UCLA

UCLA Electronic Theses and Dissertations

Title
Developing a Culture of Collaboration: An Exploration of Science Literacy at Sunset School

Permalink
https://escholarship.org/uc/item/2r14k6hi

Author
Miller, Tamara Jill

Publication Date
2012

Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/2r14k6hj
https://escholarship.org
http://www.cdlib.org/

UNIVERSITY OF CALIFORNIA

Los Angeles

Developing a Culture of Collaboration:

A Departmental Exploration of Science Literacy at Sunset School

A dissertation submitted in partial satisfaction of
the requirements for the degree

Doctor of Education

Tamara Jill Miller

2012






ABSTRACT OF THE DISSERTATION

Developing a Culture of Collaboration:

A Departmental Exploration of Science Literacy at Sunset School

Tamara Jill Miller
Doctor of Education
University of California, Los Angeles, 2012
Professor William Sandoval, Co-Chair

Professor Eugene Tucker, Co-Chair

This paper presents the results of a study that examined the effects ofnusatig@
research process to explore science teachers' views on scienceg #iteveall as improve
collaboration among department members. Data were collected by doagrbataction
research process and interviewing teachers at a suburban K-12 school in SodifeeniaCa
Findings suggest that teachers' views of science literacy vary moomtext than by individual,

and that collaboration seems to be useful in expanding teachers' beliefs alnmet [#eiacy.



The dissertation of Tamara Jill Miller is approved.

Hilary Godwin
Thomas Philip
William Sandoval, Committee Co-Chair

Eugene Tucker, Committee Co-Chair

University of California, Los Angeles

2012



Dedication

| dedicate this dissertation to my wonderful husband, Jeremy. | could not have gone an

of this without your love and support. Thank you!



Table of Contents

S A ) = 0] =TSPTSRO X
ACKNOWIBUGEIMENTS ...ttt e e e e e e e e e e e e et eeeeatatb b e e e e e e e e eaeaaaeeeeessenrnnnnns Xi
(@ gF=T o] (= g I [ o1 o Yo [1 [ £ o PP 1
Statement of the ProbIem ... s 2
The Problem in @ LOCal CONEXL .......ooo ittt e e e e e e e e e eeeeeaeeees 5
NEEA FOF the STUAY ...t e e e e e e e e e e e e e et ae bbb e e e e e e eeaaaas 6
I L0 [0 |V T (USSR 7
D= 1= W @0 ]| [=Tox 1o o PRSP URPRPPTRPPPPRPPR 7
U o] [ Tol =gV =T (<] o aT=T o ARSI 7
Chapter 2: LItErature REVIEW .......coiii ittt s e e e e e e e e e e e e e e e eeeesaeabnnnn s 8

INtroduction tO LItErature REVIEW ........coeuuiiiiiiiiaee et 8
Assessment Of the ProbIem ... s 9

DefinitioNS Of SCIENCE LILEIACY .....uuuuuiiiiiieiee ettt e e e e e e 11

S I 1 a1 (o] ¢ o%= | PSSR PPPPPPPPPPPPRTRRR 12

Y I (o o | 0% | TSRS 13

S I = 0] o[- PP 14
PrOgreSS IN SCIBICE ...ttt e e e e e e e e e e e e e e e e et e e et e bba e s e e e e eeaeaaas 14
RESEAIC 0N SCIENCE LILEIACY ....uviiiiiiiieii ettt e e e e e e e e e 17
Assessment Of SCIENTIFIC LIEIACY .......cuiivieiei i e e e e e e e e 18
National and International Assessments of SCIENCE LItEracy ........cccovveeeeeeiiiiiiiieeiiiiiiiiiiennn 22
The National Assessment of Educational Progress. ............cceiiiiiieiiiiiiiiicieeiiiiee e 23



L (SN R IS A=) €= 11 1 TR 23

TRE TIMSS EXAIM. ..ttt e e e e e e e e e e e e et e et e abb b a e e e e e e e eeaaeeeeeeeeessnnnnns 24
Science Literacy Levels Of TEACNEIS ... 24
Professional DeVEIOPMENT .........oouiiiiiiiiee e e e e e e e e 25
Science Teacher Beliefs About Nature of SCIENCE ..........evveiiiiiiiiiii e 27
Improving Science Literacy Through Action Research............ccccoooiiiiiiiiiiiciii e 32
(@] o Tod 81510 o R TRR 33

Chapter 3: MethOUOIOQY .......uuuuiiiiiiieie e e e e e et e ettt bbb s e e e e e e e e e e aaaeeeeeeenseenes 35
1 goTo (3 Tox 1 o o ISP 35
Research Design and QUESTIONS .......coiiiiiiiieiieee ettt a e e e e e e e e e eeees 35
Rationale for ACtION RESEAICN ........oeeiiiiiiieii e 37
Description Of INTEIVENTION .......ooiii e e e e e e e e e e e e as 38
Phases of IMPIEMENTALION ..........uiiiiii e e e e e e e e aeeees 38
Y1 LIRS Y= [T 1o PSP PTTR 39
(o] o0 F= 11 o o ISR 40
Y= 10 010111 0o PP UURPPPPPPPRPPRPPPIN 40
The SCIENCE DEPAITMIENT .....euiiiiiie et e e e e e e e e et e e e aaabb e e s e e e e e e eaaeeeeeeessnennnnns 40
Yo o7 ST PP PP 42
Data Collection MEthOdS .........cooiiiii e 43
(T (o0 oIS TS o] SRR 43
INEEIVIBWS ...ttt e e e e e e e e e e e e e ettt et ebet b e e e e e e e e e e e aaaeeeeeeeetbbbnnnnn s 45
Data ANAlYSIS MEENOUS ... e e e e e e e e e e et as 46

Transcription @nNd COOING. .cueeeuiiiiiiiiiaae e e e e e e e e e e e e e e ae bbb eaeaaaeaaeas 46

Vi



Data @NalYSIS MALIX. ...uuuueiiiiiiee ettt e e e e e e e e e e e e e eeeatbbba e e e e e e e e e aaeeeeeeeeesnnnnnes 46

How | coded MY fINAINGS. ....coiiiiieiiiiiiiiee e e e as 47
ELNICAI ISSURBS ...t e e e e e e e e e e e et e e et et bttt b a e e e e e e e e aaaeeeees 48
Reliability and Validity ........cccooiiiiiii e e e e e e 49

Management Of MY FOI. ... oottt e e e e e e e e e e e e eeeeeeeaenees 50

Trustworthiness and Credibility...........oooeiiiiuii s 50
SUMIMBIY <.ttt oottt e oo e ettt oo e et ettt e e e e e e e e e e e e e e e et b e e e e e eeeba e e eaeesann e eaeeennnnnaeeeas 51

(@4 gF=T o] (= g Sl 1T 1] 0o 1 OSSP PPPRPRRRTR 52
g0 To (3 Tox 1 o o I TP 52
Landscape Of SCIENCE LILEIACY ......oiiiieeeiieeiiieieeee it e ettt a e e e e e e e e e e e e eeeees 52
Teachers' VIEWS Of SCIENCE LIEIACY .......ccoiiiiiiiiiiiiiiiiiie ettt e e e e e e e e e eeeeeeneees 53

Teachers' views varied aCrOSS CONTEXL. ......iiiiiiiieieiiiiieiieiiiiiire e e e e s 54

Initial definitioNs Of SCIENCE IILEIACY. .....coiiiii i 55

Initial to final defiNItIONS. ......cooiiiii e e e e e e e e e e aeereananes 57

Variation between sample test questions and initial definitions. ..............cccooeeiiiiiiiiiiiinn, 57
Developing Competencies and ASSESSIMENTS .....oiii it e e e e eeee e 60

Competencies were difficult t0 Create. ..........oouviiiiiiiiiiii e 61
Towards a LOQICAl ASSESSIMENT.......ccoiiiiiiiieiiiiitiite e e e e e e e e et e et eeetbb s e e e e e e e e e e e eeeeeeeessnnnnns 62
Consistent Versus INCONSISIENT VIBWS ........uuuuuuuiiiiiiieee ettt e e e e e e e e e e eeeeeeeeannne 63
Overall Category ASSIGNIMENTS ....u.uuuiiii e e ettt e e e e e e e e e e eeeeesasaeba i r e e e e eaeeaaeeeees 64
Participation iN the PrOCESS ........ooiiiiiiiiiiiiie e e e e e e e e e e e e ee e e eb e es 64
Designing Competency-Based Assessments was Challenging..........cccoooooviiiiiiiiinieeeeen, 65

CUITENT ASSESSIMENT. ...ttt e ettt e ettt et e e e et eaaa e e e eeeeeta e e eeaeesbnn e eaaeessnnnaaeaeennes 69

Vii



LB LU ST ET T STSTo 1 11 | 70

VIEWS 0N COllADOTALION .......uviiiiiiieie e e et r e e e e e e e e e e e eeeeeeennes 72
Collaboration IS USETUL. ........cooiiiii s 73
Value in COIlADOIAtION. ........ e e e e e e e e e e eeeeanes 74
Challenges in COllAbOrating...........ooiiiiiiiieiii e e e e e e e eeeeeeees 77
Facilitating more collaboration. ............oeuuiiiiiii e 79
What they said was different than what they did. ............ccccoooiiii e 80

SUMMANY OF FINAINGS ...ttt e e e e e e e e e e e e e e e eeeeeeerbbnnn s 82

Chapter 5: DIiSCUSSION Of FINAINGS .....cciiiiiiiiiiiiiiei e e e e as 83

g0 To (3 Tox 1 o o IR 83

SUMMATY OF FINAINGS ...t e e e e e e e e e e e e e e eeeeeeeabbnnn s 83

[ o U 1] o] S UUPPPPPPTTPPPOPRPPRR 84
Predominance of rhetorical definitioNS. ...........ooiiiiii e 84
Beliefs expanded for many partiCiPantsS. ..............ioi oo e e eeeeeeeees 85
Variation was Context DASEd. .........ouvuiiiiiii 86
Collaboration was Valuable. ..............uuuiiiii e 87
Challenges to COllabOratioN........ .o e 88

Contextual CONSIAEIALIONS .......uuuiiiiiiiiee ettt e e e e e e e e e e e e eeeeeeaaeb e e e e e e e aeaaaaaas 88
Lack of INCENLIVES fOr CRANGE. ......uieiiieie e 88
UNFre@ZING DEIIETS. ..ottt e e e e e e e e e e e eeaeeenee 89

Teachers did not complete the tasks. ... 90
Independent schools are not always as vested in reform efforts. ...........ccccceeeeiiiininninennne. 92
Reflections 0N INTEIVENTIONS .........uiiieiiie et e e e e 93

viii



Shortcomings Of the STUAY ..o s 94

Recommendations FOr SCNOOIS. ... 95
Recommendations for Further RESEArCh ... 96
LIMItAtIONS OF STUAY ..eveeiiiiiee et e e e e e e e e e e e e r b as 96
GENEIAlIZADIIILY. .. .. s 96
= T LAY/ PR SUPPPPPT 97
(©70] 0 (o1 {1 5] o] o HU PP PP TP PP PTPPPI 97
Appendix A: TIMENNE Of EVENTS ... 99
Appendix B: Research Information Sheet Consent FOrmM..............ciiiiiiiniiiiiiie 100
APPENIX C: GrOUP SESSIONS .....ciiiiiiiiiiiiiiiiiiaa e e e e e e e e e e e e et e e eeeaetb b s e e e e e eaaaaeaaeeeeeessesbnnnnaaaaeeaeas 102
Y151 o] o T A T T T PP 102
Y11 o] o N2 (o U PP 103
SESSION 3 (L NOUE) ettt s e e e e e e e e e e e e e e e e e e e aabrnnaa s 105
Y11 (o] o A o U T PP 107
SESSION 5 (L NOUN) ettt s e e e e e e e e e e e e e e e e eeeaabaab s 108
Appendix D: Final INterview ProtOCOL............ooviiiiiiiiiiai e e eeeeeeees 109
Appendix E: Abstract of JOUMal ArtICIE ...........iiiiii s 110
Appendix F: Electronic JOUrNal PrOMPES ........uuuiiiiiiiiiieeee et e e e e eeeeeeenneees 111
Appendix G: Data ANAIYSIS IMALIX .....uuueiuiiiiiieie et e e e e e e eas 112
REIBIEINCES ...ttt ettt e e e e e e e e e e e e e e e 113



List of Tables

Table 1. Teacher Demographics at Sunset SChOOL.............ooiiiiiiiii e
Table 2. Teachers' Science Literacy Views as Manifested Acrossx@onte...............cccc....... 54
Table 3. Group Generated COMPELENCIES .......cceuuuuuiiiiiiiiiee ettt a e e e e e e e e e eeeeeeeaenne

Table 4. Competency Rankings DY TEACKNET ..........uuueiiiiiiiii s



Acknowledgements

| would like to thank my co-chairs, Dr. William Sandoval and Dr. Eugene Tuckell for a
of their guidance and support throughout my project. | would also like to thank my ceenmitt
members, Dr. Hilary Godwin and Dr. Thomas Philip, for their wonderful suggestiongitovien
my study.

This study could not have been completed without the amazing professors in the ELP
program. | have learned so much about educational theory, qualitative researchgmadddsi
especially leadership.

To everyone else who has supported me along the way, my family, my parents, my

friends, my cohort, and my school, your love and encouragement sustained me.

Xi



1994

1995-1997

1998-2000

2000- present

2002

VITA

B.A. Molecular Cell Biology
University of California, Berkeley
Berkeley, California

Physics, Math, Biology Teacher
Beverly Hills Prep School
Beverly Hills, California

Biology Teacher
Fairfax High School
Los Angeles, California

AP Biology, Chemistry Teacher, Chair
Sunset School
Los Angeles, California

Single Subject Teaching Credential, CLAD

California State University, Los Angeles
Los Angeles, California

Xii



Chapter 1: Introduction

American students are less scientifically literate than students inmdostrialized
nations (Bybee, 1995; Kolsto, 2001; Miller, 1998; Sadler & Zeidler, 2009). Spegifittad|
U.S. is not producing and training enough scientifically literate studenteamoically
proficient people to satisfy American economic and defense needs (Shahn, 198k e
public competence in science and technology has severe social and economiceomesequ
(Mejlgaards & Stares, 2010). As Americans, we need to take a closer looleHette of
scientific literacy on public policy.

Scientific literacy is defined as the ability to read and write abowcei@Miller, 1998).
Similarly, Shen (1975) defined science literacy as the level of understafdingntific terms
and concepts necessary in order to read the newspaper, understand the news, and understand
competing arguments in a scientific controversy. Greenwood and North (1§98y dhat the
growth of U.S. scientific enterprise over the past decades is at t&ingf compromised if the
scientific community does not turn its attention to promoting better sciencetiedumfeour
youth. “As a whole American youth are not learning science well” (Greed & North, 1999,
p. 2073). American science achievement and science literacy scores have droppthaocor
national assessments such as PISA, TIMMS, and NAEP and many of the bess stralent
choosing alternate career paths. Even children who do well in science areassangc
scientifically literate. They may acquire science knowledge and dératanthis knowledge on
Advanced Placement (AP) exams, the American College Test (ACT), anthSiac Aptitude
(SAT) Il tests, but awareness of the implications of science is not theasaiime acquisition of
scientific information. The evidence suggests that this national issue mifsciliteracy may

also be a concern at many public and private schools around the country.



For the purpose of my study, science literacy is defined as the sciencarskills
knowledge that one needs to navigate through life and fully participate in the démpucess.
This includes the ability to make good health choices, vote responsibly and knowledgably on
science related matters, to elect officials that support progress on igshes stem cell
research, biodiversity, sustainability, and climate change, and understammesn the media.
Science literacy is the ability to use one’s science knowledge to solve psadntenanalyze real
issues.

In this study, | brought together a group of science teachers to elieifsbatiout science
literacy, and to measure those beliefs and perceptions over time as we abltalyoworked
together to discuss curriculum that enhanced the level of science litétaeystudents, and
how we could assess this level of literacy. A major goal of my studyavaevelop
competency-based assessments, in collaboration with members of a dejgsntent, at a
secular private school in Los Angeles.

The following research questions guided my study:

(1) What are science teachers' views on science literacy?

(2) How do science teachers' views on science literacy manifess aliffesent contexts

of teaching: planning, instruction, and assessment?

(3) How does collaboration around the context of planning, instructing and asgessing

science literacy influence teacher's views on the nature of their work?
Statement of the Problem

Scientific Literacy has not been well-defined since the introduction ofotiheept almost
sixty years ago (Hurd, 1958). While science literacy is one of the goalents education and

the new idea behind science reform, it is still vague to many educators and @EkeEgm



Science became a part of the school curriculum in the 19th century because of this ragde
by the scientists themselves, in order to add the "inductive process of observiatutiaéworld
and drawing conclusions from it" (DeBoer, 2000, p. 583). These scientists feltthieapeople
had an attitude of independence they would be protected from the "excesses oy arbitra
authority" and they would be able to participate more fully within the socied€re 2000).
John Dewey further supported the view that science knowledge gave individuals thégpaegter
individually. "Whatever natural science may be for the specialisgdocational purposes it is
knowledge of the condition of human action" (Dewey, 1916, p. 267). By the 1930s peoples
understanding of science was important for effective living, human progresssaras a
cultural force (DeBoer, 2000).

After the launching of Sputnik in 1957 the public attitude in the U.S. about science
changed. Rather than being concerned about science literacy, people becaownossred
about content knowledge. Very few people were concerned about science &dittoetiae
daily life of the students. It became a race to achieve in order to put theouUn8ydack on
track both economically and militarily (DeBoer, 2000). John Dewey believedhthat t
application of science is the change that overshadows and controls all otherghisThat
revolution should not affect education in some other than a formal and superficial fashion i
inconceivable" (Dewey, 1902, p. 9).

According to Hurd (1970), it was crucial that the relationships between science,
technology and society be as important as the processes of sciencedns aitinur democracy.
By the 1980s, the National Science Teachers Association (NSTA) had ad@ostan
statement calleBcience-Technology-Society (STS): Science Education for the IB@8gaper

summarized the need for science education to prepare students for thelagViens by



contextualizing the material and preparing them to make decisions about selated social
issues. Unfortunately, the many critics of the NSTA STS position on sciencatieduelt that
science would lose out to technological issues. "Social issues do not convey any rea
understanding of the structural integrity of science and the basics sinmilgebtaught”
(Kromhout & Good, 1983, p. 649).

Science content versus science-based social issues has been a majorcesshe si
inclusion of science in the educational curriculum. There have been multipla efforts to
either improve what students know or how they can apply what they know to live in a
democratic society. Project 206$sience for all Americansas published by the American
Association for the Advancement of Science (AAAS) (1989) in an effort teeeadience
literacy by clarifying the goals of science education. The themespedsa this new reform
included retraining teachers with the appropriate skills needed to teachesce@nping
textbooks to match current science objectives, and changing the systengtoze toe
importance of science education for our youth. The learning outcomes proposed ingkided f
criteria: (a) Does the content enhance one's long term employment pr@syuktis ability to
make long-term decisions? (b) Does the content help one to participate intiiligenaking
political decisions involving science and technology? (c) Does the contemtpspects of
science mathematics and technology that are so important in human history masoeen
our culture that a general education would be incomplete without them? (d) Does thé conte
help people ponder the enduring question of human existence? and (e) Does the content enrich
children’s lives at the present time regardless of what it may lead teriifie? (AAAS, 1989;

cited in Deboer, 2000)



Similarly, in 1996 The National Science Education Standards (NSES) watectcte
clarify the goals of science education. These goals were an expamnsied o the learning
outcomes presented by AAAS.

Science literacy means that a person can ask, find or determine ansyersttons

derived from curiosity about everyday experiences. It means that a pessibie ladility

to describe, explain, and predict natural phenomena. Scientific literadg éeiag able

to read with understanding, articles about science in the popular press and to engage in

social conversation about the validity of the conclusions. Scientific litemgaijels that a

person can identify scientific issues underlying national and local decaoinsxpress

positions that are scientifically and technologically informed. (NSES, 192@) p.

The National Institute of Health (NIH), the National Science Foundati®@FjNhe
National Academies of Science (NAS), and the Public Understanding of &¢US) have
also explored criteria to improve national levels of scientific literadyimétely, the consensus
among the sources listed above is that a scientifically literate indivadudt be able to
evaluate the quality of scientific information based on its source and the methobdsbytwas
collected. Furthermore, science literacy includes the capacity gvitsnce appropriately
when evaluating arguments.

The Problem in a Local Context

While there are varying assessments to measure science literaicy adults, there are
only a few tests that examine high school students' level of scientifachteOf those tests that
measure high school students' science literacy, such as the PISA exam, henetake into
account the multi-dimensional construct of science literacy, which inclbdestabulary of
science, an understanding of the process of science, and an understanding ofcthef impa
science and technology on individuals and society (Miller, 1998)

There are no assessment instruments for measuring the level ofisdiggrticy among

high school students in the U.S. Sunset School prides itself on being an academiomstéatit



matriculates all of its students to colleges and universities and preparesutfieiently to
participate in the democratic process. Science policy will undoubtedly beoafowjs of our
technologically advancing society. Therefore, Sunset School wants to makieasutrés
preparing its students for the science literacy required for civic dseoliris important that the
curriculum and coursework are truly preparing students for their future. nilysithe science
department has no tools to measure the level of scientific literacy thatdeats have attained
in their three-year science sequence.

As the number of public policy issues involving science and technology increases, it
becomes even more critical that students attain an adequate level dfictienacy (Miller,
1998). Most schools focus on science knowledge acquisition, and a disconnect rema&ies betw
the teaching of science and actually preparing students to be consumessad.sci
Need for the Study

The purpose of this qualitative action research project was to engage a graepad sc
teachers in a collaborative action research project to measure thes betigherceptions about
science literacy and ways to assess this literacy among the populatiotenitstuldeally,
thinking about assessment differently would lead to a different type of instraetd improved
scientific literacy at Sunset School and beyond. There were severabparssstudy. The first
part of the study allowed me to collect pre-test data on science teachty dlmbut science
literacy. The second part was an ongoing measurement of these belietsatiety have
changed over time. An ongoing part of the study was collaborative work armeatierc of

competency-based assessments, which measured the science liténacstudents.



Study Site

| conducted my research at Sunset School, which is located in Los Angéifesni@a
There are 12 science teachers in the upper and middle division science departreentre
approximately 115 students per grade level in the upper division (grades 9 to 12). The
mandatory science sequence is physics, chemistry, and biology. Approxig@@®elyf students
take more science courses than are required for graduation.

Sunset School was the sponsor of this action research project. The school fully supported
my collaborative action research study, which engaged teachers in discassiohscience
literacy as well as activities to create new assessments.
Data Collection

| met with the members of the science department during the August 201¢ioe-sed
continued meeting monthly through December 2011. Final interviews took plaeee@mber
2011 and January 2012.
Public Engagement

Hopefully, the data gathered during the course of this action research prdjbet wged
to inform Sunset School and other schools on how to best engage a group of science teachers in
an action research project designed to expand beliefs and perceptions about ssiaogaiht
create competency-based assessments to measure the level of geracge Ultimately, this
study was in an effort to improve a science program and practice by haachgr collaborate

around the context of science literacy.



Chapter 2: Literature Review

Introduction to Literature Review

The sudden appearance of Sputnik in 1957 catalyzed an enormous national effort to win
the space race and improve mathematics and science education in the U.S12\#ddrs, the
U.S. had landed on the moon. Unfortunately, the U.S. has not sustained this intensitca scie
education. According to the National Assessment of Education ProgreEPJNA1996, less
than one third of Americans scored at or above the proficient level in sciencelSFhexam,
which tests for science literacy, the ability to identify and explaensific phenomena and use
scientific evidence, displays almost equal results. Fifteengldatudents in the United States
had average scores on the combined science literacy scale that welselslightthan the
Organization for Economic Cooperation and Development (OECD) average scores. U.S.
students scored lower in science literacy than their peers in 16 of the other P9 OEC
jurisdictions and 6 of the 27 non- OECD jurisdictions (PISA Results, 2006). Over the past 30
years, the United States has not seen an improvement in these scores.

Science reform efforts, as a means to improve science literacy have besmgdogthe
past century. Unfortunately, redesigning curriculum has had limited successtdee t
conflicted meanings of scientific literacy. There are sevecalrag themes in the literature on
science literacy.

This literature review explores the history of science literacy in thedd.@ell as
examining multiple perceptions and definitions of science literacy. In additdiscuss the
different ways that science literacy is measured nationally anaati@nally, and how schools

can begin to assess their own students’ levels of scientific literacy.



The literature review also discusses science teachers' béloefstae nature of science
and how these beliefs influence science instruction and assessmentrnfanghé will discuss
science teachers' level of science literacy and its impact on tilndénss' level of science
literacy.

My research questions address the importance of action research as a priotess/ée
department engagement and ownership of competency-based sciencedsgsessynents.
Because of the nature of action research, it is possible to create sustelrzaige when
individuals at a site create and implement their own ideas rather than accepplkendeint the
ideas of others (McNiff & Whitehead, 2007). Action research works on the prentise tha
individuals actively working in an organization are the best source of knowl@thges, action
research at my site begins the process of sustainable change thranghess and acceptance
of the issue of scientific literacy.

Assessment of the Problem

Multiple books and journals have addressed the issue of the lack of scientifaylitera
the U.S. over the past several decades. Furthermore, there have been manthatughelore
ways to measure the level of scientific literacy within and between populafitiier (1998)
created a civic scientific literacy measure to estimate the pegeeotadults who were very
well informed, moderately informed, or uninformed on issues involving science. Ryder (2001)
synthesized thirty-one studies, categorized by discipline and setting, oféhsfe knowledge
needed by individuals to function in their daily lives. Ryder’s analysis of the stwd guided
by the question, "What knowledge of science is relevant to those individuals not profgssional
involved in science?" Specifically, each study examined what specific edirowledge did

the individual need to apply in that setting or discipline in order to make an adderate



behavioral choice or engage with the science. Ryder (2001) stated that in manstudigethe
individual needed more than just empirical data to interpret the event; they needéztigeow
sources that came from being able to analyze sources and data (sciterafig )i

Similar to Ryder, Carl Wenning (2007) developed a physical science ingsirgdsed
on the assumption that science inquiry is a strong component of science |aectyat if the
main goal of science education is the attainment of science literacy thamdeels to be a way
to accurately measure scientific inquiry. His framework included the eliffetages of science
inquiry according to intellectual maturity of the student. Students could developsedre
understanding through successively more complex forms of inquiry (Wenning, 2007).

The Scientific Inquiry Literacy Test (ScilngLIT) was developeddayl Wenning in
2007 using his science literacy framework. Forty multiple-choice qussivere generated by
several physics teachers who were familiar with the sciencechtéi@nework. The test was
piloted to 425 high school science students at five different high schools in Illiffeéstest was
given under pre and post-test conditions and served as a diagnostic tool to assessesaakness
student understanding, improve instruction, and measure program effectiveness. Wenning
(2007) acknowledged that the SCilngLIT had limitations due to its multipleeHhormat,
paper-pencil aspect. He stated that a more authentic measure of swemyewould be one
that utilized manipulatives. The assessment, if created well, could have ipagtsion
curriculum design and instructional practice (Wenning, 2007).

The Programme for International Student Assessment (PISA) examnsayieey few
years to 15-year-old high school students throughout the world in order to measusyéheir
scientific literacy. Sadler and Zeidler (2009) explored the PISA examiirstbdy on the

Assessment for Progressive Aims of Science Education. They examirfe&fexam through

10



the lens of the Socioscientific Issues movement (SSI). The PISA andlteee®bwell-aligned
in general terms; however upon closer inspection, many of the PISA questiongusisem
removed from the goals of the SSI movement. The PISA exam does not reflecipitesgive
nature of science, which is one major goal of science literacy (Sadlerdfer, 2009).

The PISA exam approach to testing science literacy is through examiastgrynof
science processes normally taught in school, which all students should be faithli@autier
& Rayou, 2009). "But can literate competencies be reduced to what has been leaohedi?"
(p. 359). Bautier and Rayou (2009) examined the ways in which culture and sooralizati
revealed themselves in student responses on the PISA. After their apébtsident responses
as they related to cognitive competencies and ways of being in the world and iedgewl
Bautier and Rayou were able to establish profiles of students for whomylitenapetencies
were only one component. Many times students performed better on the PISA eaaselwéc
their life experiences and opinions, rather than their application of scienceekigewIThe
conclusion of the authors is that the PISA exam does not necessarily measurésvgugposed
to measure with regards to science literacy.

Definitions of Science Literacy

The term scientific literacy emerged in the late 1950s when Paul Hurd usdulsit i
articleScience Literacy: Its Meaning for American Sch¢blsBoer, 2000). Hurd suggested that
the science curriculum needed to be "culturally based and in harmony withriieenporary
ethos and practice of sciefiqélurd, 1997, p. 407). He also emphasized the importance of
closing the gap between the wealth of scientific achievement and the povectgrific
literacy in this country (DeBoer, 2000). Since then science literacy has ewdde many

ways by various interest groups. Because there have been different meadingesaof the
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term science literacy since its inception, there have been mixed approaatiesda seform,
science education, and science assessments (van Eijck & Roth, 2010). Deboer (1991) and
Roberts (1983) tried to consolidate the public understanding of science literady waitkes by
creating a database of interpretations of scientific literacy.h8Yate 1960s, science literacy
became known as an umbrella term for everything in science education (tau2B80).
Feinstein (2011) created a useful framework to organize the different idenif science
literacy into three broad categories. He used the science litetagpdas SL-rhetorical, SL-
logical, and SL-empirical to taxonomically group the definitions. In order to staohel the
groupings, it is important to define the categories.

SL-rhetorical.

The SL-rhetorical supports definitions, which discuss conceptual change, med#ds,
and progressions. It accepts, a priori, the relevance of particular conetrskiis, but the
descriptive question of "What does science literacy look like" is asked dadiyrivithout any
supporting evidence of its useful nature (Feinstein, 2011). This category includégdsfthat
support conceptual change in science. This model does not really answer whatlgeraioy
is, rather suggests that particular skills and concepts taught will contidbarteatever science
literacy may be. Itis not clear whether the skills taught using this racelelven useful beyond
an educational setting. This model is frequently seen in education when teaclieassigiance
course from a book and hope that at the end the students are scientifically gisratthough
there is no starting definition, and no clear path to achieve literacy. Reseglels an
conceptual change and mental models in science education fall in this caesgprgethey fail

to prove that a particular construct will even be useful beyond the classroom.
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SL-logical.

The SL- Logical category supports science literacy in the formgohagntation, nature
of science, and socio-scientific issues. It logically deduces the kehgevind skills that can be
attributed to science literacy, and it accepts a particular descriptiorentsc The SL-logical
model provides a clear, more-detailed than the rhetorical description ofestitereccy and this
description is connected to the usefulness of science in a students' daily life.

One component of SL-logical model of science literacy is scientifiecighip.
Scientific competence is both the objective knowledge of scientific informationubjetsve
interest in science related themes. A lack of this public competenceveasdvare social and
economical consequences. A democratic society, where everyone has equal digsorards
to support adequate knowledge of science and technology. A lack of public interest and
understanding of science makes it difficult to keep economic pace because melonger
sustain and develop "systems of innovation" and the new technologies on which our economy is
based. The new and evolving science programs are those that increase pubpatpantrather
than public competence (Mejlgaards & Stares, 2010). This can be described aplkhe pe
"speaking back" to science rather than a traditional one-way disseminéfacts and
information (Gibbons, 1999). All citizens need to participate in all aspects ofiBciand
technological debates (Jasanoff, 2004).

Scientific citizenship as defined by Irwin (2001) is a two-dimensionalglegrand
balance of both participating in science and having the appropriate knowledge oé.scien
Scientific competence allows for greater participation in societyr(Jr2001).

Continuing within the SL-logical category, Pella (1966) summarized the sicelhyi

literate person as one who understands the "interrelationships of scienceietytl thecethics
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that control the scientist in his work; the nature of science; the differengedrescience and
technology; basic concepts in science; and interrelationships of sciende dnahtanities” (p.
44). Similarly, almost 25 years lat&gience for all American®AAS, 1989) defined a
scientifically literate person as

One who is aware that science, mathematics, and technology are interdépende

enterprises with strengths and limitations; understands key concepts andgsio€tipl

science; is familiar with the natural world and recognizes both its diyersd unity; and
uses scientific knowledge and scientific ways of thinking for individual and social

purposes. (AAAS, 1989 p. 4)

Pella’'s conception of science literacy was aligned with the Stdbgiodel and differed very
little from Hurd's conception of science literacy.

SL-empirical.

The SL-empirical approach to science literacy focuses on nascenbtraditiscience in
everyday life. It identifies skills and attributes based on "in situ” studyeteficience literacy
based on how science is useful in everyday life, and supports it with evidence. Unoherdislis
there has been consensus that scientific literacy is something that'smotbed in the wild,"
specifically nature and the environment that we share with others (van Eijokh%&Z010).

This type of science literacy involves real world problems that are solved iarttextof the
specific problem, such as having a child with Downs Syndrome, where the parent must
simultaneously understand the disorder, the implications, and the treatment.

Progress in Science

Progress in science depends on the public's perception and support of science education
and research (Laugksch, 2000). Many demands are placed on citizens that régejre a

understanding of scientific knowledge. How scientific literacy is ddfadepends largely on the

conception of how researchers think about learning science.
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Throughout the 1970s and early 1980s, science literacy began to follow the Sl-logic
model and became much more related to science in its social context. It becaasingly
important that the interrelations of science, technology and society be eérepheasd not just
the content and processes of science (Gallagher 1971; Hurd, 1970; NSTA 1982). Hawéver, s
interrelationships were controversial because they emphasized the saeskisd not the
disciplinary content.

The National Science Education Standards (1996) were the government’s approach to
science education reform and literacy and included a section outlining spentiatcstandards
for attainment of scientific literacy. The document highlights the followoas for science
literacy:

Scientific Literacy means that a person can ask, find or determine arieweesstions

derived from curiosity about everyday experiences. It means that a petberaasity

to describe, explain, and predict natural phenomena. Scientific literaclg &eiag able

to read with understanding articles about science in the popular press and to engage in

social conversation about the validity of the conclusions. Scientific litemgaijels that a

person can identify scientific issues underlying national and local decaoinsxpress

positions that are scientifically and technologically informed. Séiehteracy also

implies the capacity to pose and evaluate arguments based on evidence and to apply

conclusions from such arguments appropriately. (National Science Educationr@&anda

1996, p. 22)

According to the SL-empirical concept, science literacy involves infemeaning from
text as well as interpretation, analysis, and evaluation. It is dependent oheviedder brings
to the task. Itis also important to note that students who score well on testaioé scie
knowledge do not necessarily do well on tests that measure their capacitypieirgeience in
the media and to decipher between strong evidence and unsubstantiated claimganade b
author (Norris & Phillips, 1994; van Eijck & Roth, 2010). Furthermore, there has been a push by

some scientists is to "salvage" science literacy by helping students beacmpetent consumers

of science via connecting their science education to real life experigmestein, 2011). Itis
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argued that most science education today shows little evidence of helping peopédter,
happier lives, yet one should still reflect on the usefulness of science itifdailiy fact,
Feinstein (2011) focused his analysis on the "usefulness" aspect of soibrgdefinition of
science literacy. He argued that science education should help people solvelgersonal
meaningful problems in their lives, influence their political decisions, help themsgeurity
and material items, and guide their behavior.

Feinstein's push is to transform science literacy from a bunch of paditbggins to
something tangible and worthy. His study presented two questions "What does diteracy
look like?" and "What must people know or be able to do to be science literate?"giReinst
2011, p. 3). The first question is inherently descriptive, while the second question ippvescri
The connection between the two involves taking a backwards approach of looking at mnprogra
and seeing what kind of science literacy it produces. This type of empiricabapps rare in
science education. The descriptive and prescriptive questions can be usemdtzeateust
science education into the three categories: SL-rhetorical, Stalpgnd SL-empirical. Science
educators do not promote all science literacy practices with equal energthieutsupport
certain practices that emphasize socially valued ends (Feinstein, 201i%;&Bhillips, 1994).

How science literacy is defined is quite important because if it is definedyas onl
concepts, facts and processes (as many texts and authors define it) thergeipartion of the
interconnectedness of science to society that is lost. Furthermore, it candxkthag science
literacy can be spotted "in the wild," which refers to real world usesearicei Therefore, if the
purpose of science education is to create a scientifically literate gopulae must improve the

SL-framework to increase scientific literacy in everyday life.
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Science illiteracy is a national problem. If a large percentage giojhaation is not
scientifically trained, our country's technical and defense needs will besatvaffected (Hurd,
1970; Lederman, 1998; Miller, 1998; Shahn, 1988). But more importantly, people who are
science illiterate are deprived of their wider citizenship roles, inclutieig ability to
understand our increasingly technological world, make informed health and ergfiriathm
decisions, and think clearly (Shahn, 1988). Therefore, "literacy" as the abilibgerstand is
different than literacy as knowledge. More emphasis needs to be placed on tha'student
development of higher-level cognitive skills and the process necessary tedhgae science
literacy skills. Science literacy requires the ability to relatettange phenomena, make use of
the language of science, and sometimes the mathematical reasoning.pf@wees literacy is
defined, its meaning can drive curricular change and provide a basis fanasse&Shahn,
1988).

Research on Science Literacy

Science Literacy has been the focus of multiple research studies ovesttb® paars.
“The science community must take advantage of growing public disstitsfadgth the current
education system and ask how science teaching and learning can be trahstarshert,
scientists must mount the next campaign” (Lederman & Malcolm, 2009, p. 1265). Accturdi
a survey created by Jon Miller (1998), vice president of the Chicago Academymfesgienly
1in 11 Americans is well enough informed to participate in a dispute involving a cisstie.
As Americans, we need to take a closer look at the effects of public policy orifisciketacy.
Greenwood and North (2009) argued that the growth of our scientific enterpnsb®past
decades is at risk of being compromised if the scientific community does mdastattention to

promoting better science education of our youth. Also, the high school science books are
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inconsistent as is the preparation of science teachers (Brossard &&ha2@06; Laugksch,
2000). “As a whole, American youth are not learning science well” (Greenwoaatt,N2009,
p. 2073). American science achievement scores have dropped according to naBsaalads
(PISA, TIMMS, NAEP) and many of the best students are choosing altearaty paths.

Experience and education, both formal education and informal acquisition of knowledge,

provide people with a lens through which to perceive the world around them. As the

scientific and technological influences on society become more prevalsititbcome
increasingly important to help the citizenry develop a scientificallypsleas to the

world. (Greenwood & North, 1999, p. 2074)

American schools have witnessed a decrease in academic performansealpealt
areas. In comparison to other countries, US academic performance ranks low.. 1h€007, t
International Mathematics and Science Study (TIMSS), was conducted witlsasenti®nal
study of 50 countries (TIMSS, 2007). The results from the science and math stully of 12
graders from each country placed U.S. students near the bottom. The results o¥the stud
comparing the students in advanced placement physics and advanced placememnkethth ra
U.S. students near the bottom as well, indicating that even our most gifted aretitatadents
are not well served by our education system (Fensham, 2009; TIMSS, 2007).

Assessment of Scientific Literacy

The ways in which science literacy has been measured have varied sinceathe te
inception in the later 1950s. Historically, there have been three main interest groups
sociologists of science or scientific educators using a sociological apgmacience literacy,
social scientists and public opinion researchers, and mainstream scieheesté@mssard &
Shanahan, 2006; Laugksch, 2000). The assessments measured by the sociologichllepmoac

used standardized questions and survey methodologies to observe people's understanding of

scientific constructs. When the respondent's knowledge matches what the de@erts
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important, they are called scientifically literate. The main waydesssthis type of literacy is
through qualitative methods, such as case studies that use participant observaioiesys)t
focus groups, and questionnaires on specific issues. The method of assessifig bt2estly
from the public opinion researchers differs from the sociological approach andehasitmeed
the "deficit" model, which measures what people do not know. These researchargeisedle
samples, standardized questions, and survey techniques to obtain their data aboitytbe abil
the participant to describe and compare trends with respect to content knowledgeuates atti
toward science. The benchmarks for science literacy that were proposedAAAS are often
used as a representative set of questions to assess this knowledge. The thirdrotgrest
science educators, has not measured science literacy in a composite manne

Building and expanding on the necessary knowledge identified by the AAAS, Miller
(1998) created a set of basic scientific constructs that are important é&stamtling
contemporary issues and yet still have the durability to last, as opposed fic $pens. The
"nature of science" (NOS) is associated with Miller's third componenteasfcliteracy, the
impact of science and technology on society. This is closely related to thedvESemt.

A very important characteristic of a test instrument is its abilityg¢asure what it is
intended to measure (Laugksch & Spargo, 1996). The NSF's scale is the mostiadel
public scientific literacy instrument based on the U.S.’s most current approaseérttifis
literacy. Broussard and Shanahan (2006) stated that there were 31 ternes¢batraonly used
in the media, and that rather than solely using the NSF assessment, they demidat ttheir
assessment on the basis of the collective social decision making of the Avealiaer criteria
for creating a strong assessment is the degree to which it can be appleessioudtural settings

(cross cultural validity) (Mejlgaards & Stares, 2010).
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In one international study cited by Mejlgaards and Stares (2010) in the Public
Understanding of Science, the authors tried to construct solid indicators oijpaéidn and
competence in science. The quantitative study posited that there was aatiassoetween
survey items and two elements of scientific citizenship, participation and cmpetThe
authors used the association between survey items to hypothesize the lablgsvtrat lay
beneath the survey questions. This latent variable approach was useful bezapsaacilly
allowed the data to speak for itself. However, this method can be problematic ibeause
relationship between survey items becomes probabilistic rather than aes&omivhich can
increase the possibility of measurement error. The five types of coropetene: very
interested and very well informed, very interested and moderately watlnefl) moderate to
all, moderately interested, poorly informed, not at all interested, poorlynefbr Interestingly,
the authors concluded that efficacy follows interest. They questioned whethey aavnterest
in science leads to being well informed in science. (Allum, Sturgis, Tabp&rBrunton-Smith,
2008). This is a key point when examining high school functional science literacpcécie
departments may find that the students who score higher on the instrument of essbasma
higher vested interest in science. And if so, should departments be focusing on what is
interesting and relevant in the classroom as a means for increasegyefhe authors indicate
in their discussion that finding a set of indicators for scientific citizenshipdvoeg¢d many
more in-depth assessments involving both quantitative and qualitative approadimaately]
Mejlgaards and Stares (2010) determined that there were two categ@eentfic citizenship:
highly participatory and highly competent (mobilized citizens); and the detadiwens who
are neither informed nor interested in participating in science, therebyirentiheem

marginalized in the knowledge society.
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Similarly, another study conducted in 2008 constructed a meta-analysis of tite scie
attitudes and knowledge across cultures. Their study yielded similaoddgglgaards and
Stares' study in that there was a positive relationship between gattirekes towards science
and general knowledge of scientific facts. Furthermore, they found that thisn&gp varied
little across cultures. The impetus for this study was to understand whgesaras becoming
less of a "force for good" in America and Europe. The authors posited thkeptiegism of
science among the public and officials is one contributing factor to majoindutsding for
science and technology programs.

Early findings of previous studies indicated that the low level of basic textbook
knowledge about science lead to the decrease of a scientifically literate pihis was seen as
the "deficit model," which was defined by Sturgis and Allum (2001) as the resstia science
and technology supported by ignorance, superstition, and fear. As examples, leehtlaag the
public's doubts about nuclear energy and genetic engineering stemmed fzenstitiability to
grasp the science upon which they are based. Interestingly, empirical evVildenanost of the
studies points to a weak correlation between knowledge of scientific facts andspsoaed
positive attitudes toward science. Sturgis and Allum stated that the ln&risveaker for
technologically related topics. Citizens' perception of the "riskiness fmtgbof medical
applications and biotechnology is also determined by their understanding of thigingde
science. Overall, attitudes about science are more positive when indivicuaisra
scientifically literate (Allum et al., 2008; Mejlgaards & Stares, 2010le¥)ilL998).

Another approach to assessing science literacy was done by using a 12ryegraghic
study of citizens and scientists approach to solving a community resource dileifine

problem presented by the study transcended any one discipline of science and iavolve
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collective endeavor of individuals to solve the problem. This case study approasth treat
scientific literacy as a dynamic multi-faceted process ratlaer sbts of knowledge contained in
one individual (van Eijck & Roth, 2010b). In this study, the resource problem was solved;
however, it could not be pinpointed to a single individual. Van Eijck and Roth (2010)
concluded that scientific literacy was the outcome of a collective ggacavhich the scientists
spoke so that the residents could understand and the residents spoke so that thecsmihtists
understand. Each side had to communicate in a common public discourse. This is described as
the emerging scientific literacy, which is situational in nature. Thebemutited another
example of a seminal study where the navigation crew of a US navy kieds®l coordinate
their actions to do what would be nearly impossible for them individually. "The tdtima
navigational knowledge involved computational and cognitive properties that were mgesh la
than any single individual" (Hutchins, 1995; cited in van Eick 2010, p. 186). In the same way
that the crew could not navigate individually, neither do individuals in society. The knewledg
of experts, and residents are necessary for the mobilization of sciktetiicy, and scientific
literacy is achieved through the group rather than just the knowledge of the individual.
National and International Assessments of Science Literacy

There are several national and international assessments aimed atngesaseinice
literacy. On closer inspection of these assessments, it is clear thatithaylpmeasure the
knowledge/content-based material, and in some cases the process of deieugeds well. It
is estimated that 90% of all standardized tests focus on the recall ofesicitmimation (Shahn,
1988). Some of the assessment scores mirror the government's and public's deenyifot sci

illiteracy, indicating that American students are falling behind other indlis&d nations, while
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other assessments say American students are proficient. It is alsoepthedilsbme of the
international measures do not accurately measure literacy.

The National Assessment of Educational Progress.

The National Assessment of Educational Progress (NAEP) was seapddted in 2009
to reflect recent developments in science, curriculum standards, assssanaeresearch.
Because the new assessment is so different from past NAEP asses&sgltds;annot be
compared to previous results. The NAEP is similar to other international assesgmthat it
has a series of multiple-choice questions that assess student knowledge efauienc
technology. The NAEP test also includes nature of science themes and handerarapee
tasks, which require students to perform experiments and analyze data.

Thirty-four percent of fourth-graders, thirty percent of eighth-graders vegrty-one
percent of twelfth-graders performed at or above the proficient level,rdgratng competency
over challenging subject matter. Seventy-two percent of fourth-gratktysthsee percent of
eighth-graders, and sixty percent of twelfth-graders performed at or HimBasic level in
science in 2009 (NAEP, 2009). Of all seniors who took the exam, those having taken physics,
chemistry, and biology did better on the assessment than those students who too&uesgsr ¢
and less advanced coursework.

The PISA exam.

The Program for International Assessment (PISA) exam comparegsiedatkevels of
reading, math and science literacy across nations. The target populatieyear-thd students.
It is considered to be one of the most comprehensive assessments because it ask$ostude
apply their knowledge to real-life situations (Bautier & Rayou, 2009). Tlentreelease of the

2009 scores has been highlighted by the Obama administration as an example afghe U.S
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mediocrity in science education. While other countries have shown signriecamt
improvement in scores, the US has continued to stagnate, ranking 17th out of 34 irmhdstriali
countries.

The TIMSS exam.

The Trends in International Mathematics and Science Study (TIMSShrsimPISA,
measures the science learning of students in grades 4, 8, and 12, in spe@fioekscihe
written examination is composed of multiple choice, essay, drawing, graphing, antcalime
manipulation. The TIMMS identifies knowing, applying, and reasoning as the thneié\eog
areas that are measured (IES, National Center for Educations &thtisti

The results of these tests put American students at roughly the middle to theibottom
comparison to other industrialized nations. It has been argued that the U.S sareicalum is
a mile wide and an inch deep and that any international assessment that asksléptla of
subject matter will yield abysmal results. Furthermore, sciemobees are not equipped with
the knowledge base to teach the material at the depth required for good teachtangemtd s
learning (Abd-El-Khalick & BouJaoude, 1997; Hashweh, 1985).

It is debatable whether the international and national tests designedsiorens@ence
literacy actually measure what they are intended to measure. It ishaedre U.S. is in the
middle to the bottom of the ranks of other industrialized nations. Therefore it is imtdorta
look at factors that contribute to students' literacy, such as teachelsoeMeracy and
teachers’ beliefs about the nature of science.

Science Literacy Levels of Teachers
Strong teaching requires a deep knowledge of the content being taught (Bishop &

Denley, 1997). Teachers that are supposed to teach for a high level of sciésr#ny lamong
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their students need to be highly literate themselves (Abd-El-Khalick&l&ude, 1997; Ball &
McDiarmid, 1989; Willcuts, 2009). The process begins with a comprehension of theamateri
followed by a transformation of the material into forms that are understandatbleibstudents.
After comprehension and transformation, instruction begins. The methods of instruetion a
dependent on teacher knowledge and understanding of the material. The next steptisrgvalua
which also requires a firm understanding of the material. Finally, the tezarheeflect on the
lesson and assessment, which also requires content specific analyticadgeAbd-El-
Khalick & BouJaoude, 1997). Inadequate pedagogical knowledge of the teache¢o leads
learning difficulties of students and deficits in teaching strategiek(Bo& Nafiz Kaya, 2008).

Research suggests that a teachers' body of scientific knowledge seaviemnaswork to
teach, answer students' questions, clarify information, and learn the procesaa#.s@ his
body of knowledge should be part of every science teachers' preparation (Anderson, 1987).
Teachers that are lacking in their knowledge base due to inadequate preparationvholsbwai
about the nature of science, and do not understand the structure, function, and development of
their subject (Abd-El-Khalick & BouJaoude, 1997). Furthermore, the years afenqes the
grade levels that they teach, and their level of education do not always heset aettition to
their knowledge base. This suggests that teacher preparation programshatpingtteachers
develop their knowledge base.
Professional Development

In an effort to improve science teachers' practical knowledge of sciencesoofl-
development programs need to be implemented and sustained. Improving teachiagnamgl le
depends on sustained high quality professional development (Darling-Hammond, 1997).

Teachers' practical knowledge includes the teachers' beliefs and knowbedgéawv they teach

25



and what they teach, and this practical knowledge is largely dependent on exp@aenDriel,
Beijaard, & Verloop, 2001; Willcuts, 2009). The types of professional developmertstsat
that have been most successful in creating lasting change are netwiriglgaeer coaching,
collaborative action research, and case studies. Furthermore, reforotspneged to be
documented to enhance the chances of successful implementation for futuretsaienees
(van Driel et al., 2001).

Teachers' knowledge plays a role in classroom instruction and assessnekitouBe
(1990) found that there was a link between teachers' views of the growth offisdiaiotiviedge
and the way in which they helped students construct their own knowledge of scidmecthree
forms of content knowledge are the pedagogical content knowledge, curricular kreyveledg
subject matter knowledge, and the key to understanding the knowledge base of teachers is
examining the areas where content and pedagogy intersect (Shulman, 1986). fEmtseibs
knowledge describes the connections and interrelations of concepts to one another within a
discipline, while syntactical knowledge is the methodology used to construct kigawgthin a
discipline. Teachers vary in their conceptions of scientific processesiantfi theories and
how the two are related. Furthermore, some teachers view the processwdtabsand
experimentation as an inductive process while others view it as theory-dBveekhouse
(1990) found that these teacher-held views determined the way that their stealerad
science.

The current state of professional development for teachers is not ideal. lehas be
documented that a significant number of teachers have little to no professionepderd
opportunities; the opportunities that do exist are in the form of workshops and short cairses th

do not really give the teachers time to apply what they have learned; andféesional
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development is applied to the individual teacher rather than the organization {ttarsksy,
Hewson, Love, & Stiles, 2003). However, while it can be argued that teachers' dgewfe
content and pedagogy are the key factors in creating a scientificatiydifgopulation of
students, it is not the only factor. It is also important to consider scienbeitdmtiefs about the
nature of science (NOS).
Science Teacher Beliefs About Nature of Science

Science teachers' beliefs about science literacy are significargating the quality of
the educational experience and the type of learning environment that students rébeiv
beliefs and attitudes affect their pedagogical decisions (Yerrick, Rafkagent, 1997). One
research study included a discussion of human decision-making as it relatedd¢odlopment
of cognitive models of the scientific enterprise, and the selection and orndstrattional
techniques used by the teacher (Duschl & Wright, 1989). In the article, teastielow-level
sections of science tended to teach the learning process of science (bgiswsth as
measuring, describing, reading, writing, and language development, that would e use
understand vocabulary, definitions, and identifying. The objectives tended to lerteac
identified outcomes. In science classrooms with high ability studentswhera large focus on
learning the content of the discipline (physics, chemistry, biology) throggiehlevel
instructional processes, such as problem solving, reduction and construction of ,systems
analysis. The source of the objectives came from set state standardsr@antlon. Teacher
objectives and assessment of learning outcomes were directly reléiedoerceived ability of
the student. Thus students in higher-level classes tended to learn to thinkelfistsc{Duschl

& Wright, 1989)
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Teaching is complicated in both the task and the environment in which it takes place.
The classroom can be a busy chaotic place with multiple forms of stimuingra¢iany given
time. Teachers must constantly construct "models of reality” to etbctead labs, lessons,
and instruction. Most of these constructs are based on the teachers' beliefshab@it w
important and valuable. The teacher is the ultimate decision maker, but theszoatas
decisions are based on select components of their environment.

The goals that teachers set and their beliefs about the subject neatietical in
determining the decisions that they make in the classroom about what is taughiaaisl w
learned. It is teachers' knowledge of science and and instruction as weill getie on
teaching that directly influence their curriculum (Gess-Newsome, 1999 dmapirical study,
which explored the correlation of science education and beliefs about scienatogrltice
beliefs and attitudes of science teachers and scientists were measuyeal pikit study
(Pomeroy, 1993). The study concluded through correlation analysis that tiseadinleage
between beliefs about science and science education. This associatameesitife notion that
there needs to be a component of the philosophy of science embedded in science teacher
preparation (Duschl & Wright, 1989; Gallagher, 1971; Pomeroy, 1993).

In one case study conducted in 1990 with 74 pre-service teachers (Lederman, 2007),
surveys were given with open-ended questions about the nature of sciencegtebahth
learning of science. The analysis of the data showed that most teadierstudy believed that
science was a body of knowledge that consisted of facts, observations, and exqdariie
teachers were evenly divided on their role of science teacher as "dispekisewledge” and
“guide/mediator of knowledge.” The conclusion of the study was that pre-sexaweets did

not "possess adequate conceptions of the nature of science" (Lederman, 2007, p. 841).
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The research on teacher decision making in the late 1970s and early 1980s (Duschl &
Wright, 1989) suggested that teachers constructed models of reality idlélssroom based on
small/select parts of the environment that they taught: they did not teeatdtobjectives but
rather taught toward activities; their planning and decision making was basédhaf content
and instructional texts; their behaviors and thinking were guided by behefh were based in
the environment that they taught in; and finally, teachers' beliefs gundediecisions, which
affected their behavior .

Educational philosophy plays a large part in how teachers make decisions.ofShme
theories that have guided science instruction in the past have been clagsiceisam
positivism, world-view, realism, and neo-empiricism. Scientific the@uede teachers'
cognitive models when developing instructional tasks and assessments. Thhestdratiefs are
the basis of the implemented curriculum. In one triangulated study about tedisranel
classroom instruction and assessment (Duschl & Wright, 1989), the authors dnesesasch
guestions about teachers and their view of the roles that theory played ilettierse
implementation and development of instructional tasks, the factors that teaskdrg) develop
instructional tasks, and the benefits that might be gained if the nature of sciensetlagories
were used to develop instructional tasks. The study was carried out over 16 weeksientee s
department of a suburban high school. Thirteen science teachers, with an avépagean$ of
teaching experience, and varied instructional duties, were observed duringitds pée
observations during the 16-week observations were only considered valid if thiewnse
documents, and surveys all corroborated the observations. The data collected fradythe st
revealed that there were three lesson-type categories: organizatamesPpskill lessons,

cognitive and scientific process skill lessons, and objective lessons. £atgamal processes
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were the strategies that teachers used to orient the learner to the rulagstimed of the school
and classroom. The organizational processes could take two forms: classacter-(i.e.,
keeping a notebook, labeling papers) or science-scientist (i.e., writing lalsyepoducting
scientific investigations, using equipment). Teachers in the study spent a goofdtiparnonth
engaging in this type of organizational processes teaching, which was ledghhdant from
year to year. One example that the authors gave was that teachersciernibe department
spent anywhere between 3 days to 2 weeks on metrics in grades 9 to 12, acrasglalédis
The metrics unit example supported the idea that there were three deasimig-oonstructs at
play: teacher accountability, teachers' inattention to redundancy, and teaclsgrshdence in
selecting instructional material. The question that arose was whetrend®a conflict
between developing knowledge of science and developing skills for success inrhe scie
classroom (Duschl & Wright, 1989).

Cognitive and scientific processes are the types of instructional tetkedd to students
thinking like a scientist. Duschl and Wright (1989) found that the teachers in high level
chemistry, physics and biology could pinpoint the time in the year when their stedeid
begin to think like a scientist.

Alternatively, critics of this argument state that teachers' badiebut nature of science
do not necessarily result in differences in teaching (Lederman, 1998, 1999, 2007)ar&here
multiple factors at play, including number of years of teaching and eBp@aeceptions of
students. Students' understanding of the nature of science is critical in Weéopdeent of
science literacy. In a multiple case study of science teachansupper school, the relationship
between teachers understanding of NOS and classroom practices were observeddn orde

understand factors that enhance or impede instruction (Lederman, 1999). Thea ahahgsi
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data revealed that teachers' conceptions of science did not necek=arilyine classroom
practice. The other factors that were found to be really important esariedars’ level of
experience, intentions, and perceptions of their students (Lederman, 1999).

Reform efforts and reorganization of schools through national efforts have not been
successful at the classroom level. The reason for this is that participagfisrm efforts tend to
maintain their entry-level beliefs about the nature of science, teachingagsdo measure and
assess scientific literacy. One study, conducted over two weeks in 1968K¢eal., 1997),
with middle school science teachers, attempted to understand the process of asaikigg |
change and changing deep-rooted beliefs about science teaching ancbedudaiteachers in
the study chose to participate in a statewide effort to align theicaum with the new science
framework. The teachers expressed a high level of concern regardingmithwethed be
difficult to make the philosophical shift from transmissional to transfoumaagiaching of the
new course material. The transmissional teachers were those whod#i&vecience was just
a discrete set of facts to be delivered, while those teachers who believetgheé knowledge
needs to be interpreted by the students, and that the knowledge should transformrtse stude
were transformational. The forms of assessment used by the transmigsiohats were
usually sets of short questions and answers that ask the students to repeat whaetteayried.
The transformational teachers asked the students to analyze and intéopnedtion in a way
that was not transmitted (Yerrick et al., 1997).

The data collected from previous studies with the same research design antido@dc s
that the teachers who transformed science education used research baseddeategies with
their students at a much higher frequency (Yerrick et al., 1997). During theysevorkshop,

teachers received instruction and literature on their ability to designuidumi@nd modify
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classroom settings to improve student learning. The basic components of refou@réhat
addressed in the studies were: inquiry science with time for reflectionk sease of the
material, depth of content and relevance of material, questioning and meaassgstment
rather than memorization, collaborative dialog to experience the thoughts of atiteteaching
that was guided by research based theories (Yerrick et al., 1997). The teatimetudy
modified their instruction and assessment to mirror the new reform techniquesly |rifter
the professional development, teachers in the study were observed to hadetladtier
assessments to reflect the new pedagogy; however, observations at adsthodat that
teachers fell back into the routine of giving traditional objective tests. Uthera concluded
that the teacher' strong personal beliefs ultimately influenced their cafussgon in teaching.
Furthermore, teachers may walk away from an identical reform effthrtvaried interpretations
of the new science instruction. They further concluded that teachers did nopdées
knowledge of teaching through abstract workshops. Teacher learning ne¢alesiglace in the
context of the classroom, through direct field experience (Elbaz, 1981).
Improving Science Literacy Through Action Research

Action research is a way to study experiences of teachers and impro\egfaps
between colleagues. It is highly beneficial because science teaxperierece professional
development through two lenses: that of the researcher/learner and thaeattier. Learning
for science teachers needed to be constructivist in nature, and include an mxulétiof nature
of science (Willcuts, 2009). Action research can create sustainable ddemagse particpants
are implementing their own ideas (McNiff & Whitehead, 2006). The procesgslisal and
starts with an observation, followed by a reflection, an act, an evaluation, ahddinal

modification. The research in the current study will include an interactooegs of working
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with teachers to explore notions of science literacy in an effort to ayeat@vn definition.
Using a collaborative action research cycle in science departmentglaisia to create
curriculum and assessment has proven to be successful. In one study, by Parkereaimd Cobl
1997, science teachers were grouped and their dialogue was continuous with othesraémber
their department as well as university science professors as they ddvalopeulum materials
to promote scientific literacy among their students. This approach "suppeatdabts to
become architects for change through building upon their current conceptions instead of
attempting to remediate them" (Parker & Coble, 1997, p. 785).
Conclusion

Science literacy (SL) has been defined by many and agreed upon by few. nThe ter
according to Feinstein (2011) has three broad categories by which itnediediL-rhetorical,
SL-logical, and SL-empirical. Most definitions of science literacy cagrbeped into these
three broad categories. Achieving science literacy in our high schools issabeldma major
focus of scientists, teachers, politicians, and schools. Factors such as teatkésabout
science and teachers' content knowledge affect the science litera@lsydktheir students. It is
important for teachers to have a clear definition and understanding ofestiteracy.
Furthermore, it is essential for science departments to have instrumergasure the level of
science literacy among their students. Schools cannot know if their studestseatifically
literate if they have no means for measuring this knowledge. An action resgaectvil help
to illuminate teacher beliefs and create knowledge and theory as a rekaltcfion (van Driel
et al., 2001).

My study aims to improve the science literacy level of students at Suitsxdil By

engaging science teachers in a collaborative action research cycle. Salobrabbn will
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hopefully encourage discussions about science literacy, improve planning andiorsarmind

the context of science literacy, and ultimately improve assessment ofesliieracy.
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Chapter 3: Methodology
Introduction

As noted in the previous chapter, American students are less scidptifieghte than
students in many other countries. This lack of scientific literacy will unicex people’s
abilities to participate in a democratic society and meet other 21st ceetugnds. Such
demands require individuals to understand and engage with scientific researchaodderst
rapidly developing technologies, and practice sustainability (Murcia, 200%)indHa
scientifically literate population requires a clear definition ofrsmediteracy, knowledge about
how it can be developed, and, finally, an understanding of how it can be assessed.

My research focused on high school science literacy in the U.S., and malhg dbc
Sunset School in Los Angeles, California. The purpose of my dissertation wamgee group
of science teachers in a collaborative action research project to obsenlieiatitee beliefs
and perceptions about science literacy and find ways to assess this bi@@oy the population
of students. In the process of answering the question, "What are sciemszsedews on
science literacy?" | also answered some of the embedded questions, sucldasSumset
faculty think about science literacy as it relates to instruction and assgssind how did
collaboration influence the way they thought about their work. A significant parg of m
dissertation was looking at how teachers thought about science literacy atfielgoneasured
the scientific literacy of their students, as well as how their bedmedsperceptions changed over
time after participating in a collaborative action research project.

Research Design and Questions
| used a qualitative action research design for this study. The goals bfdizevere to

measure science teachers' beliefs about science literacy usimgrasearch. | also looked at
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how teachers' views on science literacy manifested in their assessrsgnttion, and planning.
In addition, | examined how their perceptions may have changed over timey,Rif@iked at
how collaboration influenced their work.

My research design was driven by the following questions:

(1) What are science teachers' views on science literacy?

(2) How do science teachers' views on science literacy manifest diffessnt contexts

of teaching: planning, instruction, and assessment?

(3) How does collaboration around the context of planning, instructing and assessing f

science literacy influence teacher's views on the nature of their work?
Rationale for Qualitative Research

A qualitative research design helped me answer the "what" and "hawy' @search
qguestions by capturing the participants' individual and collective voices. Iveudol
collaborating with the participants interactively and ultimately slpfiia themes that emerged
(Creswell, 2009). Because | conducted my research with a small scegparéntent of 11
people, interviews and reflective journals were an appropriate formatdbgction.
Transcripts from each discussion session and the interviews as weleéesvefjournals allowed
me to collect rich, thick, detailed information about teacher beliefs antigeisac Group session
interviews and reflective journal prompts were appropriate ways to capeuchanging beliefs
of teachers over time because participants were asked to write thalbeliefs and discuss
their beliefs at the conclusion of the study. | collected pre- and post-dam@paie results from
the beginning to the end of the study. The process allowed me to clarify mipasiefstiiow up

on answers, and ask participants to expand on their ideas in a productive and pragymatic wa
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The small sample did not lend itself to a quantitative study. This holisbaiacallowed me to
identify all the factors involved in the process of qualitative action rdsé@reswell, 2009).

My research design stemmed from a social constructivist worldview. $bhmpsons of
this worldview are that individuals in the science department would seek to andetst
different views on science literacy that exist in the world and especidfimihe department
(Creswell, 2009). The views were diverse and varied among members and thszletd deep
discussions and interactions during each session's collaborative group work. Tdfengpal
research was to elicit the participants' views of science lit@aseyell as study the interactions
and influences among department members, which might have shaped their fifmbbelie
perceptions.

Rationale for Action Research

Action research is an approach to research that involves both taking action ang creat
knowledge or theory as a result of that action (McNiff & Whitehead, 2006). According to
Bolman and Deal (2008), organizations will look for ways to "engage and empower" various
stakeholders in making choices. Action research is a way to create chaagsehearticipants
are actively involved and implementing their own ideas (McNiff & Whitehead, 200.
process is cyclical, begins with an observation, and is followed by a i&flegh act, an
evaluation, and a modification.

This type of research required the involvement and observation of the teachers and
students at Sunset School. Because teachers behave in a sort of "collectiveygutbrsom
important that all members understood the shared vision of the school and could achgigcordi
(Sagor, 2000). According to Nolan and Vander Putten (2007), teachers who conduct résearch a

their site are reflective practitioners who aim for instructional impr@rgmThere are three
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main principles for working with human subjects: respect for persons, benefiaadgeastice
(Nolen & Vander Putten, 2007). Because of the nature of action research, it is gossibéte
sustainable change when individuals at a site create and implement their cswaideathan
accept and implement the ideas of others (McNiff & Whitehead, 2007). Action teseaics
on the premise that individuals in the organization are the best source of knowledget dfhe a
embarking on action research at my site will undoubtedly begin the process fatlsta
change through awareness and acceptance of the issue of scientifig. literac
Description of Intervention

My action research project involved a pre- and post-analysis of teasleds about
science literacy as well as the facilitation of an intervention to expacigetelbeliefs about
science literacy. The goal was that teachers would begin to think moreetmmgively about
science literacy, how they taught, and how they assessed scieray litetheir classrooms.
The interest in qualitative research was in the process rather than justchmes (Maxwell,
2005). Teachers in this study each had a laptop computer that was provided by thdnathool t
was used to respond to journal prompts and activities within each session.
Phases of Implementation

Implementation of the science department intervention took place from August 2011
through December 2011. There were two hours of scheduled meetings during the iugust i
service time allotted for departmental professional development. Subsequéngsieek
place on four Monday afternoons during faculty meeting times, and lasted ageavtome
hour. The final interviews lasted between 20 minutes and one hour. See Appendix A for a

timeline of the project.
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Site Selection

The site for my study was Sunset School, located in Los Angeles, Californiset Suns
School is a K-12, medium sized private school (1200 students) predominately serviaif a sm
community of families in Santa Monica, Sunset, and Pacific Palisades. Sunsetdpenea in
1972 as a co-ed 7-12 school and in 1994 opened a K-6 elementary school on a separate campus
one-half mile down the road. The population of students is mostly white. Ethnic minority
students make up 20-25% of the students in any given grade level. It is an applagatate
to have completed the study because of the reputation of the school, the caliber of tisg, stude
the emphasis placed on education, and the tremendous involvement of the teachers. All of the
science teachers have had significant teaching experience with tipg@xoé two new
teachers.

The type of instruction ranges from very traditional, content-oriented insinuoctvery
student driven conceptual and process-oriented teaching. The structurecbbthleaiowed me
to look at vertical articulation, which was the sequence of courses and theictcami@ each
other, across six grade levels (7-12). There was quarterly professemeddpment time set
aside for science teachers to meet during a common meeting time. TheSiost supported
this type of study in order to improve curriculum and practice. AP scores and SAfeg amre
high in the sciences and there is a 90% passing rate for the students eachAR@xams.
Teachers are expected to teach a great deal of content as prescribgueatetidyy the College
Board. Because of the rigorous program, it was expected that scieramy literuld be at the
forefront of conversations among science teachers. Although this school and thes firaing
my study are unique, the action research methods used may be helpful to othertsahaots

interested in understanding and possibly expanding teacher beliefs about sweeame li
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Population

Science teachers were the designated population to study in order to ansesedhehr
guestions. To develop a climate of trust and sharing during the process, it sppnmuguliate to
include faculty but not administrators or students in the group sessions. Sesuiwrs were
the population designing and adhering to the curriculum. They were also the population tha
held strong beliefs about science literacy and how it should be measured.
Sampling

Sunset School has three divisions of science teachers: lower (K-6), middland@-8)
upper (9-12). The middle and upper division science teachers work on the same camgus, whil
the lower school science teachers teach at a different site. There@geteacher in the middle
and upper division science departments had an equal opportunity to be in my study. There are
four science teachers in the middle division who teach seventh and eighth fgradeefice and
physical science, respectively, and there are eight upper division st@anbers. Three
teachers teach ninth grade physics, three teachers teach tefglcigemistry, and three teachers
eleventh grade biology.
The Science Department

The Sunset School consists of a lower, middle, and upper division. Each division
employs its own teachers. The science department members do not teach ie divisijgins.
As a result of the separate divisions, communication and collaboration had beeth dveit the
years. Prior to commencing my study, the middle and upper division science depargnhent
only twice a year, with no real agenda.

Eleven members of the science department participated in the study, inéwslingner

school biology teacher. Because of health reasons, only one member did not pamidhat
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study. Although | was a full participant and facilitator at all mesatihglid not include my own
data in the findings. Data were collected from 11 teachers over the colieestfdy. These
teachers represented a cross-section of grade levels and yeaisradrese. In order to protect
their confidentiality science teachers were assigned pseudonymsrakeiafous male
scientists. Seven of the participants taught in the upper school, while 4 of thipgatsi taught
in the middle school.

Science teachers in the middle and upper division ranged from 26-years-old to$1-year
old. All but two of the science teachers had been teaching at Sunset School fonanmafi5
years. All of the middle school teachers had backgrounds in both physical asgthiges The
upper division science teachers varied in experience and background.

The sample was selected from the members of the middle and upper schoel scienc
department (see Table 1). Because my study was qualitative, | did ngbtatbegeneralize to
the entire population of science departments. | studied people purposefully bhesus®ated
the common characteristic of teaching science. Therefore, the conclisibhedve drawn
from my study may not be generalizable to other science departments nor daa they
generalized to members of the department who did not participate in the studywabere
range of teachers in the department, and this may be common among otherdepanireents
at other schools. With 11 members from the science department over a period of 6 ntbnths w
Six group sessions, there was enough information to reach saturation and understand the

phenomenon | was studying.
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Table 1

Teacher Demographics at Sunset School

Teacher Number of Subjects Higher Race/ethnicity Gender
years Taught degree in
teaching at Science or
Sunset Education
School (Masters or
higher)
A 5-9 7th and 8th Yes White Female
B 5-9 7th and 8th Yes White Female
C 10-14 7th and 8th No White Male
D 10-14 8th Yes White Male
E 25-30 Biology (H)  Yes White Male
Anatomy
Zoology
F 1-4 Chemistry (H Yes White Female
and AP)
G 5-9 Chemistry (H) No Asian Female
AP
Environmental
Science
Forensics
H 20-24 Physics No White Male
Chemistry
I 5-9 Physics Yes White Male
J 15-20 Biology No White Female
Astronomy
K 1-4 Biology No White Male
Chemistry
Access

To gain access to my site | discussed my study design with the adatiorsat the
school. | explained my rationale for studying the science department,vinowd collect the
data, and the type of feedback that the school would receive after | anflgzata. | built my
study upon a Western Association of Schools and Colleges (WASC)-mandatecheswation

that the faculty would create a process for the articulation of the acagesgram across
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multiple divisions. This included a scope and sequence document with specifitt,conte
objectives, skills, and assessments.

To encourage teachers to participate in my study, | set up a realistioérgfgbpendix
A) for each group session that allowed department members to have adieggi&beprocess
information between meetings. | emphasized the confidentiality of theipantis in the signed
consent forms and the memorandum of understanding (Appendix B). | also removed myself
from the teacher evaluation process during the year of my study whéenreghdepartment
chair. The project was time consuming for the teachers involved. | emghtszgse of
already allotted professional development time to help gain access frosat¢herns. Generally,
their participation in this study did not force them to spend much additionabtiterle of the
pre-scheduled and pre-allocated meeting times set forth by adntiorstrbtn meeting with both
administrators and science teachers, | introduced my project, provided anw\ardiimeline,
outlined participation requirements, asked for questions and discussed contatatioi.
Data Collection Methods

In order to answer the research questions and maximize external valdirgiiability, |
employed four modes of data collection: group sessions (Appendix C), inte(dippandix D),
sample work, and electronic reflective journal prompts (Appendices E akt&Qrding to
Creswell (2009), multiple forms of data collection are essential in quaditaasearch and were
used to triangulate my findings. See Appendix G for the Data Analysis Mdeweloped to
guide the process of data analysis.
Group Sessions

One of the purposes of my action research study was to begin creating a culture of

collaboration among science department members. | facilitated graipnseas a means to
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create authentic and purposeful collaboration around the issue of sciencg. litdyastudy
yielded results on what departmental members thought about scienceg liésraell as how
beliefs influenced their assessment and instruction. The focus of several gsiopse/as
centered on group-generated science competencies and how assessmengnnsindcti
planning could be aligned to these competencies.

By the end of the group sessions, each group member had the opportunity to identify
competencies, assessments that measured those competencies, gdavelhsasuctional goals
that maximized student competencies. We continued to discuss science litevagh the
creation and reflection of competencies.

The tape-recorded group sessions began during in-service week in August oh@011 a
continued through December of 2011. | held five group sessions that allowed individual
participants to write down their initial definitions of science literacynpare individual
definitions to the group, and generate more holistic definitions of scienceylité8aence
teachers were grouped heterogeneously between subject and division and asked to generate
competencies for the department. Subsequent sessions focused on department eaedber cr
assessments that measured the group-generated competencies.tdpadiall group sessions
and asked for explicit permission from each member to record their voicesiasctitve their
words. Each group session lasted approximately one hour. Details regardingtbach of
sessions are in Appendix E.

Electronic Reflective Journal Prompts

Before and sometimes after group sessions, | emailed an electronic pmomal to

each member of the group asking them various questions about the day's discussioas This w

one way to obtain honest feedback from individual members who may not have been
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comfortable sharing in a group setting. At the end of the first session, |éxddtarl had base-
line data to measure teachers' expansion of ideas about science literaocy@vématso had a
simple framework for what my department thought about science litesagglbas a set of
guestions that members had written down.

After the first group session, | selected a peer-reviewed joutndédor each member
to read before session 2. The article was by Paul ISBardntific Literacy: New Minds for a
Changing World This was an introductory article that summarized the history of thececien
literacy movement in this country. Hurd (1997) defined science literacgliasnalssed the
importance of teaching science for non-science majors. He pushed for iy ses@insible and
competent citizen through improved science instruction that recognizes shiftaine.cliichose
this as an article to read because it nicely summarized and defiaedeskiteracy in a way that
would be familiar to group members. The article was a strong springlmoatiddussion about
basic science literacy.
Interviews

In addition to the other modes of data collection mentioned above, | briefly imted/ie
each member of the department at different stages through the process ia olak#ly any
group session questions, and expand on their electronic journal prompts. The inteernews w
especially helpful in answering research question 3, which asks about how edieor
processes influence change in beliefs. Interviews were open-endedtarnubrated questions

based on observations (Maxwell, 2005).
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Data Analysis Methods

Transcription and coding.

| began the process of coding almost immediately after | colleetadmall forms. |
coded and analyzed the initial and final definitions of science literacylbasndentified the
recurring themes. | also documented the process over a 6-month period ascokdcied
assessment items from teachers as they created them during this process.

Each group session was digitally recorded and a verbatim transcsijptreg@ared for all
sessions. This process ensured that science teachers were heard andtddacuerately in
order to decrease threats to validity by incorrect documentation of dated Mirosoft Word
and Microsoft Excel to code and organize the data from the transcripts into iesteddre data
collection and data analysis occurred almost simultaneously. Partiasaonses to questions
were sorted under broad headings such as definitions of scientific ljtezalijzygs about
assessing literacy, value in collaboration, and most important competencies.

The goal after coding was to identify themes and connections between theny, fiaal
themes were analyzed within the theoretical framework to form my conclusitis ensured
credibility. | also collected pre-group session data and post-group sessionataer to answer
research questions 1 and 2. It was only through comparison of pre- and post datashetile
to understand how beliefs about science literacy change over time througtbaratila action
research project.

Data analysis matrix.

| developed a data analysis matrix (see Table 2) that specified whtblas were used
to answer each research question and how | analyzed the data collectedcthanethod to

answer each question.
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How | coded my findings.

| used a coding scheme based on Noah Feinstein's (2011) science litexgoyizaions.
Feinstein described three categories of science literacy: datdogical, and empirical.

The rhetorical category includes definitions, which do not actually link the knowledge
that students acquire to any usefulness in their lives or in context of any ietdlsssue.

Rather, the rhetorical definition makes the claim that knowing physics andstityeisiuseful,
without supporting the claim with any evidence. These are the definitions ihasol@ething

is important, without a justification for why. Usually these definitions incluieent from the
book or the curriculum that have an a priori acceptance of their importance. An epémple
rhetorical definition might beScience literacy is when students have a thorough knowledge of
the terms and concepts of physics, chemistry and biology. The science literate stlidsnts w
able to use all terms correctly.

The logical category of science literacy describes definitions, whitidec¢he
usefulness in students' lives, socio-scientific issues, argumentation, aredaiatience
definitions. A person whose definition falls into the logical category might'sengnce literacy
is making a connection to what is taught in the classroom and how it can be applied ttedaily |
and understanding that life is science." This definition falls into the logatafory because it
makes the link between science and its usefulness to daily life.

The final category is the empirical category. This category suppontstiefs that
include real world problems or issues, or in-situ studies. The empiricaboatgports
definitions, which include their usefulness to everyday life and support it withneede
Another way to think about the empirical category is to look at science beingta @®plain

naturally occurring phenomena. An example of this might be a definition, whiek #tat
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science literacy is being able to solve a real world problem such as the epetimic or how
to reduce carbon dioxide emissions that contribute to climate change.

In summary, the rhetorical and logical categories supported definitions anstsampl
guestions where a "situation" is created for the purpose of kids using their saiemdedge to
explain it, while the empirical category asks students to place themseétllgsnaturally
occurring, timely issues and asks them to use their science to explain or salltempr

While | was able to categorize each of the definitions and artifact®, wals able to look
at participants and mentally place them on a continuum based on their degree ofthetoric
logical, and empirical. Rhetorical definitions varied in degree. Some pantsiplifted their
thinking from pure rhetorical, to rhetorical-logical, to logical, logiealpirical, and finally
empirical. It is useful to think of science literacy along this continuum, be eues if
individuals do not seemingly change categorization, they may still have showthgn my
study.

It is also important to note that the empirical categorization is the idegkimcs
education. Using these categorical definitions of science literemyed multiple artifacts that
teachers produced during the professional development sessions. These includiggthe wr
definitions each teacher wrote during the first session, sample test qudstypmsote prior to
the second session, sample performance assessments written for the thirdtarsg$sions,
and final definitions elicited in individual debriefing interviews following thé RIS session.
Ethical Issues

There are always ethical considerations when doing work at one's sites sulcather
my department members felt coerced into participating in the actionclesea the creation of

assessments and lessons. | did not directly supervise department ndumibgrthe period that
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my research was conducted; however, | was involved in informal evaluations daging e
member’s first 3 years of employment. There were only two teachersverean the
department fewer than 3 years. | made it very clear that partosigatithe study was optional.
| ensured that teachers had a safe and respectful environment to sledseahdliperceptions.
Several safeguards were put in place to address ethical consideratishd. dewveloped
an informed consent document, which described the purpose of my research, the petential r
of participating in the study, the benefits for the participants and the tinaitment. |
clarified expectations to ensure confidentiality. Each group session eoaded and notes were
taken; however, when writing up the notes pseudonyms were used to ensure andrgsutis
of the study were shared with my department and my administration; howeveduadiivames
were not used. This ensured that teachers had a safe place to sharadfearukideas. | also
asked for individual feedback after each group session so as to decrease "giSug thi
pressure to conform.
Reliability and Validity
The focus of my research questions addressed science teachers' betiefsigms and
attitudes about science literacy and science literacy assessrhentredibility and reliability of
my study primarily rested with the responses in interviews, group sessfhastive journals,
and actions provided by the participants in my study. | repeatedly used respondeitiowatio
confirm with my interviewees my conclusions drawn from the interview tratsdierriam,
2009). In this way, | made sure that | did not misinterpret their words becauseoefmiyases.
In addition to collecting authentic data from my participants, | was alstnciously aware of
my own biases, and how these biases could have been perceived by department, members

thereby influencing their responses.
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Reliability is the extent to which my research findings can be reptiqderriam, 2009).
My study measured science teachers’ beliefs and perceptions; howewan thoughts and
behavior are never static. Therefore, while | may not yield the sssubis if | repeat the study
with another science department, the results should remain reliabliastkentence is
awkward. The most important issue is that my results are consistent witht¢heollected
(Merriam, 2009).

Management of my role.

For the purposes of my research project, | wanted to be perceived as a gsadiete
and a facilitator first and foremost. Of course, | had worked with the merabmy department
for several years and | was inevitably seen as a colleague and andepatiair. My goal was
to increase collaboration among the department members through the proceasraf ¢
competencies and assessments. | tried to remain neutral and uweratati times.
Furthermore, comments shared in the action research group were not shared with the
administration, thus emphasizing my role as a graduate student rather than ttmeesteduair.

Trustworthiness and credibility.

To ensure credibility of my study | needed to be conscientious of my own bldsese
been teaching high school science for 15 years and have developed opinionsgéeigardin
knowledge and processes in science that are worth knowing and that students shoulabe able t
discuss. Furthermore, | have gained tremendous insight during the process gfjeeadsl
articles and books on the topic of science literacy. As | presented rese#re department |
needed to be cognizant of the entire department’s opinions and the faculty’s independent
research on the topic of science literacy. As the science teachees a@apetencies and

assessments, | learned about the value placed on certain types of knowledge.
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| needed to deal with issues of reactivity and not share my own beliefs soythat
department members could share theirs freely. All opinions and beliefsl@agred legitimate.
Furthermore, because the sample was small, the reader can detenetinerthe extent of this
study can be generalized to his/her setting.

Summary

Science literacy has been the focus of educators, public policy-makersieantisdtscall
over the country. There is a growing body of literature on this widely debated top&ydrow
there has been neither discussion nor collaborative work at Sunset School in the past deca
around the issue of science literacy.

In this chapter, | discussed the rationale for both the need for this stu@éy as why a
gualitative action research study was the best method to answer myhegessions. Itis my
hope that the process of the study as well as the results from the creati@ssinasgs and
competencies will improve collaboration among department members, as wrfland the
department members’ definitions of science literacy. Finally, the scomartment will have
some form of assessment that accurately measures the type of steeacg that is valued by

the school’s academic community.
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Chapter 4: Findings
Introduction

In this study | set out to answer three questions: What were participaaoigpts views
of science literacy? How were these views manifested across contexdsrohg| instruction,
and assessment? Finally, how did collaboration around science literacyesdtdatrs’ view of
their work? This chapter answers these questions in turn.

In analyzing the various artifacts teachers produced during the study,mdelear that
the answer to the first question was really to be found in the answer to the secoiot.qUdwstt
is, teachers' apparent views on science literacy seemed to vary by thscontéich such
views were elicited. The first section of this chapter, then, presents myginidir the first two
guestions together. Following that, | present teachers views of thelvarallexe work over the
course of the study.

Landscape of Science Literacy

The first group session took place during in-service week. | asked partsctpawrite
down their initial views on science literacy, as well as write down some sdegplquestions
that could measure the scientific literacy of their students. | used Nodtdigs (2011)
classification of science literacy to create my own categorigotg science department
members' definitions. Feinstein defined rhetorical approaches to scienaeylias those that
simply assert that knowing science concepts or skills (such as doing exps)igre important
for people to know. Logical approaches to science literacy are those thatlyodgcluce the
knowledge and skills needed by students to engage with science in the world. Crocially, f
Feinstein, neither of these approaches has empirically tested whethsupip@sitions held for

people in the world. Therefore, Feinstein defined an empirical approachrtoestiieracy that
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was grounded in examinations of the ways in which people actually encountenea scitheir

lives and induced the science people needed to know to meet their own goals in suchrencounte
To these three categories of definitions, | added a fourth, fifth, and sigtbridal-logical,
rhetorical-empirical and logical-empirical, to capture ideas proposedithy garticipants that

were ambiguous with respect to the two base categories (see the prevjias fondull

discussion).

All of the responses that participants constructed to the tasks | used heeesmidzds
could be placed into one of these six categories. However, Feinstein (201d)tpés=e
definitions on a continuum that can, simplistically, be thought of as something likecabstr
grounded. In his view rhetorical was the low end, because the value of knoskdtigyelas
merely asserted. Logical approaches, according to him, at least purfguinents for the value
of certain knowledge/skills. The problem is that these arguments are lagieal than
empirical. So the continuum from bad to good would be Rhetorical-Rhetorical/Logical—
Logical-Logical/Empirical-Empirical. The rhetorical-empiticategory skips the logical
component all together. The methods section includes detailed explanations and esmples
each type of category on the continuum.

Teachers' Views of Science Literacy

Teachers' views of science literacy were not consistent acrossihoeriext. In this
section | will elaborate on those views using the categories described dballaliscuss the
major themes associated with their views on science literacy (RQ1 and RQ2)

Teachers' views of science literacy, as manifested in each of thesets, are
summarized in Table 2. If a teacher listed several components to their deflreabtegorized

each component. If they listed a hybrid assessment question or competseatassessment, |
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listed them both. If teachers listed multiple assessment questions edadidtiple
competency-based assessments, | included each of the categories intth8arhatimes,
teachers listed four or five sample assessment questions yet only ithet dagtegories
represented by teachers' artifacts are shown in the table. For exampéadher prepared
multiple sample test questions that were in the same category, thargadmpbted in the table
only once.

Table 2

Teachers' Science Literacy Views as Manifested Across Contexts

Teacher Initial Sample  Competency Final Overall
Definition Test Assessment Definition category
assignment

Pasteur R R/L R/L R/L R
Bohr R E L L L
Kepler R L/E L R R/L
Heisenberg R/E L/E L/E L/E E
Galilei R R L R R
Watson R/E L/E L/E E E
Mendel R/L R/L L R/L R/L
Crick R/L R, L L/E R/L R/L
Salk R R/L E R/L R/L
Archimedes R/L E L R/L R/L
Planck L R/L R/L L L

(R =rhetorical, R/L = rhetorical-logical, L = logical, L/Eedical-empirical, E = empirical).

Teachers' views varied across context.

The major findings for research question one were that most participaratiyini¢fined
science literacy with a rhetorical component in their definition, accordingyta priori
categories, which were based on Noah Feinstein's (2011) science ldateggrization. Also,
between their initial and final definition, nearly half of the participanigfseabout science
literacy partially changed toward a more logical or empirical dedmit Finally, | assigned a

rhetorical and rhetorical/logical categorization to most participarsesdoan their categorization
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across multiple contexts during the study. These multiple contexts includeblainefis (what
they said) and practices (artifacts, sample work, and behaviors). @lynthe way the science
teachers defined science literacy varied more by context than individarablé&test questions
and competency-based assessments were more logical and empirical @laamishitinal
definitions.

Initial definitions of science literacy.

It turns out that research question one was difficult to answer because individual
definitions varied across context. Participants could have a definition thagriebssto the
rhetorical category, while still having an assessment that | &sbkigto the logical or rhetorical
category. Initially, 10 of the 11 participants in the study listed a deindf science literacy
that included a rhetorical component. An example of a rhetorical definition was:

We want our kids to be well versed in the Big Three disciplines (Phys/Ch@m(B)

key concepts and applicable formulas, mechanisms, (2) know and use the important

vocabulary of each discipline, (3) be able to “talk” science, and, integrate thetsonce

from the three disciplines. (Pasteur, initial definition)

Specifically, Pasteur posited that knowing the vocabulary and the formulas agd bei
able to integrate them would contribute to the science literacy of the studestwakha
rhetorical claim because it stated that knowing something was impaitaotit giving evidence
for why it was important. This above example was representative of maryrbétorical
definitions listed by teachers, who mentioned the importance of experiments anddgatw
three disciplines.

Three of the 11 participants also included a logical component to their rhetorical

definition. An example of the logical and rhetorical definition can be seen ik'<Ondial

definition:
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Science literacy is the process of discovery. In my classroom, it meansogesh

guestions that allow students the ability to follow the scientific approachaoctusion.

This allows students the means to provide evidence to support their theories and opinions

in a competent, mature manner. It also means being able to take information and make i

applicable to life experiences.

The above definition represented both the rhetorical component as well as thk logic
component. The rhetorical component of Crick's definition was when he wrote thaitstude
should follow the scientific approach to a conclusion. Yet he also included the logical
component, which was that students should be able to take information and make it applicable t
life experiences.

Two of the 11 participants (Heisenberg and Watson) included an empirical component to
their rhetorical definition. An example of this can be seen in Watson's sarsgésment:

Science literacy is knowing the basics of how the world works (why aresbasens, for

example). It's the ability to read an article out of the science sectanyafewspaper

and understanding the methodology used and being able to weigh the accuracy of the

results. Science literacy is being able to comment intelligently omattele or the news.

It's also the ability to design and redesign as necessary a lab expe¢dransswer a set of

guestions or curiosities.

The empirical component of science literacy definitions, above, is easy toexaoise it
is usually some type of real world problem or case study in which students caniruse the
knowledge to help solve that problem or issue. In the above example, Watson stated that a
student should be able to read the science section of the newspaper, and understand the
methodology used as well as the accuracy of the results. It is impliedatiaigréhe science
section is the "thing" in which the knowledge of science will be useful. Fordrer Heisenberg
included in his definition that a student would be able to explain why they wash thewibaijr
or why otters do not get bogged down in oil spills. Both of these examples wdie rea

scenarios in which a student could use their knowledge of science to explain th®scenky

one participant listed a purely logical definition of science literacy.
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Scientific literacy equals being able to take the general theoriesvamthiat govern

general science and being able to apply them to new ideas or more complicated topic

Having a connection between what taught in the classroom (which may be hasjto gr
as many laws or theories are esoteric) and how it can be applied to daily life
understanding that life is science. (Planck, initial definition)
Planck's definition falls into the purely logical category becausmitected what was taught in
the classroom to the daily life of the students.

Initial to final definitions.

In Table 2, moving across rows from initial to final definitions, there were metances
of logical and empirical in the final definitions. Initially, 10 out of 11 pgvdats expressed
instances of rhetorical, with four instances of logical and two instancesprieah In the final
definitions, there were seven instances of rhetorical, eight instancesacall kg two instances
of empirical. An example of this change can be seen in Watson's initial andfiiméions.
Initially, Watson listed a rhetorical/empirical definition, while hisdfi definition was purely
empirical.

Variation between sample test questions and initial definitios.

During the first group session, | asked participants to give examples abgsebkat
measured the science literacy of their students. Most teachers gawat eeaeple questions.
Similar to the above categorization theme, teachers could list questions thalaced into
more than one category. An important finding was that sample test questions included mor
instances of logical and empirical than teacher's initial definitiansean in Table 3. Sample
test questions included eight instances of logical and five instances ofcampmimpared to
initial definitions, which included only four instances of logical and two ing®€ empirical.

Eight participants listed at least one sample test question that waseransith their initial
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definition of science literacy. An example of this can be seen with Mendelsteie &
rhetorical definition,

In my classroom, the emphasis is on evidence and how to use evidence to draw a logical

conclusion. The difference between observation and inference is key to building

understanding that is supported and testable. The simplest and most elegaatierpla
is the most inspiring.

His example question was also rhetorical, "Cell city: Kids will consananalogous
cell based on the function of the individual organelles.” The definition is rhetbecalse it
assumes that being able to use evidence is important without supporting why it ismmpdhe
sample test question is also rhetorical because it is assuming that comgsbrgdnelles for the
cell city is also important, without justification.

Most participants wrote several types of questions that fell under two or niegeres.
Seven participants included questions that fell under the rhetorical or raktogical
categories. Examples of questions that were rhetorical included Heigenbia biology the
kids must show competency in microscope work and identify phases of mitosis loe tell t
difference between protozoans," and Salk's, "One particular questioniaists to determine
if there is a relationship between the solubility of gases and elevation from |abkirtgble of
data."

These questions were rhetorical, because they assumed that the task wasitimport
without any evidence to support the usefulness in the student's daily life. Forieimese
examples did not include any real world situations that the students could use théadiyeood
science to answer.

Two patrticipants, Bohr and Archimedes, listed purely empirical questioreanides of

these empirical questions written by Archimedes include: (a) Sometists believe that the

Earth's magnetic field is weakening, what kinds of effects could occus ift&ory is true? (b)
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Hypothetically, a catastrophic event altered life on Earth changingitrent climate and
atmosphere. Which type of cell would have a better chance at surviving and whig?Bdhr
listed the following sample empirical questions:
| obtained a copy of a nutrition label from the back of a food product and put it, along
with several questions pertaining to the label, on a test. They had to tell méothefat
protein to lipids, lipids to carbs, protein to carbs, etc., as well as tell me hoyv man
kilocalories (not Calories), sodium, and fiber that was in the product. | feel eside
knowing the molecular makeup of a living cell has only four main constituents, it is
important to know that all the food we eat also has the same four constituents that have a
HUGE impact on our health and well being. (Bohr, sample assessment)
The above examples illustrate the empirical categorization becaudesteéyhe real world
problem and then asked students to solve that problem using their understanding of science.
Two other participants, Kepler and Watson, listed multiple questions that weirgcam
and logical.
(1) Design and perform an experiment that evaluates the various clean-up methods
following an ocean oil spill. (2) Design or remodel a practical "™'greenld$ador urban
Los Angeles taking into account the availability of space, cost of mateztal (3)
Design and perform an experiment so that a student can identify an unknown cation in a
sample. (Watson, sample assessments)
In Watson's example above, students were asked to evaluate various methausup cle
an oil spill. This was considered empirical because this question was assigtigdafieothe
Gulf oil spill, it was clearly a real and present crisis that existed,henstiidents were asked to
use their science knowledge to solve this problem. In the second question, studeaskedere
to design a greenhouse, which may have some useful application, as it asked studesisdno c
costs, space availability, and other factors.
Using a map of an island with geographical features and information, which energy
sources would be best suited to implementation here? Justify your anssimy.figures

of two different water rockets, which of these rockets would fly the highestity Jusir
answer using rocket motion and aerodynamics concepts. (Kepler, sampieraesgy
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In Kepler's example above, he presented students with an island anchasked tise
their understanding of science to explain the best energy sources based on islaesl feat
(empirical). His second question asked the kids to use the science to explaikétie roc
movement as an example.

Developing Competencies and Assessments

In Table 2 there is a column titled competency-based assessments. It tamtinjoonote
that the competencies listed in Table 3 were developed by the teacherslikigogrse of the
study. The assessments to measure those competencies came aftesidipeneéev of the
competencies. During the second group session, participants were groupegehetausly to
develop competencies for the science department. The task was to detdmatinensSunset
students should be alif® know and davhen they graduate Sunset School.

Each group of four teachers was asked to generate three competenciestoiisst g
were able to generate one or two competencies, which over time were refeighitt
competencies. The proximate purpose for generating these competerscieswoxe teachers
further along the continuum of rhetorical to empirical, and to foster collatworathe ultimate
purpose of generating competencies was to align the 7-12th grade carriddjugenerating
competencies, | was hoping that teachers would begin to think of science in ternwicdlpra
skills and content that students should show mastery over, rather than just scieste conof
context (hetorical). Developing competencies gave teachers the opportunity to collaborate,
which in turn, allowed them to think about their work differently. This was an import&nntas
order to answer research question 3. | did not look at individual participants’ caatribut
toward generating their group competencies, although | did ask about the processtapinig

these competencies during my final interviews. These competencies, aldde)at be
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categorized along the continuum of rhetorical to empirical, however, the campédiased
assessments were categorized as seen in Table 3.

Competencies were difficult to create.

The task of creating competencies was challenging for most groups. etk &he
challenge was not necessarily in working with the group, but the challeisge wafor me,
anyways was to ... was to think about what was specific to science.”" Some sesceasy but
could not develop more than one. Archimedes illustrated this idea by saying, "We thowght
gonna be easy, but once we would put one down, we would say well hold on here . . . number
one, it's too general . . . it's too big. We need to really make it a little bit marécspe

Some groups focused more heavily on the content rather than the skill/content
combination. Eventually, several competencies were generated and ggvada/ the whole
group. However, different participants ranked some competencies as beingpantant than
others. The ranking of competencies will be discussed later in chapter four.

Table 3 shows the refined competencies that were created by participathgrs.

These competencies were generated during the PD/group sessions over the tworse of
months. Teachers understood that if they could decide on what students should know and be
able to do before they graduate, then there could be a common thread through thermurricul

regardless of the content in each course.
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Table 3

Group Generated Competencies

By the end of grade 12, Sunset students should:

1. Demonstrate an understanding, through writing, speaking, and creation of models, that

science is an on-going process.

2. Be able to seek, create, manage and organize scientific information, usgriapgr
educational and computer technology.

3. Be able to read media reports of science or technology in a critical nsaneeto
identify their strengths and weaknesses.

4. Be able to effectively communicate science and the nature of a conyraversltiple
ways including conversation, debate, written expression.

5. Be able to use various forms of evidence (books, technology, humans, research

experiments) to find answers to questions and then use those sources to develop their

understanding.

6. Be able to construct their own explanations of phenomena using their knowledge of

accepted scientific theory and linking it to models and evidence found in books, the

Internet, experts, research journals.

7. Be able to design a scientific experiment, starting with the formulatioguédstion

that can be investigated, continuing with appropriate methods and materials, dnd final

collecting and evaluating data to develop a conclusion.

8. Be able to understand the language of science and apply the knowledge tovgual
and quantitative problems.

Towards a Logical Assessment

As mentioned above, these competencies in Table 3 were used to generate
based assessments. The competency-based assessment was also impategoirizing
teachers' views of science literacy as logical, empirical, or ibatofThe assessment pi

different than the other pieces of data used to categorize teachers becagssesbment

tati

competency-

ece was

was

generated with a competency in mind. Furthermore, the competencies wereegleae et

group. This is significant, because the data produced was much more logicalytodbhe

other assessment questions that teachers generated.
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Ten out of 11 teachers created an assessment that was logical in natuxample ef
this was seen in Archimedes’ assessment, where students were aske@ @ ¢ocegnt event in
an article and decide which statements were facts and which were cef®ren

Four out of 11 teachers included an empirical component to their assessment. An
example of an empirical assessment involved Bohr's students going out imdooa fiaturally
occurring terrestrial biome and discussing the types of organisms andpaeietsshat could
and could not live there and to hypothesize what would happen if one of the plants or organisms
was to be wiped out (as occurs often in nature due to human impact), and think about the ways i
which the biome could continue to thrive or not thrive as a result.

Only two out of 11 teachers included a rhetorical component to their competesscy-ba
assessment. An example of this was seen in Watson and Galilei's eleineiesw®a project,
where students were asked to create a website for their elemeneérehasg their element and
then listing the important facts about it.

An important finding was that in developing a competency-based assessmeetsteach
were able to come up with a more logical and empirical piece of work thadithesnen they
wrote science literacy definitions and sample questions on their own. Perhagfftiidiag
and specific directions provided in the assignment allowed for this type of workwillthe
discussed in chapter 5.

Consistent Versus Inconsistent Views

It is helpful to look at Table 2, specifically across the rows to see thestamsy or
inconsistency in the way participants were categorized. Ten out of 11pzartgexpressed the
same categorical views in their initial and final definitions. Furtherpmeody expressed the

exact same view across all four contexts. The different contexts elidiiedli aspects of
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science literacy views among all participants. Participants'lideianitions were mostly
rhetorical, yet their competency-based assessments were mostét.logne variation was
mostly context based, not people-based.

Overall Category Assignments

To assign each participant an overall category, using Table 2, | looked forteongis
each element across the row. | assigned the categorization that appearaftiemasross
contexts. Five out of 11 participants were assigned a categorization thabwedsgical or
empirical than their initial definition. Six out of 11 participants mainthiaeategorization that
was consistent with their initial definition.

There was change over time for five of the participants, from the beginningsitithe
to the end of it, according to my categorization. An example of this can be skeddow, who
listed a rhetorical initial definition, an empirical sample test questidioyfed by a sample
assessment that was logical, and a final definition that was logicalla®ymikepler's initial and
final views were consistently rhetorical, while his sample questions andesasgglssment were
both logical. His final categorization was more logical than his initigigoatzation.
Participation in the Process

The above findings illustrate the outcomes by context. Another piece of datashadiv
included in the tables above, yet revealed teachers’ views on collabora®their
participation in different aspects of the study. All teachers were jpaticy during group
sessions. All of the teachers worked in their groups to discuss scienaeyliand develop
competencies. However, the work that was assigned outside of the group seasionos w
always completed. None of the 11 participants completed the assessmentavgreattdeal of

prodding by the facilitator. Eventually, six of the 11 participants sent an esttathe
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competency that they were assessing for, as well as a summary o$skesgraent. Only one of
the initial assessments contained a rubric or scoring guideline, even thoughritievas
requested. Participant feedback given during informal interviewingy (hit due date for
competency assessment had passed) included their difficulties andgdmllereating a
competency-based assessment. The three chemistry teachersddugdeht obstacles, citing
that their curriculum was very content and math driven. Several teachers did not kntav how
create a rubric or a competency-based assessment. They tried to mowatihire assessment,
but they did not have enough training to create this on their own.

Designing Competency-Based Assessments was Challenging

During the third group session, participants were asked to reflect and write abdhehow
effort to design an assessment for one of the competencies influenceddagiabout
assessment. Several participants cited that the process of creatirggesmmbased
assessments was difficult. Kepler wrote,

Designing activities to address the group-generated competenciescigtliffiraditional

assessments and assessments of traditional competencies fit within cuy gcagime

very easily, while holistic or formative assessments (which are ofstrsbieed to the
group-generated competencies) are trickier. Not surprising.

Good assessments are not only hard to design they are hard to assess. Als@rdassessm
do not need to be in the form of a test or a quiz or major project. Once there was discussion
about alternative forms of assessment, teachers realized that asgessutd take many forms
and it did not need to be after every unit along the way. Archimedes wrote,

We are assessing our students at EVERY step of the educational foruro. niailss me

realize that maybe it isn't as important to have major unit tests count so muathstawar

final grade. If our assessment points are aligned to the competencies, thenvaay

accomplish the goal in small chunks, not major ones!

Others stated that they could assess competencies through conversation. d@eick wr
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It is much easier for me to create a lesson with the ideas | want taggt twthe
students than it is to create/write a formal assessment for that lefsehthht through
conversations | can assess whether the kids understand the material ljatathyyome

up with a rubric that applies to that "conversation™ is difficult for me to do.

It was clear through the interviews that teachers knew what they wantesttieints to
know and be able to do, but the challenge was in coming up with a good way to measure it.
Competencies, Current Assessment and Future Assessment

During the final interviews, | asked participants about the competeneaies¢h
developed as a group. | asked them to look over the competencies and determine which of the
eight competencies were most important in creating a sciencedittualent. It was helpful to
ask teachers about the competencies that they deemed important in orddrtterldews
about science literacy in the context of current teaching and assessmelhtbaduwiere
planning (research question 2). In order for teachers to assess student® fooitigstencies in
their classroom, they needed to assess and instruct in a more logical and emaime.
Therefore, their responses were indicators of what they perceived to béaimbaomd what they
will possibly assess for in the future. The competencies listed in Tablerdtheedrder that

participants circled them on their paper. The actual written competeacié® dound in Table

3.
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Table 4

Competency Rankings by Teacher

Name Competencies that Competencies that Competencies
are important they assess for to assess for in
the future

Kepler 7,3,5 6 3

5
Watson 7 4,3 Don't know
Plank 1,5,7,2 7,2 5721
Crick 24,1 7 1
Salk 7,3 6 (a little) 3and 6

5
Pasteur 3,5,8 3 7

8

5
Galilei 2,3,5,8 2,5,8 3
Bohr 7,2,4 2 6,4
Heisenberg 3,6,7 3 Maybe 6 and 7
Mendel 1,6,3,5,7,8 1,78 5

6

Archimedes 5,7,4, 3, maybe 7 5 8

4

3

7 (alittle)

The first column in Table 4 shows the competencies that each teacher thought were

important. The second column shows the competencies teachers thought that thdy current

assessed for. The third column shows the competencies that teachers thouglghhagsess

for in the future.

One finding is that teachers developed these competencies as a group ahdratrem

as being important, during their development. However, when asked individually,reediche

not think all of the competencies were important, as seen by the data in theldimst of Table

4. Furthermore, teachers did not state that they would want to assess for atlavhpetencies

in the future.
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As seen in Table 4, more than half of the participants ranked 7, 5, and 3 as being the
most important for developing the science literacy of Sunset students. Eightldut of
participants circled number 7; Sunset students should be able to design a scxpetifroent,
starting with the formulation of a question that can be investigated, continuingppitbpaiate
methods and materials, and finally collecting and evaluating data to develogus@mas one

of the most important competencies. Crick elaborated on how he used competency 7,

| am trying to look at our labs that we do and pose a question, and then have the kids kind

of come up with their own ideas. Here are the supplies I'm going to give yomnot'm
going to tell you what they’re used for, because you already know whattalkiess or a
graduated cylinder is for. We've talked about the process, we understandswhy it
important with our earth processes, and now | want you to create a convection current
with these materials.

Similarly, Salk mentioned that 7 was important "so, that they have an undergtahdi

how it's done . . . and I think the only way to do that is to have experience doing it." Watson also

explained that so much of his course depends on students understanding how one would go about

testing something.
Seven patrticipants ranked number 3 as important. Crick said,
There’s so much BS that’s put out there. | want them to be able to calmlyydirectl
debunk it, or ask the right questions so that they can see this is valid; this is not \&lid; thi

makes sense, it's an interesting question; the way they went about proving this was
wrong.

Salk affirmed this,
If they’re gonna critique and make decisions based on what they read in the m#dia, we
they have to have an understanding of how the science is done, and be able to ask the
important questions, and-and think critically about it.

Six out of 11 participants ranked competency 5 as important. Archimedes patsted, "

like connecting all the pieces, all, you know, use your background informatigau tfon’t
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have it, then ask somebody else." Interestingly, he finds it the hardestds, @& though it is
important,
Number five is the toughest one for me, | think. If you want to ask the question, how do
we give them those tools to find the answers and use those sources? That's $he harde
one maybe to assess.
Three participants felt that competency number 4 was also important dstadents
should understand the nature of a controversy and not always just passively dgore\sitle
or the side that the teacher supports. Crick illustrated this when he posited,
| mean they’'ve got to be able to understand both viewpoints, not just their own, but they
have to at least be able to think about somebody else’s opinion and through debating and
things, that forces them to learn both sides. | think this is so important after gmaduat
and in college, because this is how people communicate on a global aspect.
Interestingly, some people circled certain competencies as being \stamt without
ever assessing for them. Kepler circled number 3, but did not assess forhierRare,
participants started to discuss how they assessed for certain compeleri@ésy they tried to
verbalize how they assessed for it, they realized that they really did not.r Kegpigoned,
Kids should be able to design an experiment, but...you can’t assess that, precisely. You
have to get them to do that but you can’t, | mean, if I let a kid loose, | say, like, you
know, 'Here’s some materials, here’s a question -- have at it." And if they abdledb
do it, I don’t think they should...that shouldn’t be impacted by their grade.
Current assessment.
For the most part, science department members assessed for one or morenc@apete
that they felt were important throughout the school year. However, exceptionspattise
were Watson and Crick. Watson stated that 7 was really important; howevemgmlyur

assessed for 3 and 4. Crick stated that competencies 2, 4, and 1 were the most ,ifoyonant

only assessed for 7.
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Future assessment.

When asked which competencies department members would assess for in the future,
most listed one or two competencies that were consistent with the competeaicibs\t
deemed most important. Only Pasteur listed a competency to assess fouiarth€7f), which
was different from the ones that he deemed most important.

Making Room For Science Literacy

Teachers' beliefs, stemming from collaborative work, were gendratadvhat teachers
said during group sessions and in final interviews. Their practices camerfifaictsa
(competencies, sample questions, assessments, revisions of assessrérgg)dhlamitted.
During group session two, | asked teachers to think about any topics, themes, skilksgs;cme
assignments that they could eliminate or reduce in their curriculum to makeaognedter
depth of other topics/themes/skills/processes/assignments that lend tesnmsereating a more
scientifically literate population? Teacher's responses varied'&oeenything can be reworked"
to "nothing can be eliminated."

Pasteur wrote that he could do "less lecture, more discovery, more inquiry-ddaséd |
Salk wrote, "Our curriculum is already fairly deep and not very wide. Otlydek has eight or
ten chapters related to chemistry and we barely get to chapter sixruly process driven and
not content driven. " Galilei also felt that there was room for change by

introducing more topics/assignments that require hands on activity and shifagg aw

from lecture models. Specific topic areas are constantly being tdveéakeder to

accomplish this. At the moment, we will introduce a pendulum lab via simulation on
computer as well as building the actual pendulum in real time.
Archimedes felt that "most of the material where a student is to menamdzeegurgitate

information is an area where we can cultivate better assessmegisresgs to foster science

literacy in that area.” Kepler wrote
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Every year we look at the curriculum and think about what worked best or fell flat las
year. Almost always the things that we eliminate are those, which weea dy overly
broad content without experiences to connect them to the world, and what worked best
were the activities that were most engaging to the students.
Other teachers implied that they had begun the process of narrowinguthiewlam to

make room for greater depth as a means of improving the science literaey students.

Heisenberg wrote,
I've streamlined Astronomy over the years to only include necessary and @aluabl
material. In Biology I've just tried to get through as much of the mater@bssible,
while being able to ALWAYS go off on a tangent if a student asks a great question—tha

is when the class gets engaged and we go deeper. Each year | add new
activities/experiments to get the kids to think and test what we're doing cla

Similarly Watson wrote,

We reworked the chemistry curriculum for this year which I think willvalfor more

connections with the real world to be made. | would like to reduce the emphasis on such

topics as tectonic plate movement, hazardous waste managements, and manyggher thi

to focus more on energy and biodiversity in environmental science. \

Only a couple of teachers felt that they could not eliminate materimpi@yve science
literacy. Planck wrote

| believe that scientific literacy comes from years of knowledgee Idrop the

traditional core of chemistry to focus on reality, then when they get to collegarthe

going to be freaked because they never learned the boring math.

| also asked a similar question, "When you reflect on your curriculum, instrtd
assessment, are there ideas that don't lend themselves to creatingfeaityeliterate
population of students? Six out of eleven teachers said no, while four teachers,sand yese
teacher did not reply. Of the teachers that wrote no, some elaborated whydh®sy. sai
Archimedes wrote,

| think every area of curriculum, instruction and assessment in our 7th gradeTpoagra

lend themselves to creating a scientifically literate population of studénésreal
challenge is how we adapt the need to cover content, with the goal of making thalmateri
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personally relevant and fun. Material that students can connect with will tlynte
the material that the student remembers.

Similarly, Crick stated, “I feel like our curriculum is based on having @ goarking knowledge
of science hopefully reflecting experiencesl/life lessons the kids have halll leaweiin the
future.”

Those teachers that said yes to teaching some curriculum that does neelétal tihe
science literacy of their students gave various reasons ranging frooultum being set by the
college board to concepts and connections that could be made stronger. Some teachers
mentioned that the material was mandated by the College Board for AP ané<sS&\TExternal
hierarchical pressures tended to influence teachers decisions on thalrzatght and the
assessments given. Teachers were only willing to admit that partsrafutreulum were not
necessary if those parts were mandated by an external party.

Views on Collaboration

Teachers' views on collaboration came from a planned source, the final intathe
end of the study. These interviews represented expressed ideas, both positive ared egat
second perspective on teachers' views of collaboration could be gleaned framartinapation.
There were inconsistencies between what they said the value of collaboragiandvtheir
actual work. I will discuss the findings from the interviews first, and then ssltine
collaborative work that teachers did and did not do at the end of this section on cotbaborati

In answering the question, how does collaboration around the context of planning,
instructing and assessing for science literacy influence teachev's sethe nature of their
work, | found that all teachers felt that collaboration was useful. The degreefuhess varied
from teacher to teacher. The value of collaboration was validation, growth, gietspe

brainstorming, sharing the work, and conveying the teachers' program.
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Furthermore, most teachers believed the school could facilitate cotiabarvark by creating
more in-service days, as well as meetings dedicated to departmeraty, Eeachers believed
challenges to collaboration included time restraints, inflexibility, Aardun-changeability of
participants, personality differences, and dislike of meetings.

In this section, | describe teachers' views on collaboration. Their zaws from a
planned source, the final interview at the end of the study. These intervieesergpd
expressed ideas, both positive and negative about the value of collaboration. A second
perspective on teachers' views of collaboration can be gleaned from theipatoh in the
study. After 5 months of collaborating participants were interviewed to find theii
assessment and instruction had changed, as well as how they felt about the dedalvorkat |
also asked them if the group-created competencies influenced the way thdy dimmg
assessment. Finally, | asked them about how the school could address any of thgeshialle
continuing the collaborative work. These questions helped me to understand their views on the
nature of their work.

Collaboration is useful.

All teachers conveyed that collaboration was useful to some extent. Answggd ran
from very useful and integral to the success of the science program, to usefesaand for
very specific purposes. Kepler articulated,

| think it's useful. Just talking about it . . . even if nothing else happens, just talking

about it is gonna make things a little bit better. . . . . because, like | said, you krsow, thi

stuff . . . we were thinking about in a totally abstract way all the time . . . anefleats

in our teaching.

One of the things | noticed immediately after the first two sessionshabsdience

teachers were communicating more through email, which was an initial st@falyocation

outside of the group sessions. Watson sent various emails about science topics wialctoks t

73



science sites. Salk also sent a series of emails about getting kids tarprogrence courses.
Overall, there was an increase in the number and types of emails sentciertbhe teachers.

Value in collaboration.

During the final interviews, | asked teachers in what ways it was usefallaiborate
with other science teachers around the issue of science literacy. Teaadpensses varied,;
however there were five main themes that emerged from this question.

Validation.

Approximately half of the teachers stated that hearing that othéietsagere doing the
same type of work or that they had similar issues in their classroom wa@atwvgli Archimedes
said,

It validates that what you're doing it, you know, we're constantly trying to igrtive

classroom. I'm doing some things way different this year than last yeartreugh the

content might be similar . . . and when | hear from somebody, you know, one of the
competencies we want are these and I'm like ah, | know we're achievgig here. It's
validation for one!

Similarly Crick emphasized,

| think just hearing from other people, having the time where we’re sitting dogvn a

we’re talking all about the same thing and brainstorming, | mean like . . . likericha

idea that Kepler and | thought the same on so many things, | never have canersat
with him about science because | never see him.

Growth.

Four participants also felt that they experienced growth as a result ohgdokjether.
Growth included hearing new things from other participants, or having new ideas thomnd,ar
or even just thinking differently about assessment or instruction from listeninigets oalk
about their lessons. Archimedes stated,

It's like showing areas to me of further growth. Like | know | need to adgedsetter.

Or I'm going to do a project different next year just from talking with younwioei're
interviewing me, | know I'm going to actually do something like, becaused better
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way to do it. So validation, and growth and also articulation . . . whether it's a curriculum
or if it's just a common kind of values and language that we're using."”

Similarly, Crick stated,

you can feel confident in what you know now and you will continue to grow in that way."
And for an inexperienced teacher, growth meant new ideas for him to try. &Howas

useful, because I'm new at this, so hearing people, . . . someone who’s been aathis for
long time, whether or not | agree with, you know, it's interesting . . . and it's vesfuhel
for me.

Sharing work and brainstorming together.

| grouped sharing work and brainstorming together because that is how particgiadts li
the two activities. By brainstorming together, teachers felt that thdyg share in the work that
needed to be done and also divide the tasks. Seven participants cited that there was value i
collaboration because work could be shared, labor could be divided, and there was a lot of
brainstorming in the group. Crick stated, "being able to ... to brainstorm, lIrbegnstorm
with Mendel and Archimedes all the time. I.think that's what makes us a strong group.”
Similarly Pasteur said,

There’s so many studies that prove, you know, five-five brains get you there gheker t

one, but and I'm okay to sit down and problem solve together. If there’s an ideal

curriculum that we’re seeking, getting together and talking about it is thevaglyve're

gonna get close.
While Mendel stated, "I liked seeing the compilation of everyone’s resulsibed — | think my
colleagues are super smart, and it's so nice that they’re so willing to share

Awareness of the program and articulation.

Three participants felt that collaboration was useful in conveying theragagdeogram
at Sunset School and sharing expectations, as well the articulation ofscodfatson explained,

| think it would be helpful for them to see what our expectations were. Like yemuaihk |

they have the topics that we cover, but | don’t know that they have even just a list of
things we would expect them to at least have heard. ‘Cause when | talk aboutehodels
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the atom, that’s the first time they've even heard about protons, neutrons and electrons
for some of them . . . and that seems odd to me to get that the first time in 10th grade.

Crick also felt the same way, "It'd be valuable knowing what’s happeningimat@ssroom."
Similarly, Pasteur claimed, "I think us doing that is-is really valuab&jse we find out one
where-where are we as a whole. You know, where-where is each individual." Mend&dumm
it up by stating,
| find that besides building like collegiality and all that, | really think thia important
for us to know what — what you’re doing, — what — and what you need from us, and what
we can get from you, and how we can ... | really strongly believe in the spiraling
curriculum that spirals back and back and back, even though some people do not. | think
that that is the most effective way for students to learn.
Collaboration was not valuable to all.
Four of the participants stated reasons why a portion of the collaborative work was not
valuable. The reasons ranged from participants not having time to prepasenasgsdefore
group sessions, or that participants left early before group work was completer Keple
exemplified this, stating,
| see people who very clearly didn’t think about any of it for even ten seconds before the
meeting. And . .. just how they have things that are more important to them. And after
the meeting, talk about how lame it was or how we didn’t do anything .
Other reasons why collaboration was not useful were because members gmtlksadet
and caught up in sidebar conversations or on topics other than science education. Salk
mentioned, "It was not as productive as . . . because we didn’t. .. we got . . . we got caught up i
conversation, and-and caught up in maybe a tangent here or there, and then | think was. . . it w
a lot that we were being asked to cover." Some members stated that tleese wemy
meetings at Sunset School that it is sometimes hard to be productive in all ofAtisera

couple of participants stated that the value of collaboration was lessenedvifetteegrouped

with someone who did not process information the same way or at the same speedat€dck s
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"I mean Sunset loves meetings, and we have a lot of meetings where | damytpaig out of
them. Um, and | have to say that science falls in that category." WhilenHergeexplained,
"When I'm paired with people who are very detailed oriented or are able to linkéogeteries
of ideas very quickly, and | need more time to absorb it, so that kind of hinders me."

Challenges in collaborating.

A theme that emerged during all final interviews was the challengdlaboration. The
most common responses included time restraints. Most participants found thag rmeets,
which were scheduled at the end of the day, conflicted with childcare respdasibiiteam
practices. Archimedes commented that "time constraints and familabdbtig . . . the end of
the day is hard for some of us. I'm sometimes fried, and you know, maybe I'll h@ortésa s
practice." Furthermore, the end of the day was when most participantaselikely to engage
in worthwhile discussion and conversation.

Other participants explained that every minute of their day was packeddtiitity and
teaching, and that spending time in meetings was taking away from valissale fganning and
grading. Planck expressed, "I mean, at least for me. | don’'t have a spare mieetdke |
don’t have a spare minute during the day to go to the bathroom, or get lunch." The tioeng iss
was frustrating for participants who were willing to forsake other commisrte be at meetings
while watching their colleagues skip meetings for less significamnadtments. Galilei
commented,

| think just getting everybody together at the same time without having you kndw 'oh

can only stay five minutes, I've got to you know, | got this going on so I'm just going t

go." So | guess the timing is the biggest thing.

It was clear from the interview data that teachers needed more timer idair¢o

complete their required tasks as well as come to after school meetings.

77



People do not change.

Many participants also commented that, "people don't change,” and thgpéhad t
collaboration would not make a difference if people were not willing or ableatoge. The
reasons given for not changing included teachers' place in their careeelmg that change
was necessary, and that people got stuck in what they are doing and even drites)/tev
change, it is too hard. Salk illustrated this idea with his comment "some pe»pkt ar their
ways . . . and they’re not willing to change, because what they have done has workesd, and it’
easy." Similarly, Watson also expresses this concern,

| think they want to meet on paper. But once you put them all in a room together, people

are so stuck in what they’re already doing that we can talk about it a whole lotidouit |

know that a lot would actually change.
Pasteur self reported that at this point in his career it was hard to pilusdgpé of change, and
in fact, he fought against it to preserve his long-standing and unwavering bbbetsscience
education.

In the twilight of my career . . . like | said earlier about figuring outdn find time for

processing it . . . if | can find time for that aspect of what our kids need. | usedaysalw

kind of fight it, because, you know, content is crucial in life sciences. | with goyt

grave believing that.

Planck further acknowledged that people are set in their ways and do not see the point in
collaborating around science literacy, especially if they are not goialtetr their practice.

Too many mandatory meetings.

Another sub theme that came out of the challenges of collaboration was that people have
a deep dislike of mandatory meetings. Planck, Bohr and Pasteur all commented ointltiae fa

at times, they dreaded the after school meeting because there were sequarg meetings.

Pasteur states, "Ugh, don’t make me do this [meeting] again. And yet | dwst\ewdo it."
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Similarly, Bohr emphasized that "there's not enough reason . . . | mean, justdfevarg to
come together in the groups.”

Personality differences.

Several teachers noted the personality differences in the departmere. tédudeers
thought that the challenges to collaboration were, in part, due to the different types of
participants in the study. Some participants were more assertive, leeassertive. "Some
people didn’t talk, and some people talked too much" (Planck). It wasn't alwayeshe m
experienced teacher who was the most vocal. One participant did not feel likevsis vie
resonated with the other middle division teacher views. Bohr emphasized,

Other cons like, it might not even be the—the most experienced teachers or thstsmarte

one throwing the group around, it might just be the most vocal one. You know, it's just—

it's easier to follow someone that's trying to lead the way.

Facilitating more collaboration.

Five of the participants discussed ways that the administration codithfaanore
collaboration through in-service or professional development days, and morelyesgiaduled
meetings. Mendel stated, "Monday afternoon faculty meetings . . . evemgsterte a semester,
| think is a good place to start because | think we used to do that and | really valeed thos
meetings . . . we need to meet once a month at least.” Participants acknowledig®e tha
constraints were a considerable issue that could be alleviated with bettenglan the part of
the administration.

Furthermore, many felt that the hour or so that we met for each group sessiust was
nearly enough time to complete meaningful work. Several participants sedytest upwards
of 5 hours to meet and spend time in each other's classrooms and labs would be beneficial.

Galilei mentioned, "tweak the schedule in the day so it creates a block im thvare are no
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classes, no kids; it's during the day so there are no sports, no nothing and then you haree the ti
blocked." Alternatively, in-service days at the beginning of the year, ridieat the end of the
year when department members are burnt out, would be helpful.

Other suggestions were that teachers could spend more time observing e&h other
classes as a form of collaboration. This could be encouraged by the adtronistygproviding
substitute coverage. Kepler mentioned that having a better teacher evadyatem in place
would motivate teachers to collaborate. Finally, Planck mentioned that bringangpecialist to
come speak with the department about topics of interest might also fostboratitan.

What they said was different than what they did.

The above findings illustrate the responses that teachers gave during\weexbaut the
value of collaboration. However, when looking at teachers' actions during thet pitogedata
looks a little different. Teachers often did not complete the collaborativeamorteachers
often did not attend all sessions, or stay for the entire session when they did Attéedchers
attended the first two meetings during in-service week. Only ten attémeldurd session, and
three teachers left early. Three teachers did not attend the fourth sasdiom deft early.

Eight teachers attended the fifth session and stayed the entire time.cAdrteparticipated in
the final interviews, although several teachers were noncommittal andechadaigs and times.

Initially, the group sessions were supposed to include more material and more
collaborative activities. In between sessions, participants were asked fg comdpetencies,
design competency-based assessments, work collaboratively to modify theitearmyg®sed
assessments, and give the assessments to their students. | had planndtefertteaeate and
give assessments and return to the group sessions with data on how their studentdpanforme

the assessments. | was going to have teachers pair up and observe each atlaitsinsa
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non-evaluative way to give feedback on how their instruction aligned with thegsassnt. The
professional development was supposed to include the creation of multiple competseaty-b
assessments, as well as peer observations as a means to improve instructign asseasment
to instruction.

Beginning with the reading assigned after the first group session, mahgredo not
complete the task. After the second group session, teachers were asketg @ncasaessment
based on any one of the competencies that we generated, and then send me the gompetenc
number and their assessment before the third group session. Not a singleapatiexd
completed the task 3 days before the group session. | met with teachers ingiaidddelped
them to think about the assignment and ways to complete it. By the third group session most
participants had created some type of assessment. Only one of the estetgsmed in had any
type of grading scale or rubric attached. This was an assessment tica¢ated during the past
year by two teachers in the study. It partially assessed for one of thetemwies. All of the
other assessments were only partially complete, and were not trueresgssbecause there
was no way to measure student mastery of the competency.

By the fourth session, teachers spent more time developing their competesty-bas
assessment as seen by the added details and partial rubrics; yehagaorktwas only
completed as a result of multiple emails and check-ins by me to keep thesprusésg.

Ultimately, only one-third of my original professional development plan was cagdplet
during the course of the study. Because teachers did not complete tasks iefimayrien

subsequent tasks could not be completed.
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Summary of Findings

Science teachers' views on science literacy were initially mdsgtprical according to
my categorization. However, these rhetorical definitions changed and includetbgicaé
components for half of the participants over the course of the study. Teacheswiscience
literacy did vary by context: instruction, assessment, and planning. Teaahterable to
develop competency-based assessments that were more logical in natureithamial and
final definitions of science literacy.

Collaboration was useful and helpful for most teachers, although the degree to which
teachers collaborated varied by context and session. Generating congsetescchallenging
for teachers, and developing assessments to measure those competencies masee
challenging for all participants in the group. Finally, most teachemsadidssess for

competencies that they deemed important, although they would like to in the future.
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Chapter 5: Discussion of Findings

Introduction

The purpose of my study was to determine teachers' views on science hisilabg
way that their views influence different contexts of their teaching: plgnmstruction, and
assessment. Subsequently, | sought to understand how collaboration influencedttieg way
teachers felt about the nature of their work. This chapter begins with aumnefasy and
discussion of the findings; then relates them to the theories and previous researtiegias
the literature review. | then go on to discuss the limitations of this qualitagearch and my
reflections on this work. Finally, | present my conclusions and make recomnogisdati
improve assessment and instruction at Sunset School, as well as factitateoffaborative
work.
Summary of Findings

Evidence found in this study indicated that most participants initially definewcsc
literacy with a rhetorical definition. Furthermore, after partitigain the study, half of the
participants' views about science literacy changed to include a marallogmponent. Also,
participants’ definitions varied across context (test questions, competercydssessments,
definitions). None of the participants held consistent views across all four toritais
variation was more context-based than participant based. Most teachers ghamupetency-
based assessments that were more logical than their rhetorical iniialonescience literacy.
Teachers also said that they wanted to assess for competencies tha¢they aeportant, even
though they did not currently assess for those competencies.

By the end of the study, all teachers said that collaboration was useful, although the

degree of usefulness varied from teacher to teacher. The value of colabwadi validation,
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growth, gaining perspective, brainstorming, sharing the work, and conveyingribgiam.
Ultimately, teachers believed that schools could facilitate collabonatwie through in-service
days, and dedicated department meeting times. Finally, while teaaltetisag collaboration
was important, their actions, which included not completing collaborative work anderatiagt
group sessions, implied that it was relatively less important than other demands timé¢he
Discussion

Below, my discussion is broken up into five sections that describe my major firaidgs
why they are significant. Where appropriate, | tie in some of the exlgagrgture. Following
my discussion of the findings, | describe some of the contextual considerationsufdyy
Specifically, | describe the challenges of this type of study in a smakterhigh-performing
school.

Predominance of rhetorical definitions.

The first finding was that science teachers' definitions of sciencachtevere rhetorical
in nature, according to my categorical assignments. Most teachers wroténttad definitions
that were science oriented (rhetorical), but these definitions were not sdppaht@vidence as
to why they were useful (logical), and they did not include complex real weuktisns that
students needed to understand (empirical).

| expected this finding because for the most part, science education haslzemays
series of facts and concepts that teachers teach because the book contamsrthganf and
because the information is on the standardized tests that teachers aiagteemrstudents to
take. How science literacy is defined matters. As cited in chapter twley K1i998), defines
science literacy as the ability to write and read about science. This & @ague and rhetorical

definition, because what does it really mean to be able to read and write@boct® Teachers
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follow curriculum in the science books, and they use test banks, which are provided with the
books. Because there has been no consensus on science literacy since the introduction of the
concept over fifty years ago (Hurd, 1958), it is not surprising that the scienbhereacmy

study included vague and rhetorical definitions.

Many teachers still feel that science is a set of terms and fatideas, and that putting
the science into science-related social issues dilutes the pure sciemgeveH@ven Dewey in
the early 1900s realized that learning must occur through engagementvionegbroblem
solving and that teachers and students alike need to apply their intelligence texcanpl
dynamic issues (Dewey, 1902, 1930).

Another aspect is that teachers may articulate their definition arcessi and when
given more time to think about it and reflect on it, they may have an expanded definitien that
more inclusive of what they actually think science literacy is.

Beliefs expanded for many participants.

Almost half of the participants' beliefs about science literacy changeedretheir
initial and final definition to include a more logical and empirical definitiBnen though
participants still maintained in part their rhetorical definitions, five gtba positive change.
One of the goals of having discussions about science literacy was to exjned bediefs about
science literacy. Itis not clear whether the discussions about scienaeylj the collaboration
over creating competencies, or the creation of new assessments wereélferddis positive
change. It may be a combination of all three factors that created theogioes tiefinitions. It
is also important to note that while some teachers' beliefs expanded, others @itithose that
articulated change, those changes may have been a result of all ¢ttoee f®f those that did

not articulate change about beliefs, it may have just been the context inl\abkied them.
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Variation was context based.

If you look across rows in Table 2, for most participants the initial code and didel c
are almost the same. Yet, the sample questions and competency-bassdeadsese more
logical and empirical. This suggests that when you ask a teacher to defimeediteracy, they
define it in a very science discipline centered way, which will often sound like tpeechan
their science book. "We want our kids to know key concepts and vocabulary, formulas and
mechanisms" (Pasteur, initial definitiorblowever, when you ask them to give sample questions
their responses are more logical. "Have kids write on a real life situatid see how they apply
their knowledge of science" (Pasteur, sample question).

This leads me to conclude that there is more variation between the contexthin whic
participants defined science literacy rather than the individuals thems@leashers do not
have a uniform or stable view of what science literacy is. These views ymydieg on what |
asked them to do. It is also possible that their definitions reflect views ¢hadtatied to their
practice. Meaning, they could say one thing and do another thing that was iecdnegist
what they said they were doing. However, the only data that | collectedhearadsessments
and sample questions, and | can only infer that teachers were inconsisteehbghaéthey said
and the two artifacts that | collected.

In terms of student outcomes (science literacy), it matters what teafthar the
classroom more than what they say about what they do. So even though teachers could not
necessarily write a logical or empirical definition, they could waitegical and empirical

assessment, and this was a positive finding.
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Collaboration was valuable.

All teachers conveyed that collaboration was useful. The climate of the nsestisg
congenial and pleasant. Teachers felt that they had a better understandingoli¢élagues and
their instruction. It was important that science teachers collaboratetd¢oate science
competencies so that they felt some ownership over tfdris.also helped teachers feel
validation about their own work. Those teachers that came into the meeting feeling
overwhelmed by the content prescribed by their discipline, felt validatedlasdteneeting
because they could eliminate some of their content to make room for lessomsthiatited to
the science literacy of their students.

Participants also mentioned growth as one of the ways in which collaboration was
valuable. By sharing ideas, teachers could expand their own repertoirsneXperienced
teachers especially seemed to benefit from the group sessions. One teatiomeche'I'm new
at this, so hearing people . . . is very helpful for me." It makes sense tham vesataers should
be sharing the successes and failures of their practice with new teadélensteachers who
have been teaching for many years can benefit from the insight of theaguadls. "I'm going to
do a project different next year just from talking with other teachers abou(Anchimedes,
final interview). Clearly, the collaboration is useful, but there are chabaiogmllaboration
that will be discussed in the next section.

One of the things | noticed immediately after the first two sessionshwagasdveral
science teachers were communicating more through email, which wasarsia in
collaboration outside of the group sessions. As mentioned in chapter 4, Watson and Salk began
sending emails with links to interesting sites. Other teachers also begargsgmoup emails

about technology, interesting professional development opportunities, and labs. | did rest code
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analyze the emails, rather, | noted that the frequency had gone up frormadsote several a
week from various participants.

Challenges to collaboration.

One of the findings that emerged was that there was value in collaboration and doing
meaningful planning. However, there was an agreement among teachers thatshese wa
adequate planning time and that the time that was allotted for teachers wiathaoight time
and did not foster group work. Teachers felt that if there in-service dagh were specific to
this kind of curricular change, it would be helpful. Furthermore, the time of demesgee
impact the type of work that teachers were able to do. Many of the participamesstudy had
extra-curricular commitments, which took them out of group meetings and myithg sttier
school impossible. The most convenient time to work was done when we met in the mornings
during in-service week. This morning time made it so that teachers atemgshing out of the
meetings for other commitments. Also, having meetings on days when there wkxgsee m
session alleviated some of the teachers' workload.

Contextual Considerations

In this section | speculate on some of my findings and how they tie into theechnmh
culture of the school. | discuss why there may not be incentive to changeepaactiozhy
participation in the project may have been inconsistent.

Lack of incentives for change.

| think that one of the underlying themes that came out during group sessions and
interviews was that there was not always incentive to change the wagreasbess and instruct
because all kids seemed to be achieving at Sunset School. The system didarabapge

fixing if all of the students scored well on standardized tests and went onttoateges.
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Teachers may have felt that time and energy was better spent attiendihgr problems within
the school. There may not have been an immediate perceived need for this kind of work.
Discussions and group work were inspirational and motivational; however taking the nex
step of changing current styles of instruction and assessment, ormng\eattice to colleagues,
may have been a daunting and time consuming task for teachers. Furthermore, the school
administration, parents, and students were not asking for any change in practieetime this
study was conducted, there was no formal evaluation system in place thatath¢eschers'
practice. Furthermore, student outcomes in science were undefined. &kare aonsensus or
documentation about what students should know or be able to do before they graduate. Taking
into account all of these factors, the results of my study are not that surprising.
Unfreezing beliefs.
It is important to understand teacher belief systems and how teaching andylésgiain
place. Even when presented with different ideas about what it means to be sieimtee |
teachers will not always change their teaching because of the complglay between their
ego, perceptions, and attitudes, as well as the school culture and group norms. Schein (1995)
described the process of change as a painful unlearning, and difficulbiedeaBy merely
adding a driving force toward change, an immediate counterforce (resgréorce) will be
produced to maintain the equilibrium. The only way to move forward with change isdeeem
the restraining forces (Schein, 1995), which in the case of Sunset School, maghbestea
tightly-held beliefs and perceptions, and group norms that are woven in the orgaaizati

structure.
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Teachers did not complete the tasks.

When | began the project, | created a series of group sessions that werepeadeiate
on a task to be completed between the group session. Unfortunately, most teachers did not
complete the tasks that were asked of them, in the time frame that | hadlbrigianned for.
The first task after group session one was to read an article about scemacg.lifThis was
given to each science teacher after the first group session. Only a tnpdftilcipants read the
article over the two-day period between group sessiDasing group session two, | asked the
teachers to reflect on the article as well as on the first group sessiomerBeaere energized
and patrticipatory during the first two sessions, which led me to believe that oy @agerly
complete the assignments to improve assessment and instruction. This energlusiasemt
stemmed from meetings being held before the school year started andadimiegvhen they
were expecting to meet. Unfortunately, once the school year began, teaakierst have had
the time to spend on extra work outside of their regularly scheduled courses, adsismty, p
mandatory meetings and personal lives.

The first major assignment asked teachers to pick one of the competenciaghethic
developed collaboratively during the second and third sessions, and design an assessthe
would measure one of the competencies. They were also asked to give ssahassand see
how the students did. They were given a month to complete the task. Unexpected by me, none
of the teachers completed the task. Two things may have been going ont thasfitisat they
did not actually know how to create an assessment that differed from thet@dissessments
that they gave in their class; and second they could not balance the demandsavfdvor
personal life with my added tasks. Creating a competency-basethassessjuired teachers to

know what types of questions and activities could be used to measure the competencyt | think i
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would have been valuable, if there were time, to create a sample assessimirat tgachers.
This was a shortcoming in my study. | did not allocate more time to certairthasksay have
needed further clarification. Another possibility was that the resststemmed from teachers
not feeling secure enough to open up their practice to colleagues. In asking thereto crea
assessments and share them, | was asking them to generate somethiveg applied their
knowledge rather than just consume information from another scholar.

| met with teachers one on one to discuss their obstacles in completing assigneneht
noticed a similar theme in many of the conversations: creating a compésed assessment
was difficult to do. Multiple teachers expressed that they did not really knento make an
assessment that tied in with their content. They also stated that it was Iegesothe
assessment. Crick said, " it is easier to create a lesson with théwdeddo get across than
write a formal assessment for that lesson.” Based on this finding, | woaldmeand that
significant professional development time be allotted to teaching teduher® authentically
assess, with competencies in mind, as well as create rubrics and gradiag scal

Ultimately, teachers were able to come with activities for each dempg but they
could not come up with a sophisticated way to grade these activities. This was ievident
third session. Some teachers teamed up and turned in activities that did not includg sy w
measure the students understand of the material or mastery of the compketashkeyl teachers
to include some form of rubric to grade the students' assessment by the fouoth sétbsiugh |
did not specify how to create the rubric.

By the fourth session, several teachers were able to modify their assessimelude a
point system. However, the point system was not justified with crit@ri@aich point value.

Teachers knew that they would be awarding points, but they were unsure of howrtdhasssg
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points. An example of this was seen in Galilei's assessment rubric wheretég"video posted
on time 0-1-2-3; video is related to unit- 0-1-2-3; video is engaging-0-1-2-3." In d@tuss
teachers realized that they needed to improve their assessments, but in thstetid not.

As mentioned above, teachers said they valued collaboration, but their actiens wer
inconsistent. Session 4 (department meetings by discipline) was edneeldl deemed optional
by the administration for logistical reasons, and when | tried to reine&atadeting, teacher by
teacher, | found that only a handful of teachers were willing to attend. The hahtHfathers
who did attend the meeting were participatory and fully engaged in the cororessdathe
teachers that left school early cited reasons for leaving which includedtivethghot wanting to
meet after school, and feeling sick. Yet, if the meeting was required, | agseyneould have
been there.

Also, before the fourth meeting | asked participants to modify and refine the group-
generated competencies online before we met as a group, and none of them did vier Howe
what | saw as resistance may have also been a struggle. Teachers maye known how to
put onto paper what their beliefs about competencies were. Also, it may have saemied s
the group setting to build on each other's ideas. Their thinking seemed to have evolved, but the
instruction and assessment were lagging behind. During group sessions, teaohatsde to
talk about what they wanted to assess for and the importance of each compyetanaye final
interviews, teachers did not circle all competencies, signifying themritance.

Independent schools are not always as vested in reform efforts.

There have been multiple reform efforts to improve science education and change the
ways students learn science in the United States, however, independent sehoaiss tied to

the reform effort. In public schools, there are state mandated standaictsregults in a
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standardization of teaching. If there is a revamping of standards, public salea@guared to
adhere to them. In private schools, teachers may use standards to guide tbeluicuand
instruction, but it is not always mandated.

In the case of Sunset School, teachers choose their own textbooks, curriculum and
instruction strategy. In fact the only national science tests that stwd#rgke at Sunset School
during their science career are the SAT subject test and the AP test. sARateshot been the
standard of scientific literacy. In fact, both the SAT subject test and theséd’réquire more
reproductive thinking (repeating factual knowledge) rather than productnlerti
Unfortunately, because the major emphasis of the AP science tests ismaigzagon of
material, this becomes the emphasis in the science classroom (Educatomél C1988).
Science is more than empirical data; it is the ability to analyze dataarws to interpret an
event (Ryder, 2001). With a heavy emphasis on science knowledge acquisitioreraans ia
disconnect between the teaching of science and actually preparing kids to be cendume
science.

Reflections on Interventions

The genesis of this projected stemmed from my desire to improve sciencecegdatcat
my school. It was important for me to delve into discussions with my departmentdiaiut
truly matters in science education, before we embarked on a WASC-managitecsd
sequence document for the department. My hope was that teachers would shift femy a he
content focus to a competency focus, which required that teachers actually talwlasiout
matters and create competencies. Finally, | hoped that teachers wautllesividy they assess
students and ultimately change their instruction. | had observed too many classtermthe

focus was on the minutia of science rather than the development of skills and understanding
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The final exams that teachers have been submitting for the past sixwlaéad,have been
department chair, have been heavily fact and content-laden with very little copnoblem
solving or critical thinking. It is not entirely teachers' faults for inging and assessing this
way. After all, the AP science exams and the science SAT subject tests asthe same way.
These tests send a signal to teachers that this is what matters, egexaifdeal of literature and
the new science framework suggest otherwise.

When | created objectives and outcomes for each group session, | fully exppecte
department to embrace this type of work and move forward. The first session wyamélle
Teachers were truly energized and excited to be talking about scieraeylitd he timing was
also perfect. Teachers were refreshed from a summer off and the morntigy e was
ideal. However, once the school year started, teachers were faced wytblralb@nges to
completing the tasks. By the second session, almost half of the teachers did niotééve
read the assigned article. There is such a scarcity of time and @andrgyteaching profession
that taking on extra responsibilities can cause anxiety for the teachesakispéen they feel
stretched to their limit. The competencies that teachers developedomeieagd quite similar
to the 21st century skills that are listed in many education books and journals.
Shortcomings of the Study

When | began to think about group sessions and working with teachers, | fully
underestimated the amount of time that we would have and need as a group to do this kind of
work. Thinking and discussing science literacy is one thing, learning to developteonige
and assessments takes much more time and a lot more training of the teachexd.invoé

tasks were not easy and they were time consuming. This was not time thatteaaltespare
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in their demanding jobs. But if, somehow, significant time could be set aside, the wiatbeo
done.
Recommendations For Schools

| recommend that science teachers engage in a targeted profedsi@iapment that
builds upon the work that they successfully created during my study. Specificailyete were
able to create more logical and empirical assessments when theyskenld@use competencies
to guide them. Therefore, the type of professional development that seems Hubstt tisis
time is work that helps teachers develop new models of assessment and instrattiand a
competency in mind. It is very challenging to create competency-bassdmesnts and rubrics
for scoring student work. Professional development that can scaffold thesenthskaka them
manageable are critical for teachers who want to teach a competeecldoariculum.
Furthermore, it is possible the teachers that are amenable to chargep=red with other
teachers that did not show as much growth in the study. Teachers can helpactiestbuild
from their contextual understanding. This could lead to more teachers becomatg ateout
science literacy.

| also recommend that schools set aside significant time for collaboeatd that this
collaborative work be expected and encouraged and be a part of the teacher evahsgm pr
Teachers need ongoing opportunities to have dialogue about their practicesgngWéeiers, &
Beavis, 2005). Having continuous dialogue with other teachers enables them to deepen t
own content knowledge (Darling-Hammond, 1997). Private school teachers have atdiffere
accountability for their work.

| recommend that teachers and administrators have clear goals anthleatcomes for

all students, and that teachers meet regularly to discuss these outcomegsattdmeasure
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student learning. One way this can be accomplished is through departmentahscepguance
documents that highlight learning outcomes, teaching methods, and assessment types

My recommendation is that Sunset School create more goal oriented ireskys; in
which teachers are fully present and focused on creating new assesameaigyning
curriculum. Ideally, these in-service days would be placed throughout the sehoaltgr a
weekend, when teachers are rested and have time to do meaningful work.
Recommendations for Further Research

It would be interesting to do this type of research with another school and science
department. One where the administration is fully engaged and looking for chandagoge
among the teachers, or where teachers have more professional developasdédet this
type of work. The goal in most interventions and professional development for teachers is that
they will lead to some measurable difference in student achievement. Whgtudy's aim was
to look at teacher views and teacher collaboration, the end goal is that studenenaee sc
literate. It would be useful to develop some time of science literacy insttuhad teachers give
to students before they graduate high school as a means to see how well tgadatw@mn) in
preparing the students.
Limitations of Study

While this study presents interesting data about science teachefs' &digractices,
there are limitations to consider.

Generalizability.

| worked with a small group of predominately white, middle-class teaah@small
private school. Almost all of the teachers had a higher degree in educatiomoe scie

Participation in my study was voluntary. My sample was diverse in experiedggade level
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and representative of the school population; however, it was not necessarilgntgings of the
entire population of science teachers. Therefore, | expect that the knowhkedged from this
study can be used to add to the existing literature on science education dvatatidia, but it is
not necessarily representative of all science teachers. Furthermote thleeualitative nature
of the research, the data may be subject to different interpretations bgrdifieaders.

Reactivity.

There was also potential bias because | am a member of the science departhie
work intimately with most of the teachers. As the department chair, mgipants may have
said certain things in the interview to please me, rather than convey the absttut& here is
information that | infer from their statements and their actions. Also, sbtheir willingness
to participate more or less fully in the group sessions may have been becaysextimg
relationship with them. To contend with this issue, | used multiple data sourcesrtoidet
each teacher's views on literacy, collaboration, and change over time.

Conclusion

Improving the level of science literacy of our students should be the goatontesci
teachers. However, it is not an easy task. What science literacy lookalikieow it should it
be taught, is not agreed upon by teachers and schools. Most teachers are st i@fimvays
that ways that do not necessarily contribute to the science literacyrafttients.
Unfortunately, as science literacy decreases, science skepticieas@s among the public.
This skepticism about science being a "force of good" may be a contribatiog fo major cuts
in funding for science and technology programs (Mejlgaards & Stares, 2010).

Science departments need to define science literacy, and reach consensushey how t

can best measure it in their students. The process begins with a conversationianescatth
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consensus building around assessment and instruction. Collaboration is valuable ts &eache

needs to be facilitated by schools on a regular and on-going basis.
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Appendix A: Timeline of Events

August 23, 2011
Recruit participants and collect consent forms
Initial group session
Collect pretest data (science literacy definitions, sample asssisguestions)
Assigned reading
First journal prompt

August 25, 2011
Second group session
Discuss assigned reading (spend most time)
Collect sample assessment questions
Second journal prompt

September 12-16, 2011
Third group session
Respondent checks
Third journal prompt

October 17, 2011
Fourth group session
Fourth journal prompt

November 17, 2011
Fifth group session
Fifth journal prompt

December 5-10, 2011
Final interviews
Respondent checks

January 2012
Final interviews
Code data
Write up findings

April 2012
Write up discussion of findings

May 2012
Present findings and discussion of findings to dissertation committee
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Appendix B: Research Information Sheet Consent Form
August 2011
Dear Teacher,

You are asked to participate in a research study conducted by Tamaransiie¢hé
Educational Leadership Program in the Graduate School of Education & InfonrBadies at
the University of California, Los AngeleShe aims of this research are to study the development
of a culture of collaboration among science department members and thereby istoce
instruction and science literacy at Sunset School. Your participation in thasalesvill
improve my understanding of collaborative planning and teaching. There are n@pbiysic
psychological risks to you from your participation in this study.

If you agree to participate in the research, you will be audio taped duringggx g
sessions that will take place during regularly scheduled departmenhgsedtne recordings and
electronic responses will be analyzed by the principal investigatortgnu@derstand how you as
a teacher, think about science literacy and how your instruction and assessnaéighad with
group generated science competencies. After or near the end of each gsoup Isgill send a
short electronic journal prompt, which will be a debriefing of the discussion antiesthat
took place that day. Your email response will take no more than five minutes. h&fstudy, |
may conduct a short interview with you to obtain more information about your thoughts on the
process of collaboration, peer observation, and teaching. | may also administeryancarson
electronic survey to gather similar information. Participation in theareh study will take place
simultaneously with the work that we are doing as a departifieisttime includes the six group
sessions, response to journal prompts, creation of new lessons, peer observations, short
interviews, and reading of journal articles.

All of the data | collect via group sessions, electronic journal prompts, suameys
interviews will be kept strictly confidential, and will not be shown to school mentbestsiff.

You have the right to review, edit or erase the research tapes of youpptadicin
whole or in part.

Your participation in the research is completely voluntary and even if you coasent t
participate you may withdraw from the research at any time. You may withynar consent at
any time and discontinue participation without penalty. You are not waiving arclagas,
rights or remedies because of your participation in this research study. Wigh to ask
guestions about your rights as a research participant or if you wish to voipeoaigms or
concerns you may have about the study to someone other than the researchecsliplease
Office of the Human Research Protection Program at (310) 825-7122 or write @ @ffie
Human Research Protection Program, UCLA, 11000 Kinross Avenue, Suite 102, Box 951694,
Los Angeles, CA 90095-1694.
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If you have any questions or concerns about the research, please feel free toreoatac
TMiller@bwscampus.com or 310-666-1258. You may also contact my faculty sponsanwill
Sandoval, at Sandoval@gseis.ucla.edu or 310-794-5431.

Sincerely,
Tamara Miller
Graduate Student, UCLA

SIGNATURE OF RESEARCH SUBJECT

| understand the procedures described above. My questions have been answered to my
satisfaction, and | agree to participate in this study. | have been giopy afchis form.

Name of Subject

Signature of Subject or Legal Representative Date

Please sighelow this text if you are not sure if you are going to participate because you need
more information. | will contact you today or tomorrow and answer all of yoistigus.
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Appendix C: Group Sessions
Session 1 (1 hour)
Guiding questions.
Q1: Please write down your definition of scientific literacy. Please in@dilag the
components of your definition of scientific literacy.
Q2: Please write down two sample questions that you have used with your students that
measure science literacy?
Q3: What are similarities and differences between different definiti@tsare on the
board? (Group discussion)
Q4: How can we group these from a taxonomic standpoint? Are any of these groups less
content oriented? (Group Discussion)
Activity.
| began the study by asking the group to individually write their definition ofitsooe
literacy on paper or on an electronic word document, and of all of the things that mhde up t
definition of scientific literacy. This gave me documentation of each memltee gfoups'
perceptions before the study began. | collected the papers and electronissumsnfism all
participants. During the next part of the session, | asked each member of the ggimuptses
write two test questions that could be used to assess scientific literagye Jinestions could be
subject-specific or more holistic. The next step was the "taxonomy ganeeé wroup members
discussed everyone's definitions according to theme or similar definitasked participants
what some of the similarities and differences were between definitions,eahadda

conversation about science literacy.
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Goals.

Pre-test data. The science literacy definitions collected in session one gave mespre-te
data to answer research question one. | initially collected their defindf@tsence literacy and
by simultaneously collecting sample questions from each teacher, | \eas aettermine if their
assessment questions mirrored their definitions of science literaeas dlso able to elicit
assumptions on science literacy. This marked the beginning of a shared endeavor of
collaboration.

After Session 1.

1. Group members were asked to read article one

2. Group members responded to electronic journal prompt before the start of segsion tw

(These questions were written as the guiding questions in session 2.)
Session 2 (1 hour)

Guiding questions.

(The first three questions were the reflective journal prompt questions. Whesalso a
springboard for discussion)

Q1: How would you describe the type of science literacy found in your artiole/hat
ways was the article similar or different to your current balefut science literacy?
After reading this article, was there anything you might add to younitiefi of
science literacy?

Q2: When you reflect on your curriculum and instruction, and assessment are¢lasre i

that do not lend themselves to creating a scientifically literate population of

students?
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Q3: What, if any topics themes, skills, processes, or assignments could yioatelion
reduce in your curriculum to make room for greater depth of other topics, themes,
skills, processes, and assignments that lend themselves to creating a more
scientifically literate population?

Q4: What are the content, skills and processes that our students should know and be able

to do before they graduate? (Examples of competencies)

Q5: In your group, can you come up with one to three competencies and write them

down?

Activity.

At the second meeting | asked everyone do a "quick write" on their own definitions of
scientific literacy. It may have changed since the previous meédtmgy have stayed the same,
or it may have expanded. | asked them how the author of their article defimetfisditeracy.
| opened up a conversation about the different types of literacy mentioned in thé gotiches.
| then asked teachers to reflect on their curriculum and think about the ideas thateshal not |
themselves to creating a science literate student. | also asked thélectorewhat might be
eliminated from their course to make room for more depth of other topics.

The second part of the session involved the creation of competencies. | grouped teache
into three heterogeneous groups and asked them to come up with competenciesneldettyati
competencies were defined as what kids should know and be able to do. | gave them some
sample competencies and then gave them 20 minutes to work in groups. | collected these

competencies at the end of the group session.
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Goals.

The goals of this session were to re-examine the initial views of scitareey and
reflect on curriculum and instruction. Then the next goal was to begin the process of
collaboration by working in groups to generate competencies. Finally, teaeheld use
competencies to develop competency-based assessments.

After Session 2.

1. Group members were asked to pick a competency from the list that wasl aneat
session 2 and develop an assessment for that competency.

2. Group members responded to electronic journal prompts before the beginning of
session three.

3. Group members were asked to think about what activities/lessons/projecén daedst
practice in their science classroom, which contribute to the scienceylitdrtme
students. Then they were asked to use something that they had learned framuaghe g
and/or research and prepare something new to implement in their classroom.

Session 3 (1 hour)

Guiding questions.

(These questions were the electronic journal prompt questions as well as our spdngbo

for discussion.)

Q1: How has the effort to design an assessment of one of our competencies influenced

your ideas about assessment?

Q2: In what ways does developing assessments for your competefioesde your

approach to instruction?
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Activity.

During this group session, members engaged in authentic group reflection alout the
competency-based assessment as well as the challenges of developsgshmant. Group
members shared their assessments with the group and the group gave feedbaltkeddbers
had the opportunity to share their competency-based assessment, so thisaaieintinued
in the next group session.

Goals.

The goals of this session were to engage each group member in seliorefisatvell as
critique each other's competency-based assessments. The goals dfithevace that teachers
began the process of becoming reflective practitioners independent of one anotbiéaas
collectively.

After Session 3.

1. Group members were asked to refine their competency-based assessntenk and t

about a rubric for scoring the assessment.

3. Group members responded to an electronic journal prompt, which asked them to

submit their competency-based assessment online as well as their rubcaring
the assessment.

4. Group members were asked to look at the competencies and see if they should be

modified in any way. The competencies were on a group site with collaborative
access for all group members.

5. Group members were asked to look at the new science framework.
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Session 4 (1 hour)

Guiding questions.

Q1: Based on last week's discussion, has any aspect of your pedagogy ahaefiect t

new ideas that emerged in last months' session?

Q2: How can our assessments be better tied to our competencies?

Q3: How has your assessment changed over the past month?

Q4: How do we judge a good assessment? Can we think about criteria of a good

assessment?

Q5: Do we agree that these competencies are important?

Activity.

The session activities included a discussion of the previous session, and threexgsess
We took a step back to think about what the criteria are for a good assessment, Idoked at t
competencies as a group, and refined them a bit more.

Goals.

The goals of the discussion and activities after group sessions were toonadicagithe
competenciesTeachers would develop lessons that matched their assessments, whichdneasure
the competencies. Another goal for the group session was that group membensnaeudtand
how they think about science literacy, and how those thoughts translate into meanasghsd.le
A third goal was that teachers would become more comfortable giving andngdeedback
about their assessment. A fourth goal was that teachers began to skssenast items with the
group.

After Session 4.

1. Teachers were asked to continue to work on aligning their lesson to their @sgessm
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2. Group members were asked to bring several assessment questions to theioext sess
that measure scientific literacy.
Session 5 (1 hour)

Guiding questions.

Q1: Based on the draft of the new science framework, are we missing afiything

Q2: What aspects of the framework are consistent with what we are ali@adyat

school?

Q3: What aspects of the framework are new?

Q4: How do we link the competencies that we developed to the new science framework?

Q5: What do you see as the next logical step for the department?

Activity.

This group session was spent looking at the science framework and reflectingeom curr
curriculum and assessment as well as the gaps in the curriculum. The f@eraeork was
used as a way to look at the prioritized ideas and see where those ideas could be embedded at
every grade level.

Goals.

The goals of this group session were that teachers read the sciencediiaarey
discussed some of the gaps in the curriculum. Another goal was that teachets bagk
holistically about curriculum, competencies and ways to incorporate big roeashe
framework.

After Session 5.

1. Group members continued creating assessment items that authenticallyeahea

scientific literacy.
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Appendix D: Final Interview Protocol

1. In the first session we thought about science literacy definitions. @&heetee definitions that
we generated as a group. (Show them the list).

a. Have your definitions changed?

b. Looking at these definitions, how do you think differently about assessment. Can you
give me an example of what that looks like in your class?

c. Looking at these definitions, how do you think differently about instruction. Can you
give me an example of what that looks like in your class?

2. In the second session we thought about what we wanted our students to be able to do when
they graduate. We got into groups and we generated competencies. (Shaertipatencies)

a. Was this easy or hard? If easy—what was easy? If hard—what @was har

b. When you look at these competencies, which ones seem like they are importdat? Ci
them. Why?

c. Which of the competencies that you circled do you currently assess for?
d. How well do you think these assessments are working for you?
e. Which might you assess for in the future?

3. Collaboration questions

a. How was it useful for you to work in a group the way we did and to think about
science literacy and competencies?

b. What do you think the value of doing this on a regular basis?
c. What do you think the challenges would be to do this on a regular basis?

d. What can the school do to support this kind of work, to increase the value and mitigate
the challenges?
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Appendix E: Abstract of Journal Article
Journal Abstract

Hurd, P. (1997)Scientific literacy: New minds for a changing worttbboken, NJ: John Wiley
& Sons.

Abstract

From the beginning of modern science in the 1600s, there has been an interest in how to
link academic science with the lifeworld of the student. To facilitate thisgse requires a
lived curriculum and a range of thinking skills related to the proper utilization of
science/technology information. The extent to which students acquire thesg/eogni
competencies determines whether or not they are scientificallyditefée supporting science
curriculum must be culturally based and in harmony with the contemporaryagttigsactice of
science. Never before have schools faced such a rapidly changing landdcaptoca
reinvention of school science curricula. This article identifies elemematswfriculum
framework and cognitive strategies that seek to prepare students as prodiimgine in today’s

world.
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Appendix F: Electronic Journal Prompts

In a short typed document, please answer the following questions. Include details to support
your response. Your careful, thoughtful, and thorough response is appreciated.

Day 1 Q1: Please write down your definition of scientific literacy. Rl@adude
all of the components of your definition of scientific literacy.
Q2: What are two sample questions that you have used with your students
that measure science literacy?

Day 2 Q1: How would you describe the type of science literacy found in your
article? In what ways was the article similar or different to yourent
belief about science literacy? After reading this article, wag teything
you might add to your definition of science literacy?
Q2: When you reflect on your curriculum and instruction, and assessment
are there ideas that do not lend themselves to creating a scientifically
literate population of students?
Q3: What, if any topics themes, skills, processes, or assignments could you
eliminate or reduce in your curriculum to make room for greater depth of
other topics, themes, skills, processes, and assignments that lend
themselves to creating a more scientifically literate population?

Day 3 Q1: How has the effort to design an assessment of one of our competencies
influenced your ideas about assessment?
Q2: In what ways does developing assessments for your competencies
influence your approach to instruction?

Day 4 Q1: Based on last week's discussion, has any aspect of your pedagogy
changed to reflect new ideas that emerged in last months' session?
Q2: How can our assessments be better tied to our competencies?

Day 5 Q1: What were some of the assessment items that you brought to group
session 5? How were they similar or different from other members in the
group?

Q2: Were your questions content based, process based, or based on both?
Q3: Were your questions subject specific or general to multiple
disciplines?
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Appendix G: Data Analysis Matrix

Research Question

Data Collected

Method for Analysis

1. What are science
teachers' views on
science literacy?

Written definitions of
science literacy (day 1)
Written groupings (day 1 an
2)

Comments/dialogue (all
days)

Final interviews

Definitions were grouped into
categories that were subdivided

dfurther. The goal was to identify
themes and connections between
different definitions. Written
definitions were the units of
observation to create the categories.
This helped me answer research
guestion 1.

2. How do science
teachers' views on
science literacy
manifest across
different contexts of
teaching: planning,
instruction, and
assessment?

Written competencies
Written goals

Written assessment questio
Comments during group
sessions

| looked at alignment of assessment

guestions and specific competencies.

nsrecorded comments during group
sessions and transcribed, coded anc
identified themes, and then compare
to teachers' written assessment
guestions.

3. How does
collaboration around
the context of planning
instructing and
assessing for science
literacy influence
teacher's views on the
nature of their work?

Interviews during and after
collaborative action researc
project

Interview data was coded and group

hby recurring themes. | interviewed
each member of the department afte
the group sessions. The interview d
was useful because I relied on their
perceptions. | asked them questions
that elicited responses about their
views and | asked if those views had
changed in any way. | asked them
about the process. 1 also had initial
views documented in the first group
session that used to compare their fi
to initial views of science literacy. |
used field notes and transcripts to lo
at changing views. Interview data
gave me data on how science teach
comprehend their beliefs about the
process of collaboration. Interview
data allowed me to work out structur
and relations not apparent in the texi
of the written documents. | used all
three to triangulate my data.

=

Aata
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