers said that their principalsor almost alwaygrotect teachers from distractions
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to their instruction, and the low-SES school teaslsaid that their principals only

sometimegrotect their instructional time (see Table 41).

Table 41. Median Ratings* by Teachers on their Prinipals’ Instructional
Leadership
Teachers
Total (N=43) Low-SES High-SES  Mann Whitney
Median (n=30) (n=13) U-test, p-value
(IQR) Median (IQR) Median
(IQR)
Principal has 2(2,3) 2(2,3) 2(1,3) U =228,
discussed instructional z=1.20,
issues with you p=0.27
Principal observed 3(2,3) 3(2,3) 3(2,3) U =181,
your classroom z=-0.15,
instruction p=0.90
Principal has made 1(1,2) 1(1, 2) 1(,3) U =186,
suggestions for z=-0.02,
improve classroom p=1.00
behavior or classroom
management
Principal has attended 2 (2, 3) 2(2,3) 2(2,3) U =185,
teacher planning z=-0.03,
meetings p=1.00
Principal provides you 2 (1, 2) 21,2 2(1,3) U =139,
specific ideas for how z=-1.41,
to improve your p=0.20
instruction
Principal protects 4(2,5) 3(4,4) 5(@4,5) U =108,
teachers from z=-2.17,
distractions to their p=0.04
instruction
Principal has clearly 3(2,5) 3(2,5) 4 (2,5) U =159,
defined standards for z=-0.75,
instructional practices p=0.48

* (1) Never, (2) Rarely (A few times per year), @metimes (Once or twice per month),
(4) Often (Once or twice per week), (5) All or alsh@ll science classes.
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| calculated composite scores on instructionaldestiip from questions items
found in Table 41. This composite score did noeetwa significant difference between
low and high-SES school teachers responses omdatisinal leadershipd = 143,z = -

1.17,p = 0.68) (see Table 42).

Table 42. Composite scores for Instructional Leadeship

Teachers
Question Total (n=43) Low-SES (n=30) High-SES Mann-
Composites Median (IQR) Median (IQR) (n=13) Whitney U

Median (IQR) test, p-value

Instructional 46 (39,54) 46 (39,57) 45 (34,54) U =143,
Leadership z=-1.17,
Composite p=0.68

Assessment and Feedback

Types of Assessment

Formative, summative, and performance assessmenél aeportedly used by
approximately 80% of sampled teachers (see TalleM8milar percentage of
principals reported that summative and performassessments were used in their
schools. However, only 68% of principals believiedtformative assessment was used in
their school to assess science. Eighty-three peoféaachers reported aligning their
assessments to district or state standards, whicbnsistent with what principals
reported. Diagnostic assessments to determine kmmwledge were used by only 63%
of the sampled teachers; similarly, 50% of printspaported that diagnostic assessments
were used in their schools. Student self-assesswanteportedly used by 46% of

teachers; however, 55% of principals believed tii$hod of assessment was used in
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their school. | found no significant differencetirese findings between the low and high-

SES schools.
Table 43. Percentage of Teachers Reporting the UséVarious Types of Science
Assessment
Teachers
Assessment Type Total Low-SES High-SES Pearson Chi-square,
(N=42) (n=30) (n=12) p-value
Diagnostic Assessment 63%* 61%* 67%* X4(1) = 0.13,
p=0.72
Formative Assessment 80%** 76%** 92%** X?(1) = 1.35,
p=0.25
Summative Assessment  79% 7% 83% X?(1) = 0.23,
p= 0.63
Performance 88% 87% 92% X?(1) = 0.20,
Assessment p= 0.65
Science Notebooks 76% 77% 75% X?(1) = 0.01,
p=0.91
Student Self- 46%** 45%** 50%**
Assessment
Alignment of 83%** 79%** 92%** X?(1) = 0.92,
Assessment to p=0.34

State/District Standards

*N= 40 (nLOW= 28, nHIGH=12), ** N=41 (nLOW=29, nidH= 12)

Only 33% of teachers had their students use rubviessess other classmates’
work. Over 90% of teachers reported using various$ of informal assessments to
evaluate their students’ understanding of the natdrhese informal assessments
included: questioning, reviewing students’ workg amformal observations. The majority
of teachers reported that they used science jaii@&Po). However, only 5% of
principals reported the use of science journatbéir schools. | found no significant

difference in these findings between low and higg&School teachers (p < 0.05).
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Table 44. Percentage of Teachers Reporting ChangesWhole Class Science
Instruction Based on Data
Teachers

Change Total Low-SES High-SES Pearson’s Chi-

(N=41) (n=29) (n=12) square, p-value
Change Lesson Plans 85% 83% 92% X°(1) = 0.54,
to Emphasize Areas p= 0.46
which the Class
Scored Low
Add more Projects 76% 2% 83% X*(1) = 0.55,
and Exercises in p= 0.46
Areas that the Class
Scored Low
Request Additional 44% 38% 58% X3(1) = 1.44,
Supplies or p=0.23
Equipment
Re-evaluate 63% ** 75% ** 33% ** X?(1) = 6.22,
Textbooks and p= 0.03*
Learning Materials
Discuss Curriculum  71% 76% 58% X?(1) = 1.26,
Relevance and p=0.26
Alignment to
Standards with Peers
Ask for Additional 83% 86% 75% X?(1) = 0.75,
Support and Ideas p=0.39

from Peers or
Administrators

* Fisher’s Exact Test (2-sided) reported for p-ealise, to prevent type two error,
because of small sample size; ** N= 40 (nLOW= 28|GH=12)

| found a significant difference between low angliBES school’s teacher
response to whether or not they participated ievauating textbooks and learning
materials p = 0.03). Teachers from low-SES schools were nikedylto say that they re-
evaluated curriculum materials based on assessemuits than were high-SES teachers

(see Table 44).
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Table 45. Percentage of Principals Reporting Changeleachers Make in Whole
Class Science Instruction Based on Data

Principals

Change Total Low-SES High-SES  Pearson’s Chi-

(N=21) (n=13) (n=8) square, p-value
Change Lesson Plans  65%* 67%* 63%* X“(1) = 0.04,
to Emphasize Areas p= 0.85
Which The Class
Scored Low
Add more Projects 62% 62% 63% X?(1) = 0.002,
and Exercises in p= 0.965
Areas that the Class
Scored Low
Request Additional 57% 62% 50% X3(1) = 0.27,
Supplies or p= 0.60
Equipment
Re-evaluate 57% 54% 63% X?(1) = 0.15,
Textbooks and p=0.70
Learning Materials
Discuss Curriculum 88% 69% 76% X?(1) = 0.91,
Relevance and p=0.34
Alignment to
Standards with Peers
Ask for Additional 86% 85% 88% X?(1) = 0.36,
Support and Ideas p= 0.55

from Peers or
Administrators

*N =20 (nLOW= 12, nHIGH= 8)

| found no significant difference between princgaksponses to this question.
Fifty-seven percent of principals reported thatrtteachers re-evaluated textbooks and
learning materials based on assessment (see Tablgutprisingly, only 44% of
teachers reported that they request additionall&sppr equipment. This finding was
similar to what principals reported (57%). | foumal significant difference in this finding

between teachers or principals from low and higlsSEhools. The majority of teachers
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asked for additional support and ideas from otbachers or administrators (83%) and
discussed curriculum relevance, alignment to staisjd@and assessment with their peers
(71%). See Table 44 for further details; there m@astatistical difference in these
findings between low and high-SES school teachers.

Struggling Students

Although the sample teachers were likely to prodttaggling students with
additional assistance during class in areas thdgnoe poorly (85%), they were more
likely to provide these same poorly performing stnid with materials on test-taking
skills and strategies (70%) than they were to glevhem with assistance outside of class
(48%). The teachers were also not likely to providgh-performing students with

additional, more challenging projects or readirg¥%) (see Table 46).

Table 46. Percentage of Teachers Implementing Vans Strategies for Helping
Struggling Students in Science
Teacher

Strategie Total Low-SES High-SES  Pearson’s Cl-

(N=40) (n=28) (n=12) square, p-value
Provide Students Addition 85%** 82% 9196** X4(1) = 0.47,
Assistance in Class in Areas they p=0.50
Performed Poorly
Provide Students Addition 48% 50% 42% X?(1) = 0.23,
Assistance Outside of Class in Areas p=0.63
they Performed Poorly
Provide Poorly Performing Studel 70% 82% 42% X?(1) = 655,
Material on Test-taking Skills and p= 0.02*
Strategies
Provide Higl-performing Student B549%***  56Yp*** 50% X%(1) = 0.10,
with Additional, Challenging Projects p=0.75
or Readings

* Fisher’s Exact Test (2-sided) reported for p-ealise, to prevent type two error,
because of small sample size; ** N= 39 (nLOW= 28|@GH=11); ***N=39(nLOW= 27,
NHIGH=12)
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The results of the teacher survey are slightlyedéht from the principals’ beliefs
about their teachers (see Table 47). A high peagenof principals said that their
teachers provide students additional assistanckags in areas in which the students are
performing poorly (90%), and 52% of the principbadgieve that teachers provided
support outside of class. Principals also beliéat only 48% of their teachers are
teaching struggling students test-taking strate@ege Table 46 and Table 47 for

additional information about struggling students.

Table 47. Percentage of Principals Reporting theifeachers Implement Various
Strategies for Helping Struggling Students in Sciere
Principals

Strategies Total Low-SES High-SES Pearson’s Chi-

(N=21) (n=13) (n=8) square, p-value
Provide Students 90% 92% 88% X4(1) = 0.13,
Additional p=0.72
Assistance in Class
in Areas they
Performed Poorly
Provide Students 52% 62% 38% X?(1) = 1.15,
Additional p=0.28
Assistance Outside
of Class in Areas
they Performed
Poorly
Provide Poorly 48% 46% 50% X%(1) = 0.03,
Performing Students p= 0.86
Material on Test-
taking Skills and
Strategies
Provide High- 71% 69% 75% X?(1) = 0.08,
performing Students p=0.78

with Additional,
Challenging Projects
or Readings
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Monitoring Student Progress and Achievement

Overall, the sampled teachers felt fairly well @ega to monitor students’
progress and achievement during the last scienit¢éhay taught; see Table 48.
Table 48. Median Ratings* by Teachers on their Ledeof Preparedness to

Monitor Student Progress and Achievement During thé_ast Science Unit They
Taught

Teachers

Activity Total (N=40) Low-SES High-SES Mann-

Median (n=28) (n=12) Whitney U

(IQR) Median (IQR) Median (IQR) test, p-value
Anticipate Student 3 (2.25, 3) 3 (2, 3.75) 3(3,3) U=191,
Difficulties with z=0.75,
Particular Science p=0.512
Concepts
Identify Student 33,4 3(2.25, 3.75) 33,4 U =193,
Prior Knowledge z=0.59,
Before Beginning p=0.601
Unit
Implement Science 3 (3,4) 3(3,4) 33,4 U = 164,
Lessons from z=-0.32,
Textbook or p=0.788
Module
Monitor Students 33,4 33,4 33,4 Uu=171,
Understanding z=-0.12,
During the Unit p=0.921
Assess Student 3(3,4) 33,4 33,4 U = 157,
Understanding At z=-0.59,
the Conclusion of p=0.621
the Unit

* (1) Not adequately prepared, (2) Somewhat prehdB Fairly well prepared, (4) Very
well prepared.

Sixty-four percent of principals reported that tlieg monitor student progress in
science. | found no significant difference betwgencipals from low and high-SES

schools. Only 36% of teachers believed that thesrcpals made an effort to monitor
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student progress in science. | found no significhifiérence between teachers from low
and high-SES schools. Evidence that teachers pdwéltheir principals monitoring
progress in science most commonly involved mompof ISAT results and student
report cards. Their examples also included: momigpof grade-level assessment content;
support of science fairs; interactions with studehiring observations of science lessons;

and monitoring of objectives during classroom wgisit

Table 49. Principal Median Composite Score for th&upportive Context for
Science Instruction
Principals

Question Total (N=23) Low-SES High-SES Mann-Whitney
Composite Median (IQR) (n=15) (n=8) U test, p-value

Median (IQR) Median (IQR)
Supportive 31.25 (22, 50) 31.25 (18.75, 28 (20, 61) U = 49,
Context for 47) z=-0.26,
Science p = 0.804

| calculated a composite score from principal reses on the supportive context
for science instruction. These data are presentédble 49. A composite score was also
calculated using teacher responses for the exdenlhich policy environment promotes
effective instruction; these data are presenté&chbie 50.

Table 50. Teacher Median Composites for Extent to ich the Policy
Environment Promotes Effective Instruction

Teachers
Question Composite Total Low-SES High-SES Mann-
(N=40) (n=28) (n=12) Whitney U
Median Median Median test, p-value
(IQR) (IQR) (IQR)
Extent to which the Policy 54 52 56 U =123,
Environment Promotes (37.5,62.5) (37.5,61) (42, 79) z=-0.97,

Effective Instruction p=0.35
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CHAPTER FIVE: DISCUSSION, CONCLUSIONS, AND RECOMMEMTIONS

Introduction

It has become a national goal to increase the nuofleudents entering STEM
careers. Elementary science education has beetifiei@as important in laying the
foundation for intellectual development, the foutmola of scientific literacy, and an entry
point into interests in STEM. If Idaho shares ig tiational goal of increasing STEM
literacy, it will be necessary for Idaho schoolsrtake elementary science a priority.
With so many competing interests in educatiors itriportant to know how to invest
resources to get the greatest return. With thmimd, it is important to identify what
factors at the school and classroom level are itapbim achieving success in elementary
science.

The purpose of this study was to identify if tharf@ey elements to elementary
science reform are present within Idaho’s highrsmeachieving elementary schools, and
to identify if differences exist in the implementat of the key elements between low and
high-SES schools. To better understand this purpaksreloped two focused research
guestions:

* Question 11n Idaho, are all of the four key elements presesil of the high
science achieving elementary schools? This questasifurther broken into four

sub-questions:
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0 Is there evidence of the element Programs andiBeadbund within all
of the high science achieving elementary schooldaho?

o Is there evidence of the element Teacher BackgranddDevelopment
found within all of the high science achieving etary schools in
Idaho?

o0 Is there evidence of the element Instructional leesttip and Mandate
found within all of the high science achieving etary schools in
Idaho?

o0 Is there evidence of the element Assessment artbkek found within
all of the high science achieving elementary schovoldaho?

* Hypothesis 1Based on three years of science ISAT resultsgimified Idaho
schools have consistently developed high achianessience (ISDE, 2011a,
2012a, 2013a). As a state, Idaho has scored aheveational average on the last
National Assessment of Educational Progress (NAE®)given in the
elementary grades (NCES, 2011). The NAEP testigoaous test that tests
beyond rote knowledge, making it reasonable taelelthat evidence will be
present in all of the highest science achievingskshin the state that indicates
they are engaged in delivering all four key elerm@uinsidered important to
achieving success in elementary science.

* Question 2In Idaho, high science achievement can be foormbth low and high
socioeconomic status elementary schools. Doesvileree indicate a difference

between the low and high-SES schools’ implemematiche key elements to
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elementary science reform in Idaho high sciencéesatig schools? This question
was further broken into four sub-questions:

o Isthere a difference in the implementation of Paogs and Practices
between Idaho low and high-SES, high science attgeslementary
schools?

o Is there a difference in the implementation of Tead@ackground and
Development between Idaho low and high-SES, higinse achieving
elementary schools?

o Isthere a difference in the implementation of instional Leadership and
Mandate between Idaho low and high-SES, high seiecbieving
elementary schools?

0 Is there a difference in the implementation of Asseent and Feedback
between Idaho low and high-SES, high science aclueslementary
schools?

* Hypothesis 2Based on the different pressures created by scaimmic status in
low and high-SES schools, the ability to implemesth of the key elements will

be different in the high science achieving, higd low-SES schools.

Discussion
| have organized the discussion section by the keyrelements, addressing each
in the following order: (1) Programs and Practi¢@$,Teacher Background and
Development, (3) Instructional Leadership and Mamdand (4) Assessment and

Feedback. | have considered each research questiin the context of each of the key
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elements to elementary science reform, first bytoted sample, then by the differences
between the two sub-populations (low and high-S&®als).

| further synthesized the data within the summaigtiens for each of the key
elements. To achieve this, | identified primaryigador items from the teacher survey,
principal survey, and composite questions to idgtitie presence of each key element.
The presence of the primary indicators then pravidether insight into which schools
were implementing each of the key elements. Thosgss allowed me to quantify my
first research question, “Is there evidence tHatfahe participant Idaho high science
achieving schools are activating the key elemeogim and Practice?” A description of
how the presence of each primary indicator item eleisrmined is provided within each
of the key element summary sections.

To maintain anonymity, | randomly assigned pseudwto each of the
participant schools. Each school's pseudonym islament from the periodic table of
elements. Once the names were randomly assigtieeh brdered the schools by their
elemental periodic number.

Programs and Practices

Program and Practice encompasses both the quadityw@antity of the adopted
instructional program and instructional practicéhii a school. A quality program is
identifiable by the adoption, implementation, angort of high-quality instructional
materials and instructional practices that meeestad district standards, and are
consistent with the higher-order vision of the Na#l Science Standards or the Next

Generation Science Standards. The quantity of grano is identifiable by the number of
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hours dedicated to weekly instruction of scieno@diness Research Associates, 2006a,
2006b, 2007; St. John et al., 2007).

Using data from the teacher and principal survelmked for evidence to
support the presence of Programs and Practicég iertire sample (Question 1), and
within the sub-populations (Question 2). The evadehlooked for focused on both the
quality and quantity of the elementary science o and practices reportedly
implemented at the school and classroom leveltheguality of instruction, 1 was
interested in identifying the mean hours per wéwk the schools reported implementing
science instruction. | looked for evidence of h@adhers were implementing their
science instruction, and if their reported practieere consistent with the definition of
high-quality science instruction, as outlined inater One. | looked for evidence of a
school culture that supported effective scienceucson and helped all students to
succeed in elementary science. Additionally, | kbt the resources and funding
available to implement high-quality instruction.

To address question one, | will begin by considgthre sub-question on
Programs and Practices. | evaluated the total ipahend teacher samples for evidence
of the entire Idaho sample activating the PrograntsPractices within each of the seven
sub-categories: (1) time for science instructi@);promoting effective science
instruction; (3) science teaching practices; (4rsme textbooks/modules; (5)
instructional resources; (6) funding for scienagj &) promoting a culture of science or
engineering. | then followed each of these subgmates with an evaluation of the

evidence within the context of research questiom tw
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Time for Science Instruction

When the third through fifth grade teachers at liglence achieving elementary
schools were asked about how much time they devoteghching the various core
subject areas, | found that teachers spent sigmifig less time on science instruction
compared to ELA (English Language Arts) and masirirction (see Figure 8 and Table
A10). For the purpose of comparison, | broke thesabers down into per day means.
As can be seen in Table 51, this trend is mirroraibnally in third through fifth grade
classrooms (Trygstad, 2013). | found no signifiadifference in these trends between
low and high-SES schools (p > 0.05).

Table 51. Minutes Per Day of Instruction in Third through Fifth Grade
Classrooms Across Content Various Areas

Content Area 95" grade Idaho 35" grade National

Participant Teacher SampleTeacher Sample (Trygstad,
2013)

English Language Arts 90 minutes per day 84 minutes per day

(ELA)

Mathematics 70 minutes per day 60 minutes per day

Science 27 minutes per day 22 minutes per day

Social Studies 26 minutes per day 19 minutes pgr da

The quantity of elementary science instruction ogog within high science
achieving Idaho schools is consistent with theesta¢an. When ldaho teachers were
asked how much time they committed to scienceunstn on the NAEP teacher survey,
they reported a mean of two hours per week, rantiregof the lowest time commitments
in the nation (Blank, 2012). The highest scorirajest reported budgeting three to four
hours per week for science instruction (Blank, 2082rprisingly, Idaho’s mean two-
hour time commitment was similar to the median hears per week reported by high

science achieving school teachers. These resditate that the median high science
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achieving schools in the state of Idaho do not leavencreased quantity of instruction
present in their schools, as compared to otherldahools; in fact six teachers, from
four different schools, reported providing an houtess of science instruction per week.
The science ISAT identified some schools as hidgeatng in science that are not
budgeting the time necessary to implement highityusdience instruction.

| found no significant difference in the quantityscience instruction reported by
teachers of low and high-SES students (p>0.05).d¥ew when | calculated the hours
per week of science instruction based on a 36-wek&ol year, the trend showed that
low-SES teachers were budgeting more time for sei¢han the high-SES teachers. This
is an interesting finding; however, it is not nexagdy an indication of the quality of
science instruction taking place.

Science Teaching Practices

Inverness Research Associates (2006b) and Heedadedms (2013) found that
some districts had success in building capacitygémence reform within their schools
through the use of lead teachers, specialistsseietdce resource teachers. When |
looked at science instruction at the school leMaEund 39% of the high science
achieving Idaho teachers reported that within thelrools science instruction was taught
by someone other than the elementary core teasinen,as a specialist or a teacher on
their grade-level team (see Table 10). Nationdl8¢ of teachers reported that someone
provided science instruction other than the eleargrtore teacher, such as a specialist or
a teacher on their grade-level team (Banilowet.ef@13). These Idaho schools reported
taking advantage of a larger number of designgtedialists or grade-level teachers

acting as specialists than what Banilower et &18) reported nationally. However, my
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finding is consistent with what Inverness Resed@s$ociates observed in a large number
of schools actively implementing science reforméhtn & Helms, 2013; Inverness
Research Associates, 2006a, 2006b; St. John 208al7, 2008). | found no significant
difference between the way that low and high-SH#®als organized and staffed their
science teachers (p > 0.05).

When | analyzed the quality of science instructioidaho at the school level, |
found Idaho high science achieving schools madarked improvement from what was
reported in the 2009 fourth grade science NAEPheasurvey results. In 2009, only
35% of the Idaho teachers surveyed by the NAEPrtep@roviding hands-
on/laboratory-based science instructaaly, or once or twice week(Blank, 2012).
When Idaho teachers were asked about providingshandaboratory-based science
instruction for this study, 53% of teachers indéchthat they conducted these activities
daily, or once or twice per week

When | considered the sub-populations, | foundhtistical difference between
the low and high-SES school teacher responseshigheSES school teachers’ median
responses indicated that they conducted handstimitias once or twice a weekvhile
the low-SES school teachers median response iedithat they conducted hands-on
activities onlyonce or twice per montfy = 105,z=-2.32,p = 0.03). When | looked at
the teaching composite focused on identifying thpdrtance placed, by teachers, on
reform-oriented teaching practices, the composéeealed higher scores in the high
science achieving ldaho schools than what Banil@vet. (2013) found in a national

study of science education (see Table 52).
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Table 52. Idaho Teacher Sample vs the National Telaer Sample Responses on
Reform-Oriented Teaching Composites

Composite Median Idaho Teacher Sample  Mean National Teacher
Median (IQR) Sample (Banilower et al.,
Total Low-SES  High-SES 2013)

Reform-Oriented 90 (80, 95) * * 79 (0.7)
Instructional Objectives

Use of Reform-Oriented 67 (50, 79) 63 (50, 75) 79 (63, 88) 60 (0.7)
Teaching Practices

* Not significantly different

The median composite scores calculated_feiorm-Oriented Instructional
Objectivesvere not statistically significant between low dngh-SES schoold) = 107,
z=-1.86,p = 0.07), indicating both low and high-SES scheealchers identify the
importance of reform-oriented teaching to a higeeel than what was found in the
national sample (Banilower et al., 2013).significant difference was found between the
low and high-SES schools for thise of Reform-Oriented Teaching Practicesnposite.
Although both low and high-SES schools implemefdrra practices, high-SES schools
implement reform practices significantly more of(eh= 97,z=-2.11,p = 0.04).

Despite the findings that the Idaho high sciendeeating schools are doing better
at the classroom level on the quality of scienstruction, Programs and Practice is not
present in all of the schools identified by theeacie ISAT as high achieving. Eight out of
20 (40%) participant schools had teachers thatrtep@ngaging their students in
multiple high-quality science practiceace or twice a weebr all or most science
lessonsThese practices included: engaging studentsndgian/laboratory-based
instruction, asking students to represent and/alyae data using tables, charts, and
graphs; and requiring students to supply eviden&ipport of their claims (see Table

54).
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Promoting Effective Science Instruction

At the school level, teachers identified variousdas agmportantin promoting
effective science instruction: principal supparhé for them to plan individually and
with colleagues; and time for professional develeptmFactors identified as being
moderately importanivere: standards; pacing guides; state sciendagetextbook or
module selection policies. | found a differencenssn low and high-SES school
teachers’ views on the importance of the distgétsce curriculum frameworkJ(= 101,
z=-2.07,p = 0.045). Teachers in high-SES schools indicdtatithe district curriculum
framework wasmportant and teachers in the low-SES schools saw thedistience
curriculum framework amoderately importantl found no additional significant
difference between low and high-SES schools oretfeestors (p > 0.05).

At the school level, it was interesting to findtlealy 6% of participant principals
reported being knowledgeable of the Next Generdicience Standards. Principals saw
lack of opportunities for science teachers to sideas as anoderately importantactor
that needed to be addressed. | did not find amjfgignt difference in the responses of
low and high-SES principals on this line of quesitig (p > 0.05).

Science Textbooks or Modules

Research by Banilower et al. (2006) found the dseetl-written curriculum and
good instructional materials greatly improves thealdy of science instruction. Their
research indicated that when teachers implemengdiebesigned materials in the way
they were originally intended, the lessons wereantiaely to be highly rated in
providing significant and worthwhile content, prdiwig developmentally appropriate

content, and for portraying science as a dynamaty lod knowledge. Unfortunately, they
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also found that the vast majority of elementargstaoms in the United States do not
have this level of support. They found that teaslaee often forced to improvise lessons
and gather their own materials. Their study wentoofurther show that only 11% of
teacher improvised lessons received a rating df-gigality in providing significant and
worthwhile content, developmentally appropriateteahy and for portraying science as a
dynamic body of knowledge (Banilower et al., 2006).

When the Idaho teachers participating in this stwdye asked how they used
their assigned textbook or module, they reportatl picking out what is important from
the textbook or module and skipping the rest ingsortant in promoting effective
instruction They also believed that incorporating activifiesn other sources to
supplement where the textbook or module was lackiagyvery important in promoting
effective instructionThe largest number of teachers (82%) said theorethey skipped
activities in their textbook or modules was becahey had different activities for those
science ideas that work better than the ones tkipged. Other common reasons for
skipping the material included: the science ideagred were not in their pacing guides
(54%) and they didn’t have the materials to impletrike activities (62%).

Nearly 40% of the commercially published textbooksnodules reportedly used
in the high science achieving schools were pubtish€006 or earlier. Some textbooks
being used were as much as 14 years old. The Aamefissociation for the
Advancement of Science (2002) has been criticedxdbook quality, particularly at the
elementary and middle school level in science. by are a large percent of textbooks
outdated, very few of the textbooks or modules werdugh a rigorous development

process. Historically, elementary science prodaatated with funding from the National
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Science Foundation are known to be well-vettedadridgh quality. Only 14% of the
commercially published textbooks or modules beisgauby the high science achieving
schools in Idaho were developed with funding fréve National Science Foundation.
Based on the data collected from the teacher suitvagpears that not all of the schools
have the level of support present in their assigrogehce curriculum consistent with a

high-quality instructional program.

Instructional Resources

Lack of adequate resources for science instruci@omot only affect the quality
of instruction, it can prevent instruction from acgng (Goldsmith & Pasquale, 2002).
When instructional resources were evaluated as¢heol level, teachers in high science
achieving elementary schools in Idaho gave thdaiéity of instructional resources a
median rating ofomewhat adequatemeaning materials are available, but quantitres o
the location of the items makes coordinating treeafghe items challenging. Teachers
also reported that scientific equipment, instrugiaechnology, consumable items, and
facilities were onlysomewhat adequaté/hen | looked to identify how many schools
reported access to scientific equipment and conblenit@ms, | found that only 4 out of
20 schools (20%) hadearly adequater adequateaccess to these items. | also found that
only 8 out of 20 schools (40%) hadarly adequater adequateaccess to science
facilities. | found no significant difference betarethe teachers from low and high-SES
schools on these itemg % 0.05).

Teachers reported that Internet accessreadily available,in all or almost all
science classes, and computers/laptops and caliuigereoften availableonce or

twice a week. Handheld computers or tablets wersetimes availabl@nce or twice per
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month. Teachers reported they never had accesgital ggrobes for data collection. |
found no significant difference between low andhh&8ES schools for each of these
items @ > 0.05). Surprisingly, though, the presence asstoom response or ‘clicker’
systems were found significantly moté € 316,z = 3.39,p = 0.001) in low-SES schools
than in high-SES schools. The teachers from low-Sgeols said theyometimesad
access to ‘clickers,” whereas the high-SES scheaaliters said theyeverhad access to
them.

At the school level, principals rated the lack aksce facilities and inadequate
materials for individualized instruction agredderate concerim its impact on science
instruction. Principals also rated science instomal resource management adittie
importancein its impact on science instruction. This findisgsurprising, since based on
the teacher survey results it is apparent thatrthjerity of schools are lacking in easy
access to the materials they need to implementdugiity science instruction.
Additionally, the research by Goldsmith and Pasg2002) indicates that a lack of
adequate resources for science instruction is pitbfe, stopping instruction all together
or reducing the quality of instruction.

The principals’ survey composite median scorddok of materials and supplies
is problematiovas 47 (37.5, 70) out of 100. The national sumepprted a mean score of
42 (1.8), indicating that principals around theigrahave similar concerns about
inadequate materials and supplies for elementagynse instruction (Banilower et al.,
2013). These trends can be seen in the respohpaaapals from both low and high-

SES schoolsp(> 0.05).
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Similarly, the composite score for tadequacy of resources for instruction in
sciencerevealed a median score of 50 out of 100 poiris§3). The same composite
calculated from the national data had a mean swfo48 (1.4), indicating that Idaho high-
SES schools reported a stronger adequacy of saescarces than what was found
nationally (Banilower et al., 2013). | found nomiigcant difference between the low and
high-SES schools for this composite scdde=(133,z=-1.44,p = 0.16).

It is evident that not all of the high science aeimig schools have easy access on
a weekly basis to the scientific resources needé@aplement high-quality science
instruction. It is also evident that at the scHewktl not all the schools’ leadership has an
understanding of how the lack of materials affélsesquality of science instruction.

Funding for Science

Administrators control access to budgetary resa@uarel often make judgments
about instructional materials. When there is a laidiudgeting for materials and
replacement costs, instruction is affected. Oftes tcompletely prevents high-quality
instruction from getting off the ground (Goldsmé&hPasquale, 2002). The current
economic climate in the United States has broulgbtiadeep cuts in education across the
country. Idaho is no exception. The results of ghigly show that even high science
achieving schools are not making science a priamitheir budgets. The total median
dollars budgeted for science by the high scienbésaimng schools was only 300 dollars
per school during the last completed budget ye@tZ2013). | found no significant
difference in spending behaviors in science betwesrand high-SES principals.

Dorph et al. (2011) found that teachers in scheetsing higher percentages of

students in poverty were more likely to report la¢kacilities and resources as a major
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challenge to providing science instruction tharcheas from affluent schools. In Idaho,
principals from both low and high-SES schools réggmbthat inadequate funds for
purchasing science equipment and supplies wasportant concerrfU = 63,z= 0.46,
p = 0.66). Idaho schools’ funding for science coifines various sources. The most
common sources of funding were from state/distunting sources, community
donations, teacher donations, and PTO fundrais&and a significant difference in
funding between low and high-SES in the categonyasént donations. Eighty-eight
percent of high SES school principals reportedivénog funding from parent donations,
as compared to only 27% of principals from low-3€Bools. It was surprising to see
that 74% of principals reported that teacher domatiwere a source of funding for
science instruction.

When budgets are tight, it becomes even more dracgeek external funding
and resources to support science (Dorph et all;28qillane et al., 2001). However,
Dorph and associates (2011) discovered that mbsbtcdo not seek out external
funding. Principals from ldaho’s high science aelig elementary schools reported that
they have received funding from a variety of soar@ee Table 23), including teacher
initiated grants. These data indicated that thé Bmence achieving schools have sought
out external funding. However, with budgetary mediaf only 300 dollars a year per
school, it is difficult to understand how they haeeeived significant amounts of
external funding. It is evident that not all of thigh science achieving schools have

developed budgetary support for their science rogr
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Promoting a Culture of Science or Engineering

When teachers and principals were asked what theéy gromote the culture of
science or engineering within their schools, ngleiractivity was identified consistently
across a large portion of the high science achgesamnools (see Table 25 and Table 26).
Approximately 20% of teachers indicated that theyvled various after-school help
clubs, support for fairs or competitions in sciencengineering, or arranged guest
speakers representing STEM careers. Teachersfdabeut their support for these
activities were lower than the principal responsésch hovered between 25 — 30%,
regarding these same items. When these resultsoeerpared to the national data
collected by Banilower et al. (2013), it appearteat the Idaho high science achieving
sample provided more family science or engineenigts (39%) and more
opportunities for students to participate in scesac engineering clubs (23%) than what
the national sample of teachers reported, 26% &hdé&spectively. However, the
national sample of teachers reported greater oppitytfor after-school help in science
or engineering (31%) and greater opportunitiesatdigipate in local or regional science
or engineering fairs (35%), as opposed to 23% &8d af Idaho high achieving science
school teachers, respectively. | found no signifiddifferences between low and high-
SES school teachers and principals on questiomilaged to promoting a culture of

science or engineering.

Question 1: Sub-guestion on Program and Practice

Analysis at the school and classroom level, udiegé¢achers’ and principals’
survey results, has provided insight into the Keynent Programs and Practices within

high science achieving elementary schools in Id&he.Question 1: Program and
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Practice sub-question | asked was, “Is there eweldimat all of the participant Idaho high
science achieving schools are activating the kemeht Program and Practice?” The
answer to this question is no; the evidence doesupport that all the Idaho high science
achieving schools activate the key element PrognathPractice. To quantify the
presence of the key element Program and Practidede seven primary indicator items.
These primary indicators were chosen from the tefastirvey items and from one
guestion composite. These primary indicator itentsthe methods used to indicate the

presence of the primary indicators are presentdébie 53.

Table 53. Program and Practice Primary Indicator Iltems and Criteria for
Indicating their Presence

Question Number( Primary Indicato Criteria for Indicating Items Presel
Use of Reforr-Oriented  Reform-Oriented Teachin  The majority of teachers at es
Teaching Practices Practices and Instructional school reported a score greater than
Composite, Reform- Objectives the National Mean (60) on the
Oriented Instructional Reform-Oriented Teaching Practices
Objectives Composite Composite and a score greater the

National mean (79) on Reform-
Oriented Instructional Objectives
Composite.

Teacher Survey Q4.7  Doing hand-on/laboraory ~ The mean teachers’ responses fro
activities given school oDftenor All or Most
All Science Lessonsgere counted.

Teacher Survey Q4.7  Having students represent The mean teachers’ responses frc
analyze data using tables, given school oDftenor All or Most
charts, or graphs All Science Lessongere counted.

Teacher Survey Q4.7  Requiring students to supr The mean teachers’ responses fro
evidence in support of their given school oDftenor All or Most

claims All Science Lessonsgere counted.
Teacher Survey Q4.8 Visiting STEM sites o The mean teachers’ responses fro
4.8 8 having guest speakers from given school offesto either question

STEM fields 4.8 7 or 4.8_8.were counted.
Teacher Survey Q4.9 Access to Sciere The mean teachers’ responses fro
49 3 Equipment and Consumablegiven school ofNearly Adequater

Items Adequatdo both 4.9 1 and 4.9 3

were counted.
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However, 18 of the 20 schools (90%) have some aspp&rograms and Practices
present in their schools. Seven of the 20 partitipaggh science achieving schools (35%)
had teachers that reported strong support for eleanescience in the area of Program
and Practice on the questions from the teachepandipal surveys shown in Table A14.
These seven schools represented three low andhiighwSES schools. They are located

within three different regions of Idaho and repredmth rural and urban schools.

Question 2: Sub-guestion on Program and Practice

Question two focuses on the differences found betvew and high-SES schools
in the implementation of Programs and Practices. Htograms and Practices sub-
guestion was, “Is there a difference in the impletagon of Programs and Practices
between Idaho low and high-SES, high science attgeslementary schools?” The
evidence does support a significant difference betwlow and high-SES schools in
Programs and Practices. Although both low and I9B!S reported more reform-based
instruction, as compared to Idaho in 2009 and #tenal data, low-SES school teachers
reported significantly fewer reform-based teachimgthods than high-SES schogbs<(
0.05) (Banilower et al., 2013; Blank, 2012). Sithath low and high-SES teachers
reported similar amounts of time dedicated to thous instructional disciplines, and
similar support from parents and community for sceg | cannot conclude that there
were any different social pressures between lowhagia-SES schoolgp(> 0.05). | can
conclude that there were some differences in tessarres between low and high-SES
schools within Program and Practice, since low-S&®ol principals reported
significantly less funding for science, in the aoé@arent donationg(= 0.01), than

high-SES principals.
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The next key element that | will focus my discussom is Teacher Background
and Development.

Teacher Background and Development

Teacher background encompasses a teacher’s ygansegice as an educator,
and their formal education in teaching pedagogysaehce content. Teacher
development comes from the access to professi@valabment that focuses on both
pedagogy and content. The highest quality PD cdroes sustained professional
development (50+ hours) that promotes collaboratjygroaches, builds strong
relationships among teachers, connects to classpraatice, and focuses on teaching
and learning specific academic content (Heenan Endg2013).

Using data from the teacher and principal survelggked for evidence to
support the presence of Teacher Background andi@mwent in the entire sample
(Question 1), and within the sub-populations (Qoes?). The evidence | looked for
focused on teachers’ knowledge and backgroundiémse, feelings of preparedness to
teach science, and opportunities for teachersitopgrafessional development in science
content and pedagogy. | was interested in identfyiow the teachers’ background in
science, feelings of preparedness, and opportarigigain professional development
compared with what Banilower et al. (2013) sawhigiit national study on science
education. | first evaluated the total principatlaeacher samples looking for evidence of
the entire Idaho sample meeting the Teacher Baokgrand Development criteria.
Then, | evaluated the low-SES schools and high-8&HB8ols’ samples on the same
Teacher Background and Development criteria torgete if both sub-populations met

the criteria for Teacher Background and Developrseparately.
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Teachers’ Educational Background

The Idaho teachers’ backgrounds in science is ast but it is beyond the
national average for elementary teachers (Tryg&@3). Participant teachers gained
their teaching certification from a variety of soes, with the majority of the teachers
(87%) gaining their teaching certification throusyh undergraduate teaching program, as
compared to only 52% of a national sample of thirdugh fifth grade teachers
(Trygstad, 2013). Eighty-three percent of the paréint teachers held a bachelor’s
degree in education. One participant teacher hblthelor's degree in the biological
sciences. Five participant teachers obtained gtaddaster’s or Doctorate degrees in an
education related field. | found no significantfeience between low and high-SES
school teacherp 0.05).

The participant teachers reported that their sei@ontent knowledge came
predominantly from introductory level biology, folwed by introductory Earth science
(see Table 29). My findings are similar to whatdstad (2013) found in the national
third through fifth grade sample from the 2012 Na&él Survey of Science and
Mathematics Education study, see Table 54 (Tryg&@d3). | found no significant
difference between low and high-SES school teadipers).05).

Table 54. Percentage of Teachers Completed Introdtary Science Courses, A
Comparison between ldaho High Science Achieving Sobl Teachers and the Nation

35" grade Teachers
Idaho High Science National Sample (h=443)*
Achieving Sample (n=40)

Life Science 96% 87%
Earth/Space Science 79% 65%
Chemistry 45% 47%
Physics 38% 34%
Engineering 2% 2%

*(Trygstad, 2013)
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Thirty-four percent of the teachers sampled hadrdkology coursework beyond
the introductory level. However, only 2-8% of tleathers sampled had taken courses
beyond the introductory level in chemistry, physmsEarth science. This breakdown is
reflective of teachers’ perceptions of preparedn@s$sach physical science and
engineering. | found no significant difference beén low and high-SES school teachers
(p > 0.05).

The course-background standards for elementarpseieachers developed by
the National Science Teachers Association (NSTAypmemends all elementary teachers
have at least one college-level course in lifeflEand physical science. Forty-seven
percent of the participant teachers met these atdadThis is higher than the national
average of 36% of third through fifth grade teashmeeting NSTA’s course-background

standards (Trygstad, 2013).

Teachers’ Feelings of Preparedness

At the classroom level, Idaho high science achigwachers were asked about
their feelings of preparedness to teach variougestgareas; the median sample Veity
well preparedo teach mathematics and English language artsfgaandairly well
preparedto teach the life sciences and earth sciencesmiukan teacher sample,
however, felt a deficit in their preparation todkdhe physical sciences and engineering.
This trend mirrors what Trygstad (2013) found iimdtthrough fifth grade elementary
teachers nationally.

Idaho teachers reported a deficit in their prepamab teach science to students

with learning disabilities and English languagehes (ELL) students. Nationally, 52%
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(3.8) of third through fifth grade teachers felttbe prepared to teach students with a
learning disability and 48% (3.6) felt preparedeach ELL students (Trygstad, 2013).

It is well known that managing an active inquirysbd science lab can be a
challenge, yet participant teachers reported tetyéry well preparedo manage
classroom discipline during science instructiofound these trends in teacher
preparedness in both low-SES and high-SES scharadisno significant difference
existing between these sub-populations. This tvesslalso mirrored in the national data,
with 96% (2.1) of third through fifth grade teachéeeling prepared to manage
classroom discipline during science instructiony@Btad, 2013). It is unknown whether
the teachers answered this question picturing “mament of students during science
instruction” as the management of an active enwramt in which students are engaged
with groups of students investigating scientifiepbmena, or if they viewed
“management of science instruction” as studeringitit their desks engaged with a text
or listening to instruction.

| calculated composite scores for teachers’ peimeotf preparedness to teach
diverse learners and perceptions of preparednesscturage students. | found no
significant difference between low and high SESh@se measures. | have provided a
comparison of these composites for the Idaho higgnse achieving sample and the
national sample in Table 55 (Banilower et al., 20TBe results of this comparison show
that Idaho’s high science achieving school teactedtrtess prepared to encourage
students in science and teach diverse learnerddnce than the national sample of third

through fifth grade teachers.
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Table 55. Composite Scores for Teacher BackgroundeRceptions of
Preparedness Questions, Comparison between Idahodti Science Achieving
Sample and the National Sample

Teachers
Composite Idaho High Science National (n= 443)*
Achieving (N=40) Mean (SD)
Median (IQR)
Perception of 35 (25, 50) 53.5(24.7)
Preparedness to Teach
Diverse Learners
Perceptions of 50 (37.5, 75) 65.9 (28.2)

Preparedness to
Encourage Students

*(Trygstad, 2013)

At the school level, | found that the participannpipals believed that teacher
preparation programs had adequately preparedtdaahers. | did not find significant
differences in the responses of low and high-SE&ipals on this line of questioning (

> 0.05).

Professional Development

In an Idaho study on where teachers go for corsedtpedagogical support,
Nadelson et al. (2013) found that teachers moshadtcess people they know and are
physically present. This study’s findings suppbs findings of Nadelson et al. (2013).
Eighty-three percent of the high science achieeilegnentary school teachers in this
study reported that they asked for additional supgied ideas from other teachers or
their school’s principals when making changes toledtlass instruction, based on data.
Additionally, two teachers volunteered that theygiat help in the form of information
and resources from their spouses who were secot@lalyscience teachers. Teachers’

responses indicated they were much less likelgék sut formal assistance through
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professional development and formal science cou@ely 56% of the teachers sampled
reported having taken a science or science teaébauged professional development
course in the last three years. Fifteen perceteaifhers sampled had taken a formal
science course in the last three years.

A recent survey of California educators, admintsirs, and districts conducted by
Dorph et al. (2011) found that although almost 98f%lementary teachers felt prepared
to teach English language arts, only one thirchogé surveyed felt prepared to teach
science. Similarly, this study found that the madieling of preparedness for teaching
English language arts and mathematics veag well preparedcompared to the only
somewhat preparefielings of preparedness to teach physical sciandeengineering,
andfairly well preparedto teach life and earth science.

Dorph et al. (2011) reported elementary sciencéepsional development scarce,
with only 15% of the teachers surveyed having rembiscience-related professional
development in the last three years. This findsigat consistent with what the high
science achieving ldaho school teachers reportitd 58% of the teachers having
participated in professional development focuseda@nce or science teaching in the
last three years. Although Idaho teachers ardiledyg to seek out formal assistance
from professional development, they are engagirsgi@nce related professional
development more often than that found by Dorpdl.g2011). This is an important
finding, because research indicates that in oalerdke science more accessible to the
elementary school teachers, professional developiméey to increasing content

knowledge and pedagogical skills.
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Schools overcame busy schedules and fit in teguéessional development
through a variety of creative scheduling techniqééshe school level, principals
reported the time for teacher professional grovetime primarily from the use of early
dismissal or late start for students (67%), protesd days or teacher workdays during
the students’ school year (67%), and common plantime for teachers (67%). | found

no significant difference between low and high-S€Bool principalsg > 0.05).

Question 1: Sub-guestion on Teacher Backgroundava&lopment

Analysis of the teacher and principal survey reshits provided insight into the
Teacher Background and Development key elementmliigh science achieving
elementary schools in Idaho. The Teacher Backglauma Development sub-question |
asked was, “Is there evidence that all of the padint Idaho high science achieving
schools are activating the key element Teacher @dackd and Development?” The
answer to this question is no; the evidence doesupport all of the Idaho high science
achieving schools having teachers that Yeey or fairly well preparedto teach the
sciences, nor do all the teachers meet the NST&Xes curriculum requirements. To
guantify the presence of the key element Teachek@aund and Development, | chose
five primary indicator items. These primary indmat came from teacher survey items
and from two question composites. These primaricatdr items and the methods used

to indicate the presence of the primary indicatwespresented in Table 56.
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Table 56. Teacher Background and Development Primgrindicator Items and
Criteria for Indicating their Presence

Question Primary Indicator Criteria for Indicating Iltems Beace
Number(s)

Teacher Survey  Access to Science-Focused The mean teachers’ responses from a

Q3.25_1,2,3,4,5,6, Professional Development given school offo a Considerable Extent

10 or To a Great Extertb three or more of
these questions were counted.

Teacher Survey  Access to High-Quality The mean teachers’ responses from a
Q2.23 1,2,3,4,5 Science Professional given school offo a Considerable Extent
Development or To a Great Extentb two or more of

these questions were counted.

Teacher Survey  Teacher(s) feel prepared to The mean teachers’ responses from a
Q2.26_3 teach life, earth, and physical given school oery Well Preparedh all
science content three areas of sciences were counted.
Also counted were teherresponses of

Very Well Preparedh two areas and
Fairly Well Preparedn the third area of

science.
Perceptions of Teachers feel prepared to teactWhen the majority of teachers at each
Preparedness to  diverse learners in science  school reported a composite score greater
Teach Diverse than the National Mean (53.5) they were
Learners counted.
Perceptions of Teachers feel prepared to When the majority of teachers at each
Preparednessto  encourage students in scienceschool reported a composite score greater
Encourage than the National Mean (65.9) they were
Students counted.

In regards to teacher development, only 25 teacgleprerted attending science-
related professional development in the last tgeses. Of these 25 teachers that have
attended professional development in science, @iglyt of them (from five schools)
reported participating in at least two of the ateg listed in Question 3.23 of the teacher
survey. Six out of the 20 participant schools (20f&ye teachers that feedry well

preparedto teach all the sciences and have teachersebassed high-quality
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professional development. There are only two schoot of the 20 that are providing

both high-quality science professional developnuerscience-focused professional
development and have teachers with strong backdgeoumscience content, working with
diverse learners, and feel prepared to encouragersts in science (see Table 57). These
two schools are both low-SES schools and are Idaaithin two separate regions of
Idaho.

Table 57. Teacher Beliefs about Access to Professad Development in Science

and Feelings of Preparedness, as Primary Indicatorsf teacher Background and
Development

School Access to science- Access to high- Teachers feel Teachers feel  Teachers
focused quality science prepared to teach prepared to feel
professional professional life, earth, and teach diverse  prepared to
development development physical science learnersin encourage

content science students in
science

Hydrogen Present

Elementary

Helium Present Present

Elementary

Beryllium Present

Elementary

Boron Present Present

Elementary

Carbon Present Present

Elementary

Nitrogen Present Present Present Present Present

Elementary

Oxygen Present Present Present Present

Elementary

Fluorine Present

Elementary

Neon Present Present

Elementary

Sodium Present Present Present

Elementary

Magnesium
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Elementary

Aluminum Present Present
Elementary

Silicon Present
Elementary

Phosphorus Present
Elementary

Sulfur Present Present
Elementary

Argon Present Present Present Present
Elementary

Potassium Present Present Present Present
Elementary

Calcium Present
Elementary

Question 2: Sub-guestion on Teacher Backgroundawelopment

Question 2 focused on the differences between lahhégh-SES schools. The
sub-question for Teacher Background and Developasied, “Is there a difference in
the implementation of Teacher Background and Dgretnt between Idaho low and
high-SES, high science achieving elementary scRbofound very little difference
between the high and low-SES teachers. A largeteuarof high-SES teachers reported
the presence of a STEM initiative within their sehor district within the last five years
than low-SES teacherp € 0.01). This may indicate that high-SES teachexse easier
access to professional development than the lows8E8ol teachers.

I will now turn my focus to a discussion of thedkar and principal survey

results regarding the key element Instructionaldeeship and Mandate.
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Instructional Leadership and Mandate

Instructional leadership encompasses all actiorfeipeed or delegated by a
leader for the purpose of supporting teachers’ ldgveent and promoting student growth
in science. This instructional leadership in sceeslbould extend from positional leaders
to shared leadership roles within the school (Dely 1984; Spillane et al., 2001,
Inverness Research Associates, 2006b, 2007; Casey 2012). Instructional mandate is
the requirement of a school and its teachers tdeim@nt science instruction,
encompassing the quality of instruction and thentjtyaof instruction (Inverness
Research Associates, 2006a, 2006b, 2007; St. dain 2007)

Using data from the teacher and principal survelggked for evidence to
support the presence of Instructional LeadershipMandate in the entire sample, and
within the sub-populations. To analyze Instructidreadership and Mandate, | looked
for evidence of teachers taking on science-relegadership roles and evidence of strong
instructional leadership by the building principas part of instructional leadership, |
was interested in identifying the presence of adassfor science instruction, support
for science learning communities, presence of sei@mstructional observation, and
support for struggling science teachers. | evatuiite total principal and teacher
samples, looking for evidence of the entire Idadimsle meeting the Instructional
Leadership and Mandate criteria. | then evaludteddw-SES schools and high-SES
schools’ samples on the same Instructional Leageestd Mandate criteria to determine
if both sub-populations met the criteria for Instianal Leadership and Mandate

separately.
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Teachers as Leaders

Much research has found teachers often play agraiteole in elementary
science reform implementation through shared lesdnilerroles (Heenan & Helms, 2013;
Inverness Research Associates, 2006b; St.John 20ar; Spillane et al., 2001). These
roles may include teacher leaders, content omdtmlists, and mentors or coaches.
These roles may be officially contracted desigmatiaghey may have no official
designations or receive monetary resources, reteasgor reduction in teaching
responsibilities. When | assessed the Idaho higimee achieving schools for the
presence of teacher leadership, the evidence wasdmt the classroom level, teachers
reported that they were ondpmetimesgiven the opportunity to: play a role in school-
wide decision making; have significant input intans for professional development;
and influence school decisions as a team. Only b8aghers reported that they had
provided mentoring to other teachers in sciencee percent of the teachers also reported
that they had lead teacher in-service workshopsc@nce or science teaching. When |
matched teachers across items in Questions 5.8.2rah the teacher survey, | found
only one participant teacher that participated i@aalership role at the school level and at
the classroom level as a mentor or coach. At theadevel, 65% of participant
principals reported that their school received fagdor science from teacher-initiated
grants, indicating that teachers took on leadens#igs in their schools. | did not find a

significant difference in teacher leadership betwine low and high-SES schools.

Mandate
| assessed the schools for the presence of a neahsleience instruction within

each of the participant schools. | found that seafethe 20 schools that participated in
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both the principal and teacher surveys providedenge of a scheduled, mandated,
science instruction time present in their schosé® (Table 55). Other participant schools
might have had science instruction mandated irfidime of the principals telling the
teachers that they need to teach science. Prisdipakher schools may have even
provided a suggested length of time per week tisunsstudents in science. However,
only 30% of the schools reported lengths of ingtanal time and frequency of science
instruction that matched when | compared the ppaicand teacher responses from the
same schools.

Science is viewed as a core subject in the elemesthool. However, it is not
assessed to the degree that reading, languagaraitsjathematics are assessed. In
Idaho, the science ISAT is given in fifth, severghd tenth grades, meeting the standard
set by No Child Left Behind (NCLB). There are somdications that this pattern of
assessment causes science to continue to be tmembst disregarded subjects at the
elementary level. Research has found that scien@garded as a fringe subject that is
accessed when time allows, taught intermittently amsystematically (Ediger, 1999;
Greenleaf, 1982; Mechling & Oliver, 1982, 1983; Ipie et al., 2001; Vasquez, 2005).
Of the Idaho high science achieving schools, teadnem 30% of the schools stated that
their schools placed a priority on science in fowmd fifth grades because it was tested
in the fifth grade. Teachers from 15% of the pgvaat schools reported that prior to
giving the fifth grade science ISAT, they partidgain a considerable amount of drilling
of the standards with their students. This haplthizaatment of elementary science
instruction is counterproductive in developing arfdation for intellectual development,

scientific literacy, and STEM career awareness. fibethat some schools that
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participated in this type of haphazard treatmergosdénce have been identified by the
science ISAT as high achieving schools should bagugstion to the quality of the
science ISAT as an indicator of high science a@h®nt. The science ISAT may have
indicated the schools that are able to prepare shailents well to answer recall
guestions, but it is not able to distinguish gyadt thought and depth of understanding.
This is not surprising since the fifth grade ISATprimarily composed of recall questions
(Depth of Knowledge - Level 1) and contains no ede thinking questions (Depth of
Knowledge - Level 4) (NCES, 2011).

Principals as Instructional Leaders, Observatiah Beedback

Teachers need principals’ support to remodel tihsiructional practices
(Banilower et al., 2013; Johnson & The Project tve Next Generation of Teachers,
2007). Research indicates that principal supperemses teachers’ efficacy, positively
impacts instructional practices, increases implgatem of reform-based instructional
practices, and promotes student achievement (Pit888; Hallinger & Heck, 1998;
Blasé & Blasé, 1999a, 1999b; Banilower et al., 2006

At the classroom level, Idaho high science achggichool teachers indicated
that principal support is important in promotindeetive instruction. However, only 13%
of the surveyed low-SES teachers reported that ghigicipal had observed them
teaching science during a formal observation. F8§8& principals did significantly
better. Seventy-seven percent of high-SES higmeeiachieving school teachers
indicated that their principals observed them dyarformal observation teaching
science. Similarly, only 23% of participant low-SE&chers received feedback from

their principal on their science instruction, anermfewer, 13%, received specific
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feedback on reform-minded science instruction ftbair principal. This was compared
to 62% of high-SES teacher participants havingivecefeedback on their science
instruction, and 23% receiving feedback that wasi$ed on reform-minded science
practices.

A much larger percentage of teachers (70%) indicttat they had been
observed during an informal observation or walletlyh observation. This finding on
informal observations was not significantly diffetdetween low and high-SES teacher
participants. However, the median number of tinhas$ teachers had been observed was
only 1 (0, 2) occurrence during an informal obs&org as opposed to the median for
formal observations, 0 (0, 1) occurrences for IdaB3eachers and 1(0, 2) times for high-
SES teachers. | matched data from the teacherysangethe principal survey and found
that in three out of 20 participant schools (15@fincipals are providing reform-oriented
observation and feedback on science instructioaciers received observation and
general instructional feedback on their sciencetiea, in an additional three out of the
20 schools. In total, science instructional obseonaand some kind of instructional
feedback on that instruction is occurring in six otuthe 20 participant schools (30%)
(see Table 58).

These data indicated that even in high sciencesgitty schools, there was not
strong support for developing high-quality refornmded science instruction. | found a
significant difference between the low and high-SEBools in the percentage of
teachers reporting they were observed teachingaeiduring a formal observation (the
percentage of teachers reporting feedback on seiestruction) and the median amount

of times that teachers were observed during fosoi@nce instruction. These differences
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in principal observations were consistent withrésgearch that has indicated principal
support positively impacts instructional practiees increases implementation of
reform-based instructional practices (Pitner, 1388jinger & Heck, 1998; Blasé &
Blasé, 1999a, 1999b; Banilower et al., 2006).

Support for Struggling Teachers in Science

When low and high-SES school principals were asitedle school level about
the support structure they had in place for stinggieachers in science, the largest
number of principals (41%) reported providing higlevels of supervision and guidance
from a formally designated mentor or coach to teexktruggling in science. Only 14%
of principals encouraged these teachers to atemehars, classes, or study groups to
improve their instruction. | found no significadifference between high and low-SES
principals £>0.05).

Science Mentors and Coaches

A mentor or coach who models high-quality sciemsgruction provides mentees
with a full understanding of how to teach scienideere is a difference between
modeling science instruction, and modeling highktyiacience instruction. Hudson
(2005) found that most teachers do not receivergxpeed mentors or coaches that
model high-quality instruction in the field of elemtary science education. However, the
in-school context of receiving high-quality mentayiand coaching is pivotal in their
development as teachers (Hudson, 2005). Sincstinily is based on self-report survey
data, it is unknown the quality of coaching and taeship that was provided within the

various high science achieving schools.
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What the data did indicate, however, was that thexrg a significant difference in
the low and high-SES school teachers who repoideth received feedback about their
teaching from a mentor or coach formally assigngthbir school or districo¢(1) =
7.66,p = 0.01). Sixteen percent of the low-SES schamthiers reported that they had
received feedback from a formally assigned ment@oach, in contrast 58% of high-
SES teachers reported that they had received fekditlman a formally assigned mentor
or coach. When teachers were asked about menta@stipoaching, few respondents
indicated that these roles existed in their schooldistricts. A small percentage of
teachers indicated that their principal (2%), distscience supervisor or coordinator
(7%), teachers who have no classroom teaching megplities in the district (5%), and
teachers with full-time teaching responsibilitiaghe district (12%), filled coaching or
mentoring roles in their district. These findingere similar to what the principals
reported, except that the principals reported 288 saw themselves as filling this
mentoring or coaching role in their school. Fivegeat of the high science achieving
school teachers reported that they had servedasally-assigned mentor or coach for
science teaching and 33% reported that they haehggpd a student teacher in their
classroom. | found no additional significant difaces in responses from teachers or
principals, from low and high-SES schogi0.05).

Science Professional Learning Communities

St. John et al. (2007) and Heenan & Helms (2013)dahat districts were able
to build capacity for science reform through the aglesson study. Twenty-six percent
of participant principals reported that in the lagtears, their school offered teachers

study groups where teachers met on a regular tzadiscuss teaching and learning of
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science. During these study groups, principalscateid that teachers primarily planned
science lessons together, analyzed students’ scassessment results, and analyzed
science instructional materials. Zero percent eftdacher sample reported that they had
led a professional learning community, lesson stodyeacher study group focused on
science or science teaching. When teachers weeel aflout participation in professional
learning communities, lesson study, or teacherysgmoups focused on science or
science teaching, 50% reported that they had jgzatex in one of these types of learning
communities within the last three years. | foundsigmificant difference between low

and high-SES school principajs ¥ 0.05).

Question 1: Sub-guestion on Instructional Leaderand Mandate

Analysis of the teacher and principal survey respibvided insight into the
Instructional Leadership and Mandate key elemetitiwhigh science achieving
elementary schools in Idaho. The Instructional leeglkip and Mandate sub-question |
asked was, “Is there evidence that all of the padint Idaho high science achieving
schools are activating the key element Instructibeadership and Mandate?” The
answer to this question is no; the evidence doesupport all of the Idaho high science
achieving schools having strong instructional legkg¢ support for science or a mandate
for science instruction. To quantify the presenicthe key element Instructional
Leadership and Mandate, | chose five primary inicaems. These primary indicators
came from teacher survey items, principal survemd, and one-question composites.
These primary indicator items and the methods tsedicate the presence of the

primary indicators are presented in Table 58.
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Criteria for Indicating their Presence
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Instructional Leadership and Mandate Prinary Indicator Items and

Question Primary Indicator Criteria for Indicating Iltems Beaice
Number(s)

Teacher Survey  Observation of Science  The mean teachers’ responses from a
Q5.5 1,2 Lessons given school ofresto either of the

Teacher Survey Instructional Feedback

Q5.5_3,4
Extent to Which  Policy Environment
Policy Promotes Science

Environment
Promotes Effective
Instruction

Science Feedback from
Instructional Coach

Teacher Survey
Q5.7_4,5,6

Teachers Survey Mandate for Science
2.7 and Principal Instruction
survey 3.2

guestions, 5.5 1 or 5.5 2 were
counted. These responses were Cross-
referenced with the principal survey
responses and were found to similar.

The mean teachers’ respdraesa
given school ofresto either of the
guestions, 5.5 3 or 5.5 4 were
counted.

When the majority of teachers at each
school reported a composite score
greater than the National Mean (65)
they were counted.

The mean teachers’ responses from a
given school oifesto any of the
question 5.7_4, 5, or 6 were counted.

Schools were counted as having
mandate presents, when agreement
existed between teacher and principal
responses regarding the frequency of
science instruction within their
school.

Thirteen out of 20 schools had some aspect ofuastmal leadership or mandate

present in their schools. However, only three ef2B8 participant schools had strong

instructional leadership, providing evidence fa tiresence of four of the five primary

areas of instructional leadership (see Table 38ar&l leadership is also present within

the ldaho high science achieving schools, butuerg limited extent. The three schools
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providing strong instructional leadership repressrg low-SES school and two high-

SES schools, and are located within two regionigatfo.

Table 59.

Principal and Teacher Agreement on the Risence of Observation,
Feedback, and Mandate in their School, as Primaryrdicators of Instructional
Leadership and Mandate

School:

Observation o
Science Lessons Feedback

Instructional

Science
Feedback
from
Instructional
an Coach

Policy
Environment
Promotes
Science

Mandate fol
Science
Instruction

Helium
Elementary

Lithium
Elementary

Beryllium
Elementary

Carbon
Elementary

Oxygen
Elementary

Neon Elemental

Sodium
Elementary

Magnesiurr
Elementary

Aluminum
Elementary

Silicon
Elementary

Sulfur
Elementary

Chlorine
Elementary

Argon
Elementary

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Preser

Presen

Preser
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Question 2: Sub-guestion on Instructional Leaderand Mandate

Question 2 focused on the difference between laviagh-SES schools.
Question 2 sub-question on Instructional LeaderahghMandate asked, “Is there a
difference in the implementation of Instructiona&ddership and Mandate between Idaho
low and high-SES, high science achieving elemergeaingols?” There appears to be a
greater amount of instructional leadership in smewithin the high-SES schools, as
reported by the teachers. There was more obsenyatiore instructional feedback, and
more coaching and mentoring occurring in the hig&Schools, within the context of
science instruction. | found no evidence that tttéerences were due or not due to
capital or social pressures. Research indicatése¢f@m-based science instruction is
more easily implemented within a school when thestrong instructional leadership
that supports reform-based science instructias.ititeresting to note that more high-
SES teachers reported instructional observatiorfegaback on their science instruction,
and more high-SES teachers reported a greaterdnegof using hands-on/laboratory
activities.

I will now turn my focus to a discussion of thedkar and principal survey
results regarding the Assessment and FeedbacKémegeet.

Assessment and Feedback

Assessments are a method of establishing eviddratadents’ ability to use
scientific practices, apply their understandingmfsscutting concepts, and draw on their
understanding of specific disciplinary ideas, awae (Pellegrino et al., 2014). Student
assessment should come from a variety of approactedsding: diagnostic, formative,

summative, and performance. Data collected frorsdl@ssessments provides continuous
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feedback on teachers’ instructional effectiventdssy students’ learning, and should be
used to make data driven decisions about refineofenurriculum and instructional
practices (Inverness Research Associates, 200/égHeb et al., 2014).

I looked for evidence to support the presence afeAsment and Feedback in the
entire sample, and within the sub-population, bpgislata from the teacher and principal
survey. To analyze Assessment and Feedback, Iddokesvidence of the types of
classroom assessment teachers implemented, hovaskegsed data to drive
instructional practices, the methods teachers tegsatbnitor student progress, and the
support systems they used to help struggling stsdéwas also interested in identifying
if science was monitored school wide. | first exadd the total principal and teacher
samples looking for evidence of the entire Idaho@a meeting the Assessment and
Feedback criteria. | then evaluated the low-SE®ashand high-SES schools’ samples
on the Assessment and Feedback criteria to deterifioth sub-populations met the

criteria for Assessment and Feedback separately.

Classroom Assessment

Based on large body of research, Pellegrino €2@lL4) concluded that
assessment, consistent with high-quality instrucinoscience, needs to balance three
dimensions of learning. These three dimensionsidelstudents’ ability to apply
scientific practice, students’ understanding ossrutting principles, and students’
understanding of specific disciplinary ideas (Bl&MkViliam, 2009; Heritage, 2010;
Perie et al., 2007; NRC, 1998, 2012; NGSS Lead:St&013; Pellegrino et al., 2014).
Pellegrino et al. (2014) also believed that scdffad of the three dimensions needs to

occur over time to take into account developmempgkopriateness. There is no single
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form of assessment that is capable of assessitigyed dimensions of learning
simultaneously (Pellegrino et al., 2014). For tieigson, teachers need to implement a
variety of assessment activities and approachelsidimg diagnostic, formative,
summative, and performance. These assessmenntasksepresent: what is valued; the
curriculum objectives; the instructional methodsi #ghe purpose for the assessment
(Hanna & Dettmer, 2004).

Diagnostic assessments were reportedly used byod38e participant teacher
sample. Fifty percent of principals reported thagdostic assessments were used in their
schools. When principal and teacher results wengpaned at the school level, diagnostic
assessments were happening in six out of the 2igipant schools (30%). These schools
represent three low-SES and three high-SES scHdolsnd no significant difference
between the low and the high-SES school teaclper(05).

Formative assessment implemented both formallyi@iodmally for the purpose
of learning to evaluate key points and check fodsht understanding before, during, and
after instruction was reportedly used by 80% oftdeeher sample. Principals’ reporting
of teachers’ use of formative assessment was d¢ensiwith teachers’ self-reporting.
When teachers were asked more specifically, almuegorms of formative assessment,
| found that 46% of the teachers reported usindesitiself-assessments, compared to
55% of principals who believed that this methodsdéessment was used in their school.
Thirty-three percent of teachers reported that they their students use rubrics to assess
other classmates’ work. Over 90% of teachers redassing various forms of informal
assessments to evaluate if their students werestadding the material. These informal

assessments included questioning, reviewing stateotk, and informal observations. |



197

found no significant difference in these findinggvween low and high-SES school
teachersg{ < 0.05).

Summative assessments used to evaluate studeartshig were reportedly used
by 79% of the participant sample. Principals repgrof teachers’ use of summative
assessment was consistent with teachers’ selftiegoAdditionally, 83% of the
teachers reported that their assessments weresdligith the Idaho state standards. |
found no significant difference between the low #melhigh-SES school teachepsX
0.05).

Performance assessment, also known as autherggsassnt or assessment tasks,
were reportedly used by 88% of the teacher sarhfisend no significant difference
between the low and the high-SES school teaclperd)(05). | found that 76% of the
teachers reported using science notebooks with sh&ients, however only 5% of
principals believed that their teachers used sei@atebooks as a form of assessment.

In order for teachers to assess students onra# timensions of learning, they
should use a variety of assessment activities,ighray tasks with multiple components,
focusing on connections among scientific conceptd, gathering information about how
far students have progressed along a defined segquétearning (Pellegrino et al.,

2014). It is not possible to ascertain from thelgtio what degree each type of
assessment was implemented, but what | was abletéomine was that formative,
summative, and performance assessments were réfjgarsed by approximately 80% of
sampled teachers. When | compared the principateaaher data, | found that seven of
the 20 participant schools (35%) were implemenéihghree of these assessment types in

science (see Table 57). | also found that 11 oRthparticipant schools (60%) were
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implementing the use of science journals (see TabjeBoth of these findings were split
evenly between low and high-SES school.

Data Driven Instructional Practices

The majority of teacher responses indicated thet tho use assessments to
remodel their instructional practices; see TableH™is was found across low and high-
SES schools, with the exception of participatiothia re-evaluation of textbooks and
learning materials as a result of student assedsmidound a significant difference
between low and high-SES schools’ teacher respomsleis item = 0.03), with low-

SES school teachers more likely to re-evaluataa@uum materials based on assessment
results, than high-SES teachers. The majorityrioicpals also indicated that their
teachers implemented remodeling of their instructae to assessment results. | found
no significant differences between low and high-SERool principals.

School-Wide Monitoring of Student Progress in Sce&n

At the school level, principals need to model uskath summative and
formative assessment data to monitor progress @ecdt durriculum decisions within
their schools (DuFour et al., 2006). Sixty-fourgeet of principals reported that they do
monitor student progress in science. | found naoigant difference between principals
from low and high-SES schools.

When teachers were asked if their principals moadstudent achievement in
science at the school level, only 36% of teachepsnted their principals made an effort
to monitor student progress in science. | foundigaificant difference between teachers
from low and high-SES schools. Evidence teachergiged of their principals

monitoring progress in science most commonly inetuchonitoring of ISAT results and



199

student report cards. Other examples that teagnevaded included: monitoring of
grade-level assessment content; support of sciairsginteractions with students during

observations of science lessons; and monitoriragbgectives during classroom visits.

Question 1: Sub-guestion on Assessment and Feedback

Analysis of the teacher and principal survey respibvided insight into the
Assessment and Feedback key element within higimseiachieving elementary schools
in Idaho. The Assessment and Feedback sub-quesigked was, “Is there evidence that
all of the participant Idaho high science achiewdrbools are activating the key element
Assessment and Feedback?” The answer to this gnestno; the evidence does not
support all of the Idaho high science achievingosthproviding a full scope of
assessment to allow for a balance assessmenttbfed dimensions of learning. To
guantify the presence of the key element AssessarehEFeedback, | chose two primary
indicator items. These primary indicators came fteather survey items. These primary
indicator items and the methods used to indicaetlsence of the primary indicators

are presented in Table 60.

Table 60. Assessment and Feedback Primary Indicatdtems and Criteria for

Indicating their Presence

Question Primary Indicator Criteria for Indicating Iltems Beaice

Number(s)

Teacher Survey Use of Formative, The mean teachers’ responses from a

Q6.2 1,2,3,4 Summative, and given school offesto all of the
Performance Testing questions, 5.2_1, 2,3, and 4 were

counted. These responses were Cross-
referenced with the Principal survey, but
consistency was not observed.

Teacher Survey Use of Notebooks The mean teachers’ responsesdrom

Q6.2 5 given school offeswere counted. These
responses were cross-referenced with the
Principal survey, but consistency was not
observed.
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Seven out of the 20 participant schools (40%) repigproviding a
comprehensive evaluation of science through theotikemative, summative, and
performance evaluations and also employ the useiehce notebooks (see Table 61).
These schools represent five low-SES schools aadhigh-SES school. They are located
within four separate regions of Idaho.
Table 61. Presence of Formative, Summative, and Rermance Testing in

Science and use of Science Journals in SciencePaisnary Indicators of Assessment
and Feedback

Schools Use of Formative, Summative, Use of Notebooks
and Performance Testing
Beryllium Elementary Present Present
Boron Elementary Present Present
Nitrogen Elementary Present
Oxygen Elementary Present
Neon Elementary Present
Sodium Elementary Present Present
Magnesium Elementary Present
Silicon Elementary Present Present
Phosphorous Elementary Present Present
Sulfur Elementary Present
Chlorine Elementary Present Present
Argon Elementary Present Present

Question 2: Sub-guestion on Assessment and Feedback

Question 2 focused on the difference between laviagh-SES schools.
Question 2 sub-question on Assessment and FeedbkeH, “Is there a difference in the
implementation of Assessment and Feedback betvezdmo llow and high-SES, high
science achieving elementary schools?” The onlyifsogint difference that | found in
Assessment and Feedback between the low and hi§htesiEher responses was on the
re-evaluation of textbooks and learning materialselol on whole-class assessments (

0.03). A larger percentage (75%) of low-SES scheathers said that they would re-
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evaluate textbooks and learning materials basedhmte-class assessments, compared to
only 33% of high-SES teachers. | found little diéfece between the low and high-SES

schools in the area of Assessment and Feedback.

Summary

Question 1 asked if any of the key elements to efgary science reform were
present within all of Idaho high science achievetgmentary schools. This question was
further broken into four sub-questions, relateddoh of the key elements, which asked if
all the schools were activating each of the keynelats individually. Hypothesis 1 stated
that evidence of each of the four elements woultbbad within all the high science
achieving schools. The collected evidence indic#ttatiall four elements were not
present in all 20 participating schools. To quartife presence of the key elements, |
used primary indicator items. The criteria thaséd to determine if enough primary
indicators items were present for each of the kements for that key element to be

considered present can be found in Table 62.

Table 62. Criteria for Determining the Presence oéach of the Key Elements
Key Element Criteria
Program and Practice At least five primary indicstmust be rated present, with

at least one in the area of curriculum and onbéénarea of
equipment and facilities.

Teacher Background At least four of the primary indicators must beecht
and Development present.

Instructional Leadership At least four of the primary indicators must beganat.
and Mandate

Assessment and Both primary indicator items are present.
Feedback
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Further analysis of the data, provided by the digskeoprimary indicator items,
showed that fourteen of the 20 participating schi§d0%) have evidence of at least one
of the key elements. Of these fourteen, nine seh@i%) had evidence of two of the
key elements and one had evidence of three eler{®i)s(see Table 63). The mean
science ISAT score for these fourteen schools er2@13 science ISAT was 215, which
is one point belowAdvancedThese schools are located within four separaiems of
Idaho, representing eight low-SES schools andigix-BES schools.

Table 63. Summary of Presence of the Key Elementsund in Participating
Schools

School Program and Teacher Instructional Assessment
Practice Background Leadership and

and Feedback

Development
Beryllium Elementary Present Present
Boron Elementary Present Present
Carbon Elementary Present
Oxygen Elementary Present Present Present
Fluorine Elementary  Present
Neon Elementary Present Present
Sodium Elementary Present Present
Magnesium Present
Elementary
Aluminum Present Present
Elementary
Silicon Elementary Present
Phosphorous Present
Elementary
Chlorine Elementary Present
Argon Elementary Present Present
Potassium Present
Elementary

Question 2 asked if the implementation of key elet®i¢0 elementary science
reform differed between the low and high-SES higjkersce achieving schools in Idaho.

This question was further broken into four sub-goes, related to each of the key
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elements. Hypothesis 2 stated that based on tfexeht pressures present in low and
high-SES schools, the implementation level for eafdie key elements in high and low-
SES schools relates to high achievement wouldrdiffe

| found that high-SES schools did have greateructibnal leadership from their
principals, through increased observation and faeklto their teachers. Similarly, high-
SES teachers reported less control over the scmmoeulum than was reported by the
low-SES school teachers. High-SES teachers reparkeégher frequency of
implementing reform-based science instructionatficas, and specifically reported a
higher frequency of hands-on/laboratory-based #ietss High-SES schools also reported
greater financial support from parents for sciensgruction. Even with these
differences, surprisingly, little else was differ&etween the low and high-SES schools.
Both low and high-SES school teachers felt ill mrel to implement physical science or
engineering instruction. Principals from both lomdahigh-SES schools reported small
science budgets, and teachers reported veryditttess to science-related instructional
and resource supports. It is possible that thelsiifidrences that | saw reported between
the low and high-SES schools were due to differemec@ressures. For example, high-
SES principals may have more time to budget towfrtissing on the quality of science
instruction occurring in their school, because ttielynot need to budget as much time
towards factors facing principals in the low-SE8ails. There was also evidence of
budgetary pressures reported by the principalfiodlgh minimal, there was evidence of
differences in pressure present between the lovhggftdSES schools. For this reason my
hypothesis was supported, differences did exi#teérpressures present between high and

low-SES schools.
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Limitations

Limitations of this study include the lack of obsa&tional matched data to
compare to the survey data. The results of thidystme reliant on principals and teachers
providing accurate self-report data. The study siae limited by the population of the
state and the limited number of individuals thatfoomed to the sample demographics.
However, these same limitations made this studyesioimg that could fit within the
scope of a dissertation, where as in a more pagikstate | would have had to narrow the
scope of the study considerably. Access to statagdessment data was another
limitation, since the only universally given scieressessment in Idaho is the science
ISAT, which is only given one time a year in thighfigrade. Each state has developed
their state-level science assessment independéntiiing the generalizability of this

study outside of the state of Idaho.

Conclusion

Elementary science education is important for bogdh foundation for
intellectual development and scientific literacgdaroviding an entry point into interest
in Science, Technology, Engineering, and Mathersd&d EM) fields (Allen, 2006;
AAAS, 1993b, 2009; Furtado, 2010; Keeves, 1995;hd@ais et al., 2008; NRC, 2007).
Nationally, a goal to increasing the number of ehtd entering STEM careers exists. If
Idaho shares in this goal, it is necessary foraddsdhools to make elementary science a
greater priority. The results of this study inde#tat Idaho may have advantages over
other states in achieving this goal. Studies cotadlin other states have indicated that
SES is a barrier to science achievement. This sthdws that SES may only be a minor

hindrance to science achievement in Idaho. Forr#ason, it is a feasible goal to provide
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all students with high-quality elementary scient&nuction. However, to reach this goal,
it will be necessary for Idaho schools to make eletary science a greater priority.

Inverness Research Associates concluded, bases yaags of experience
researching and evaluating school systems goingighr elementary science reform, that
four key elements are necessity to create andiswstagenvironment in which elementary
science reform can take hold and become sustaintke study builds on the
understanding of these four key elements as impbitadeveloping high-quality science
education programs. Where Inverness Research Asssdiave looked at programs that
are purposefully targeting elementary science nefaith large grants from the National
Science Foundation, this research looked at egigtingrams across the state of Idaho in
which the science ISAT results have identified tresthigh achieving in elementary
science, scoring them Aslvancedr within the top third oProficient The purpose of
this research was to identify if all four of theykelements to elementary science reform
were present in programs considered high-achigmiagrams within Idaho. In addition,
this study also sought to identify if there weradences in the presence of the key
elements within low and high-SES elementary schimoldaho. One key assumption of
this study was that the science ISAT is capabletécting and identifying the presence
of high-quality science instruction. The other asption is that the key elements are
indeed necessary in achieving high-quality sciensguction.

| found the key elements present in the Idaho bigénce achieving schools.
However, | did not find them to the same extennfibin the schools where Inverness
Research Associates conducted their research ahgagsd NSF funded elementary

science reform initiatives. The science ISAT idigedi schools who displayed up to three
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of the key elements. However, the science ISAT @lentified schools that were not
activating any of the key elements and lacked Hagacteristics of schools engaged in
high-quality science instruction.

Surprisingly, the high science achieving schoolklaho did not spend more time
on science instruction than what was found in 20@%n fourth grade teachers were
surveyed by the NAEP. This is worth noting, fore@ reasons. It tells us that quality
instruction may be more important than quantitynstruction. This is important for time
strapped schools. This finding is also interestuingn you consider that both the
principal and teacher survey data revealed a distiamp-up’ of science instruction,
creating a distinctive increase in time spent aars®e during the fifth grade year,
presumably in an effort to prepare students foffifttegrade ISAT. Since the majority of
my sample was composed of fifth grade teachergyéaed to see more time dedicated
to science instruction than what was found stateywidhen fourth grade teachers were
surveyed by the NAEP. Instead, | found that theas wery little difference between the
time spent on science reported by the NAEP andrieespent reported by teachers in
this study. The two hours per week reported by lbbthese studies are one of the lowest
reported times spent on science in the nation.NAEP found that as schools spent
more time on science, their students’ test scares, iwith the highest performing schools
spending 3—4 hours per week on science. This igianceason | was surprised to find
that the high-achieving elementary science schiadidaho schools were not spending
more time on science. This finding is not spedifi@ither the low-SES or high-SES
schools nor is the way that the low and high-SH®aIs budget their day to the various

subject areas. This finding underscores the impoet®f quality instruction. If schools
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are to raise the achievement bar on science, guaditruction cannot be overlooked.
Since multiple key elements were found in sevef&h® high science achieving
elementary schools, indicating that high-qualitstinction is likely taking place, it
appears that these Idaho schools may be packaghg)bality science instruction into a
more compact timeframe.

Idaho high science achieving teachers appear te siaonger content and
pedagogical backgrounds in science education, hssvgreater access to science
professional development than what was found im#t®nal data (Banilower et al.,
2013). However, the support they receive for s@dnstruction is not overwhelming.
This increased background knowledge may be helbpi@dpigh science achieving
elementary schools to overcome their lack of suipjeorscience. This background,
however, it is not enough to make teachers fedlpvepared in the physical sciences or
engineering, or in teaching diverse learners amd@maging their students in science.
Teachers need more professional development oningpwith diverse learners in
science and focused professional development ophtysical sciences and engineering.
Most importantly, though, teachers need the supgfdtteir principal.

School principals have the greatest influence withe context of the school
because they have the authority to influence adcessources (Ediger, 1999; Greenleaf,
1982; Mechling & Oliver, 1982, 1983; Vasquez, 2008)e majority of principals were
teachers first. Few of the sampled principals veex@ndary science teachers, which may
indicate that many of them may feel similarly itepared to teach and coach teachers on
high-quality science instruction. Additionally, feavincipals admitted observing or

providing science reform-based feedback to theissrioom teachers in science. As we



208

ask teachers to implement more high-quality refbiased science instruction, it is
imperative that we build a system of support tooemage reform-based instruction.
Many of the reform schools observed by InvernesseReh Associates (Heenan &
Helms, 2013; Inverness Research Associates, 2Q06&)p; St. John et al., 2007, 2008),
designated science specialists to provide coadmdgnentoring in the elementary
grades. This brings up an interesting point ofubs@n regarding elementary science
specialist teachers. | found that the specialethers in Idaho had a deeper science-
specific background and expressed greater feetihgeeparedness in science, in addition
they received regular feedback and observatiohef tnstruction because science is all
they teach. The schools where specialists wereptedso tended to have dedicated
science facilities and resources for science.

Although both low and high-SES teachers reporirigéll prepared in the
sciences, they felt comfortable making judgmengsureéing the quality of instructional
materials they were using to implement their saeinstruction. Teachers reported
supplementing their assigned science curriculunmwtieey had a different activity that
they felt worked better to support the science ephbeing taught (82%); they needed a
supplemental activity to provide students with &ddal practice (83%); or because they
needed a supplemental activity for students witfeint ability levels (88%). Teachers
reported skipping lessons in the assigned curnowecausethey had a better lesspn
they lacked materials needed to implement theic{ie2%); orthe ideas addressed in
the activity were not covered in their assignedipgguide(54%). These teachers’
responses underscore the importance of providmghers with a high-quality science

curriculum and a deeper content knowledge in seiamd pedagogical understanding of
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high-quality science instruction. It is importahat teachers are provided both high-
quality materials and support for implementing heghality science instruction, as well
as accountability for the implementation of higtafity science instruction.

Research has indicated that reform-based sciestr@dtion is more easily
implemented within a school when there is strorsfructional leadership that supports
high-quality science instruction. The results a$ #$tudy supported this finding. The sub-
population (high-SES) with a higher amount of instional leadership, evidenced by a
greater frequency of observation of science infsn@nd less teacher control over the
science curriculum, had a higher frequency of hammdboratory-based activities. It is
unknown, however, the type and quality of handdattatory-based activities being
implemented within the classrooms of these Idalhoals. The survey tools that
currently exist do not extract enough informatiorascertain teachers’ levels of
understanding or their perceptions regarding higality science instructional strategies,
such as the types of questioning strategies theyand how they scaffold their hands-on
instruction to develop crosscutting science corscapt skills in their students.

It is apparent that even in the high science aamgeglementary schools in Idaho,
high-quality science instruction is not valued.sTtndervaluing of science education is
apparent in the budgets reported for science antlrtte budgeted for science. Budgets
for science resources necessary for providing kjigdiity science instruction are non-
existent in many of the schools, and textbookmnee modules are outdated. Both low
and high-SES schools need to be more realistitartost to implement high-quality
science instruction. Teachers should not be reliedr expected to pay for materials to

implement high-quality instruction. Budgetary sugpeflects what is valued. When the
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support for implementing high-quality science instion is lacking, it sends a strong
message that high-quality science instruction tamportant. Instructional time for
science is a fraction of the time spent on ELA aradhematics, and observation and
reform-based feedback of science instruction is.rar

As an assessment tool, the science ISAT shouldureashat we value. If we
value high-quality science instruction, it is padsithat the science ISAT is a poor proxy
for measuring science achievement. Although thense ISAT identified schools that
were using high-quality reform-based science imsion, it also identified schools that
used a fair amount of non-reform-based scienceuctsvn. Other states, like
Washington, have moved towards a more performaaseebapproach where students
are provided prompts with data tables and diagriamsich students have to interpret
data, calculate responses, and construct wellemr#gtidence-based responses. On the
Washington Assessment of Student Learning (WASIgnee test, 64-71% of the fifth
grade questions push students’ cognition skills agplication, analysis, synthesis, and
evaluation (Washington OSPI, 2004). Seventy peroktite WASL is composed of
guestions focusing on crosscutting concepts (systemuiry, and application)
(Washington OSPI, 2013). This type of assessmeg#titng closer to what we value.
The data that this study provides points us towHrdsonclusion that we are not
measuring what we value with the science ISAT.

The results of this study provide good news fohtwlachools. Socioeconomic
status is not a major hindrance to high achievenmestience for Idaho elementary

schools. If Idaho educators, administrators, aslity makers choose to make science a
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priority at the elementary level, high science aghiment in elementary science is within

reach for all Idaho schools.

Recommendations

This study supports the need for the presenceedfely elements to create a
supportive environment in which elementary sciereferm can take hold. The many
elementary schools identified by the science ISATigh science achieving schools had
the key elements present in them. The ones thatatitave key elements present had
supporting evidence from the statistical analy$ite survey data, as well as from open-
response items on the surveys. The science ISATddidify high-quality science
programs. However, it also identified programs mmak high-quality science instruction
was not taking place. The big take away from thiglg is the start of a roadmap for ways
in which Idaho can support its classrooms and dehin@achieving the national goal of
increasing the number of students entering STEMerar by providing a solid
foundation for scientific literacy and problem dSaly at the elementary level.

The key elements needing the most developmentsatrictional leadership and
mandate, followed by teacher background and dewsdop. To increase instructional
leadership capacity in elementary science, at¢hed level, principals need access to
professional development in monitoring and coacliigg-quality science instruction.
Adoption of observation models and protocols thatensistent with and support high-
guality instruction are necessary. At the schoedligprincipals need to mandate science
instruction, setting aside time during the weekath grade level when science
instruction must take place. When principals sckeedumandated time for science

instruction, they protect teaching time for sciems#truction and send a message that
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science instruction is important. When any disticstate implements large-scale
professional development in science, it needsfer phaired instructional development
that guides principals in how to best support theachers in implementing science
reform models. At the school level, we learn &toin the successful NSF projects
evaluated by Inverness Research Associates (H&ehiatms, 2013; Inverness Research
Associates, 2006a, 2006b; St. John et al., 20008)20eachers need access to tiered
professional development that first builds confickethrough building content

knowledge and pedagogy, then guides teachers indvdevelop and expand lessons that
are consistent with high-quality instruction. Teachneed access and support to take on
leadership roles in elementary science. Developmwigiesson study groups that focus on
science pedagogy are advantageous.

The key element that the largest number of schaxilsated was program and
practice. However, only eleven of the 20 schootwated this element. There exists a
tremendous amount of room for growth in this an@@mg even the high science
achieving elementary schools. Teachers need sujpitie form of time; providing a
mandated schedule for when science should take giatng the week is a step towards
ensuring science teaching time for high-qualityringtion is protected and valued.
Budgetary investment to purchase consumables gfaceeequipment that becomes
broken is vital to ensuring teachers have the nad$athey need to maintain a high-
quality program. Goldsmith and Pasquale (2002) dotnat the lack of adequate
resources for science instruction cannot only attee quality of instruction, it can
actually prevent instruction from occurring. Budggtcommitment to high-quality

science instruction must come from the state,idistind building levels.
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Although this study provides support for the kegneénts as indicators of high-
quality elementary science programs and beginave p road to understanding science
elementary education at the school and classroeeh ite Idaho, further research on
elementary science education in Idaho needs tohducted to validate this study’s
conclusions. This future research should includéipte field observations within the
science ISAT identified high science achieving edatary schools in Idaho. These
observations would provide a rich understanding/lméit is occurring within the science,
ISAT-identified, high-achieving elementary schoiolddaho.

Continued research and development should ocaiguelop survey tools that
provide a richer understanding of high-quality ace education. The current survey
tools do not provide a clear rating of the quatityhands-on or laboratory-based activities
implemented within classrooms. The current tooly ardicate if hands-on or
laboratory-based instruction is taking place. Thesés do not extract enough
information to ascertain a teacher’s level of ustherding, or the teacher’s perceptions
regarding high-quality science instructional stg&e, such as the types of questioning
strategies the teacher uses and how the teaclitaldsdheir hands-on instruction to
develop crosscutting science concepts and skilisain students. Further work needs to
be conducted to develop more rigorous survey tibaswill provide deeper insight into a
teacher’s ability to support high-quality scienastiuction. Additionally, to provide
additional validity to the current study, and pd®/ia clearer picture of what is occurring
within the classrooms, field observations needg@dnducted within participant schools.

These observations would provide a richer undedatgrof what is occurring within
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high-achieving elementary schools in Idaho, astifled by the science ISAT, and
provide greater insight into how teachers interfitetr own teaching.

At the state level, Idaho educators and policy makhould insist on the
development of a rigorous tool for identifying wh&walued in science education. Idaho
educators and policy makers should continue to taothie effectiveness of the science
ISAT as an accurate measurement of what we valsei@mce education. The data that
this study provides points us towards the conctughat the science ISAT may not be
measuring what we value. Although the science ISAdcessfully identified some
schools that model many of the key elements, @ @lentified schools that did not have
any of the key elements present.

This study provides insight into future researclkelgmentary science education,
as well as provides the beginnings of a roadmagdacators, administrators, and policy

makers for improving elementary science educamadaho.
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Tables



Table Al.

Programs and Practices Question Composge

Question Survey Question Tool Answer Choices  Variable
Composites Level of
Measuremen

Adequacy of Science courses may benefit from availability afipalar kinds of items or facilities. What i: Teacher 5-point from Not Ordered Scale/
Resources for  the availability of the following items in your sobl? Survey available to Ordinal
Instruction *  Equipment (microscopes, beakers, etc.) Adequate
Composite * Instructional technology (calculators, computesbléts, probeware, etc.)

e Consumable items (chemicals, living organisms giats, etc.)

e Facilities (lab tables, electrical outlets, facatsl sinks, etc.)
Curriculum Do you have control over each of the following asp®f science instruction in your Teacher 5- point from No Ordered Scale/
Control class(es)? Survey control to strong  Ordinal
Composite « Determining course goals and objectives. control

e Selection of textbooks/ modules.

e Selecting content, topics, and skills to be taught.
Pedagogical Do you have control over each of the following asp@f science instruction in your Teacher 5- point from No Ordered Scale/
Control class(es)? Survey control to strong Ordinal
Composite e  Selecting teaching techniques. control

¢ Determining the amount of homework to be assigned.

e Choosing criteria for grading student performance.
Reform- Think about your plans for your class for the entiear. By the end of the year, how much Teacher 5-point Likert, Ordered Scale/
Oriented importance will you place on each of the followstgdent objectives? Survey Inhibits effective Ordinal
Instructional ¢ Understanding science concepts. instruction to
Objectives «  Learning science process skills. Very important in
Composite « Learning about real-life applications of science. promoting science

« Increasing students’ interest in science. Instruction

e Preparing students for future study in science.
Use of Are the following items available for small group% students) work in your class? Teacher 5-point Likert, Ordered Scale/
Instructional »  Personal computers, including laptops. Survey Never to All or Ordinal
Technology «  Hand-held computers (tablets, PDAs, iPad Touch)iPa Almost all science
Composite e Internet access. classes

e Probes for collecting data.

e Calculators.
Use of Reform-  Think about your science instruction; identify hoften you used each of the following Teacher 5-point Likert, Ordered Scale/
Oriented practices in your science instruction? Survey Never to All or Ordinal
Teaching ¢ Have students work in small groups. Almost all science
Practices in « Do hands-on/ laboratory activities. classes.
Smence_ « Engage the class in project-based learning (PBtiyiges.
Composite * Have students represent and/ or analyze data teddfes, charts, or graphs.

¢ Require students to supply evidence in suppotaif claims.
* Have students write their reflections in classaorifomework.

9€¢



Table A2.

Teacher Background and Development Quesin Composites

Question Survey Question Tool Answer Variable

Composites Choices Level of
Measuremen

Quality of Think about all of your science related professia®velopment in the last three years, which ol Teacher 5-point Likert, Ordered Scale/

Professional
Development
Composite

Extent to which
PD/ Coursework
Focused on
Student-centered
Instruction
Composite

Perception of
Preparedness to
Teach Diverse
Learners
Composite

Perceptions of
Preparedness to
Encourage
Students
Composite

the following statements describes your experience? Survey
*  You had opportunities to engage in science invastgs.
¢ You had opportunities to examine classroom arsfact
e You had opportunities to try out what you learnegaur classroom and then talked
about it as part of the professional development.
¢ You worked closely with other science teachers fyaur school.
e You worked closely with other science teachers t@oght the same grade and/ or
subject whether or not they were from your school.
e  The professional development was a waste of yma.ti
Consider all the opportunities to learn about smeor the teaching of science in the last three  Teacher
years, how much importance was placed on eachedbtlowing? Survey
«  Finding out what students think or already knowudhhbe key science ideas prior to
instruction on those ideas.
*  Planning instruction so students at different Iswa#lachievement can increase their
understanding of the ideas taught in each activity.
¢ Monitoring student understanding during sciencérresion.
« Assessing student understanding at the conclusimsiouction on a topic.
How well prepared do you feel to implement eactheffollowing in your science instruction?  Teacher
. Plan instruction so students at different levelacifievement can increase their Survey
understanding of the ideas targeted in each agctivit
e Teach science to students who have learning disebil
e Teach science to students who have physical disesil
e Teach science to English-language learners.
¢ Provide enrichment experiences for gifted students
How well prepared do you feel to implement eactheffollowing in your science instruction?  Teacher
¢ Encourage students’ interests in science and/ginearing. Survey

«  Encourage participation of females in science an@ghgineering.

«  Encourage participation of racial or ethical mities in science and/or engineering.

«  Encourage participation of students from low socim®mic backgrounds in science
and/ or engineerin

Not at All to To
a great Extent

5-point Likert,
Not at All to To
a great Extent

4-point Likert,
Not Adequately
Prepared to
Very Well
Prepared

4-point Likert,
Not Adequately
Prepared to
Very Well
Prepared

Ordinal

Ordered Scale/
Ordinal

Ordered Scale/
Ordinal

Ordered Scale/
Ordinal

LEC



Problematic
Composite

Insufficient time to teach science.
Lack of opportunities for science teachers to sideas.
Inadequate science-related professional developopgdrtunities.

Very Important

Table A3. Instructional Leadership and Mandate Queson Composites
Question Survey Question Tool Answer Choices  Variable
Composite Level of
Measuremen

Extent to Which Please rate the following on their importance €ifience on your science instruction. Teacher 5-point Likert, Ordered Scale/
the Policy » Idaho Content Standards in Science Survey Inhibits effective Ordinal
Environment District Curriculum Frameworks instruction to Very
Promotes Effective +  School/ District Pacing Guides important in
Instruction «  State science testing and accountability policies. promoting science
Composite - District testing and accountability policies. Instruction

»  Textbook/ module selection policies.

e Teacher evaluation polices.
Supportive In your opinion, how great a problem is each offtiilewing for science instruction in your Principal 5-point Likert, Ordered Scale/
Context for school as a whole? Survey Unimportant to Ordinal
Science Instruction » Inadequate science-related professional developapsdrtunities. Very Important
Composite *  Community attitudes towards science instruction.

»  Conflict between efforts to improve science instiarcand other school and/or

district initiatives.

«  How science instructional resources are managed.
Extent to which a  In your opinion, how great a problem is each offtiil®wing for science instruction in your Principal 5-point Likert, Ordered Scale/
Lack of Materials  school as a whole? Survey Unimportant to Ordinal
and Supplies is » Lack of science facilities. Very Important
Problematic « Inadequate funds for purchasing science equipnmehsapplies.
Composite » Inadequate supply of science textbooks/ modules.

* Inadequate materials for individualized sciencérirdion.
Extent to which a  In your opinion, how great a problem is each offtiil®wing for science instruction in your Principal 5-point Likert, Ordered Scale/
Lack of Time is school as a whole? Survey Unimportant to Ordinal
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Table A4. Assessment and Feedback Question Compesit

Question Survey Question Tool Answer Choices Variable

Composite Level of Measurement
Assessment How well prepared did you feel to do each of tH®ofeing as part Teacher Survey  5-point Likert, Not Ordered Scale/ Ordinal
Composite of your instruction on this particular unit? Adequately Prepared to Very

(AKA: Perceptions
of Preparedness to
Implement
Instruction in a
Particular Unit
Composite)

Anticipate difficulties that students may have with
particular science ideas and procedures in this uni
Find out what students thought or already knew aibou
the key science ideas.

Implement the science textbook/ modules to be used
during this unit.

Monitor student understanding during this unit.
Assess student understanding at the conclusidmisof t
unit.

Well Prepared
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Table AS5. Composite Questions used on the Teacheunr8ey developed by Horizon Research (2012c)

Variable Question Composites Alpha (Horizon
Research, 2012c) Ipha
Teacher Background & Quality of Professional Development 0.72
Development .64
Teacher Background & Extent to Which Professional Development/Courseviw&used on Student-Centered 0.86
Development Instruction .89
Teacher Background & Perceptions of Preparedness to Teach Diverse Lsarne 0.80
Development .87
Teacher Background & Perceptions of Preparedness to Encourage Students 0.92
Development .96
Assessment & Feedback Assessment Composite (AKA: Perceptions of Prepa®sito Implement Instruction ir 0.88
Particular Unit) .88

Program & Practice Adequacy of Resources 0.84

.76
Programs & Practice Curriculum Control 0.80

.81
Programs & Practice Pedagogical Control 0.73

57
Programs & Practice Reform-Oriented Instructional Objectives 0.72

.8€
Programs & Practice Use of Reform-Oriented TeacRiragtice: Science 0.72

.83
Programs & Practice Use of Instructional Technology 0.70

.5C
Instructional Leadership Extent to Which the Policy Environment PromoteseEfifve Instruction 0.88
& Mandate .79

ove



Table AG. Questions Matched Principal-Teacher Perggrtive Questions

Principal Survey Question Teacher Survey Question
Indicate whether each of the following programs/angractices is currently being Indicate whether each of the following programs/angractices is currently being
implemented in your school: implemented in your school:
a) Students not in self-contained classes and reseieace instruction from a a) Students not in self-contained classes and reseieace instruction from a
science teacher. science teacher.
b) Students in self-contained classes receive sciestiction from a science b) Students in self-contained classes receive sciestiction from a science
specialist instead of their regular teacher. specialist instead of their regular teacher.
c) Students in self-contained classes receive sciesteiction from a science c) Students in self-contained classes receive sciesteiction from a science
specialist in addition to their regular teacher. specialist in addition to their regular teacher.
d) Students in self-contained classes receive sciesteiction from their regular d) Students in self-contained classes receive sciesteiction from their regular
classroom teacher only. classroom teacher only.
e) Students in self-contained classes pulled outdoredial instruction in science. e) Students in self-contained classes pulled outdoredial instruction in science.
f)  Students in self-contained classes pulled outridckment in science. f)  Students in self-contained classes pulled outriackment in science.
g) Students in self-contained classes pulled out somnce instruction for g) Students in self-contained classes pulled out somnce instruction for
additional instruction in other content areas. additional instruction in other content areas.
Which best describes how science is most ofterhtaing/our school? Which best describes how science is most ofterhtaing/our school?
e Science is taught all of most days, every weekefyear. e Science is taught all of most days, every weekefyear.
e Science is taught every week, but typically thretewer days each week. e Science is taught every week, but typically thretewer days each week.
«  Science is taught some weeks, but not every \ «  Science is taught some weeks, but not every \
In the last five years, has your school or dispatticipated in any STEM initiatives at th In the last five years, has your school or dispatticipated in any STEM initiatives at the
elementary leve elementary leve
Please describe the STEM initiative that your stbodlistrict participated in. Please describe &M initiative that your school or district paffiated in.
What is the average length of a science classgdrianinutes, for each grade level in  In a typical year, how much instruction time isspen science?
science ¢ Average Number of Minutes per Day

a) Third grade
b) Fourth grade
c) Fifth grade

Does your school provide the following to enharteelents’ interest and or achievement Does your school provide the following to enhartcelents’ interest and or achievement

in science and/or engineering? in science and/or engineering?

a) Holds a family science and/or engineering night. k) Holds a family science and/or engineering night.

b) Offers after-school help in science and/or engingeffor example: tutoring) I)  Offers after-school help in science and/or engingeffor example: tutoring)

c) Offers one or more science clubs m) Offers one or more science clubs

d) Offers one or more engineering clubs n) Offers one or more engineering clubs

e) Participates in local or regional science and/giregering fair 0) Participates in local or regional science and/@gireering fair

f)  Has one or more teams participating in science etitigns (for example: p) Has one or more teams participating in science ebitigms (for example:
Science Olympiad) Science Olympiad)

g) Has one or more teams participating in engineazargpetitions (for example: gq) Has one or more teams participating in engineazargpetitions (for example:
Robotics) Robotics)

h) Encourages students to participate in science apdfgineering summer r) Encourages students to participate in science apdfineering summer

ve



i)
)

programs or camps offered by community collegesjausities, museums, or
science centers

Sponsors visits to business, industry, and/or rebesites related to science
and/or engineering

Sponsors meetings with adult mentors who work ierexe and/or engineering
fields

s)

t)

programs or camps offered by community collegesjansities, museums, or
science centers

Sponsors visits to business, industry, and/or rebesites related to science
and/or engineering

Sponsors meetings with adult mentors who work ierexe and/or engineering
fields

Please indicate if in-service workshops offered/dyr school and/or district in the last
three years addresses deepening teacher undenstarfiéiach of the following.

Science content

How students think about various science ideas

How to use particular science instructional mateiiexample: books or
modules)

How to monitor student understanding during scieénsguction

How to adapt science instruction to address stuastonceptions
How to use technology in science instruction

How to use investigation-oriented science teachtrafegies

How to teach science to students who are Englisfjiage learners
How to provide alternative science learning expearés for students with
special needs

How to integrate science with other content areas

Consider all the opportunities to learn about smeor the teaching of science in the last

three years, how much importance was placed on@&&tle following?

Deepening your own science content knowledge.

Learning about difficulties that students may hawté particular science ideas
and procedures.

Finding out what students think or already knowidtibe key science ideas
prior to instruction on those ideas.

Implementing the science textbook/ module to be useour classroom.
Planning instruction so students at different Is\alachievement can increase
their understanding of the ideas taught in eachipct

Monitoring student understanding during sciencérircsion.

Providing enrichment experiences for gifted stuslent

Providing alternative science learning experierioestudents with special
needs.

Teaching science to English-language learners.

Assessing student understanding at the conclugimsiuction on a topi

Please rate each of the following in terms ofrtpartance for effective science
instruction.

«  Provide concrete experience before abstract comcept

«  Develop students’ conceptual understanding of tigest

¢ Take students’ prior understanding of a subjectenatto account when
planning curriculum and instruction

«  Make connections to other disciplines

¢ Have students work in cooperative learning groups

¢ Have students participate in appropriate handsctivitées

¢ Have students work in mixed ability groups

¢ Engage students in inquiry-oriented activities

* Engage students in applications of subject mattervariety of contexts

¢ Encouraging students to provide evidence for thegwers

¢ Use of teacher questioning strategies to elictiextt thinking and
understanding

Think about your science instruction; identify hoften you used each of the following
practices in your science instruction?

Take students’ prior understanding of a subjectenato account when
planning curriculum and instruction.

Engage the whole class in discussions.

Have students work in small groups.

Do hands-on/ laboratory activities.

Engage the class in project-based learning (PBiiyites.

Make connections to other disciplines.

Have students read from a science textbook, modulgther science-related
material in class, either aloud or to themselves.

Have students represent and/ or analyze data teddes, charts, or graphs.
Require students to supply evidence in suppotieif tlaims.

Have students make formal presentations to theofeke class.

Have students write their reflections in classasrtfomework.

Give tests and/or quizzes that are predominateiyt-gtnswer.

Give tests and/or quizzes that include constructegonse/ open ended items.
Focus on reading literacy skills.

Have students practice for standardized tests.

Have students attend presentation by guest spefaoersed on science and/or
engineering in the workplace.
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During this school year have you been observederelved feedback on science
instruction?

e  Observed during formal observation.

e  Observed during an informal or walk-through obstora

In your school does observation and feedback efse instruction occur?

When observing science instruction do you provjkrgic feedback on how to improve During this school year have you been observedecelved feedback on science
instruction? instruction?
¢ Received specific feedback on your science insomct

When observing science do you look for reform-mehdeience practices? (for example During this school year have you been observederelved feedback on science
inquire, the learning cycle, 3E, 5E) instruction?
* Received specific feedback on reform-minded scigmaetices.

Do any of the following individuals provide scierfmEused one-on-one coaching in yourDo any of the following individuals provide scierfiEused one-on-one coaching in your

school? school?
a) The principal of your school The principal of your school.
b) An assistant principal at your school An assistant principal at your school.
c) District administrators including science superwécoordinators District administrators including science superw&$coordinators.
d) Teachers/coaches who do not have classroom teafspgnsibilities «  Teacher/ coaches who do not have classroom teatspgnsibilities.
e) Teachers/coaches who have part-time classroomiteaasponsibilities +  Researchers/ coaches who have part-time classeawhing responsibilities.
f)  Teachers/coaches who have full-time classroom tegehsponsibilities «  Teachers/ coaches who have full-time classroonhtegeesponsibilities.

As an instructional leader do you nitor student progress in scien My school principal makes an effort to monitor stotlprogress in scienc

This is your opportunity to tell me about your scha&Vhy do you believe that your
elementary school has been so successful at cemiysattaining high-achievement in
elementary science education?

This is your opportunity to tell me about your schaVhy do you believe that your
elementary school has been so successful at cemiysattaining high-achievement in
elementary science education?
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Table A7. Characteristics by Percent of Participanidaho Principals Leading
Schools Achieving Highly in Science

Total Principals Sample Principals
Sample (N=23) Idaho (N=305) Low-SES High-SES
(n=16) (n=7)
Gende
Male 48% 49% 47% 50%
Femal 52% 51% 53% 50%
Race
Caucasia 100% 98% 100% 100%
Hispanic 0% 2% 0% 0%
Age
<3C 0% 1% 0% 0%
31-40 30% 25% 33% 25%
41-50 22% 20% 27% 12.5%
51-60 35% 37% 13% 62.5%
60+ 13% 9% 27% 0%
Experience as a-12 Principe
0 year 4% 0% 7% 12.5%
2-5 year. 17% 1% 20% 0%
6-10 year 39% 12% 47% 25%
11-20 year 35% 38% 20% 62.5%
> 21 year 4% 49% 7% 0%
Experience as a-12 Principal at Current Schc
1-2 year 39% - 33% 50%
3-5 year: 26% - 33% 12.5%
6-10 year 30% - 27% 37.5%
> 1C year: 4% - % 0%
Experience Teaching at th-12 Leve
1-2 year: 4% - % 0%
3-5 year 9% - 13% 0%
6-10 year 39% - 27% 62.5%
11-20 year 30% - 47% 0%
> 21 year 17% - 7% 37.5%

Experience Teaching Science at t-12 Leve
1-21+ year 22% - 27% 12.5%
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Table A8. Characteristics by Percent of Participanidaho Teachers in Schools

Achieving Highly in Science

Total Teachers

Sample Teachers

Sample Idaho Low-SES High-SES
Gender
(N=51) (N = 8,808) (n=14) (n=37)
Male 18% 13% 16% 21%
Female 82% 87% 84% 79%
Race
(N=51) (N=8,808) (n=14) (n=37)
Caucasian 100% 98% 100% 100%
American Indian 0% 5% 0% 0%
or Native Alaskan
Hispanic 0% 1% 0% 0%
African American 0% 0.1% 0% 0%
Age
(N=48) (N=7948) (n=14) (n=34)
<30 8% 17% 9% 7%
31-40 33% 23% 35% 29%
41-50 25% 25% 23.5% 29%
51-60 23% 30% 23.5% 21%
60+ 10% 5% 9% 14%
Experience Teaching at the K-12 Level
(N=44) (N=7948) (n=12) (n=32)
0 years 0% 11% 6% 17%
2-5 years 32% 18% 22% 25%
6-10 years 11% 18% 13% 8%
11-20 years 32% 29% 31% 33%
> 21 years 25% 24% 28% 17%
Experience Teaching Science at the K-12 Level
(N=44) (n=12) (n=32)
0 years 16% - 15.5% 17%
2-5 years 23% - 25% 17%
6-10 years 23% - 15.5% 42%
11-20 years 18% - 19% 17%
> 21 years 20% - 25% 8%
Experience Teaching at the K-12 Level, in this etho
(N=44) (n=12) (n=32)
0-2 years 23% - 13% 50%
3-5 years 27% - 28% 25%
6-10 years 25% - 28% 17%
11-20 years 18% - 25% 0%
> 21 years 7% - 6% 8%
Experience Teaching at the K-12 Level, in this iist
(N=47) (n=13) (n=34)
0-2 years 11% - 6% 23%
3-5 years 23% - 26% 15.5%
6-10 years 21% - 21% 23%
11-20 years 28% - 29% 23%
> 21 years 17% - 18% 15.5%
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Table A9. Percentage of Teachers who have taken 8ace and Engineering
Coursework beyond Introductory Level, and Number ofCourses Taken

Teachers
Total (N=47) Low-SES (n=35) High-SES (n=12)

Chemistry 2% 0% 8%
Number of Classes Taken:
Organic chemistry
Inorganic chemistry
Biochemistry
Analytical chemistry
Physical chemistry
Life Science
Number of Classes Taken:
Anatomy/Physiology
Genetics
Ecology
Cell biology
Microbiology
Botany
Zoology
Evolution
Other
Physics
Number of Classes Taken:
Mechanics
Electrical and magnetism
Heat and thermodynamics
Modern or quantum physics
Optics
Nuclear physics
Other
Earth/Space Science
Number of Classes Taken:
Geology
Astronomy
Physical geography
Meteorology
Oceanography
Environmental Science
Number of Classes Taken:
Ecology
Conservation biology
Hydrology
Forestry
Other
Engineering
Number of Classes Taken:
Mechanical engineering
Chemical engineering
Computer engineering
Civil engineering
Biomedical engineering
Industrial/Manufacturing
engineering
Aerospace engineering
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Language Arts

Table A10. Teacher Reported Median Time Spent on Btruction
Teachers
Total (N=44) Low-SES High-SES Mann-Whitney U test, p-value
(n=32) (n=12)

Weeks Per Year
Mathematics 36 (35, 36) 36 (35, 36) 36 (35,37) U=140,2=-0.18,p=0.89
Science 32 (20, 36) 32 (20, 36) 31(26,33) U=187,2=0.196p =0.86
Social Studies 30 (18, 36)) 30 (18, 36) 31(25,35) U=141,z=-0.15,p=0.89
Reading/ 36 (35, 36) 36 (35, 36) 36(35,37) U=147,z=-0.12,p=0.91
Language Arts

Days Per Week
Mathematics 36 (35, 36) 36 (35, 36) 36 (35,37) U=131,z=-0.91,p=0.89
Science 32 (20, 36) 32 (20, 36) 31(26,33) U=239,z=1.82,p=0.08
Social Studies 30 (18, 36)) 30 (18, 36) 31(25,35) U=92,2=-1.79,p=0.89
Reading/ 36 (35, 36) 36 (35, 36) 36 (35,37) U=135,z=-0.93,p=0.91
Language Arts

Minutes Spent Per

Day Taught
Mathematics 70 (60, 80) 70 (60, 80) 68 (60, 83) U=144,z=-0.48,p=0.65
Science 45 (40, 60) 45 (32.5, 60) 48 (45,60) U=147,z=-1.23,p=0.23
Social Studies 43 (30, 60) 40 (30, 50) 45 (30, 60) U =130,z2=-0.92,p=0.39
Reading/ 90 (88, 120) 90 (79, 120) 36 (35,37) U=180,z=0.62,p=0.57




Table A11. Teachers’ Median Ratings* of Frequencyhat they Engage Students in Various Teaching Praces

Median Ratings by Teachers (IQR)

All Low-SES High-SES Mann-Whitney U test, p-value
(N=44) (n=31) (n=12)
Placing students in similar abilities groups. 1(1,3) 1(1,3) 1(1,3) U=223z=0.88,p=0.43
Focusing on ideas in-depth, even if that meansraoyéewer topics. 4(3,5) 4(3,5) 4.5 (3,5) U=157,2=-0.98,p=0.35
Providing students with the purpose for a lessaih lzsgins. 5(@4,5) 5(@4,5) 4 (4,5) U=233z=1.23p=0.29
Providing students with definitions for new sciéintvocabulary that will 4 (4, 5) 4 (4,5) 5(3,5) U=168z=-0.71p=0.52
be used at the beginning of instruction.
Explaining an idea to students before having thensicder evidence that 3 (3, 4) 4(3,4) 33,4 U=235z=1.20,p=0.27
relates to the idea.
Reviewing previously covered ideas and skills dyeach class period. 4 (3, 5) 4(3,5) 4(3,4) U=222z=0.83p=0.44
Providing opportunities for students to share tttgirking and reasoning 5 (4, 5) 4 (4,5) 5(5,5) U=122z=-2.03,p=0.07
each class period
Providing hands-on/laboratory activities primatityreinforce a science 4 (3, 4) 4(3,4) 4(3,5) U=123z=-1.95p=0.07
idea that the students have already learned.
Assigning students homework most days. 4(2,3) 3(2,3) 3(2,3) U=190,z=-0.06,p=0.97
Providing concrete experiences before abstractrexpes. 4(3,4) 4(3,4) 4(3,4) U=167z2=-0.57p=0.62
Developing students’ conceptual understandingsaftgect. 4 (4,5) 4 (4,5) 4 (4,5) U=175,2=-0.51p=0.65
Engaging students in application of subject mattex variety of contexts. 4 (4, 5) 4(4,4) 4.5%3, U=154z=-1.09,p=0.32

* (1) Never, (2) Rarely (A few times per year), @metimes (Once or twice per month), (4) Oftend®ar twice per week), (5) All
or almost all science classes.
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Table A12. Teachers’ Median Ratings* of Frequencyhat they Engage Students in Various Teaching Praaes, Based on
Real-life Constraints

Teachers
Total Low-SES High-SES Mann-Whitney U test, p-value
(N=43) (n=30) (n=11)

Taking students’ prior understanding of a subjeatten into account when planning 4(4,5) 4(3,5) 4(4,5) U=150,z=1.18,p=0.28
curriculum and instruction

Engaging the whole class in discussions 5(4,5) 5(4,5) 5(4,5) U=204,z=0.36p=0.77
Having students work in small groups 4(4,5) 4(4,5) 4(4,5) U=171,2=-0.61p=0.60
Doing hands-on/ laboratory activities 4(3,4) 3(3,4) 4 (4,5) U=105,z=-2.32p=0.03
Engaging the class in project-based learning (RBtiyities 3(2,4) 3(2,4) 4(3,4) U=128,z=-1.75p=0.10
Making connections to other disciplines 4(3,4) 4(3,4) 4(3,5) U=167,2=-0.75p=0.51
Having students read from a science textbook arattlated materials in class, either 4(3,4) 4(3,4) 4(3,4) U=226,2=0.93,0=0.38
aloud or to themselves

Having students represent and/or analyze usingdabharts, or graphs 33,4 33,4 4(3,4) U =180,z=-0.34p=0.76
Requiring students to supply evidence in suppotheif claims 4(2,4) 4(3,5) 4(3,4) U=163,z=-0.81p=0.46
Having students make formal presentations to tieafethe class 3(2,4) 3(2,4) 3(2,4) U=167,2=-0.54p=0.62
Having students write their reflections in classasrhomework 3(3,4) 3(3,4) 4(3,5) U=97,2=-231p=0.03
Giving tests and/or quizzes that are predominafityt-answer 3(2,3) 3(2,3) 3(2,4) U=197,z=0.13p=0.91
Giving tests and/or quizzes that include constdicésponse/ open-ended items 3(3,4) 3(3,4) 3(3,3) U=203z=0.32p=0.79
Focusing on literacy skills (for example: inforneatal reading or writing skills) 4(3,4) 4(2,4) 4(3,4) U=183,2=-0.25,p=0.83
Having students practice for standardized tests 2(2,3) 2(2,3) 2(1,3) U=249z=157p=0.14
Having students attend presentations by guest speédcused on science and/or 2(1,2) 2(1,2) 2(2,3) U=126,2=-1.87,p=0.08

engineering in the workplace

* (1) Never, (2) Rarely (A few times per year), @metimes (Once or twice per month), (4) Oftend®ar twice per week), (5) All
or almost all science classes.
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Table A13. Principals’ Median Ratings* of Importance for Various Instructional Practices

Principals
Total Low-SES High-SES Mann-Whitney U test, p-value
(N=43) (n=30) (n=11)

Provide concrete experience before abstract coscept 5(@4,5) 5@4,5) 5(4,5) U=58,z=-0.15,p=0.93
Develop students’ conceptual understanding of tigest 5(4,5) 5(@4,5) 4.5 (4, 5) U=64,z=0.25,p=0.83
Take students’ prior understanding of a subjectenato account 4(4,5) 4 (4,5) 4(4,5) U=63,z=0.22p=0.88
when planning curriculum and instruction

Make connections to other disciplines 5(4,5) B 5 (4,5) U=60,z<0.01p=1.00
Have students work in cooperative learning groups (3,%) 4(3,5) 4(2,5) U=75,2=0.98p=0.36
Have students participate in appropriate handsctivitées 5(5,5) 5(4,5) 5(5,5) U=47,z=-0.89,p=0.53
Have students work in mixed ability groups 4(3,5 43,5 4(2,5) U=69,z=0.60,p=0.59
Engage students in inquiry-oriented activities A4 5(@4,5) 4(3,5) U=72,z=0.81p=0.47
Engage students in application of subject mattervariety of 4(4,5) 5(4,5) 4 (4,5) U=68,z=0.57p=0.64
contexts

Encouraging students to provide evidence for thegwers 5(@4,5) 5(@4,5) 5(@4,5) U=54,z=-0.48,p=0.73
Use of Teacher questioning strategies to elictiestt thinking and 5(@4,5) 5(@4,5) 5(@4,5) U=54,z=-0.48,p=0.73

understanding

*(1) Unimportant, (2) Of little importance, (3) Medhtely important, (4) Important, (5) Very Importan

0S¢



Table Al4.

Principal and Teacher Agreement on the ldh-quality Science Teaching Practices and Access &cience
Equipment and Facilities, as Primary Indicators ofProgram and Practice

School Use of reform-oriented Doing hands-on Having students Requiring students to  Visiting STEM sites or  Access to Science Access to
teaching practices and  or laboratory represent or analyze supply evidence in having guest speakers  Equipment and Science
instructional objectives activities data using tables, support of their claims from STEM fields Consumable ltems Facilities

charts, or grapl

Helium Present

Elementary

Beryllium Present Present Present Present Present Present

Elementary

Boron Present Present Present Present Present

Elementary

Carbon Present Present Present Present

Elementary

Oxygen Present Present Present Present Present

Elementary

Nitrogen Present Present Present

Elementary

Fluorine Present Present Present Present Present

Elementary

Neon Present Present Present Present Present Present

Elementary

Sodium Present Present Present Present Present Present

Elementary

Magnesium Present Present Present Present Present Present

Elementary

Aluminum Present Present Present Present

Elementary

TG



Silicon
Elementary

Phosphorus
Elementary

Sulfur
Elementary

Chlorine
Elementary

Argon
Elementary

Potassium
Elementary

Calcium
Elementar

Present

Present

Present

Present

Present

Present

Present

Present

Present

Present Present
Present Present
Present
Present
Present Present

Present

Present

[AST4
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Phone Protocol

“Hello, my name is Jill Hettinger. | am a reseancht Boise State University. | am
conducting a research study to identify factorbugrficing high science achievement in
elementary schools within the state of Idaho. Mgecifically, this study is also
interested in how these factors differ between %85 and high-SES schools. You are
being asked to complete this survey because ytwmostas been identified as a high
achieving elementary school in science, and yodooadits within the low or high-SES
demographic. | am calling you because | have ifledtyour school as a school that has
had consistent high achievement on the elementeepce ISAT.

If you would be interested in participating in stedy, | will be sending you a link to the
internet-based survey. If you are interested itiggpating in the study | encourage you
to complete the survey.

If you have questions, | can be reached at 20878[A%- or jillhettinger@boisestate.edu.
Thank you for your help in helping us to learn mab®ut elementary science education.

If not interested, investigator will end the céllthank you for your time.”
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Superintendent Letter — Study Invite
[Date]

(Boise State Logo)
[Superintendents name], [professional title]

[District name]

Dear [Mr./Mrs./Dr.] [Superintendent last name]:

| am a doctoral student at Boise State Universitiducation, Curriculum and
Instruction — STEM leadership involved in a reshastudy evaluating effects of school-
wide factors in high-achieving elementary sciendecation programs. More
specifically, | will be looking at what school-widactors help low-SES schools achieve
in elementary science education, as compared twsehide factors identified in high-
SES schools. For this reason, | am interestedgh-achieving low-SES and high-SES
schools.

I would like to invite [school(s) name] to partiaie in a principal survey because of
[school(s) name] consistent high achievement offititiegrade science ISAT.

[schools name] in [district] will be a part of aswide sample of about 40 schools. |
would like to begin contacting school principaldlwe coming weeks with their survey.

| want to assure you that no data will be colledtedh students, and there will be no
intrusion on the instructional day. All informatiamthe survey will be kept anonymous
and confidential, including: the participating gripal’s name, school name, and district
name. In any articles written or presentation madejes or descriptive identifiers will
not be given.

The survey consists of a few background questimtiswed by questions on the
following five categories: programs and practicesence budget, influences on science
instruction, science professional development appdies, and instructional leadership.

| am excited to begin this important statewide gtadd look forward to working with the
sampled schools in [District name]. [District nafagdarticipation is voluntary, but very
important and greatly appreciated If you have amgstjons about the study you can
contact me at (208) 871-7414 or email (jillhettin@doisestate.edu).

Warm regards,

Jill K. Hettinger

Doctoral Candidate

Education, Curriculum and Instruction — STEM |e atigp
Boise State University
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Principal E-mail — Study Invite
(Boise State Logo)

Dear [Mr./Ms./Dr.] [Principal last name]: (or cuntePrincipal)

| am a doctoral student at Boise State Universitiducation, Curriculum and
Instruction — STEM leadership. | am involved iresearch study evaluating school-wide
factors in high-achievement in elementary sciemteation. More specifically, | will be
looking at what school-wide factors help low-SE8aus achieve in elementary science
education, as compared to school-wide factors ifikethtin high-SES schools. For this
reason | am interested in high-achieving low-SE® f@gh-SES schools.

As the principal of [school name] | would like tavite you to participate in a principal
survey because of [school(s) hame] consistent &ofgirevement on the fifth grade
science ISAT. The survey consists of a few backggayuestions, followed by questions
on the following five categories: programs and pecas, science budget, influences on
science instruction, science professional developmeportunities, and instructional
leadership.

| have designed the study to strictly avoid intonsi on the instructional day and to place
a minimal burden on principals and teachers. Intehd no data will be collected from
students. All information in the survey will be kegmonymous and confidential; your
name will not appear anywhere and no one will kiaddout your specific answers except
me and my dissertation committee chair, Dr. Tedj®tary. | will assign a number to
your responses and | will have the key to indiegtéch number belongs to which
participant. In any article written or presentatioade, names or descriptive identifiers
will not be given. The name of your school andrdistvill also remain anonymous and
confidential.

This study specifically will be looking at what s@i-wide factors help low-SES schools
achieve in elementary science education. Thisystullialso look at how these factors
compare to factors identified in high-SES schobts. this reason | am interested in high-
achieving low-SES and high-SES schools.

Your participation is voluntary, but very importaand greatly appreciated. If you have
any questions about the study, please contact (208} 871-7414 or emall
(jillhettinger@boisestate.edu).

Warmest regards,

Jill K. Hettinger

Doctoral Candidate

Education, Curriculum and Instruction — STEM |e atigp
Boise State University
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Teacher E-mail — Study Invite
(Boise State Logo)

Dear (Teacher Participant's Name),

My name is Jill Hettinger and | am a doctoral caadiz at Boise State University in
Education, Curriculum and Instruction — STEM leathgy. | am conducting a research
study titled:Finding Success in Elementary Science across So@oromic
Boundaries.The purpose of this study is to identify factarBuencing high science
achievement in elementary schools, within the statdaho. | am also interested in how
these factors differ between low-SES and high-Sif®als.

As a teacher at [school name] | would like to iawbu to participate in the teacher
survey because [school’'s name] consistent higregehent on the fifth grade science
ISAT. The survey targets the following four argasagrams and practice, professional
development, instructional leadership, and assa#sme

The survey is administered through the interneprawide minimal burden to you. In
addition, no data will be collected from studenti .of the information in the survey will
be kept confidential. In any article written or peatations made, names and descriptive
identifiers will not be given.

Your participation is voluntary, but very importaard greatly appreciated. This study
involves no foreseeable serious risks. We askythatry to answer all questions;
however, if there are any items that make you uricdable or that you would prefer to
skip, please leave the answer blank. Your respongiese kept confidential.

If you are interested, please click on the linktfoe survey and additional information:
www.linktosurvey.com.

Please note that in seven days a friendly remimilebe sent out if you have not
responded.

If you have any questions or concerns feel freeotdact me or my faculty advisor:

Jill Hettinger, Doctoral Candidate Dr. Ted@etary, Professor

Curriculum & Instruction Curriculum, Insttion, & Foundational Studies
Boise State University Boise State Uniwvgrsi

(208) 871-7414 (208) 426-3270

jillhettinger@boisestate.edu tedsingle @bstiste.edu

Thank you for your assistance,
Jill Hettinger
Doctoral Candidate Education — Curriculum & Instioie, Boise State University



258

APPENDIX C

Tools



259

Principal Survey Tool
Q1.1 Finding Success in Elementary Science acrosi®&onomic Boundaries - Principal
Survey

Q1.2 Informed Consent

Study Title: Finding Success in Elementary Sciemm®ss Socioeconomic Boundaries
Principal Investigator: Jill Hettinger, Doctoral @hdate, Boise State University
Co-Investigator: Dr. Ted Singletary, Boise Statévdrsity Approved

IRB Protocol Number: 170-SB13-103

Purpose: The purpose of this research study wetatify factors influencing high science
achievement in elementary schools within the sitdaho. More specifically, this study is also
interested in how these factors differ between dmd high socioeconomic schools. You are
being asked to participate in this study because sohool has consistently shown high
achievement in elementary science on the sciernkE. IS

Procedures: If you agree, you will participatelia study through the completion on an Internet-
based survey that will ask questions about thevieilg four areas: Programs and Practice
Instructional Leadership Teacher Background andeBsional Development Assessment and
Feedback. The survey will take approximately 15¥20utes.

Risks: The survey will include a section requestiegnographic information. Due to the make-
up of Idaho’s population, the combined answersi¢se questions may make an individual
person identifiable. We will make every effortpimtect participants’ confidentiality. However,
if you are uncomfortable answering any of thesestjoes, you may leave them blank. In the
unlikely event that some of the survey or interviguestions make you uncomfortable or upset,
you are always free to decline to answer or to gta participation at any time.

Benefits: There will be no direct benefit to yoorfr participating in this study. However, the
information that you provide may help develop im@® study habits for college students.

Extent of Confidentiality: Reasonable efforts viié# made to keep the personal information in
your research record private and confidential. Atentifiable information obtained in
connection with this study will remain confidentaid will be disclosed only with your
permission or as required by law. The memberb@fésearch team, and the Boise State
University Office of Research Compliance (ORC) raagess the data. The ORC monitors
research studies to protect the rights and wetfaresearch participants. Your name will not be
used in any written reports or publications whiebuit from this research. Data will be kept for
three years (per federal regulations) after theysisicomplete and then destroyed.

Payment: You will not be paid for your participatim this study.

Participation is Voluntary: You do not have to hehis study if you do not want to. You may
also refuse to answer any questions you do not teaariswer. If you volunteer to be in this
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study, you may withdraw from it at any time withaainsequences of any kind or loss of benefits
to which you are otherwise entitled.

Questions: If you have any questions or concerpnstamur participation in this study, you may
contact the principal investigator, Jill Hettingarher faculty advisor:

Jill Hettinger, Doctoral Candidate Dr. Ted Singletary, Professor
Curriculum & Instruction Curriculum & Instruction
Boise State University Boise State University

(208) 871-7414 (208) 426-4006
jillhettinger@boisestate.edu tsingle@boisestate.edu

If you have questions about your rights as a rebeggarticipant, you may contact the Boise State
University Institutional Review Board (IRB), whidét concerned with the protection of
volunteers in research projects. You may reacltaed office between 8:00 AM and 5:00 PM,
Monday through Friday, by calling (208) 426-540bgrwriting: Institutional Review Board,
Office of Research Compliance, Boise State Unitgrd®10 University Dr., Boise, ID 83725-
1138.

Documentation of Consent:

O | have read this form and decided that | will papiate in the project described above. Its
general purpose, the particulars of involvementossible risks have been explained to my
satisfaction. | understand | can withdraw at amgti

O | have read this form and decided to NOT partigpatthe project as described above.

If | have read this form and decided to NOT partiogpiatthe project as described abols.

Selected, Then Skip To End of Survey

Q2.1 What is your ethnic origin?

American Indian/ Alaskan Native
Hispanic

Asian/ Pacific Islander
Caucasian

African American

ONONONONG)

Q2.2 What is your gender?

QO Male
QO Female
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Q2.3 What is your age?

Age

Q2.4 At the end of the last school year, how mapry...

...had you been a principal?
...had you been the principal of this school?
...teaching experience did you have?

Q2.5 At what grade levels have you taught? If atscondary level, what subjects?

a K5
O 6-8
Q 9-10
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Q3.1 Indicate whether each of the following progsaand/or practices are currently being

implemented in your school:

a) Students receive scienc
instruction from a science
specialist instead of their

regular teacher.

b) Students in self-containe
classes receive science
instruction from a science
specialist in addition to thei
regular teacher.

c) Students in self-containe
classes are pulled out for
remedial instruction in
science.

d) Students in self-containe
classes are pulled out for
enrichment in science.

e) Students in self-containe
classes are pulled out of
science instruction for
additional instruction in
other content areas.

f) Students in self-containe
classes receive science
instruction from their

regular classroom teacher

only.

d

d

d

d

Yes

No




Q38 How is science taught in your school?

|

Science is
taught all
or most
days, every
week of

the year.

Science is
taught
every

week, but

typically

three or
fewer days
each week.

Science is
taught
some
weeks, but
typically
not every
week.

K

1

|

263
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Q3.3 What is the average length of a science plased, in minutes, for each grade level in
science?

Minutes per Science Class Period \

Kindergarten
First Grade
Second Grade
Third Grade
Fourth Grade

Fifth Grade
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Q3.4 Does your school provide the following to emt&students’ interests and or achievement in
science and/or engineering?

! Yes No

a) Holds a family science
and/or engineering night. O O

b) Offers after-school help i
science and/or engineering o) o)
(for example: tutoring)

-

c) Offers one or more
science/engineering clubs O O

e) Participates in local or
regional science and/or o) o)
engineering fair

f) Has one or more teams
participating in
science/engineering
competitions (for example: O Q
Science Olympiad, Robotics

Future City)

g) Encourages students to
participate in science and/ar
engineering summer
programs or camps offerec o o
by community colleges,
universities, museums, or
science centers

h) Sponsors visits to
business, industry, and/or
research sites related to O O
science and/or engineering

i) Sponsors meetings with
adult mentors who work in O Q
science and/or engineering
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fields

Q3.5 Please provide your opinion about each ofdhewing statements in regard to state

standards for science.

a) | am knowledgeable abo

the Idaho Content Standaurg

in science

b) There is a school-wide
effort to align science
instruction with the state
science standards

c) Most science teachers i
this school teach to the sta
science standards

d) Your district organizes
science professional
development based on sta
standards

e) | am knowledgeable abo
the Common Core State
Standards

f) I am knowledgeable abou
the Next Generation Science

Standards

-

(5]

(5]

—

IS

Yes

\[e}
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Q3.6 For this school, how much money was spentch ef the following during the most
recently completed budget year? (If you don’t krexact amounts, please provide your best
estimate.) [Enter each response as a whole dallauat (for example: 1500); do not include
commas or dollar signs.]

a.) Consumable science supplies (For exactenicals, living organisms, batteries)

b.) Science equipment (non-consumable, rask@ble items such as microscopes,
scales, etc., but not computers)

c.) Software for science instruction

Q3.7 Are the following sources of funding useduport your schools science program?

Yes No
a) State/district funding o o)
b) Title | funding O o
c) Title Il funding o) o)
d) Parent donations O o
e) Community donations O o
f) Teacher donations O o
g) Grants received by

teachers o O

h) Grants received by the
school Q Q

i) Grants received by the
District O O

j) Fundraiser and/or PTO
funds O O
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Q3.8 Please rate each of the following in termissamportance for effective science instruction.

Unimportant| Of Little Moderately | Important Very

Importance | Important Important

a) Provide
concrete
experience
before O O O O O
abstract
concepts

b) Develop
students’
conceptual o) o) o o) o
understanding
of the subject

c) Take
students’
prior
understanding
of a subject
matter into o) o) o o) o
account when
planning
curriculum
and
instruction

d) Make
connections
to other Q Q Q Q Q

disciplines

e) Have
students work
in
cooperative o o o o o
learning
groups
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f) Have
students
participate in
appropriate
hands-on
activities

g.) Have
students work
in mixed
ability groups

h) Engage
students in
inquiry-
oriented
activities

i) Engage
students in
applications

of subject

matter in a

variety of

contexts

)
Encouraging
students to
provide
evidence for
their answers

k) Use of
teacher
guestioning
strategies to
elicit student
thinking and
understanding
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Q3.9 In your opinion, how great a problem is eatthe following for science instruction in your
school as a whole?

Unimportant, Of Little Moderately ’ Important Very

Importance| Important Important

a) Lack of science
facilities (for
example: lab

tables, electrical o) o o) o) o)

outlets, facets and
sinks in

classroom)

b) Inadequate
funds for
purchasing o) o o o o
science equipment
and supplies

¢) Inadequate

supply of science o) O o) o) o)
textbooks/modules

v

d) Inadequate

materials for
individualizing Q O ©) ) @)

science instruction

e) Low student
interest in science O O Q o O

f) Low student

reading abilities Q O ) @) o)
g) Interruptions
for
announcements,
assemblies, and Q Q Q O Q

other school
activities
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h) Large class
sizes

i) High student
absenteeism

j) Inappropriate
student behavior

k) Lack of
parental support
for science
education

[) Community
attitudes towards
science instructior

m) Conflict
between efforts to
Improve science
instruction and
other school
and/or district
initiatives

n) How science
instructional
resources are
managed (for

example
distribution and
refurbishment of

materials)

|
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Q4.1 In the last five years has your school oridisparticipated in any STEM initiatives?

QO Yes
O No

Answer IfIn the last five years has your school or distgatticipated in any STEM initiatives?
Yes Is Selected

Q4.2 Please describe the STEM initiatives that watool or district has participated in. What
years? Who sponsored the initiative? Did the ititeahave a name or can you describe the
initiative?
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Q4.6 In your opinion, how great a problem is eakcthe following for science instruction in your
school as a whole?

Unimportant  Of Little Moderately’ Important Very
Importance | Important Important
a) Lack of
teacher
interest in O O O O Q
science

b) Inadequate
teacher
preparation O O O O o)
to teach
science

c) Lack of
teachers’
science Q Q @) @) @)

knowledge

d)
Insufficient
time to teach Q Q QO Q Q

science

e) Lack of
opportunities
for science o) o) o) o) o)
teachers to
share ideas

f) Inadequate
science-
related
professional o o O O o
development
opportunities
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Q4.3 In the last three years, has your school amliétrict offered in-service workshops
specifically focused on science or science tea¢hing

O Yes

O No

If No Is Selected, Then Skip To the last three years, has your school offeredier study
groups where teachers meet on a regular basisscuds teaching and learning of science
(sometimes referred to as Professional Learning @anities, PLCs, or lesson study)?



275

Q4.4 Please indicate if in-service workshops offdrg your school and/or district in the last
three years addresses deepening teacher undengtarfidiach of the following:

a) Science content
b) State science standard

¢) Common Core State
Standards

d) How to use particular
science instructional
materials (example: books
modules)

e) How students think abou
various science ideas

f) How to monitor student
understanding during
science instruction

g) How to adapt science
instruction to address stude
misconceptions

h) How to use technology ir
science instruction

i) How to use investigation-
oriented science teaching
strategies

j) How to teach science to
students who are English
language learners

k) How to provide

alternative science learning

experiences for students wi

[v2}

—

nt

th

Yes

o

|

\[e}
O
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special needs

[) How to integrate science
with other content areas O O

Q4.7 In the last three years, has your school efféeacher study groups where teachers meet on
a regular basis to discuss teaching and learnisgiehce (sometimes referred to as Professional
Learning Communities, PLCs, or lesson study)?

Q Yes

O No

If No Is Selected, Then Skip Tkhink about last school year, were the followingdito provide
teachers in this school with time for in-servicerkehops/teacher study groups that include a
focus on science content and/or science instructiegardless of whether they were offered by
your school and/or district?

Q4.8 Are teachers of grades K-5 science classedreecto participate in these science-focused
teacher study groups?

QO Yes
O No
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Q4.9 Do these statements describe the typical seificused teacher study groups in this
school?

Yes No

a) Teacher engage in science
investigations O O

b) Teachers plan science
lessons together O O

c) Teachers analyze student
science assessment results Q Q

d) Teachers analyze
classroom artifacts (for
example: Student work o Q

samples)

e) Teachers analyze science
instructional materials (for
example: textbooks or Q Q
modules)

Answer If In the last three years, has your scloffelred teacher study groups where teachers
meet on a regular basis to discuss teaching antingeof science (sometimes referred to as
Professional Learning Communities, PLCs, or lestody)? Yes Is Selected Or In the last three
years, has your school and/or district offeredansge workshops specifically focused on
science or science teaching? Yes Is Selected
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Q4.5 Think about last school year, were the follmyviised to provide teachers in this school with
time for in-service workshops/teacher study graimas include a focus on science content and/or
science instruction, regardless of whether theyewdiered by your school and/or district?

| Yes No |

a) Early dismissal and/or
late start for students O Q

b) Professional days/teach
work days during the o o
students’ school year

[1°)
=

¢) Common planning time
for teachers O O

d) Substitute teacher to
cover teachers’ classes while
they attend professional o O
development

Q5.1 In your school does observation and feedbfskience instruction occur?

O Yes
O No

If No Is Selected, Then Skip Do any of the follogiiimdividuals provide science-focused one-on-
one coaching in your school?

Q5.2 How often during this school year have youeold in any one classroom during science
instruction?

a) During a formal observation
b) During an informal or walk through obseion
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Q5.3 When observing science do you look for refonmeled science practices? (for example:
inquire, the learning cycle, 3E, 5E)

QO Yes
QO No

Q5.4 When observing science instruction do you igegpecific feedback on how to improve
instruction?

O Yes
O No

Q5.5 Do any of the following individuals provideiestcce-focused one-on-one coaching in your
school?

Yes No
a) The principal of your
school Q @)
b) An assistant principal at
your school Q Q

c) District administrators
mclgdlng SC|en_ce o) 0O
supervisors/coordinators

d) Teachers/coaches who do
not have classroom teaching o o
responsibilities

e) Teachers/coaches who
have part-time classroom o o
teaching responsibilities

f) Teachers/coaches who
have full-time classroom o o
teaching responsibilities
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Q5.6 Teachers that you considered in need of dpEss#stance in science teaching are provided:

’ Yes ’ No \
a) Seminars, classes, and/or
study groups o o
b) A higher level of
supervision than for other o o

teachers

¢) Guidance from a formally
designated mentor or coach O O




Q6.1 Teachers’ in my school use the following assesnt strategies in science?

a) Diagnostic assessments
determine prior knowledge
and misconceptions

b) Formative or embedded
assessment to make
informed decisions about

their teaching, to adjust the

rate of instruction, assign
remediation activities, and
plan alternative experience

€) Summative assessments,

such as end of unit exams

d) Performance assessment

that allow students to
demonstrate their abilities

e) Use of science notebooks

f) Use of portfolios
g) Student self-assessmer:

h) Assessments aligned tc
district or state standards

—

)

Yes

O

|

\[o]

Q

281
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Q6.2 Teachers in my school make the following clearig whole class science instruction based
on data:

Yes { No

a) Change lesson plans tc
place more emphasis in o) o
areas in which the group

b) Add more projects and
exercises in areas in which o O
the class scored low

c) Request additional
supplies or equipment O O

d) Re-evaluate textbooks
and learning materials based o) o)
on results of assessment

e) Discuss curriculum
relevance and alignment
with standards and O O
assessment with peers

f) Ask for additional suppor
and ideas from gther o o
teachers or administrators
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Q6.3 Teachers in my school make the following clearig individual student science instruction
based on data:

Yes (\[o]
a) Provide students with
additional assistance during
class in areas in which they O O

performed poorly

b) Provide students with
additional assistance outside
of class in areas in which O Q
they performed poorly

c) Provide poorly
performing students with
materials on test-taking O O
skills and strategies

d) Provide high-performing
students with additional,

more challenging projects O O

and/or readings

Q6.4 As an instructional leader do you monitor ehicprogress in science?

O Yes
O No

Q7.1 This is your opportunity to tell me about ysahool. Why do you believe that your
elementary school has been so successful at camidysattaining high-achievement in
elementary science education?
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Teacher Survey Tool
Q1.1 Finding Success in Elementary Science acrog®&onomic Boundaries -

Teacher Survey

Q1.2 Informed Consent

Study Title: Finding Success in Elementary Scieam®ss Socioeconomic Boundaries
Principal Investigator: Jill Hettinger, Doctoral @hdate, Boise State University
Co-Investigator: Dr. Ted Singletary, Boise Statevdrsity

Approved IRB Protocol Number: 170-SB13-103

Purpose: The purpose of this research study wetatify factors influencing high science
achievement in elementary schools within the statdaho. More specifically, this study
is also interested in how these factors differ leevlow and high socioeconomic
schools. You are being asked to participate inghidy because your school has
consistently shown high achievement in elementeignse on the science ISAT.
Procedures: If you agree, you will participatehe study through the completion on an
Internet-based survey that will ask questions abmfollowing four areas: Programs
and Practice, Instructional Leadership, Teachek&aeind, and Professional
Development Assessment and Feedback. The survetakel approximately 20-30
minutes.

Risks: The survey will include a section requestieghographic information. Due to the
make-up of Idaho’s population, the combined answetkese questions may make an
individual person identifiable. We will make evexifort to protect participants’
confidentiality. However, if you are uncomfortalaleswering any of these questions,
you may leave them blank. In the unlikely event 8ane of the survey or interview
guestions make you uncomfortable or upset, yowlavays free to decline to answer or
to stop your participation at any time.

Benefits: There will be no direct benefit to yoorfr participating in this study. However,
the information that you provide may help develmpioved study habits for college
students.

Extent of Confidentiality: Reasonable efforts viaé# made to keep the personal
information in your research record private andfickemtial. Any identifiable

information obtained in connection with this stwdyl remain confidential and will be
disclosed only with your permission or as requingdaw. The members of the research
team, the and the Boise State University OfficRe$earch Compliance (ORC) may
access the data. The ORC monitors research stdiestect the rights and welfare of
research participants. Your name will not be useahly written reports or publications
which result from this research. Data will be kieptthree years (per federal regulations)
after the study is complete and then destroyed.
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Payment: You will not be paid for your participatim this study.

Participation is Voluntary: You do not have to hehis study if you do not want to. You
may also refuse to answer any questions you dwvaot to answer. If you volunteer to
be in this study, you may withdraw from it at amye without consequences of any kind
or loss of benefits to which you are otherwisettadi

Questions: If you have any questions or concerpsitaymur participation in this study,
you may contact the principal investigator, Jillttteger or her faculty advisor:

Jill Hettinger, Doctoral Candidate Dr. Ted Singletary, Professor
Curriculum & Instruction Curriculum & Instruction
Boise State University Boise State University

(208) 871-7414 (208) 426-3270
jillhettinger@boisestate.edu tsingle@boisestate.edu

If you have questions about your rights as a rebgaarticipant, you may contact the
Boise State University Institutional Review Boal@B), which is concerned with the
protection of volunteers in research projects. Wy reach the board office between
8:00 AM and 5:00 PM, Monday through Friday, by icel(208) 426-5401 or by writing:
Institutional Review Board, Office of Research Cdiance, Boise State University, 1910
University Dr., Boise, ID 83725-1138.

Documentation of Consent:

O 1 have read this form and decided that | will pap@ate in the project described above.
Its general purpose, the particulars of involvenard possible risks have been
explained to my satisfaction. | understand | cathdriaw at any time.

O | have read this form and decided to not partigpatthe project as described above.

Q2.1 Background
Q2.2 What is your gender?

O Male
O Female
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Q2.3 What is your ethnic origin?

QO American Indian/ Alaskan Native
QO Hispanic

Q Asian/ Pacific Islander

QO Caucasian

QO African American

Q2.4 What is your age?

Age

Q2.5 Which of the following describes your positdiselect all that apply]

U Regular classroom teacher
O Multi-grade science specialist
U Science teacher for my grade level team

Q2.6 At the end of last school year, how my yeais you taught. [response as a whole
numbery].

Years taught (1)

in this district, any subject? (5)
in this school, any subject? (6)
any subject at the K-12 level? (9)

as a dedicated science teacher at the K-12
level? (7)

science as a part of the grade-level
curriculum at the K-12 level? (2)
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Q2.7 Which best describes how science is most d¢dieght in your school?

O Science is taught all or most days, every weekefyear.
QO Science is taught every week, but typically threeewer days each week.
QO Science is taught some weeks, but typically notyeweek.

Q2.8 At what grade levels do you currently teaghrsme? [Select all that apply.]

a K-5

a 6-8

a 9-12

U You do not currently teach science

If You do not currently teach sciende Selected, Then Skip To End of Survey

Answer If Which of the following describes your i@ ? [Select all that apply]-Multi-grade
science specialist Is Not Selected

Q2.9 In a typical year, how much instructional tideeyou spend in each subject? [Enter
each response as a whole number (for example:585,] 1

Number of Weeks| Number of Days | Average Number o
per Year per Week Minutes per Day

Mathematics
Science
Social Studies

Reading/Language
Arts




288

Answer IfWhich of the following describe your position? &lall that apply] Multi-

grade science specialitd Selected

Q2.10 In a typical year, how much instructionaldira spent in science at each grade
level? [Enter each response as a whole numbeextmmple: 36, 150).]

Number of Weeks
per Year

Number of Days pe

Week

Average Number o
Minutes per Day

Q3.1 Science Background and Professional Developmen

Q3.2 Have you been awarded one or more bachelod®agraduate degrees in the
following fields? (With regard to bachelor’'s degsgeount only areas in which you

majored.) [Select one on each row.]

a) Education, including
science education

b) Natural Sciences and/o
Engineering

c) Other, please specify

|

r

Yes

®)

No

O
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Answer If Have you been awarded one or more backelad/or graduate degrees in the
following fields? (With regard to bachelor’'s degseeount only areas in which you majored.) a)
Education, including science education - Yes l€&eHd

Q3.3 What type of education degree do you haveth(i&gard to bachelor’'s degrees,
count only areas in which you majored.) [Selectiadt apply.]

Elementary Education
Mathematics Education

Science Education

Secondary Education

Other Education, please specify.

(I I N W

Answer If Have you been awarded one or more bachelor's amgtaduate degrees in the
following fields? (With regard to bachelor’s degseeount only areas in which you majorell))
Natural Sciences and/or Engineerindes Is Selected

Q3.4 What type of natural science and/or engingetagree do you have? (With regard
to bachelor’s degrees, count only areas in whiahmajored.) [Select all that apply.]

Biology/Life Science

Chemistry

Earth/Space Science

Engineering

Environmental Science/Ecology
Physics

Other natural science, please specify.

C0O0000O0
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Q3.5 Did you complete any of the following typeshaslogy/life science courses at the
undergraduate or graduate level? [Select one dnreac]

General/introductory
biology/life science courses
(for example: Biology |,
Introductory to Biology)

Biology/life science courses
beyond the
general/introductory level

Biology/life science
education courses

Yes | No |
Q Q
Q Q
Q Q

Answer If Did you complete any of the following types ofdgg/life science courses at
the undergraduate or graduate level? Biology/liéeeace courses beyond the
general/introductory level Yes Is Selected

Q3.6 Please indicate which of the following bioldig science courses you completed
(beyond a general/introductory course) at the ugrdeluate or graduate level. [Select all

that apply.]

Anatomy/Physiology
Biochemistry
Botany

Cell Biology
Ecology

Evolution

Genetics
Microbiology
Zoology

I I I Iy Ny Iy Iy I

Other biology/life science beyond the general/idtrctory level
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Q3.7 Did you complete any of the following typescbEmistry courses at the
undergraduate or graduate level? [Select one dnreac]

Yes | No |

General/introductory
chemistry courses (for
example: Chemistry I, O o
Introduction to Chemistry)

Chemistry courses beyond
the general/introductory leve

O
O

Chemistry education courses o

Answer IfDid you complete any of the following types of as&sncourses at the
undergraduate or graduate level? Chemistry coutsmgond the general/introductory
level- Yes Is Selected

Q3.8 Please indicate which of the following chenyisburses you completed (beyond a
general/introductory course) at the undergraduaggazuate level. [Select all that

apply.]

Analytical Chemistry

Biochemistry

Inorganic Chemistry

Organic Chemistry

Physical Chemistry

Other chemistry beyond the general/introductorglev

I I N N I
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Q3.9 Did you complete any of the following typespbiysics courses at the
undergraduate or graduate level? [Select one dnreac]

Yes | No |
General/introductory physics
courses (for example:
Physics I, Introduction to O O
Physics)

Physics courses beyond the

generalf/introductory level O O

Physics education courses o o

Answer IfDid you complete any of the following types of pisysourses at the
undergraduate or graduate level? Physics coursg®ihe the general/introductory level
- Yes Is Selected

Q3.10 Please indicate which of the following phgsiourses you completed (beyond a
general/introductory course) at the undergraduaggazuate level. [Select all that

apply.]

Electricity and Magnetism

Heat and Thermodynamics

Mechanics

Modern or Quantum Physics

Nuclear Physics

Optics

Other physics beyond the general/introductory level

(I I N N N I



293

Q3.11 Did you complete any of the following typé€arth/space science courses at the
undergraduate or graduate level? [Select one dnreac]

Yes | No |
General/introductory
Earth/space science courses
(for example: Earth Science o) o
I, Introduction to Earth
Science)

Earth/space science courses
bgyond the o o
general/introductory level

Earth/space science
education courses Q O
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Answer IfDid you complete any of the following types of B&pace science courses at
the undergraduate or graduate level? Earth/spaders® courses beyond the
general/introductory level Yes Is Selected

Q3.12 Please indicate which of the following Eatialce science courses you completed
(beyond a general/introductory course) at the ugrdeuate or graduate level. [Select all
that apply.]

Astronomy

Geology

Meteorology

Oceanography

Physical Geography

Other Earth/space science beyond the general/unttod; level

(I N N Iy W

Q3.13 Did you complete any of the following typésnvironmental science courses at
the undergraduate or graduate level? [Select oreacim row.]

Yes | No |
General/introductory
environmental science
courses (for example:
Environmental Science |, O O
Introduction to
Environmental Science)

Environmental science
courses beyond the o)
general/introductory level

Environmental science
education courses Q Q
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Answer IfDid you complete any of the following types of emrmental science courses
at the undergraduate or graduate level? Environrakstience courses beyond the
general/introductory level Yes Is Selected

Q3.14 Please indicate which of the following enmim@ntal science courses you
completed (beyond a general/introductory coursé)etindergraduate or graduate level.
[Select all that apply.]

Conservation Biology

Ecology

Forestry

Hydrology

Oceanography

Toxicology

Other environmental science beyond the generaifnttory level

(I I N N B W

Q3.15 Did you complete one or more engineeringseriat the undergraduate or
graduate level?

O Yes
O No

Answer IfDid you complete one or more engineering coursekeatindergraduate or graduate
level?Yes Is Selected

Q3.16 Please indicate which of the following typégngineering courses you completed
at the undergraduate or graduate level. [Selethatlapply.]

Aerospace Engineering
Bioengineering/Biomedical Engineering
Chemical Engineering

Civil Engineering

Computer Engineering

Electrical Engineering
Industrial/Manufacturing Engineering
Mechanical Engineering

Other types of engineering courses

[ I I Iy iy Iy Iy By
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Q3.17 Which of the following best describes youcteer certification program?

O An undergraduate program leading to a bachelogseteand a teaching credential

O A master's program that also awarded a teachirmgotil

O A post-baccalaureate credentialing program (no enastlegree awarded). Please
explain.

O You did not have any formal teacher preparatioeag&t explain.

Q3.18 In the last five years has your school aridisparticipated in any STEM
initiatives?

O Yes
O No

Answer Ifin the last five years has your school or distgatticipated in any STEM
initiatives?Yes Is Selected

Q3.19 Please describe the STEM initiatives that yohool or district has participated
in. What years? Who sponsored the initiative? Dalihitiative have a name or can you
describe the initiative?

Q3.20 When did you last participate in professia®alelopment (sometimes called in-
service education) focused on science or scierwohiteg? (Include attendance at
professional meetings, workshops, and confereasesell as professional learning
communities/lesson studies/teacher study groupsiddanclude formal courses for
which you received college credit or time you sgaotiding professional development
for other teachers.)

QO In the last 3 years

O 4-6 years ago

Q 7-10 years ago

O More than 10 years ago
O Never
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Answer IfWhen did you last participate in professional depehent (sometimes called
in-service education) focused on science or sciggmehing? In the last 3 yeals
Selected

Q3.21 In the last 3 years have you... [Select oneamt row.]

attended a workshop on
science or science teaching? O O

attended a national, state, or
regional science teacher o

o
association meeting?
participated in a professional
learning community/lesson
study/teacher study group o) o

focused on science or
science teaching?

Answer IfWhen did you last participate in professional depetent (sometimes called
in-service education) focused on science or sciggmehing? In the last 3 yeals
Selected

Q3.22 What is the total amount of time you havenspe professional development in
science or science teaching in the last 3 yeangfu@e attendance at professional
meetings, workshops, and conferences, as welldsgsional learning
communities/lesson studies/teacher study groupsddnclude formal courses for
which you received college credit or time you sgaotiding professional development
for other teachers.)

QO Less than 6 hours
Q 6-15 hours

Q 16-35 hours

O More than 35 hours
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Answer IfWhen did you last participate in professional depehent (sometimes called
in-service education) focused on science or sciggmehing? In the last 3 yeals
Selected

Q3.23 Thinking about all of your science-relatedfgssional development in the last 3

years, to what extent do each of the followingestants describe your experiences?
[Select one on each row.]

Not at all | To a limited To a To a To a Great

Extent Moderate | Considerable Extent
Extent Extent

You had
opportunities
to engage in

science

investigations.

You had
opportunities
to examine
classroom
artifacts (for Q Q o ) Q
example:
student work
samples).

You had
opportunities
to try out
what you
learned in
your
classroomand QO O O @) )
then talk
about it as
part of the
professional
development.

You worked

closely with Q Q Q Q @)
other science
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teachers from
your school.

You worked
closely with
other science
teachers who
taught the
same grade
and/or subject
whether or
not they were
from your
school.

The
professional
development
was a waste
of your time.
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Q3.24 When did you last take a formal course fdlege credit in each of the following
areas? Do not count courses for which you receiwdy Continuing Education Units.
[Select one on each row.]

Inthe last 3| 4-6 years | 7-10years| More than Never
years ago ago 10 years agc
Science o o o o o
How to teach
science O O O O O
Student
teaghlng in o o o o) o
science
Student
teaching in
other @] O O Q Q
subjects
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Answer IfWhen did you last participate in professional depehent... In the last 3 years
Is Selected Or When did you last take a formal sedior college credit... Science - In the
last 3 years Is Selected Or When did you last éak@@mal course for college credit...
How to teach science - In the last 3 yelrSelected

Q3.25 Considering all the opportunities to learowlscience or the teaching of science
(professional development and coursework) in tee3ayears, to what extent do each of
the following statements reflect the extent to whan importance was placed on each of
the following? [Select one on each row.]

Not at All To a To a To a To a Great

Limited Moderate | Considerablel Extent
Extent Extent Extent

Deepening your
own science
content Q Q o Q QO

knowledge

Learning about
difficulties that
students may
have with o) o) o) o o
particular
science ideas
and procedures

Finding out
what students
think or already
know about the
key science Q Q Q O o
ideas prior to
instruction on
those ideas

Implementing
the science
textbook/moo!ule o) o Q Q Q
to be used in
your classroom

Planning Q Q Q Q Q
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instruction so
students at
different levels
of achievement
can increase
their

understanding of

the ideas
targeted in each
activity

Monitoring
student
understanding
during science
instruction

Providing
enrichment
experiences for
gifted students

Providing
alternative
science learning
experiences for
students with
special needs

Teaching
science to
English-
language
learners

Assessing
student

understanding at

the conclusion
of instruction on
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a topic

Answer IfAt what grade levels do you currently teach sci@n€e Is Selected

Q3.26 Many teachers feel better prepared to teacte Subject areas than others. How
well prepared do you feel to teach each of thevalhg subjects at the grade level(s) you
teach, whether or not they are currently includegaur teaching responsibilities? [Select
one on each row.]

Not Somewhat Fairly well Very well
Adequately Prepared Prepared Prepared
Prepared
Life Science o o o o
Earth Science o) o o) )
Physical Science o) o o) )
Engineering o o o) )
Mathematics o o o o)
Reading/Language

Arts O O ) @)
Social Studies o) o o) o
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Q3.27 How prepared do you feel to implement eaghefollowing in your science
instruction? [Select one on each row.]

I

Plan instruction
so students at
different levels
of achievement
can increase
their
understanding of

the ideas
targeted in each
activity

Teach science to
students who
have learning

disabilities

Teach science to
students who
have physical

disabilities

Teach science to
English-
language
learners

Provide
enrichment
experiences for
gifted students

Encourage
students'
interests in
science and/or

Not Adequately
Prepared

Somewhat
Prepared

Fairly Well
Prepared

Very Well
Prepared
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engineering

Encourage
participation of
females in
science and/or
engineering

Encourage
participation of
racial or ethical

minorities in
science and/or
engineering

Encourage
participation of
students from

low

socioeconomic
backgrounds in
science and/or

engineering

Manage
classroom
discipline
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Q4.1 Programs and Practices

Q4.2 To the best of your ability, indicate whichtbé following programs and practices
are currently being implemented in your schoolaathegrade-level:

K 1 2 3 4 5

Students in
self-
contained
class
receive
_ science Q Q Q Q Q Q
Instruction
from their
regular
classroom
teacher.

Students in
self-
contained
class
receive
science
instruction 0 0 0 0 0 0
from
another
teacher at
the same
grade-
level.

Students in
self-
contained
class

receive a a a a (I (.
science
instruction
from a
science
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specialist
instead of
their
regular
teacher.

Students in
self-
contained
class
receive
science
instruction
from a
science
specialist
in addition
to their
regular
classroom
teacher.

Students
are not in
self-
contained
classrooms
they have
specialist
teachers for
each
subject,
including
science.
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Q82 To the best of your ability, indicate whichtbé following programs and practices
are currently being implemented in your schoolaathegrade-level:

K 1 2 3 4 5
Students in
self-
contained
classes are
pulled out u a a Q a a
for
remediation
in science.

Students in
self-
contained
classes are
pulled out a Q a a Qa a
for
enrichment
in science.

Students in
self-
contained
classes are
pulled out
from
science
instruction a a a a Q a
for
additional
instruction
in other
content
areas.
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Q4.3 Do you have control over each of the followaspects of science instruction in
your class(es)?

No control Little Moderate Considerable Strong
Control Control Control Control
Determining
course goals and o o) o o o
objectives
Selection
textbooks/modules  Q ) o O Q

Selecting content

topics, and skills o) o) o) O Q
to be taught

Selecting teaching
techniques Q ©) O ) @)

Determining the
amount of
homework to be O O O O O

assigned

Choosing criteria
for grading
student Q ®) O O Q

performance
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Q4.4 Think about your plans for your class for ¢éiméire year. By the end of the year,
how much importance will you place on each of teving student objectives? [Select
one on each row]

Inhibits Of Little Moderately | Important Very

effective Importance Important in in Important
instruction in promoting | promoting in

promoting effective effective promoting

effective instruction | instruction science
instruction instruction
Memorizing
science

vocabulary O O O O O

and/or facts

Understanding

science o o o o o
concepts

Learning
science
process skills
(for example: O O O O O
observing,
measuring)

Learning about
real-life

applications of Q o O o O
science

Increasing
students'
interest in Q Q Q Q Q

science

Preparing
students for
further study in Q ©) o) Q Q
science
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Learning test
taking
skills/strategies




312

Q4.5 Please indicate how often you use the follgwaractices during your science
instruction. [Select one on each row.]

Never Rarely (A = Sometimes | Often (Once All or
few times (Once or or twice a | Almost all
per year) twice per week) science

month) classes
Placing
students in
classes with
students of O O O O O
similar
abilities.
Focusing on
ideas in
depth, even if
that means O O O O O
covering

fewer topics.

Providing
students with
the purpose O o)
for a lesson
as it begins.

Providing
students with
definitions
for new
scientific
vocabulary O Q Q Q Q
that will be
used at the
beginning of
instruction.

Explaining an
idea to @) o O Q Q
students
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before having
them conside
evidence that
relates to the
idea.

Reviewing

previously
covered ideas

and skills
during each
class period.

Providing
opportunities
for students
to share their
thinking and

reasoning

each class

period.

Providing
hands-
on/laboratory
activities
primarily to
reinforce a
science idea
that the
students have
already
learned.

Assigning
students
homework
most days.

Providing
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experiences
before

abstract

experiences.

Developing
students'
conceptual
understanding
of a subject.

Engaging
students in
applications
of subject
matter in a
variety of
contexts.
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Q4.6 Please rate the following on their importaotmfluence on your science
instruction. [Select one on each row].

Inhibits Of Little Moderately  Important Very
effective | Importance Important in important
instruction in in promoting in

promoting | promoting | effective = promoting
effective effective instruction | effective
instruction | instruction instruction

Idaho Content

StanQards in o o o o o
Science

Common Core
State Standards Q Q O Q Q

Next Generation

Science o o o o o
Standards
District
Curriculum o o o o o
Frameworks

District Pacing
Guides Q ©) ©) ) Q

State science
testing and
accountability Q ©) ®) Q Q

policies

District testing
and
accountability Q O ®) ) @)

policies

Textbook/module
selection policies  Q O o o O

Students'
motivation,
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interests, and
effort in science

Students' reading
abilities

Community
Views on science
instruction

Parent
expectations and
involvement

Principal support

Time for you to
plan, individually
and with
colleagues

Time available
for your
professional
development

)




317

Q4.7 Think about your science instruction, identifg practices that you use in your
science instruction (based on real-life constrgthfSelect one on each row].

Rarely Sometimes Often All or Most
(Few times| (Onetotwo| (Onceor | all Science

a Year) times a twice a Lessons
month) week)

Taking
students' prior
understanding

of a subject
matter into o o o o) o
account when
planning
curriculum
and instruction

Engaging the

Whole clallss in O O O o) o
discussions

Having
students work
in small Q Q O @) O

groups

Doing hands-
on/laboratory o o o o
activities

Engaging the
classin
project-based o o o o o
learning (PBL)
activities

Making
connections to
other Q Q O @) O

disciplines
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Having
students read
from a science
textbook,
module, or
other science- o o 5 5 5
related
material in
class, either
aloud or to
themselves

Having
students
represent
and/or analyze
data using
tables, charts,
or graphs

Requiring
students to
supply
evidence in O Q 0
support of
their claims

Having
students make
formal
presentations
to the rest of
the class (for Q Q 0
example: on
individual or
group
projects)

Having
students write
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their
reflections (for
example: in
their journals)
in class or for
homework

Giving tests
and/or quizzes
that are
predominantly
short-answer
(for example:
multiple
choice,
true/false, fill
in the blank)

Giving tests
and/or quizzes
that include
constructed-
response/open
ended items

Focusing on
literacy skills
(for example:
informational

reading or
writing
strategies)

Having
students
practice for
standardized
tests

Having
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students attend
presentations
by guest
speakers
focused on
science and/or
engineering in
the workplace
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Q4.8 Does your school provide the following to amtestudents’ interests or
achievement in science or engineering?

| Yes No

a) Holds a family science
and/or engineering night Q Q

b) Offers after-school help i
science and/or engineering o o
(for example: tutoring)

-

c) Offers one or more
science/engineering clubs O O

e) Participates in local or
regional science and/or o o
engineering fair

f) Has one or more teams
participating in
science/engineering
competitions (for example: O Q
Science Olympiad, Robotics

Future City)

g) Encourages students to
participate in science and/a
engineering summer
programs or camps offerec o o
by community colleges,
universities, museums, or
science centers

—

h) Sponsors visits to
business, industry, and/or
research sites related to O O
science and/or engineering

i) Sponsors meetings with
adult mentors who work in Q Q
science and/or engineering
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fields
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Q4.9 Science courses may benefit from availabiftgarticular kinds of items or

facilities. What is the availability of the followy items in your school? [Select one in
each row]

Not Limited Somewhat Nearly Adequate (In
available | availability Adequate Adequate | classroom in
(Present but (Available, (In recommende
not but classroom,| quantities)
available for quantities or| but limited
use) location guantities)
makes
coordinating
use
challenging)
Equipment
(microscopes o) ) o) o) )
beakers, etc.
Instructional
technology
(calculators,
computers, o o o o o
tablets,
probeware,
etc.)
Consumable
items
(chemicals,
living o) o) o) o) o)
organisms,
batteries,
etc.)
Facilities (lab
tables,
electrical
outlets, facets O O O O O
and sinks,
etc.)
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Q4.10 Indicate how often the following instructibitams are available for use in your
class? [Select one on each row]

Never Rarely (A Sometimes | Often (Once All or
few times (Once or ortwicea | Almost all

per year) twice a week) Science
month) Classes

Personal
computers,
including Q O o O Q

laptops

Hand-held
computers
(PDAs,
tablets, iPod o o o o o
touches,
iPads)

Internet
access o O Q e QO

Probes for
collecting
data
(example:

motion O o o o o
Sensors,
temperature
probes)

Microscopes O o o) o o)

Classroom
response
system or
“clickers"
(handheld
devices used
to respond
electronically
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to questions
in class)

Calculators o o o) o) o)

Simple
balances Q Q Q QO Q

Triple beam
balances O o O Q Q

liquid
measuremen
tools
(graduate O O O O O
cylinders,
beakers, etc.

Q4.11 Which best describes the instructional matestudents most frequently use in
your class?

Mainly one commercially-published textbook

Multiple commercially-published textbooks

Mainly commercially-published modules from one psitér

Mainly commercially-published modules form multigdablishers

A roughly equal mix of commercially-published teatlks and commercially-
published modules

Non-commercially-published materials

0000

@)

Q4.12 The next set of questions will ask you alboeilast science unit you taught:

Answer If Which best describes the instructionatarials students most frequently use in your
class™Non-commercially-published materials most of theetis Not Selected

Q4.13 Please indicate the title, author, most recepyright year, and ISBN code of the
textbook/module used most often (or most recetjydhe students in this class. The 10-
or 13-character ISBN code can be found on the egiptypage and/or the back cover of
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the textbook/module.s Do not include the dasheswdrgering the ISBN.« An example
of the location of the ISBN is shown to the right.

Title:

First Author:
Year:

ISBN:

Answer IfWhich best describes the instructional materialslents... Mainly multiple
commercially-published textbooks Is Selected OrcWhest describes the instructional
materials students... Mainly commercially-publisimadules form multiple publishers Is
Selected Or Which best describes the instructiorakrials students... A roughly equal
mix of commercially-published textbooks and comrakyepublished modules most of
the timels Selected

Q4.14 Please indicate the title, author, most recepyright year, and ISBN code of the
second textbook/module used most often (or mosint®g by the students in this class.e
The 10- or 13-character ISBN code can be foundhercopyright page and/or the back
cover of the textbook/module. Do not include tlasties when entering the ISBN.« An
example of the location of the ISBN is shown to tigét.

Title:

First Author:
Year:

ISBN:

Answer If Which best describes the instructionatarials students most frequently use in your
class?Non-commercially-published materials mosheftime Is Not Selected
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Q4.15 Think about the last science unit you taulgiglicate the importance of each of the
following while teaching this unit. [Select one each row.]

Inhibits Of Little Moderately | Important Very
effective | Importance Important in in Important
instruction in promoting | promoting in

promoting effective effective | promoting
effective instruction | instruction | effective
instruction instruction

Using the
textbook/module
to guide the
overall structure O O O O
and content
emphasis of the
unit.

Following the
textbook/module
to guide the

detailed
structure and Q O O O @)
content
emphasis of the
unit.

Picking out what
is important

from the
textbook/module Q Q o Q Q
and skipped the
rest.

Incorporating
activities (for
example:
problems,
investigations,
readings) from
other sources ta

supplement
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what the
textbook/module
was lacking.
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Answer IfThink about the last science unit you taught. latic.. Picking out what is
important from the textbook/module and skippedése - Of Little Importance Is
Selected Or Think about the last science unit goght. Indicate ... Picking out what is
important from the textbook/module and skippedéseé - Moderately Important Is
Selected Or Think about the last science unit goght. Indicate ... Picking out what is
important from the textbook/module and skippeddisé - Important Is Selected Or
Think about the last science unit you taught. latgic.. Picking out what is important
from the textbook/module and skipped the restry Weportantls Selected

Q4.16 During the last unit you taught, when yoypkid activities (example: problems,
investigations, readings) in your textbook/modwaere any of the following factors in
your decision? [Select one on each row]

The science ideas addressed

in the activities you skipped

are not included in your o o

pacing guide and/or curren
state standards.

—

You did not have the
materials needed to

implement the activities you o O
skipped.
The activities you skipped
were too difficult for your O o
students.

Your students already kne
the science ideas or were
able to learn them without o Q
the activities you skipped.

<

You have different activities
for those science ideas that
work better than the ones o O
you skipped.
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Q4.17 During this unit, when you supplemented éx¢hiook/module with additional
activities, were any of the following factors inyadecisions? [Select one on each row.]

Yes | No |

Pacing guide indicated you
should use supplemental o o
activities

Supplemental activities were
needed to prepare students o o
for standardized tests.

Supplemental activities were
needed to provide student
with additional practice.

O
O

Supplemental activities were
needed so students at
different levels of
achievement could increase o) o)
their understanding of the
ideas targeted in each
activity.

Q5.1 Instructional Leadership



Q5.2 In the last 3 years have you... [Select oneach eow.]

received feedback about

your science teaching from a

mentor/coach formally
assigned by the school or
district/diocese?

served as a formally-
assigned mentor/coach for

science teaching? (Please do

not include supervision of
student teachers.)

supervised a student teacher

in your classroom?

[v2)

taught in-service workshop
on science or science
teaching?

led a professional learning
community/lesson
study/teacher study group
focused on science or
science teaching?

Yes

\[o]
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Q5.3 How often during this school year has eadhefollowing occurred?

Never Rarely (a | Sometimes Often Always
few times (Once or (Once or = (100% of the
per year) twice a twice a occurrences,

month) week) or more often
than once or
twice a
week)
Your school
administrator
discussed
instructional O O O O O
issues with
you?
Your school
administrator
observe your o o o o o
classroom

instruction?

Your school
administrator
made
suggestions
to improve O o) O o) O
classroom
behavior or
classroom
management?

Your school
administrator
attended
teacher Q Q Q Q Q
planning
meetings?

Your school
administrator




333

gave you
specific ideas
for how to
improve your
instruction?

Your school
administrator
protected
teachers from
distractions to
their
instruction?

Your school
administrator
clearly
defined
standards for
instructional
practices.
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Q5.4 How often do each of the following occur iruyschool?

Never Rarely (a | Sometimes Often Always
few times (Once or (Once or | (100% of the
per year) twice a twice a occurrences,

month) week) or more often
than once or
twice a
week)
Teachers
influence
how money is o) o o o o
spent in this
school
Teachers
have an
effective role
in school- o o o O O
wide decision
making.
Teachers
have
significant
input into
plans for O O O O O

professional
development
and growth.

Your school's
principal
ensures wide
participation o) o o o o
in decisions
about school
improvement.

v

Students have
a direct




335

influence on
school
decisions.

School teams
(depts., grade
levels, other
teacher
groups) have O O O O o
influence on
school
decisions?

Q5.5 During this school year have you been obseaneldreceived feedback on science
instruction?

Yes No
Observed during formal
observation Q O
Observed during an
informal or wal!< through o O
observation
Received specific feedback
on your science instruction. O Q

Received specific feedback
on reform-minded science
practices (for example
inquiry, the learning cycle, O O
evidence based responses,
etc.)
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Answer IfDuring this school year have you been observedraoeéive... Observed
during formal observation Yes Is Selected uring this school year have you been
observed and receive... Observed during an infolmnavalk through observationYes
Is Selected

Q5.6 How many times have you been observed dudiegse instruction this school
year?

a) During a formal observation
b) During an informal or walk through obseion

Q5.7 Do any of the following individuals provideiesace-focused one-on-one coaching
in your school?

Yes No
a) The principal of your
school Q o
b) An assistant principal at
your school O O

c¢) District administrators
mclgdmg SC|en.ce o) 0
supervisors/coordinators

d) Teachers/coaches who do
not have classroom teaching o o
responsibilities

e) Teachers/coaches who
have part-time classroom o

o
teaching responsibilities
f) Teachers/coaches who
have full-time classroom o o

teaching responsibilities
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Q5.8 My school’s principal makes an effort to mongtudent progress in science? If

yes, give an example.

O Yes

O No

Q6.1 Assessment

Q6.2 Do you use the following assessment stratégissience?

a) Diagnostic assessments
determine prior knowledge
and misconceptions.

b) Formative or embedded
assessment to make
informed decisions about

their teaching, to adjust the

rate of instruction, assign
remediation activities, and

plan alternative experiences.

€) Summative assessments,
such as end of unit exams.

d) Performance assessment

that allow students to
demonstrate their abilities.

e) Use of science notebooks

g) Student self-assessmern

h) Assessments aligned tc
district or state standards

~—+

Yes

O

No
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Q6.3 Do you make the following changes in wholsglscience instruction based on

data:

a) Change lesson plans tc
place more emphasis in
areas in which the class

scores low.

b) Add more projects and
exercises in areas in whick
the class scored low.

¢) Request additional
supplies or equipment.

d) Re-evaluate textbooks
and learning materials.

e) Discuss curriculum
relevance and alignment
with standards and
assessment with peers.

f) Ask for additional suppor
and ideas from other
teachers or administrators

N

Yes

No
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Q6.4 Do you make the following changes in individstadent science instruction based
on data:

Yes (\[o] \

a) Provide students with
additional assistance durin
class in areas in which they O O

performed poorly

«

b) Provide students with
additional assistance outside
of class in areas in which O O
they performed poorly

c¢) Provide poorly
performing students with
materials on test-taking O Q
skills and strategies

d) Provide high-performing
students with additional,
more challenging projects O O

and/or readings.

Q6.5 The next set of questions will ask you abbatlast science unit you taught:
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Q6.6 How well prepared did you feel to do eachheffollowing as part of your
instruction on this particular unit? [Select oneeath row.]

(\[e] adequatel% Somewhat ’ Fairly well ’ Very well
prepared prepared prepared prepared
Anticipate
difficulties that
students may
have with
particular O O O O

science ideas and
procedures in
this unit

Find out what
students thought
or already knew o) o o o

about the key

science ideas

Implement the
science
textbook/modqle o o) @) O
to be used during

this unit

Monitor student
understanding o) o) O o
during this unit

Assess student
understanding at
the conclusion of Q ©) Q Q

this unit




Q6.7 Which of the following did you do during theit?

Administered an assessme
task, or probe at the
beginning of the unit to find
out what students thought ¢
already knew about the ke
science ideas

Questioned individual
students during class
activities to see if they werg

“getting it”

Used information from
informal assessments of th
entire class (for example:
asking for a show of hands
thumbs up/thumbs down,
clickers, exit tickets) to see
if students were “getting it”

Reviewed student work (fo
example: homework,
notebooks, journals,

portfolios, projects) to see i
they were “getting it”

Administered one or more
quizzes and/or tests to see
students were “getting it”

Had students use rubrics t
examine their own or their
classmates’ work

Assigned grades to studer
work (for example:
homework, notebooks,

nt,

\v

e

==

if

—t

Yes

No

341
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journals, portfolios, projects)

Administered one or more
quizzes and/or tests to assign o O
grades

Went over the correct
answers to assignments,
quizzes, and/or tests with the O O
class as a whole

Q7.1 Conclusion

Q79 Please describe how you implement element@&yse into your curriculum:

Q7.2 This is your opportunity to tell me about ysahool. Why do you believe that your
elementary school has been so successful at cemigysattaining high-achievement in
elementary science education?
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