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I ntroduction

With the advent of National Science Education Saadsl (NRC, 1996) and
Benchmarks for Science Literacy (AAAS, 1993), sceerducation in the United States
is undergoing a major curriculum reform. Earth gsiScience in the Community
(EarthComm) was born in the midst of this new @uwlim reform movement. New
science curricula have been developed in responsew research information. For
example, ‘Chemistry in the Community’ was developed988, ‘Biology in the
Community’ in 1996, ‘Active Physics’ was developaad published in 1998. The main
focus of these newly developed programs is ondleyancy of science to students’
lives through inquiry-based science instructiorctBchanges are major characteristics
of the current reform in science education and gtéythe goals for science espoused
in the National Science Education Standards (NS®&) the visions of NSES
embedded, Earth System Science in the CommunityhEamm) was developed and
published in 2001.

This type of vision for science calls for fundanemhanges in the content and
pedagogy of K-12 science curriculum. Furthermdre,NSES visions propose shifts in
the teaching and learning, the way in which teaxhssess, and what it means to know
science. These shifts are a function of a new seienrriculum which requires teachers
to rethink their previous beliefs and practicesoidder for this reform vision to be
actualized in classroom practice, teacher changs take place. Acceptance of this
vision requires a considerable amount of changeaohers’ teaching and practices
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(Fullan and Miles, 1992; Battista, 1994; Haney, @ik, and Lupe, 1996; Ball, 1997,
Spillane and Zeuli, 1999).

Teacher professional development continues to stigigat these changes can
be achieved through the implementation of resebas®d practices and consequently
improve student learning (Guskey and Sparks, 20Dide, 2004). However,
researchers contend that there were gaps in o@rstadding about the relationship
between teacher professional development and dtlefening. It is pointed out that
there is lack of understanding about the relatignbbtween teacher professional
development and the deeper issues of curriculumesrding (Cohen and Ball, 2001;
Little, 1994) and a paucity of understanding alibatrelationship between teacher
thinking and student learning (Sprinthall, Reim&n hies-Spinthall, 1996; Cohen and
Ball, 2001). Thompson and Zeuli (1999) reported thachers rarely understood the
“deep intent” of professional development refordlshough the NSES visions call for
a conceptual change in teachers’ understandinglpést matter, teaching and learing,
many teachers’ thinking tends to remain unchanBetman (2004) addressed the
complexity of relationship between professionalalegment and student learning:
“We do not understand how professional developra#fatts student learning...the
strange thing about teacher professional developmeehat everyone thinks they
understand it... teachers participated in educatipragramming for the purpose of
learning more about their subject, or about stugjertabout classroom management,
or about teaching practices. Then they returneg ttlassrooms and attempt to
integrate what they have learned into their teaghsut it is not so simple (p.4).”

These concerns demonstrate the centrality of utadetsg about how teacher
professional development affects student leariivighout understanding the
importance of teacher changes as the process amwhident learning is impacted,
reforms of teacher professional development woalttinue to be ineffective. If it is
true that teacher thinking developed through theher professional development
influences student learning, then change in thehathinking becomes critical in
enhancing student learning.

Resear ch Question

Although researchers reported positive results vatbrm-based curricula and
reform strands in school science (Clough, 1994;eyja@zerniak, and Lupe, 1996), the
proposed changes for the teacher in science edaaatiorm were not given full
consideration. Neither has it been known specifidadw teacher thinking impacts
student achievement in the context of standardseddsxl new science curricula. A
cohort of teachers completed a week-long professidevelopment program in which
information for EarthComm implementation was pr@ddThis study investigated the
teachers’ thinking about the reform visions of N®ES delivered by EarthComm
teachers and how their thinking impacts on studehtevement scores. The following
guestions guided this investigation: 1) What aseixice teachers’ philosophies about
science teaching and learning after the profeskamaelopment on EarthComm and 2)
How does their change in thinking impact on studahtievement scores?

Most often student learning outcomes include indisaof student achievement,
such as assessment results, portfolio evaluatiasks or grades, or scores from
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standardized examinations (Guskey and Sparks, 2004). We chose student scores
on EarthComm Module Tests as indicators of stulmhing in the study.

EarthComm and NSES Standards

Earth System Science in the Community (EarthConarhjgh school earth science
curriculum developed by the American Geologicatitoge funded, in part, by NSF, seeks to
increase scientific literacy among all levels afdgnts and to produce a citizenry that
understands the “big ideas” about our planet antigtory. The need for reform of Earth
science education is particularly acute. Fewer G of the nation’s high schools provide
earth science courses. Exline (1998) describedtttas of Earth science as “second-class” and
pointed out several factors that contribute to $itisation: 1) lack of certified professional
teachers 2) lack of teacher certification standarasany states 3) lack of appropriate
professional development programs for earth scitgmehers and 4) inappropriate earth
science instructional resources. The growing raibn of this national deficiency made the
EarthComm project possible. The National Sciencacktion Standardsresented a vision of
what science education in K-12 schools should lmeorg the visions of NSES, themes
adopted in developing EarthComm arquiry (p.23),relevance(p.104),systemgp.116),
community(p. 45), angrofessional developme(.57) — note: although these characteristics
are explained more than once throughout the NSB&d&tds, the page number in each
parenthesis is a typical one. These componentsioing were infused into EarthComm
curriculum.

* Inquiry-NSES stress the importance of the scientific ingason throughout the
Standards. Scientific inquiry is a multifaceted\att that involves many skills, as well as
a lot of creativity. Skills such as observationestion posing, and others are important to
scientists, but these do not necessarily occunynpae-determined order in an
investigation. EarthComm incorporates inquiry tigiothe “Chapter Challenge”
component of each chapter. The challenge functimosighout the chapter as a motivation
to ask how the earth science ideas that are beargéd relate to the specific communities
the students are considering. EarthComm suppasténtuiry approach with a variety of
activities in each chapter. Some are open-endede place the students in the position of
interpreting data, some help to illustrate phenaarsmthat students can assess the impact
the phenomena might have on their communities—bsupport the emphasis on inquiry-
based learning.

* RelevanceéNational Science Education Standards call forangle in emphasis from
learning science content areas “for their own sa@&ééarning in ways that makes science
relevant in personal and social perspectives. thEamm the concept of relevance
permeates the curriculum, but becomes particuadplicit as each chapter is introduced,
and is maintained through the attention given éoG@hapter Challenge.

» SystemsNSES recommend a systems approach to organizentotis goal is to think
and analyze in terms of systems. EarthComm usgst@nss concept to develop earth
science understandings including interactions betvaibsystems.

» Community NSES envision the Content Standards adaptedntoncmity needs in
curriculum design. EarthComm activities relate direto the student’s neighborhood,
town, state, region, and so on—the student’s coniimtaken at a variety of levels.
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» Professional DevelopmeniSES suggest that teachers must be involvedein th
development and refinement of new approaches thiteg, assessment, and curriculum.
EarthComm produced lead teachers through a teaobissional development institute so
that they can train other teachers.

One facet provides guidance about what an exemplarh Science program should
entail. The NSES call for the teaching of eartleisce at all grade levels. Certainly,
implementing the Standards requires the developwfamw earth science curricula and
significant reform of the educational system. Alawith the current reform efforts of
curriculum development, EarthComm also focuses akimg science relevant to the lives of
students. EarthComm does not cover as many topittsedraditional high school earth science
textbook. Instead it emphasizes important concepiderstandings, and abilities that all
students can use to understand and appreciataitimesgstem. The EarthComm vision is to
expand and improve the teaching, learning, andipeaof earth science in all of our nation’s
high schools (grades 9-12).

Teacher Professional Development Workshop

All the field test teachers participated in a wéslg workshop. Following
suggestions made during the conference of workakognistrators at the American
Geological Institute (AGI), the workshop was degigrand conducted for the field test
teachers to become immersed in the design chasdcteiand innovative features of
the EarthComm curriculum. The week-long workshoypeted many topics, issues, and
concerns related to effective science teachingeaming, curriculum design and field
testing. The workshop started with a general oesv\of the workshop and the
EarthComm curriculum. The first session includedwaerview of the National Science
Education Standards. The remaining workshop sessiach had particular
pedagogical focus. Each of the pedagogical focilmied to an instructional
component of the EarthComm curriculum. This linkagéveen pedagogy and
curricula served to not only provide participanihwthe theory or rationale behind the
design and intent of the curricula, it also allowedthe participants to glean an
overview of the curricula’s instructional model.e'model is based on sound
constructivist based ideas of content deliverysThodel was discussed in terms of the
theoretical underpinnings of constructivism, thiatienship between the constructivist
philosophy and hands-on instruction, and the @tatiip to the Teaching Standards in
the National Science Education Standards. Thisidgon was carried out using the
curriculum as the vehicle to deliver the pedagdgioatent — in this particular case,
aspects of Module |, Volcanoes and Your Commutityther words, the discussion
took place using concrete examples of activitigdiwa chapter of EarthComm, that
were based on the model. Pedagogical content wiaemdel using the EarthComm
curricula as the instructional vehicle. Other smssiwere devoted to topics such as
thematic instruction, teaching to multiple learnstgles, cooperative learning and
alternative assessment. Aligned with these topm®wnstructional issues specific to
the EarthComm curricula. For example, teacherstipetwith the delivery of
numerous activities. Teachers who were selectééltbtest certain units worked
collaboratively and immersed themselves into thaviag from both a teaching and
learning perspective. Teachers were allowed timedik as teams in gleaning an
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overview of particular chapters and then performaaie of those activities and
presented summaries of chapters and activitidset@mtire group. To promote the use
of local resources, activities were performed Haated to utilize local resources. For
example, Chapter 2 has seismographs activitieswbe discussed in conjunction with
a local seismograph laboratory. A field trip to xp local geological formations aided
in the discussion of the content numerous chapliereted to geological land forms.
All the while, as teachers participated in thedevdies, ties to the EarthComm
curriculum were emphasized and discussed in tefrheve the teachers use a variety
of resources to support the implementation of tirei@ulum. A week-long workshop
ended by providing lines of communication includiMgbboard, emails, and online
web homepage to ensure a continuous line of consation and feedback between all
parties including participants and project persénne

Flow of Teaching Activity in EarthComm Classes

Basically, all the chapters of EarthComm are stmext with a variety of
inquiry-based activities. Module | contains thréajters and 17 activities about
Earth’s Dynamic Geosphere whereas Module Il hasetbhapters and 18 activities
about Understanding Your Environment. Modules | Hwaere field tested for this
study. All the activities are designed with the %eB&rning cycle model in which inquiry
skills are promoted. Activity begins witbhapter ChallengéEngage) where students
read and discuss a scenario that presents a coryanasied issue to solve through
Earth Science and Inquiry. Teachers allow studenstiare their current thinking
openly without a closure. SecondTikink About I{Engage) where students answer
open-ended questions that set the context for tantg@nd provide the teacher with a
pre-assessment of students’ ideas. Teachers dilm&rgs to share their ideas openly.
Third, Investigatg Explore) in which students collaborate on an ingactivity that
requires hands-on work, literature or web researchieldwork. Fourth ifRReflecting
upon theActivity and the Challengéexplain). In this stage, students read a brief
summary of the main ideas explored in the investigaand their relationship to the
chapter challenge. Fiftiligging DeepelExplain) lets students read text, illustrations,
and photographs that explain concepts exploreddnnvestigation. Terms are defined
and clarified here. Teachers provide further infation and clarification of concepts
through lecture, slides, videos, or laser disk gmétions. Sixth i&Jnderstanding and
Applying What You Have Learn@laborate). Students respond to questions theatkch
their understanding of key principles and concép@rning goals) for the activity.
Teachers review student responses and use theasetst further probe and hone
understanding of key learning goals. SeventPreparing for the Chapter Challenge
(Elaborate/Evaluate) in which students put therestigative results into the context of
the challenge by preparing or organizing their waskt relates to their final products.
Teachers review student performance in terms @oitsistency with criteria. Eighth is
Inquiring Further (Elaborate/Evaluate). Students are presentedoptilons for
deepening their understanding within the activityeneas teachers promote and
encourage further inquiry. At the end of the atyivstudents present their conclusion
to the Chapter Challenge and teachers use thesasseiscriteria to assess the extent to
which student work demonstrates mastery of conaapsskills. With laboratory
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activities and questioning strategies stressedenyeclass of EarthComm, it is notable
that the NSES visions remain as a main structutessbns.

Method

Sample Selection: Field-Test Teachers and Students

Forty EarthComm field test teachers (N=40) repostedent achievement
scores from Module | (N=24) and Module Il (N=16)Wever, nine teachers (N=9)
were involved with field-testing both Modules | ahdThus, the sample for this study
included 31 (24+16-9) high school teachers. Thdse&chers came from a variety of
science teaching backgrounds including biologytheseience, physics and teaching
experiences ranging from 2 to 33 years. They wis@amployed in different
communities in South and West and Midwest in th@ddinStates, including both rural
and urban areas. Thirty one teachers were allggaatits in the Leadership Institute of
Professional Development for 5 days long duringlt®@9-2000 school year. The major
components of the Institute program include Earth@ogoals and expectations for
Teachers and Students, EarthComm introductorynmdtion, key concepts (relevance,
community, systems, inquiry) connecting to NSE®vdws, curriculum structure with
explanation and activities of modules & chapterk, Igarning cycle, curriculum
design, EarthComm “Big Ideas,” assessment issudsasiintegrative thinking,
importance, flexibility, and consistency, and pssi@nal development workshop
planning information with detailed strategies. Aftiee 5 days of Leadership Institute
program, the forty teachers went back to their sthand taught more than 14
activities on average in Module | and Il respedtiveor Module |, around 950
students participated in the study in 24 classroaitisan average of forty students per
class. On the other hand, the Module Il field tegblved 428 students from 16
classrooms with an average of 27 students per.classoverall pool of students came
from a variety of backgrounds in terms of socioexuit status, school size, and school
location. Although the study sample did not comgdietepresent all major geographic
areas of the United States, they were widespreadginto signify an extensive range
of students.

Instrumentation

Student Achievement Test

Tests with items developed separately for Modul@sd 1l were designed to
study improvement of student performance. AmeriBanlogical Institute staff and an
independent evaluator developed the test itemsfgadly to evaluate the EarthComm
program. The test items were written by one inddpahevaluator using New York
Regents Exam and the AGI/NSTA High School Eartlesae Exam that align with the
objectives of the Module | and Il. Three of the A&aff including another evaluator
and two co-authors reviewed the developed itemth Bsts for Modules | and I
included 23 multiple choice questions that promagiplying what the students learned
to their local community’s needs that characteridedNSES recommendations
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(relevance, systems, community, and inquiry). Tést was administered to students by
classroom teachers before and after the implenentat both EarthComm modules in
each classroom. The reliability (KR-20) for Moduie r=0.55. The mean difficulty of
the test was 39.09 with a low mean discriminatiafek (0.30). This means that 39 %
of all students on average could be expected togetct answers when they
completed. The discrimination is the correlationtha item score with the total test
score. A value of mean discrimination index 0.30tfe test means that there is a 0.30
correlation between scoring well on the given iwmd scoring well on the test as a
whole. On the other hand, the reliability (KR-20) Module Il is r=0.52 and 34.74 for
mean difficulty, and 0.29 for mean discrimination.

Samples of the questions for Module tests are ptedédelow. The questions’
foci in Module | and Il tests center on relevarm@nmunity, and inquiry application.

Question Sample 1:
On a walk in your community, you find rock exposureade of fine-grained basalt and
small pieces of pumice along the trail. What camiferred about volcanic activity in
your community from the presence of these rocks?
(A) Your community is now at risk from active volcamictivity.
(B) At some point in the past, basalt and pumice edugteéhe same time in your
community.
(C) There has been volcanic activity both at and near gommunity in the past.
(D) Most of the igneous activity near your communitguced deep underground
(plutonic or intrusive).

Question Sample 2:

The map below shows the distribution of earthquatensity for the Loma Prieta
earthquake (October 1989). Which of the followinigim explain why there were
regions of highest intensity in San Francisco aa#lland, far from the epicenter near
Santa Cruz?
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(A) Multiple earthquakes occurred with different epiegs but scientists were not
able to distinguish among them.

(B) Few people live in the part of California near égpgcenter, so intensity
measurements are inaccurate in that vicinity.

(C) The building codes in San Francisco and Oaklandad@equire as much
earthquake resistance as those near Santa Cruz.

(D) The areas with the highest intensities represaatsannderlain by soft sediment
and landfill which amplify the shaking from an datiake.
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Data Collection

Teacher Thinking

In order to determine teachers’ change in thenkinig about the NSES visions
(Research Question 1 and 2), two kinds of data weltected and ensured the
reliability:

* Data I- evaluation provided by Project Managethef EarthComm Field Test
regarding each teacher’s thinking about teachirig¢hvincluded onsite observations,
interviews, and personal communications (see remnttan for details).

« Data II- use of the EarthComm Field Testing Festtbwhich included a series of
teacher surveys of the teachers’ feedback regattaigreflection on the field test of
EarthComm Modules | and Il (see next section fdaitks.

The data collection for Data |, however, is limiiaderms of several factors as
follows: 1) Participation in the field test does motomatically indicate an
understanding of the NSES. 2) Furthermore, it ishdiul that the Teacher Surveys
(teachers’ comments in general) solely reflecthearthought. 3) Teacher-related
variables, particularly -level of frustration, masgve also impacted findings, such as
discontentment with school administration and @glees; difficulty adhering to
school, district and/or state curriculum mandaiask of material resources; lack of
institutional support; philosophical, emotional &rddisciplinary conflicts with
students; etc. These types of factors demonstratdhie nature of teacher thinking
does require a deeper level of understanding aedsi® be stratified into groups of
teachers to measure up the teacher impact on stiedening. Thus the project
manager’s observations about each teacher becormr@mgéul data to this purpose and
became indeed pivotal in understanding individaather’s teaching practice and
beliefs because he typically worked closely with tdachers during the whole period
of the project. This need became evident from drieeoEarthComm project
manager’s comments through his onsite observations:

| know for a fact that several teachers had
circumstances external to their "ideal" teaching
philosophy affect their classroom performance.
Since some of our EarthComm schools are situated
in inner cities, | see the teachers struggle somuc
with their school environments.

So this study considered these circumstances hatllata about teachers’
philosophies collected from the survey of Datasd€ next page for details).

Data Il were collected with the EarthComm Fieldtires Feedback. Teachers’
feedback was gleaned during the field testing af tmodules. This information is
instrumental in understanding the degree of teatkapport and advocacy since some
of the questions directly asked to how they undestand support the NSES.

Data |

Particularly, the project manager during the fiedst period was very clear
about his experiences and conversations with essathér when responding to the

Electronic Journal of Science EdwatiVol. 9, No., 3, March 2005



classification scheme used and suggestions abatulrés of a ‘strong’ and ‘weak’
group in terms of support. Examples of the projeahager’'s comments are

summarized in each group as follows.

Examples of Project Manager Comm

ents

Strongly Supportive Group

Weakly Supportive Group

- Teacher 1is a very accomplished
teacher and well-versed in the NSES

NSES. She also has a teaching
style/belief that she was able to
superimpose upon the curriculum.

- Teacher3has a good philosophical
understanding of inquiry-based
learning. He is more in line with the
NSES than others, but simply lacked
experience (as most teachers do) in
implementing an inquiry-based
curriculum.

- Teacher zhas an understanding of t

- Teacher 1did have negative reaction
to some of the EarthComm approach
e his may indicate that his experience
did not complement the EarthComm
approach.

- Teacher 2 There are indications tha
her teaching belief didn't match
EarthComm concepts well.

- Teacher hanged some activities tq
more closely follow her own teaching
style. Her "belief" may indeed be
different from that used by
EarthComm.

S
ES.

—

D

To communicate clearly with the

project manager wiooks with all of the

field-test teachers, we provided him with a setrikria of strong support and weak
support group so that he could utilize those gatethen making onsite observations.
The 12 characteristics of the criteria were setettem the NSES Standards including
changes envisioned by teaching standards (p.3@sife 2, 3), professional standards
(p.72; items 4, 5, 6), assessment standards (pited@s 7, 8, 9), and content standards
(p.113, items 10, 11, 12). On average three changes selected from each standard
by the two experts in terms of relevancy to theimmment of EarthComm science
teaching and learning. Those characteristics bhsiegresent changes of science
teaching and learning envisioned by the NSES tleas@mmarized in the following

table.

Characteristics of Strong and Weak Support foONB&ES

STRONG SUPPORT

WEAK SUPPORT

1. Providing opportunities for scientifi
discussion and debate among others

cAsking for recitation of knowledge an
facts

[®X

2. Continuously assessing student
understanding

Often testing students for factual
information

3. Focusing on student understanding
and use of inquiry processes

) Focusing on student acquisition of
information

4. Use of Inquiry into Teaching and
Learning

Frequent use of lectures to teach
knowledge and skills

5. Collaborative learning during class

More of indual learning

6. Student learning through
investigation

Student learning by reading and lectu

=

e

7. Assessing understanding and

Assessing disanetgl&dge
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reasoning

8. Assessing achievement and Assessment only achievement
opportunity to learn

9. Students are engaged in ongoing | Assessment only by teachers
assessment

10. Studying a few fundamental Covering many science topics
science concepts

11. Emphasis on understanding Focus on scientific facts and

scientific concepts and analyzing information

guestions

12. Often communication with scienceProviding answers to questions about
explanations and arguments science content rather than discussing
Data Il

Some of questions as part of the EarthComm Fietdiig Feedback presented
teachers’ direct response to the degree of thppat for the NSES. The following
guestions were used to determine teacher suppdihanrn make groups:

Question 1: Do you personally agree with kindseafching that the National Science
Education Standards advocate? If yes, rate theedd@grwhich you agree with the
standards.
1 : : : : 5
Agree Agree somewhat Neutral aDree Somewhat Disagree

Question 2: How much do you think your current beag practices are in line with the
NSES? Please elaborate!

Question 3: Explain how you incorporate these coreepts of EarthComm into your
teaching. If not, why?

After we collected information through the aboverses of data, the degree of
teacher support for the vision in the National SceeEducation Standards was
determined and provided the basis for dividingtdeehers into three groups: Group 1
had teachers who are strongly supportive, Groupngdisted of teachers who were
neutral, and Group 3 included those who weakly sttpd the visions provided by the
NSES. Group 1 and Group 3 were selected for arsailysorder to maximize the
purpose of the study about how teacher’s suppfiteinces on students’ learning. In
Module I, eight teachers (N=8) were found supperaind six teachers (N=6) ended up
being weakly supportive. On the other hand, Modluted six teachers (N=6) as
supportive and four teachers (N=4) weakly suppertibhe decision for determination
of each group was based on the judgment of thrperexin science education who
analysed and interpreted the gathered data froralibee two sources. When the three
experts were in conflict about determination, tdescussed with each other and
sometimes with the project manager until 90 peregntement was reached. After
grouping by three experts, differences were contpanel discussed. The panel of three
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experts finally decided with additionally obtainedformation of the teacher’s teaching
practices that mostly came from the field testiegdback in addition to the project
manager’'s comments.

Analysis of the Data

Twenty-four teachers reported results with the li€2oimm Field Testing
Instruments in terms of student achievement sdordgodule | while 16 teachers
reported them for Module II. Data gathered for Mieduvere obtained from teachers
who have 2-33 years of teaching experiences mwstlyban and rural setting. The
students who patrticipated in the pretest did ndtimthe students in posttest for
Module | because some students who missed thegirstiowed up in the post test and
vice versa. However, the students for Module lleveratched. Thus, the means of
student scores for Module | were used to condstatstical analysis rather than using
raw scores. This step made it possible to accomphis-way ANOVA for Repeated
Measures concerning the impact of teacher thinkimgtudent achievement scores. Yet
the power of the test was weakened by using medherrthan raw scores for each
student (Hinkle, Wiersma, and Jurs, 1988).

RESULTS

Teacher Thinking and Student Achievement Scores

Teacher Thinking

Thirty-one individual teachers enrolled in the maog to field test Modules |
and Il. The participants were divided into two gseuhereby allowing the researcher to
compare results of their students’ learning amwge who strongly support, and
weakly espouse the visions in the NSES. The vagiaf@nalysis was conducted for
determining significant changes in student achiex@mwith the implementation of
EarthComm during the field test.

Module |

Looking at the teachers who participated in thiglfiest of Module I, eight
teachers (N=8) were identified as being highly suppe of teaching and learning
closely aligned with visions in the NSES. They wége T3, T4, T6, T7, T14, T20, and
T21. On the other hand, there were six teacher§YMAo weakly supported visions in
the NSES in Module I. They were identified as T10TT15, T16, T23, and T24. We
aggregated the scores in each group and computedidsy ANOVA for Repeated
Measures. These results are presented in Tablealyges showed statistically
significant gains ap < .05. The effect sizes for these gains were saofay highly
supportive group than weakly supportive group.thergroup of teachers who highly
perceived the Standards recommended in the NSE8aa of their student scores in
the pretest ranged from 6.00 to 11.54 while measttest scores ranged from 9.25 to
17.05. Particularly, student achievement score3 209.49 for pretest means and
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15.00 for the posttest), T4 (10.76 for the pretesans and 17.04 for the posttest), and
T6 (9.57 for the pretest means and 17.05 for trstt@st) are noted because there was a
big jump in their scores. All teachers were ideatifas highly supportive of the
Standards envisioned in the NSES. On the other,laarahge of low means (6.83 —
9.14 for the pretests and 8.00 — 11.06 for thetpsts) was recorded for the teachers
who weakly espoused the NSES visions. In this groafy slight changes were
observed regarding student achievement even aftgritad experienced the
EarthComm lessons.

Table 1 Students’ pre- and posttests gains for Gnaups of Teachers Who Strongly
Support and Weakly Support the NSES Teaching Stdadar Module |

Pretest Posttest  Effect

Group Teacher N Mean (SD) N Mean (SD) Size
T2 87 9.49 (2.78) 95 15.00(1.97)2.23*

Strongly T3 35 11.54(2.76) 33 14.00 (2.22)0.98*
Supportive T4 95 10.76 (2.74) 94 17.04 (3.04)2.17*
Group T6 21 9.57 (3.08) 21 17.05(2.97)2.47*
(N=8) T7 10 8.10 (3.56) 11 11.09(2.271.01*

T14 15 10.07 (3.75) 17 13.53 (2.68).66*
T20 12 6.00 (1.87) 12 9.25 (4.44).95*
T21 29 890 (3.02) 21 12.86(2.73)1.36*
T1 39 9.14 (2.71) 37 11.06 (3.43p.62*
Weakly  T10 76 7.86 (2.44) 70 9.46 (3.46D.54*
Supportive T15 86 8.52 (3.09) 79 9.72 (2.98).40*
Group T16 24 858 (4.05) 24 10.71 (4.45p.50*
(N=6) T23 24 6.83 (2.87) 21 8.00 (3.10p.39*
T24 28 7.82 (2.16) 27 8.37 (2.64).09*

*p < .05.

In testing for the effect of strongly and weaklyppaort of teachers with the
standards of teaching, assessment, content, afespianal development in the NSES,
the difference between the strongly and weakly stpfe groups is significant
(F=8.36, p< 0.05). The mean of all student scores for thegmaf teachers who highly
espoused visions recommended in the NSES was S[381(70) for the pretests and
13.73 (SD=2.71) for the posttests. This outcomeatds that EarthComm
significantly increases student achievement wheghaby teachers who strongly agree
with the teaching envisioned by the developersttadNSES. The mean of all student
scores for the group of teachers who weakly esgbageeement with the Standards
included in the NSES was 8.13 (SD=0.80) for thegats and 9.55 (SD=1.22) for the
posttests, which was statistically significant. Hmer, this change in average was not
as dramatic as the changes for the supportive giithip result indicated that student
achievement was also statistically significant wtearght by teachers who were weakly
supportive of the NSES. However, the change froetest to posttest for the teachers
who were strongly supportive of the NSES was graatn for teachers who were
weakly supportive of the NSES.
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Module Il

Six field-test teachers (N=6) who taught Modulevéire highly supportive of
the NSES Standards. They were coded as T2, T34 7, and T29. Four field test
teachers (N=4) who taught Module 1l weakly suppiitee Standards of the NSES.
They were identified as T1, T28, T30, and T31. Tway ANOVA for Repeated
Measures was used to determine whether the medhs pbsttests were statistically
different than those of the pretests. Table 2 rispgbe mean scores of students’ pre-
and posttests. All the analyses showed statisticaflaningful gains gi < .05. Overall,
highly supportive group showed stronger effectsine these gains than weakly
supportive group in Module IFor the group of teachers who strongly supported
visions of the NSES, the mean of pretest scorethér students ranged from 5.30 to
10.09 while mean posttest scores spread 5.76 #®1&mong the group of 10 teachers
involved with teaching Module II, achievement ssofer T2 and T6 were particularly
outstanding (Note: T2 and T6 teachers are the whese students scored particularly
higher than those in other teachers in Moduled).t8tudent scores in the posttest for
T2 and T6 exceeded by far those in other classasoréling to the project manager’'s
documented comments, T6 is “a very accomplishecherawith several teaching
awards and is well-versed concerning the NSES Téhtas “a good philosophical
understanding of inquiry-based learning... My impr@sss that he is more in line with
the NSES than nearly all the others.” On the oliaerd, for the group of teachers who
weakly espoused visions of the NSES, the meangiretere of students ranged from
5.55 to 7.89 while mean posttest score was frod t2@.86. Little improvement in
student achievement was found in this group foligathe implementation of
EarthComm.

In testing for the effect of the groups that weeemted highly aligned and
weakly aligned with the visions described in theB$Sthe difference between the two
groups of teachers is significant (F=64.p& 0.05). The mean of all students scores
for the group of teachers whose beliefs weakly meddhe Standards included in the
NSES was 7.37 (SD=2.93) for the pretests and &8#%2.49) for the posttests. The
mean scores actually decreased after the impletmantaf EarthComm. This result
indicates that student achievement was not sigmflg increased in the class of the
teachers who weakly supported the Standards recadedean the NSES. On the
contrary, the mean of all student scores for tloeigof teachers who strongly
supported visions in the NSES was 7.55 (SD=3.02hie pretests and 13.71
(SD=5.43) for the posttests. This outcome indicttas EarthComm significantly
increases student achievement when taught by tesaai® strongly agree with the
teaching envisioned by the NSES.

Electronic Journal of Science EdwatiVol. 9, No., 3, March 2005



Table 2 Students’ pre- and posttests gains for Gnaups of Teachers Who Strongly
Support and Weakly Support the NSES Teaching Stdadar Module 1l

Pretest Posttest Effect

Group Teacher N Mean (SD) N Mean (SD) Size
T2 86 7.31 (2.77) 86 17.70 (3.4! 3.30*

Strongly T3 34 10.09 (2.67) 34 11.47 (3.28D.46*
Supportive T4 64 6.39 (252) 64 7.04 (3.14p.23*
Group T6 13 6.31 (2.53) 13 16.54 (3.84p.15*
(N=6) T7 18 539 (2.25) 18 7.39 (3.58p.67*
T29 33 530 (1.86) 33 5.76 (1.75p.25*

Weakly T1 9 7.89 (271) 9 6.00 (2.60)-0.71*

Supportive T28 18 6.39 (2.52) 18 7.11 (3.14)0.25*
Group T30 22 659 (1.87) 22 8.86 (2.98)0.91*
(N=4) T31 11 555 (2.16) 11 7.73 (2.28)0.98*

*p<.05.
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Discussion and Conclusions

EarthComm student scores increased when taugleiaohérs whose views of
science teaching and learning were consistenttiviibe outlined in the NSES, while
student scores were not significantly increasetebghers who were weakly supportive
to the NSES visions. This outcome was seen inighe-festing of EarthComm
Modules I and Il (see Tables 1 and 2). This mehasEarthComm curriculum has the
desired effect on student learning when taughehghers who espouse reform-minded
principles in high school earth science. In otherds, the improvement of student
learning occurred especially when the field-teatkeers for EarthComm agreed
philosophically with the National Science Educat®tandards. The interpretation of
this result is based on the assertion that tedbiréing or belief impacts not only
teaching behaviors but also student achievemench\(£979)’s meta-analysis of 90
studies that examined the effects of the new aulaimdicated a positive impact on
student learning and improved classroom instructimddition, Shymansky, et al.
(1983) concluded in their meta-analysis of datanf05 studies on the effects of pre-
1955 science curricula compared with post-1955auia that the new curricula had a
positive effect on student achievement, attitutbdsyratory skills, critical thinking,
problem solving, creativity, and logical reasoniiige newer science curricula were
characterized by inquiry approach in teaching @adning. The newly developed
curricula were getting recognition from the publi¢elch (1979) found that between
30% and 39% of elementary and junior high schoots@% of the grade 10-12
schools used one of more of the federally fundedsms. However, there are
arguments for teacher role in curriculum developnaen implementation to change to
something more than just acceptors. The teachgs pl@omplex role in determining
the form of the curriculum that is actually expeagded by the students. Therefore,
teachers are called for the training of the “curdtien proof” teachers (Zoller and
Watson, 1974).

The EarthComm teachers were all trained with a-@isg workshop about what
and how to teach earth science before they taugkaathComm module in their
classrooms. Teacher professional development prograduced teacher
understanding about EarthComm and prepared fohitegutt. This kind of investment
for teacher learning ultimately results in havingraat impact on student learning
(Greenwald et al., 1996). Teachers believe that behavior will result in the student
learning that they desire and value (Haney, Czkrmiad Lumpe, 1996; Crawley and
Koballa, 1992). Understanding of the belief struesuof teachers has been found to be
important for improving teaching (Pajares, 1992).

The EarthComm curriculum resulted in improvemendtudent learning when
taught by teachers who were highly supportive eftisions espoused in the National
Science Education Standards. In other words, teathing was inquiry-based and
focused on hands-on activities that investigatesstjans by using multiple process
skills. These activities facilitated students imfpeming investigations that established
their own scientific explanations with evidence dnalt could then be communicated
with other students. Students in their particulasses were encouraged to investigate
further, if needed, to develop understandings efsitience content. However, student
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scores in EarthComm classes were not significantiseased by teachers who weakly
supported the NSES visions. Therefore, teachekitigrhad a primary impact on
student achievement significantly in the EarthCoaotasses. These findings of
EarthComm clearly provide a niche for earth sciezahecation at the high school level,
especially when it is taught in ways that coincidth the NSES visions. These
findings also offer an opportunity for curriculurevetlopers and teachers to consider
the issues and implications found in the study wthely select and utilize the
curriculum. The results of the study point to thetfthat teachers need to be informed
through teacher professional development prograirsapport the visions elaborated
in the NSES in order for EarthComm to be succesklsgé of EarthComm results in
improved student understanding about the Earth.d¥ew EarthComm may not help
in developing the same degree of student underisiguiathout the Earth systems unless
the teachers understand and agree with the vissmosnmended in the National
Science Education Standards and use the matesidissagned.
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