Indiana University of Pennsylvania

Knowledge Repository @ IUP

Theses and Dissertations (All)

8-9-2010

Relationship Between Teacher Preparedness and

Inquiry—Based Instructional Practices to Students'
Science Achievement: Evidence from TIMSS 2007

Lynn A. Martin

Indiana University of Pennsylvania

Follow this and additional works at: http://knowledge library.iup.edu/etd

Recommended Citation

Martin, Lynn A., "Relationship Between Teacher Preparedness and Inquiry-Based Instructional Practices to Students' Science
Achievement: Evidence from TIMSS 2007" (2010). Theses and Dissertations (All). 454.
http://knowledge.library.iup.edu/etd /454

This Dissertation is brought to you for free and open access by Knowledge Repository @ IUP. It has been accepted for inclusion in Theses and
Dissertations (All) by an authorized administrator of Knowledge Repository @ IUP. For more information, please contact cclouser@iup.edu,

sara.parme@iup.edu.


http://knowledge.library.iup.edu?utm_source=knowledge.library.iup.edu%2Fetd%2F454&utm_medium=PDF&utm_campaign=PDFCoverPages
http://knowledge.library.iup.edu/etd?utm_source=knowledge.library.iup.edu%2Fetd%2F454&utm_medium=PDF&utm_campaign=PDFCoverPages
http://knowledge.library.iup.edu/etd?utm_source=knowledge.library.iup.edu%2Fetd%2F454&utm_medium=PDF&utm_campaign=PDFCoverPages
http://knowledge.library.iup.edu/etd/454?utm_source=knowledge.library.iup.edu%2Fetd%2F454&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:cclouser@iup.edu,%20sara.parme@iup.edu
mailto:cclouser@iup.edu,%20sara.parme@iup.edu

RELATIONSHIP BETWEEN TEACHER PREPAREDNESS AND INQBY-BASED
INSTRUCTIONAL PRACTICES TO STUDENTS’ SCIENCE ACHIEV EMENT:

EVIDENCE FROM TIMSS 2007

A Dissertation
Submitted to the School of Graduate Studies and Res earch
in Partial Fulfillment of the
Requirements for the Degree

Doctor of Education

Lynn A. Martin
Indiana University of Pennsylvania

August 2010



[0 2010 Lynn A. Martin

All Rights Reserved



Indiana University of Pennsylvania
The School of Graduate Studies and Research
Department of Professional Studies in Education

We hereby approve the dissertation of

Lynn A. Martin

Candidate for the degree of Doctor of Education

George R. Bieger, Ph.D., Chair
Professor of Education

James D. Hooks, Ph.D.
Professor, University L ibraries

Mark Twiest, Ph.D.
Professor of Education

ACCEPTED

Timothy P. Mack, Ph.D.
Dean
The School of Graduate Studies and Research



Title: Relationship Between Teacher Preparedness an
Inquiry-Based Instructional Practices to Students’
Achievement: Evidence from TIMSS 2007

Author: Lynn A. Martin
Dissertation Chair: George R. Bieger, Ph.D.

Dissertation Committee

Members: James D. Hooks, Ph.D.
Mark Twiest, Ph.D.

The purpose of this study was to examine the
relationship between teachers’ self-reported prepar
for teaching science content and their instructiona
practices to the science achievement of eighth grad
science students in the United States as demonstrat
TIMSS 2007. Six hundred eighty-seven eighth grade s
teachers in the United States representing 7,377 st
responded to the TIMSS 2007 questionnaire about the
instructional preparedness and their instructional

practices.

Quantitative data were reported. Through correlati

analysis, the researcher found statistically signif
positive relationships emerge between eighth grade
teachers’ main area of study and their self-reporte
beliefs about their preparedness to teach that same

area. Another correlation analysis found a statist
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significant negative relationship existed between t
self-reported use of inquiry-based instruction and
preparedness to teach chemistry, physics and earth
Another correlation analysis discovered a statistic
significant positive relationship existed between p
preparedness and student science achievement. Fina
correlation analysis found a statistically signific
positive relationship existed between science teach
self-reported implementation of inquiry-based instr
practices and student achievement.

The data findings support the conclusion that teach
who have feelings of preparedness to teach science
and implement more inquiry-based instruction and le
didactic instruction produce high achieving science
students. As science teachers obtain the appropria
knowledge in science content and pedagogy, science
will feel prepared and will implement inquiry-based

instruction in science classrooms.
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CHAPTER |

THE PROBLEM

Inour21 ' century world, understanding science is
imperative in order for citizens to make informed d ecisions
about themselves and the world in which they live. The
rate of new discoveries and the development of incr easingly
sophisticated tools to study our world make science avery
rapidly changing subject. Since the 1930s, the tea ching of
science has undergone many changes because of polit ical,

economical, social, energy, technological, and
environmental concerns. New goals for science teac hing are
continuously being developed to help produce scient ifically

literate citizens.

Currently, American students lag behind internatio nal
standards and continue underperforming in science ( Martin,
Mullis, Gonzalez, & Chrostowski, 2004; Parker and G erber,
2000; Roth, Druker, Garnier, Lemmens, Chen, Kawanak a,
Rasmussen, Trubacova, Warvi, Okamoto, Gonzales, Sti gler, &
Gallimore, 2006; Stigler & Hiebert, 1999). America n
schools are in need of improvement and science educ ation
has become a significant priority in our nation (St igler &
Hiebert, 1999). Because of the intense demands for highly
qualified individuals in the field of science, the national



government continues to increase efforts to help th
students in the United States perform better in sci
Science educators are working to improve science
education. Given that science is a dynamic process
just a body of knowledge, leading science organizat
such as the American Association for Advancement of
(AAAS) and the National Research Council (NRC), str
inclusion of inquiry-based science instruction into
science programs and curriculum. Inquiry-based ins
helps students achieve science understanding by com
scientific knowledge with reasoning and thinking sk
(National Research Council, 2000). Inquiry-based te
represents a departure from didactic or traditional
of teaching science in which science is merely a bo
facts to be memorized (Dewey, 1910a, 1910b, 1959; N
1996b; Schwab, 1958, 1960, 1962, 1966;).
Inquiry-based teaching has a persistent history as
central method of good science pedagogy. A continuo
of evidence correlates inquiry-based science instru
with an increase in achievement (Escalada & Zollman
Freedman, 1997; Johnson, Kahle, & Fargo, 2006; Kahl
Meece, & Scantlebury, 2000; Mattern & Schau, 2002;
Golde, & Koeske 2006; Morrell & Lederman, 1998; Oke

1987; Oliver-Hoyo & Allen 2005; Parker & Gerber, 20
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Therefore, it is important that science educators g
priority to the implementation of inquiry-based lea
opportunities. However, there are concerns regardin
implementation of inquiry-based instruction into th
classroom. The use of inquiry-based instruction in
classroom practice may not be commensurate with the
emphasis of inquiry in science education literature
Foster, & Ramsey, 2005).

Problem Statement

Since the 1950s, science educators and researchers

have strongly advocated the perspectives of inquiry
teaching in science classrooms (Allan & Powell, 200
Oliver-Hoyo, Allen & Anderson, 2004; Unal & Akpinar
Increased attention has focused on helping science
to depart from traditional, didactic methods of ins

and provide opportunities for students to become en
more active, meaningful, and higher-level learning.
Despite the evidence correlating inquiry-based scie
instruction with increased achievement, many teache
still resistant to such changes in pedagogy. Studi
teaching and learning in science classrooms reporte
most teachers are still using traditional, didactic
(Harms & Yager, 1980; Seymour, 2002; Unal & Akpinar

Additionally, American students continue underperfo
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science (Matrtin et al, 2004; Parker and Gerber, 200
et al., 2006; Stigler & Hiebert, 1999). The proble
this study is to show teachers have limited prepare
with science content and pedagogy to teach science
through inquiry-based instructional practices.
Purpose of the Study
The purpose of this study will be to examine the
relationship between teachers’ preparedness to teac
science content and their instructional practices t
science achievement of eighth grade science student
United States as demonstrated on the TIMSS 2007 exa
Specifically, this study will investigate the orien
of teacher preparedness to teach biology, chemistry
physics, and earth science and the implementation o
inquiry-based instruction to eighth grade students.
Additionally, the identification of teachers’ prepa
in relation to the use of inquiry-based instruction
practices in the science classroom will be explored
Finally, a correlation between the teachers’ implem
of inquiry-based instructional practices in science
United States eighth grade students’ achievement in

as demonstrated on the TIMSS 2007 will be conducted
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Questions Researched

This quantitative study seeks to answer the followi

guestions:

1.

2.

What is the orientation of science teachers, with
respect to their preparedness to teach specific
science content to eighth grade science students?
What is the orientation of science teachers, on a
continuum from didactic to inquiry oriented, with
respect to their self-reported instructional practi
in teaching science to eighth grade science student
What, if any, relationship exists between teachers’
beliefs about preparedness to teach science content
and their self-reported instructional practices in
teaching science to eighth grade science students?
What, if any relationship exists between student
achievement in science and:
a. Teachers’ beliefs about preparedness to teach
science content to eighth grade science students?
b. Teachers’ self-reported instructional practices
in teaching science to eighth grade science

students?
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Definition of Terms

Didactic Instruction

has been conceptualized as the transmission of fact
students, who are seen as passive receptors. This
instruction typically uses lecture format and instr
entire class as a unit. Knowledge is presented as
where students’ prior experiences are not seen as
important. Moreover, instruction does not provide
with opportunities to experiment with different met
solve problems, but primarily uses a drill and prac
format with a foundation on textbooks (Smerdon, Bur
Lee, 1999).

Inquiry-based Instruction

Education Standards (NSES)is at the center of U.S.
education improvement, it is well to consider its
definition of inquiry-based instruction for this st
Inquiry-base instruction engages students in making
observations; posing questions; reviewing what is a
known in regards to experimental evidence; using to
gather, analyze, and interpret data; proposing answ
explanations, and predictions; communicating the re
identifying assumptions; using critical and logical
thinking; and considering alternative explanations;

processing information, communicating with groups,

- Didactic instruction traditionally

- Since the National Science
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student actions, facilitating student thinking, mod eling
the learning process, and providing flexible use of
materials. (National Research Council (NRC), 1996 p . 23)
Trends in International Mathematics and Science Stu dy 2007
(TIMSS 2007) - TIMSS 2007 is the fourth in a cycle of
internationally comparative assessments dedicated t o]
improving teaching and learning in mathematics and science
for students around the world. Administered every four
years at the fourth and eighth grades, TIMSS provid es data
about trends in mathematics and science achievement over
time. TIMSS was designed to investigate student le arning
of mathematics and science and the way in which edu cational
systems, schools, teachers, and students influence the
learning opportunities and experiences of individua I
students.
Significance of the Study

The current trend in science education is to adopt
instructional practices that follow research on how
students learn and achieve. Given the emphasis pla ced on
inquiry-based instruction in the Standards (NRC, 19 96), the
inclusion of inquiry-based instruction is important to a
successful reform in science education (McReary, Go Ide, &
Koeske, 2006). However, there have been few large- scale
studies based on this premise. Previous studies ba sed on



this presumption have been qualitative in nature an
therefore provided little empirical evidence. This
being quantitative in nature, will address this nee
provide an accounting of the pedagogy of practicing
teachers as reported by those teachers. This will
contribute to the information concerning teacher pr
This study on teacher practice with respect to
inquiry-based science instruction is important for
reasons. First, this study extends the research on
practice; because studies have shown (NRC, 2003) th
there has not been a significant increase in the pr
of inquiry-based instruction since the release of t
Comparing the current instructional methods used in
classrooms and student achievement in science will
an understanding of where educators align themselve
relationship to science education reform and will p
increased knowledge of the direction in which scien
educators are headed. Second, factors that influen
teachers’ practice are complex. One factor that ha
emerged in working toward the improvement of inquir
instruction is understanding the influence of teach
preparedness on teacher instructional practices. |
possible that teachers’ beliefs about their prepare

teach science influence their teaching practices, h
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believe content should be taught and how they think
students learn. Determining a correlation between
preparedness to teach science to eighth grade stude
their instructional style will provide a direction

future professional development programs with a pos
emphasis on content and instructional methods. Thi
important as teacher practice is, the main goal of
instruction is to affect student learning to promot
science literacy. When compared with an internatio
cohort of students, students in the United States a
typically not among the high performers (Martin et
2004; Parker and Gerber, 2000; Roth et al, 2006; St
Hiebert, 1999). The National Science Standards (NR
1996b) call for a major shift in pedagogical approa
teaching science, prompting studies on student achi
The 2005 National Assessment of Educational Progres
results for science assessment showed no significan
in student achievement in grades four and eight and
decline in performance at grade twelve since 1996 (
Lauko, and Brockway, 2006). This study will provid
information that will contribute to a body of knowl

the improvement of instruction in science classroom
provide quantitative data to validate the benefits

inquiry-based teaching on science achievement.
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Limitations of the Study
The secondary analysis of existing data sets, like

TIMSS 2007, provides an important opportunity for
researchers concerned with science education. Mill
(1982) describes the term secondary analysis as pre
collected data sets of individual interviews or tes
when the unit of analysis is the individual or comp
measures for other units of analysis. The TIMSS 20
international assessment of student achievement com
written tests in mathematics and science together w
set of questionnaires that gather information on th
educational and social contexts for achievement. O
the important considerations in the design and
implementation of TIMSS 2007 was to produce a full
that contained all of the available data collected
participants and to make these data available to
educational researchers. Such a database has been
developed and made public in a timely manner. The
2007 database is a wealth of data for educational
researchers to perform secondary analysis and poten
provide decision makers with valuable indicators of
curriculum design and provide teachers and teacher
educators with advice on effective teaching and lea

methods.
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Using a large database such as TIMSS 2007 has many

advantages and disadvantages. Although the TIMSS 2
study presents enormous bodies of data for analysis
study is a secondary analysis, which poses some cau
It is important to recognize that other investigato
collected the TIMSS 2007 data. As with all seconda
analysis studies, it is important never to assume t
another investigator collected a data set correctly

this study, the researcher examined the sample sele
procedures, sample size, response rates, field proc
and coding conventions of the TIMSS 2007 carefully
ensure no deficiencies. The larger, national,
professionally collected data sets that are availab
secondary analysis are of higher quality than the s
and local samples that most individual science educ
scholars can afford to collect (Hyman, 1972).

As is true for all secondary analysis, this study w
limited by the data collected and definitions used
TIMSS 2007 study. The data from the teachers were
by the questions asked, the directions for those qu
and the response selections provided. Teachers wer
to recall past science classes taught to answer the
guestions used in this study. Discrepancies in the

teachers’ memory of a class could have influenced t
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study. Any misinterpretations by teachers may have
influenced the results of this study. Although TIM
provides a wealth of educational data, there was on
method for examining teacher preparedness and instr
practices based on teacher responses to a questionn
Questionnaires are simple to administer and easily
into data files for statistical analysis.
Summary

Today’s society is changing at rapid rates and sci
education programs need to prepare students for the
in which they live. Although the teaching of scien
undergone much reform and recommendations for new g
teaching science are developing continuously, the U
States still lags behind their international counte
Improving science performance for all students is a
important policy issue and educational concern.

Although the nature of inquiry-based instruction
varies among science educators, its value is undeni
current science education research. Given its impo
addressing inquiry-based instruction is essential i
regards to influencing teachers’ preparedness for i
based instruction. The level of preparedness that
teachers have for science and science instruction p

critical role in shaping their patterns of instruct
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behavior (Plourde, 2002). The level of preparednes
confidence a teacher acquires may lead to providing
effective inquiry-based instruction that in effect
correlates to an increase in student achievement.
Chapter 1 describes the purpose of the study,
providing a rationale for the guiding questions tha
provide focus and direction for the inquiry. Chapte
contains a review of relevant discourses including
description of the current state of science educati
the United States, an historical overview of the ch
goals of science education, with emphasis on the ro
inquiry-based instruction, a discussion of the dive
definitions and description of inquiry-based instru
discussion of inquiry-based instruction within the
constructivist-learning model, a discussion about t
influence of teacher preparedness on teaching style
explanation of the TIMSS 2007. Chapter 3 explains
research methodology used in this study. Specifical

information is provided regarding secondary analysi

methods research design, the sampling frame, and da

collection procedures. It addresses the research
methodology that frames this investigation and guid
research procedures. Chapter 4 presents the data an

procedures and results. It includes a description o
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sample, the quantitative data results and descripti
statistics. Chapter 5 presents conclusions drawn f
data and discussions regarding the conclusions. Fin
implications for secondary science teachers and fut

research are discussed, followed by a summary of th
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CHAPTER I
LITERATURE REVIEW
Introduction
The focus of this study was to examine the
relationship between teachers’ preparedness to teac
science content and their instructional practices t

science achievement of eighth grade science student

United States as demonstrated by the 2007 Trends in

International Mathematics and Science Study (TIMSS

This chapter provided the historical, theoretical,
research background for this study by reviewing the
literature related to the indicators of inquiry-bas
instruction and the importance of this pedagogy for
necessary student achievement in science.

The review of the literature is presented in six
sections. An historical overview of the changing g
science education, with emphasis on the role of inq
based instruction is presented in the first section
Diverse definitions and descriptions of inquiry-bas
instruction are described in the second section. |
based instruction within the constructivist-learnin
is discussed in the third section. The influence o
teacher preparedness on teaching style is discussed

fourth section. The current state of science educa
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the United States is presented in the fifth section
2007 Trends in International Mathematics and Scienc
(TIMSS 2007) is explained in the sixth section.
History of Inquiry: From Dewey to Standards

Inquiry and the National Science Education Standard
(National Research Council (NRC), 2000) stated that
teaching and learning in school programs is less th
century old. As early as 1909, John Dewey stressed
was too much emphasis on facts without enough empha
science for thinking and an attitude of mind. Dewe
proclaimed that children should experience science
be passive recipients of ready-made knowledge. He
contended “knowledge is not information, but a mode
intelligent practice and habitual disposition of mi
(p.125). Dewey (1910) articulated the objectives o
inquiry-based instruction: developing thinking,
formulating habits of mind, learning science subjec
understanding the process of science.

In Dewey’s model, the student is actively involved,
and the teacher has a role as a facilitator and gui
the student. Dewey expanded his views and encourag
science educators teach their students so that they
add to their personal knowledge of science. To acc

this, teachers need to require students to address
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that they want to investigate and apply it to the

observable phenomena (Dewey, 1916). According to D

(1938), concepts and problems to be studied must be
to students’ experiences and within their intellect
capacity; therefore, the students are to be active

in their searching for answers. The wisdom and phi
of Dewey (1938) suggests that providing students wi

supportive environment and the freedom to construct

own knowledge motivates them to become engaged lear
Dewey’s model was the basis for the Commission on S

School Curriculum (1937) entitled Science in Secondary

Education (Barrow, 2006).

The launching of Sputnik | in 1957 caused the Unit

States to question the quality of the science teach
science curriculum, and the methods for science ins
used in schools. The traditional science courses w
preparing young people for understanding either the
in which they were living or the future (Collette &
Chiappetta, 1994). Science teaching, then, was por
as dull, inadequate, and not meeting the demands of
times (Barrow, 2006). The circumstances called for
in science education. The National Science Foundat
(NSF) had funded the development of innovative scie

curricula with special attention to improving scien
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processes as individual skills such as observing,

classifying, inferring, and controlling variables ( Barrow,
2006). The launching of Sputnik sparked the most

innovative and spectacular changes in the philosoph y of
science education ever seen in American schools (Co llette &

Chiappetta, 1994).

Joseph Schwab provided the foundation for inquiry as a
relevant theme in science curriculum reform in the 1950s
and 1960s (1958, 1960, 1962, & 1966). Schwab, (196 2),1in
“The Teaching of Science as Enquiry,” supported Dew ey’s
sentiments on the importance of inquiry-based instr uction
in school settings. According to Schwab, scientist S no
longer conceived science as stable truths to be ver ified;
rather they viewed it as principles for inquiry, co nceptual
structures revisable in response to new evidence (B ybee,
2000). Schwab (1960) described two types of inquir y:
Stable and fluid. Stable inquiry uses current prin ciples
to add to the scientific knowledge base, which is a growing
body of knowledge. Fluid inquiry requires the use of
invention to question current principles that may | ead to
scientific revolutions. Schwab (1966) believed tha t
students should be given the opportunity to view sc ience as
a series of conceptual structures that should conti nually

18



be revised when new information or evidence is disc

Schwab stated,
In the very near future a substantial segment of ou
public will become cognizant of science as a produc
of fluid enquiry, understand that it is a mode of
investigation which rests on conceptual innovation,
proceeds through uncertainty and failure, and
eventuates in knowledge which is contingent,

dubitable, and hard to come by. (p.5)

Inquiry-based practices have been heralded as essen
students’ development of what Dewey (1910) calls “h
minds,” a way of thinking that promotes scientific
reasoning skills. Consistent with Dewey’s thoughts
encouraged science to be taught in a way that was p
with the way modern science operates. Schwab (196
emphasized the importance of getting students activ
involved in the learning process through means of
investigation and not just the content fact of scie

also encouraged science teachers to use the laborat

assist students in their study of science concepts.

facet is found in the Biology Teachers’ Handbook

(Biological Sciences Curriculum Study, 1978) in whi

Schwab called for the use of “Invitations to Enquir
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Using this strategy, teachers utilize sixteen activ ities
providing students with research readings that come from
articles, reports, or books. The teacher and stude nts are

then encouraged to engage in dialogue regarding the

problems, data, analyses, and conclusions derived b y the
investigators. Hence, Schwab advocated that studen ts
should read about alternative viewpoints and explan ations
of scientific inquiry. He recommended inquiry-bas ed
instruction as the preferred format for teaching sc ience
concepts so students could be active in the learnin g
process.

In 1964, F. James Rutherford explained that even

though science teachers opposed didactic methods of

instruction and supported inquiry-based instruction ,in
reality, the teaching of science does not model sci ence as
inquiry. Furthermore, Rutherford noted that it is not
clear as to what teaching with inquiry means. Some science
teachers see inquiry construed as part of the scien ce
content itself. Other science teachers envisioned inquiry
as a particular teaching strategy for the teaching of

scientific content.
Rutherford (1964, pp.80-84) developed three
conclusions about inquiry-based instruction in scie nce

classrooms. First, it is possible to gain a sensib le

20



understanding of science as inquiry, once teachers
recognize the necessity of considering inquiry as ¢
and operate on the premise that the concepts of sci
properly understood only in the context of how they
arrived at and of what further inquiry they initiat
Second, it is possible to learn something of scienc
inquiry without having the learning process follow
set of the methods of inquiry used in science. Thi
laboratory can be used to provide the student exper
with some components of the investigative technique
in science. Rutherford stated that until science t
understand “a rather thorough grounding in the hist
philosophy of the sciences they teach, this kind of
understanding will elude them, in which event not m
progress toward the teaching of science as inquiry

expected” (1964, p.84).

During the 1970s and 1980s the National Science

Foundation (NSF) supported a project that analyzed
synthesized a number of national surveys, assessmen

case studies about the status of science education

United States (Harms & Kahl, 1980; Harms & Yager, 1

Helgeson, Blosser, & Howe, 1997). Project Synthesi
& Yager, 1981) was a compilation of three major NSF

sponsored projects which included a review of 1955-
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literature (Helgeson, Blosser, & Howe, 1997), case

by Stake and Easley (1978), and the 1977 national s
science, mathematics, and social studies education,
collected data on materials, practices and the lead

of science education(Weiss, 1978). In addition, ot
sources, such as the Office of Education funded pro
the National Assessment of Educational Progress (NA
completed its third comprehensive assessment of sci
knowledge, skills, attitudes and educational experi
precollege students, based on a broad set of object
developed by NAEP. As a set, these four studies pr
more comprehensive picture of science education and
the backbone of the database from which Project Syn

worked.

Using the data in developing a discrepancy model,

there were four different goal clusters developed:

needs, societal issues, academic preparation, and c

education and awareness. The greatest emphasis was

academic preparation. Welch, Klopfer, Aikenhead, a
Robinson (1981) contributed a significant portion o
review that was devoted to the role of inquiry-base
science instruction. They concluded that science e
were using the term “inquiry” in a multitude of way

encompasses inquiry as content and inquiry as an
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instructional technique. Science educators were un
about the term’s meaning. It was reported that sci
teachers view inquiry positively, however; “little
exists that inquiry is being used” (Hurd, Bybee, Ka
Yager, 1980). In general, they found that although
was a positive attitude toward the importance of in
based instruction, there is a discrepancy between a
importance of inquiry and the attention given it in
practice. Science teachers identified the followin
reasons for not employing inquiry-based instruction
limited teacher preparation, including management;
time; limited available materials; lack of support;
emphasis only on content; reading were too difficul
students were immature; experiments were too risky;
track the progress of students; too expensive and d
to teach (Welch et al., 1981; Constenson & Lawson,
Project 2061, the long-term efforts by the America
Association for the Advancement of Science (AAAS) t
K-12 science, identified what all students should k
be able to do when they graduate at the end of grad

The results of Project 2061 have been publications

Science for All Americans in 1989 and Benchmarks for

Science Literacy in 1993. Science for All Americans

(Rutherford & Ahlgren, 1989) has a broad view of de
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scientific literacy and made several recommendation s for
historical perspectives, habits of mind, and that t eaching
should be consistent with the nature of scientific inquiry.
Science for All Americans is based on the belief that the
science-literate person is one who is aware that sc ience,
mathematics, and technology are interdependent huma n
enterprises with strengths and limitations; underst ands key
concepts and principles of science; is familiar wit h the
natural world and recognizes both its diversity and unity;
and uses scientific knowledge and scientific ways o f
thinking for individual and social purposes. S cience for
All Americans (AAAS, 1990) claimed that by 2061 a
generation of science literate citizens would be ac hieved.
Benchmarks for Science Literacy (AAAS, 1993) organized the
topics into K-2, 3-4, 5-8, 9-12 grade-level groupin gs and
provided specific results of learning about the nat ure of
science, gaining historical perspectives, and acqui ring
good habits of mind such as informed skepticism, cu riosity,
and openness to new ideas. Both of these works hav e made
important statements about specific goals and bench marks
about inquiry-based science instruction.

The National Science Education Standards (NSES)
(National Research Council, 1996b) publicized a new report
about inquiry-based science instruction. In thisr eport,

24



the NSES defined what all students in science class
should know and be able to do by grade twelve. In
addition, the NSES described the kinds of learning
experiences students need to achieve scientific lit
This publication advocated the idea that inquiry-ba
instruction is pertinent for student achievement of
scientific literacy.

The NSES addressed inquiry in two ways. First, th
is inquiry as content in which the students should
understand scientific inquiry and the abilities the
develop from their experiences with scientific inqu
Second, inquiry is associated with teaching techniq
the processes of learning with inquiry-oriented act
To provide clarification, the NRC (2000) published
and the National Science Education Standards
five essential features of inquiry (p. 25), regardl
the grade level:

1. scientifically oriented questions that engage the

students;

2. evidence collected by students that allows them to

develop and evaluate their explanations to the

scientifically oriented questions.
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3. explanations developed by students from their

evidence to address the scientifically oriented

guestions;

4.  evaluation of their explanations, which can include

alternative explanations that reflect scientific

understanding; and

5.  communication and justification of their proposed

explanations.

The NRC (2000) asserted these essential features

introduce students to many important aspects of sci
while helping them develop a better knowledge of sc
concepts and processes. In addition, teachers of s
must know that inquiry involves (a) the cognitive a
that their students must develop; (b) an understand
methods used by scientists to search for answers fo
research questions; and (c) a variety of teaching
strategies that help students to learn about scient
inquiry, develop their abilities of inquiry, and un
science concepts (Bybee, 2000; NRC, 1996b, 2000).
(1996b) included a list of increased emphasis and d
emphasis regarding inquiry (see Figure 1). These
statements allow teachers of science to determine w
their perspectives about the three domains of inqui

compatible with the reform movement in science educ
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Changing Emphases to Promote Inquiry

Less Emphasis on Mare Emphasis on

Understanding and responding
to individual students’
interests, strengths,
experiences, and needs

Treating all students alike
and responding to the group
as a whole

Rigidly following curriculum  Selecting and adapting

curriculum

Focusing on student
Focusing on student understanding and use of
acquisition of information scientific knowledge, ideas,

and inquiry processes
Presenting scientific Guiding students in active
knowledge through lecture, and extended scientific
text, and demonstration inquiry

Providing opportunities for
scientific discussion and
debate among students

Asking for recitation of
acquired knowledge

Testing students for factual
information at the end of the
unit or chapter

Continuously assessing
student understanding

Maintaining responsibility Sharing responsibility for
and authority learning with students

Supporting a classroom
community with cooperation,
shared responsibility, and
respect

Supporting competition

Working with other teachers
Working alone to enhance the science
program

Figure 1 . The National Science Standards envision change
throughout the system. The teaching standards enco mpass
the above changes in emphasis (National Research Co uncil,

1996b. p. 113).

In addition, the NRC (1996b, 2000) acknowledges tha t
not all science concepts can or should be taught us ing
inquiry-based instruction. The following three par agraphs
summarize interpretations about inquiry from the NR Cin
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1996, and each of these domains was clarified by th

2000.

The fundamental abilities of inquiry specified by t

(2000, p. 19) are to:

1.

identify questions that can be answered through
scientific investigations (students formulate a
testable hypothesis and an appropriate design to be
used).

design and conduct scientific investigations (using
major concepts, proper equipment, safety precaution
use of technologies, etc., where students must use
evidence, apply logic, and construct an argument fo
their proposed explanations).

use appropriate tools and techniques to gather,
analyze, and interpret data.

develop descriptions, explanations, predictions, an
models using evidence where the students’ inquiry
should result in an explanation or a model.

think critically and logically to make the
relationships between evidence and explanations
recognize and analyze alternative explanations and

predictions.

communicate scientific procedures and explanations.

use mathematics in all aspects of scientific inquir
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Accomplishing these eight skills requires science
teachers to provide many inquiry-based investigatio
opportunities for students (Barrow, 2006). Accordin
the NRC (2000), when students practice inquiry, it
them develop critical thinking abilities and scient
reasoning, while developing a deeper understanding
science concepts.

The second domain of inquiry instruction is the
development of understanding about how scientists w
the field of science. This domain of inquiry
concentrates on the reasoning for which scientific
knowledge changes when new evidence, methods, or
explanations occur among members of the scientific
community. Therefore, they will be very similar fo
grade-level, except with increasing complexity (NRC
2000). The categories identified by the NRC (2000,

are as follows:

1. conceptual principles and knowledge that guide

scientific inquiries;

2. investigations undertake for a wide variety of

reasons—to discover new aspects, explain new

phenomena, test conclusions of previous

investigations, or test predictions of theories;
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3. use of technology to enhance the gathering and
analysis of data to result in greater accuracy
and precision of the data;

4. use of mathematics and its tools and models for
improving the questions, gathering data,
constructing explanations, and communicating
results;

5. scientific explanations that follow accepted
criteria of logically consistent explanation,
follow rules of evidence, are open to question
and modification, and are based upon historical
and current science knowledge; and

6. different types of investigations and results
involving public communication within the science
community. (To defend their results, scientists
use logical arguments that identify connections
between phenomena, previous investigations, and
historical scientific knowledge; these reports
must include clearly described procedures so
other scientists can replicate or lead to future
research).

The third domain of inquiry from the NSES is in the

teaching standards (NRC, 2000). Several inquiry-ba sed

teaching strategies facilitate students’ developing a
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better understanding of science. Science teacher e
need to provide experiences and information so that
teachers of science can provide high quality inquir

science lessons.

Science method courses may need to provide future

science teachers with exemplary examples of inquiry
instruction as a content area. Aspects of inquiry-
teaching include strategies to assess students’ pri
knowledge and ways to utilize this information in t
teaching; effective questioning strategies, includi
ended questions and long-term investigations, rathe
single-period verification-type investigations (Bar
2006). The vast majority of their K-12 and college
laboratory experiences have not modeled inquiry as
Teachers need to have inquiry modeled for them beca
need to see the benefit for their future students.
most future science teachers, this may not have bee
personal experience. Providing a model of quality
instruction could enhance their view of scientific
(Barrow, 2006).

Over the past century, inquiry-based instruction ha
been prevalent in research literature. Science edu
researchers, and philosophers have provided multipl

interpretations of inquiry. Consequently, teachers
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science are left to interpret the foundation,
implementation, and results of inquiry-based instru

and the affects on student learning. To help clari

NRC (2000) released Inquiry and the National Science

Education Standards , however research support the notion

that science educators are still unclear about what
means coupled with the uncertainty of implementing
based instruction. Inquiry-based instruction has b
established concept for over a century in science
education. Although many scholars (Barrow, Dewey,
Schwab) and the NRC, have discussed guidelines for
implementation over a century, the concept is still
discussed in the realm of science educators. Claim
inquiry-based instruction is a necessity for studen
success in a highly competitive, twenty-first centu
technological world are still prevalent in science
education.

Defining Inquiry-Based Science

Inquiry-based science instruction emerged from scie

education reform (Buck, Latta, & Leslie-Pelecky, 20
Haefner & Zembal-Saul, 2004; Newman, Abell, Hubbard
McDonald, Otaala, & Martini, 2004). Inquiry-based
instruction is highly encouraged by the National Re

Council (NRC) and the American Association for the
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Advancement of Science (AAAS) in order to produce b
science literate students. However, despite its ma
importance in the science education community, scho
conclude that the current definitions of inquiry-ba
instruction offer a vague description of the term a
classroom applications (Anderson, 2002; Colburn 200
Cuevas, Lee, Hart, & Deaktor, 2005; Flick, 2000; Ha
Zembal-Saul, 2004; Keys & Bryan, 2001; Martin-Hause
Wee, Shepardson, Fast, & Harbor, 2007; Windschitl,
The National Science Education Standards (NSES)
(National Research Council, 1996b) defines inquiry
follows:
Scientific inquiry refers to the diverse ways in w
scientists study the natural world and propose
explanations based on the evidence derived from th
work. Inquiry also refers to the activities of
students in which they develop knowledge and
understanding of scientific ideas, as well as an
understanding of how scientists study the natural
world. (p. 23)
Although the NSES included the definition and examp
inquiry-based teaching of science, these broad defi
do not provide adequate direction for teachers prac

inquiry-based instruction in their classrooms (Ande
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2002; Flick, 2000; Keys & Bryan, 2001; Keys & Kenne
1999). Songer et al. (2003) stated:

Science educators and researchers often hold a nar

somewhat idealistic representation of scientific

inquiry as “the kind of thinking scientists engage
or other poorly defined constructs, in part, becau
few other models, and few well-defined models, of
inquiry science exist. Consistent with the

representation, inquiry guides can often present a

monolithic view of what inquiry should look like i

classrooms. (pp.511-512)

This poses a critical challenge for teachers
implementing inquiry-based instruction. Teachers d
and enact their own ideas of inquiry-based instruct
their classroom practice. These conceptions may no
necessarily match with the vision of the reform doc
or be commensurate with the emphasis of inquiry-bas
instruction in the science education literature (Ao
Foster, & Ramsey, 2005; Windschitl, 2003). Windsch
(2004) explained that diverse ideas about inquiry-b
instruction exist among not only science teachers,
are “codified” in authoritative documents, reinforc

textbooks, and embodied in the practices of educato
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promote the use of inquiry-based instruction as wel

those who favor methods that are more traditional.

Flick et al. (1997) argued that our knowledge abou

inquiry-based science teaching has developed from t
perspective of student’s behaviors and experiences
inquiry rather than teachers’ generation and manage
these meaningful inquiry experiences. Furthermore,
inquiry is to become a practicable, mainstream appr
science pedagogy, researchers and teachers must bec
explicit about the behaviors and thoughts of educat
engaged in inquiry-based teaching (Flick et al., 19
Newman, Abell, Hubbard, McDonald, Otaala, and Marti
(2004) explained, “the definition of inquiry-based

in science is dynamic and context dependent” (p.273
and Kennedy (1999) believed that any attempt for an
operational definition of inquiry-based science tea
needs to come from grounded classroom practice, whi
include teachers’ views of the pedagogy. Keys and
(2001) supported the idea that one true definition
inquiry-based instruction is non-existent and every
educator is dependant upon constructing his/her own
understanding of the concept. They expressed that
“multiple modes and patterns of inquiry-based instr

are not only inevitable but also desirable because
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will paint a rich picture of meaningful learning in
situations” (p.632). However, this poses difficult
providing a single definition of inquiry and its cl
applications is quite difficult (Henson, 1986).

In the research literature, several scholars tried
structure specific qualities and activities in iden
inquiry-base science teaching. Crawford (2000) pre
some of the popular terms used by practicing teache
refer inquiry-based instruction as doing science, h
science, and real-world science. Inquiry-based
instruction extends from “traditional hands-on” to
research” (Bonnstetter, 1998). Eick and Reed (2002

contended confirmatory type teaching activities tha

predetermined procedures and have known outcomes sh

be considered inquiry-based instruction. More radi
Hein (2002) contended that any teaching activities
not allow for multiple results should not be consid
inquiry-based instruction. His definition excluded
laboratory work in classrooms, because they are usu
intending to demonstrate a concept and not a novel
diverse conclusion. National Research Council(1996
described inquiry-based instruction as “the activit

students in which they develop knowledge and unders
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of scientific ideas, as well as an understanding of
scientists study the natural world” (p.23).

Kluger-Bell (1999) explained effective inquiry-bas
instruction involves students learning through dire
interaction with materials and concepts. One neces
sign of inquiry-based instruction is the level of ¢
that the students have in determining various aspec
the learning experience. Here inquiry-based instru
determinant on the nature of the learning outcomes,
design of the investigation procedure, and the degr
student control on the learning experience. The NRC
(1996b) elaborated the inquiry process as follows:

Inquiry is a multifaceted activity that involves

making observations; posing questions; examining b

and other sources of information to see what is

already known; planning investigations; reviewing
is already known in light of experimental evidence
using tools to gather, analyze, and interpret data
proposing answers, explanations, and predictions;
communicating the results. Inquiry requires
identification of assumptions, use of critical and
logical thinking, and consideration of alternative

explanations. (p. 23)
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This allows students to engage in various aspects o
inquiry as they learn the scientific way of knowing
natural world.

According to the NRC (1996b), inquiry-based
instruction embraces students with first hand event
incorporate observation, data collection, reflectio
analysis. Sutton and Krueger (2001) explained inqui
instruction may also include reading, discussion, a
research where educators should use different strat
develop the knowledge, understandings, and abilitie
various content areas. They contend that inquiry-ba
instruction need not always be a hands-on experienc
Hodson (1999) categorized inquiry-based instruction
either “literature/media based” or “field
experience/laboratory-based” (p.246).

Settlage (2007) suggested that the commonly held
framework of inquiry-based science instruction has
essentially the same from the middle of the previou
century until today: Inquiry begins with a questio
on observation, which ultimately leads to a conclus
based on evidence. However, Keys and Bryan (2001)
challenged the notion that there is a simple, preco
framework of inquiry waiting for discovery by stude

Based on a constructivist view of inquiry, Keys and
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proposed that inquiry is individually constructed b
student is based on his or her interaction with the
physical world and abstract ideas. Rather than a |
trip through the various components of the inquiry
Keys and Bryan (2001) presume that students constru
own knowledge about science, about how scientists w
about the inquiry process as they interact with the
peers, their teacher, and the classroom context.
Numerous definitions of inquiry-based instruction
found in the education literature. Flick (2003) pr
three-part definition that includes the process of
modern science is conducted, an approach for teachi
science, and knowledge about the nature of science.
definitions encompass processes, such as using
investigative skills; actively seeking answers to g
about specific science concepts; and developing stu
ability to engage, explore, consolidate, and assess
information (Lederman; 2003). According to the NRC
Inquiry-based instruction is student-centered or op
students generate a question and carry out an
investigation. It is teacher guided when the teach
selects the question and both students and teacher
how to design and carry out an investigation. Iti

teacher centered or explicit when the teacher selec
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guestions and carries out an investigation through
instruction or modeling (National Research Council,
Furthermore, NRC (2000) presented essential feature
inquiry-based classrooms:

» Learners are engaged by scientifically oriented

guestions

» Learners give priority to evidence, which allows
them to develop and evaluate explanations that

address scientifically oriented questions.

» Learners formulate explanations from evidence to

address scientifically oriented questions.

» Learners evaluate their explanations in light of
alternative explanations, particularly those

reflecting scientific understanding.

* Learners communicate and justify their proposed
explanations. (p.25)
Finding numerous definitions for inquiry-based sci
instruction in research literature is not a difficu
However, each offer variance in the types of activi
learning opportunities for students. A critical ch
in the study of inquiry-based science instruction i
lack of a clear conception of what it involves (Cue

Lee, Hart, & Deaktor, 2005). This may result in sc
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educators developing and enacting their own concept
inquiry-based instruction with their students and t
conceptions may not draw a parallel with the intent
inquiry-based instruction in the research literatur

Inquiry within a Constructivist-learning Model

The National Science Education Standards in the Uni

States call for a reform of science education based
use of inquiry grounded in the constructivist-learn
model (Haney, Lumpe, Czerniak, & Egan, 2002; Nation
Research Council [NRC], 1996). Learning through inq
based instruction mirrors scientific inquiry in tha
students research and gather information and data t
guestions in support of learning scientific princip
Inquiry-based instruction helped provide positive s
gains in cognitive achievement, process skills, and
attitude toward science (Anderson, 2002; Shymansky,
& Woodworth, 1990). The constructivist perspective
provides a philosophical background for reforms and
dominant paradigm in the field of science education
Constructivism focuses on characterizing the cognit
growth of children, where learning is understood as
constructive process of conceptual growth, often in
reorganization of concepts in the learner’s underst

and development in general cognitive abilities such
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problem-solving strategies and metacognitive proces
(Straits & Wilke, 2007). Brooks and Brooks (1993) d
the following five principles as constructivist ped
These include the following: posing problems of em
relevance to learning, structuring learning around
concepts, seeking and valuing students’ points of v
adapting curriculum to address students’ suppositio
assessing student learning. Constructivism provides
philosophical view of learning where learners activ
construct their own knowledge because of their inte
with the natural world. The construction of knowle
takes place in a socio-cultural context, is mediate
their prior knowledge, and then is applied in new
situations (Straits & Wilke, 2007). A teaching sty
inquiry-based instruction that recognizes the
constructivist learning model attracts much attenti
because it suggests ways for student learning and t
changes in teaching that are essential for it to oc

Grounded in constructivist philosophy, inquiry-bas
instruction provides students with learning opportu
where the construction of understanding a new conce
based on student exploration of an authentic proble
the processes and tools of the discipline (Straits

2007). From the constructivist perspective, Inquir
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instruction impacts learning in six ways. First, i
requires that the curriculum be customized to the s
prior knowledge. Second, it emphasizes problem sol
the form of hands-on activities. Third, the teache
becomes a facilitator by connecting facts and foste
understanding in students. Fourth, the teachers
individualize their teaching strategies to student
guestions and comments and encourage students to an
interpret, and predict data. Fifth, teachers rely

ended questions or activities and foster collaborat
dialogue among peers. Sixth, assessment becomes pa
the learning process, where students play a role in
evaluating their own progress. Concurring with the
constructivist approach, inquiry-based instruction
opportunities for students to redefine, reorganize,
elaborate their current concepts through interactio
objects, peers, and events in the environment (Bybe
1993). In accord with constructivism, inquiry-based
instruction emphasizes student development of knowl
through mental and physical active participation.

are encouraged to make meaning; the students are us
involved in developing and modifying their knowledg
schemes through experiences with phenomena and thro

expository talk and teacher intervention (Driver, 1
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Many reformers advocate a move away from traditiona

didactic, instruction where the students are passiv
receptors of knowledge, towards more student-center
inquiry-based teaching that focuses on explorations
experimentation. Constructivist and inquiry-based

is purported to produce meaningful learning, improv
attitudes toward learning and science, increases kn
acquisition and retention, promotes self-efficacy a
motivation, fosters community among students, and p
the view that science is a process and not merely a
facts to memorize (Burrowes, 2003; Ebert-May, Brewe
Allred, 1997; Straits & Wilke, 2003, 2007; Svinicki

In a meta-analysis of the 1990 NELS data, Von Secke
reviewed demographic data of 4,377 students in 1,40
classes as well as surveys completed by their biolo
teachers. Von Secker identified five elements of
constructivist teacher practices and examined their

in biology classes. She also examined the effects
elements on the achievement of the students. The p
was to learn the significance of the effects. The
elements of constructivist practices included the d
emphasis to which teachers increased student intere
engagement, use of appropriate laboratory technique

problem-based learning, student initiation of furth

e
ed,

and
learning
es
owledge
nd
romotes
set of

r, &

, 1998).
r (2002)

6

)%

effects
of these
urpose
five
egree of
st and

S,

er



supplemental research, and appropriate use of scien
writing methods. These elements were aligned with r
designed to promote inquiry-based learning opportun
recommended in the National Science Education Stand
(1996). Each of the five identified constructivist
practices contributed to a significant increase in
achievement ranging from .22 to .36 standard deviat
These five identified constructivist practices resu
increased student learning.

Aligned with constructivist philosophy, inquiry-ba
instruction provides learning opportunities through
construction of a new understanding based on studen
exploration of an authentic problem using the proce
tools of the discipline (Wilke & Straits, 2006). |
based teaching encourages students to make sense ou
curriculum content where the students are usually i
in developing and modifying their knowledge schemes
experiences with phenomena and through expository t
teacher intervention (Driver, 1989). The National
Education Standards (NSES) (National Research Counc
1996b) and the Benchmarks for Science Literacy (Ame
Association for the Advancement of Science, 1993) b
stress the need for inquiry-based learning. Inquir

students to experience science as it occurs in the
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laboratory or in the natural environment, where sci

create new knowledge through constructivist process

Teacher Preparedness and Inquiry-Based Instruction

Inquiry-based instruction is a major trend in scien

education reform. At the heart of this reform is t
notion that students need to be engaged in activiti

develop understanding of the investigation processe

National Science Education Standards (NSES) Teachin

Standard B (National Research Council, 2000) encour

teachers to use the “skills of scientific inquiry,

as the curiosity, openness to new ideas, and skepti
that characterizes science” (p. 32). When teachers
these values of everyday science, students will ass
similar attitudes in their dispositions (National R

Council, 2000). However, to engage in this type of

pedagogy, teachers need to be prepared with a knowl

base for how inquiry-based instruction is implement
successfully. Teachers not only need to believe th
inquiry-based teaching is the best instructional ap
to support their students’ learning, but also, teac
need confidence in their content knowledge and thei
ability to teach using inquiry-based approaches (NR

1996b).

46

entists

€s.

ce
he
es that
S. The
g
ages
as well
cism
display
imilate

esearch

edge
ed

at
proach

hers



Factors that influence teachers’ practice are compl

and numerous. One factor that has emerged in resea
literature is the effect teacher preparedness has o
teacher practice. Teacher preparedness is defined
continuous process of self-renewal and professional
development, where the teacher works to influence a
improve the quality of one’s own knowledge of conte
pedagogy (Bolyard & Moyer-Packenham, 2008). Increa
teachers are being required to have a thorough grou
the subjects they teach, so they can guide their st
effectively through subject area content and respon
knowledgeably to students’ questions and in class
discussions (Bolyard & Moyer-Packenham, 2008).
Teachers are the primary means of curriculum
implementation. Regardless of how closely prescrib
curriculum, or how explicit the textbook, it is the
of the teacher in the classroom that most affect st
learning (Mayer, Mullens, & Moore, 2000). Mayer et
(2000) suggested that to ensure high levels of acad
achievement, teachers should have high academic ski
teaching in the field in which they received their
training, have more than a few years of experience,
participate in high-quality induction and professio

development programs. Effective teacher practice
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achieved by knowledgeable, committed teachers who t
and adapt their practices to the ongoing needs of t
students in order to accomplish high levels of achi
across heterogeneous groups of learners (Alton-Lee,
The key to better learning for students is better t
(Darling-Hammond, 2000). A teacher’s level of prep

in their content area of expertise is of critical
importance (Darling-Hammond, 2000).

When discussing teacher preparedness, one factor t
consider is the content knowledge a teacher acquire
their field of expertise. Research indicated links
teachers’ subject matter preparation and teacher
effectiveness (Darling-Hammond, 2000; Rice, 2003; W
Floden, 2003). Monk (1994) showed the number of sc
courses taken by a science teacher had a positive i
on student achievement in science. The results of
examining the relationship between teachers holding
subject-specific degrees and student achievement ar
positive at the secondary level (Goldhaber & Brewer
2000). In their study, they found science teachers
a bachelor’s degree in science, rather than having
degree or a bachelor’s degree in another subject to
statistically positive relationship with student

achievement (Goldhaber & Brewer, 1997, 2000). Rese
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indicated that students having teachers who are ful
certified in their content area scored significantl
on achievement tests than students with out-of-fiel
teachers (Hawk, Coble, & Swanson; 1995). Teacher c
preparedness has been widely shown to have a large
on student achievement (Saderholm & Tretter, 2008).
The importance of content knowledge emphasizes a
potential area for improvement in middle school sci
teacher preparation (Saderholm & Tretter, 2008). A
focus in this study is the relationship of the prep
of 8 " grade science teachers on the achievement of 8
science students. Goldhaber and Brewer (1998) foun
middle school science teachers do not have a bachel
degree in the subject they are being asked to teach
Furthermore, most of the middle school teachers who
a degree in science have a degree in life science,
a minority of those have many hours in the earth an
physical sciences (Chaney, 1995). This trend is
problematic for middle school science teachers; bec
many middle school curriculums are integrated in na
with several science content areas per grade level
(Saderholm & Tretter, 2008).
Another factor to consider when discussing teacher

preparedness is the pedagogical knowledge a teacher
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acquires in their field of expertise. Studies of
mathematics and science teachers’ pedagogical knowl
have reported positive effects of education trainin
teachers’ knowledge and practices (Adams & Krockove
1997). At the secondary level, studies indicate th
coursework taken in subject-specific pedagogy is po
related to implementing sound pedagogy and secondar
students’ achievement (Chaney, 1995; Monk, 1994). A
trend in science education reform is an emphasis fo
science teachers to use inquiry-based instruction.
However, for teachers to engage in inquiry-based
instruction successfully, teachers need to have the
necessary training. Teachers need to be confident

ability to teach using inquiry-based techniques.

The reasons that influence teachers’ pedagogy are

multifaceted. Content knowledge and pedagogical kn
are two factors that contribute to the preparedness
teachers. Teachers need confidence and a feeling o
preparedness in their content knowledge and in thei
ability to teach using inquiry-based approaches (NR
1996Db).
The Current State of Science Education
In the twenty-first century world, science achieve

is imperative in order for citizens to make informe
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decisions about themselves and the world in which t
live. There is a strong interest among educators,
researchers, and policy-makers in understanding the
determinants of science achievement in the United S
Recent international studies have shown that studen
the United States lag behind their peers in other ¢

in science achievement (Martin, Mullis, Gonzalez, &
Chrostowski, 2004; Parker & Gerber, 2000; Roth, Dru
Garnier, Lemmens, Chen, Kawanaka, Rasmussen, Trubac
Warvi, Okamoto, Gonzales, Stigler, & Gallimore, 200
Stigler & Hiebert, 1999). Science achievementin m
and high school is of critical importance because i
prepares our students for future advancements in ou

competitive and technological society (Martin et al

The teaching of science has undergone many changes

over the past century, because of political, econom
social, energy, technological, and environmental co
New ideas and goals for science teaching are contin
being developed to help produce scientifically lite
citizens. The content of most K-12 science curricu
delivery of the content in the United States are no
appropriate for meeting the individual and social n
people living in our twenty-first century world (Am

Association for the Advancement of Science (AAAS),
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Furthermore, there is little uniformity in classroo
around the country (Pederson & Totten, 2001), resul
from an inconsistent educational framework in teach
diverse group of students at every readiness level.
addition, many of today’s science teachers are unpr
for classroom practice, design and implement poor |
based on low standards (Eisenhart, Finkel, & Marion
Because of this variability and consequential curri
instability, many schools are failing to produce hi
school graduates who are adequately prepared for th
workplace or college-level classes. Some college f
must enroll in remedial courses in order to be prep
collegiate standards that require rigorous high sch
academic requirements (Arenson, 2004). Problems su
these diminish the nations’ prospective capacity fo

a global competitor in the economy and a leading vo
serious scientific, technological, and environmenta
concerns (Eisenhart et al., 1996).

International researchers are also producing eviden
of inadequacies in American science education. Stu
the United States do not exhibit the high levels of
educational achievement in the sciences that their
a number of other nations do on the middle and high

level (French, 2003). The lack of coherent vision
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to educate today’s children produces unfocused curr
and textbooks that influence teachers to implement
unfocused learning goals (Schmidt, McKnight, & Raiz
1996). According to the Third International Mathem
and Science Study, “...science standards in the USA |
coherence, focus, and level of demand that are prev
across the high performing countries of the world”
(Valverde & Schmidt, 2000, p.652). The same study
indicated that by the eighth grade, U.S. students s
only slightly above the national average in science
the 41 countries involved. Although it is virtuall
impossible to isolate the exact reasons for the ina
performance by these middle school students, the me
that this assessment carries is that our current sc
education in the United States is failing to provid
students with the comprehensive science education t
need to thrive in a highly competitive and technica
One proposed way to address these issues is to pre
students to become excellent active learners (Wilke
Straits, 2005), who are able to transfer learning i
to the various unpredictable circumstances they fac
their outside lives. Student background experience
sources other than their educational realms, shape

student truly believes about the world around them
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Akpinar, 2006). Much of the traditional education
currently implemented in United States’ science cla
have failed to produce these adaptive outcomes, whi
resulted in a decline in student interest and motiv
science. Studies of teaching and learning in scien
classrooms reported that most teachers are still us
traditional, didactic methods (Harms & Yager, 1980,
Seymour, 2002; Unal & Akpinar, 2006). In many cases
teacher lectures, providing minimal regard for the
students’ previous conceptions. Students are not e
in the lessons and are passive learners of the scie
concepts. Students become less involved in the lea
process and interest and motivation is lost. Conse
American students continue underperforming in scien
(Matrtin et al, 2004; Parker & Gerber, 2000; Roth et
2006; Stigler & Hiebert, 1999).

Science educators need to provide inquiry-based
instruction for students to become engaged in an ac
learning process that will increase motivation and
firm grasp of scientific principles (Carlson, 2003)
Efforts must be made in order to change the focus f
traditional, teacher-centered classroom to an inqui
based, student-centered classroom. These efforts p

an increase in student interest, motivation and ach
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in the science classroom. A continuous growing bod
evidence correlates inquiry-based science instructi

an increase in achievement (Escalada & Zollman, 199
Freedman, 1997, 2001; Johnson, Kahle, & Fargo, 2006
Kahle, Meece, & Scantlebury, 2000; Mattern & Schau
McReary, Golde, & Koeske, 2006; Morrell & Lederman,
Okebukola, 1987; Oliver-Hoyo & Allen 2005; Parker &
2000; Tamir & Glassman, 1971).

Inquiry-based instruction has been in the field of
science education for several decades. Tamir and G
(1971) performed a controlled study, in which the
achievement of biology students who studied an inqu
based curriculum was compared with that of students
studied a traditional one. In this study both quan
and qualitative comparisons were made between twelf
students working towards the inquiry-oriented BAGRU
examination, n=142, and a comparison sample, n=60 w
studied for the traditional BAGRUT examination. Th
guantitative measure was the practical BAGRUT test,
the qualitative measure was through direct observat
the students and informal conversation with them wh
were working on the investigation. Using a 100-poi
scale, the mean scores of the inquiry-oriented and

traditional samples were 72.9 (S.D.=11.2) and 55.2
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(S.D.=16.3), respectively. The overall difference was
statistically significant at 1.08 standard deviatio ns. It
was concluded that the students who had studied the
inquiry-based curriculum achieved higher in solving open-
ended problems using experimental procedures in the
laboratory.

Shymansky, Kyle, and Alport (1983) summarized the
results of a quantitative synthesis of the retrieva ble
effects of primary research dealing with new scienc e

curricula on student performance. The new science

curricula emphasized inquiry-based instruction, whi ch
included the nature, structure, and processes of sc ience,
integrated laboratory activities as an integral par t of the
class routine, and emphasized higher cognitive skil Is and
appreciation of science. Utilizing meta-analysis ( Glass,

1976), the study synthesized the results of 105
experimental studies involving more than 45,000 stu dents.
There were a total of 27 different inquiry-based sc ience

curricula involving one or more measures of student

performance. Data were collected for 18 a priori s elected
student performance measures. Across all new scien ce
curricula, students exposed to inquiry-based scienc e
curricula performed better than students in traditi onal
courses in achievement, analytic skills, process sk ills,
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and related skills, as well as developing a more po sitive

attitude toward science. On a composite basis, the average
student in the inquiry-based science curricula exce eded the
performance of 63% of the students in traditional s cience
courses. The results of this meta-analysis reveale d
positive patterns of student performance in inquiry -based

science curricula.

Tamir, Stavy, and Ratner (1998) indicated that

inquiry-based instruction is feasible and desirable . The
performance of three groups of 12 ! grade students; aged 16-

17 was compared. Group A (n=22) specializing in ph ysics
and/or chemistry studied a conventional course that did not

emphasize inquiry-based instruction throughout the

curriculum. Group B (n=52) specializing in biology studied
a course that emphasized inquiry-based instruction. Group
C (n=50) studied the same biology course, but in ad dition,
studied basic concepts of scientific inquiry. The early

stages of the explicit instruction given to Group C

included theoretical as well as concrete inquiry ta sks, in
familiar areas of subject matter. These tasks serv ed to
impart a set of formal concepts related to scientif ic
inquiry, allowing students to gain the ability to ¢ ope with
laboratory inquiry in a variety of areas. Two task s served
as dependent variables. Group A had the lowest sco res,
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about one standard deviation behind Group B. Group

turn, fell 1 standard deviation behind Group C. It
concluded that explicit instruction of inquiry is

advantageous.

Chang and Mao (1999) examined the comparative

efficiency of inquiry-base group instruction and
traditional teaching methods on junior high school
students’ achievement and attitudes toward earth sc
Their study was a nonequivalent control group quasi
experimental design involving 16 intact classes. T
treatment group consisted of 319 students and recei
inquiry-based group instruction. The control group
consisted of 293 students and received traditional

instruction. Data collection instruments included

Earth Science Achievement Test and the Attitudes To

Earth Science Inventory (Mao & Chang, 1997). A
multivariate analysis of covariance suggested that
students in the experimental group had significantl
achievement scores than did students in the control
Furthermore, there were statistically significant
differences in favor of the inquiry-based group ins
on student attitudes toward the subject matter.
Kahle, Meece, and Scantlebury (2000)

influence of various inquiry-based teaching methods
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achievement of urban African-American 7th and 8th g
middle school science students. Science classes of
teachers who had participated in the professional
development of Ohio's statewide systemic initiative
were matched with classes of 10 teachers who had no
participated. Data were gathered using group-admin
guestionnaires and achievement tests that were spec
designed for Ohio's SSI. Analyses indicated that te
who frequently used inquiry-based teaching methods
positively influenced the students' science achieve

attitudes, especially for boys.

Johnson, Kahle, and Fargo (2006) demonstrated that

using inquiry-based methods positively affected stu
achievement. A longitudinal cohort design involved
collecting scores on the Discovery Inquiry Test (DI
Science during the 3 years of the study. Effective
inquiry-based teaching was identified through a ser
classroom observations using the Local Systemic Cha
Classroom Observation Protocol (Horizon Research, 1

This study found that effective inquiry-based teach

increases student achievement and closes achievemen

for all students.

For many years, the science education community has

advocated the use of inquiry-based instruction in s
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classrooms. Many of the current science-education
efforts are still advocating for the transition fro
traditional instruction to inquiry-based instructio
new and innovative curricula. In addition, continuo
growing body of evidence correlates inquiry-based s
instruction with an increase in achievement. Resea
supports the idea that continuous efforts must be m
order to provide student-centered, inquiry-based sc
classrooms for all students. These constant effort
promote an increase in student interest, motivation
achievement in the science classroom.

Trends in International Mathematics and Science Stu

(TIMSS)

Trends in International Mathematics and Science Stu
(TIMSS) 2007 is the fourth since 1995, in a continu
cycle of internationally comparative assessments de
to improving teaching and learning in mathematics a
science for students around the world. The Interna
Association for the Evaluation of Educational Achie
(IEA) developed and implemented TIMSS at the intern
level. TIMSS is administered every four years at t
fourth and eighth grades, providing data about tren
mathematics and science achievement over time. TIM

designed to investigate student learning of mathema
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science and the way in which educational systems, s chools,
teachers, and students influence the learning oppor tunities
and experiences of individual students. The goal i sto
provide comparative information about educational

achievement across countries to improve teaching an d
learning in mathematics and science.

The TIMSS 2007 is the most recent in an ambitious

series of international assessments. The TIMSS inv olved
approximately 425,000 students from 58 countries ar ound the
world. TIMSS 2007 is designed to align broadly wit h
mathematics and science curricula in the participat ing
countries. The results, therefore, suggest the deg ree to

which students have learned mathematics and science

concepts and skills likely to have been taught in s chool.
TIMSS also collects background information on stude nts,
teachers, and schools to allow cross-national compa rison of

educational contexts that may be related to student
achievement.

In the United States, TIMSS 2007 was administered

between April and June 2007. The United States sam ple
included both public and private schools, randomly selected
and weighted to be representative of the nation. | n total,
257 schools and 10,350 students participated at gra de four,
and 239 schools and 9723 students participated at g rade
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eight. The overall weighted school response rate i n the

United States was 70% at grade four before the use of
substitute schools and 89% with the inclusion of su bstitute
schools. At grade 8, the overall weighted school r esponse
rate before the use of substitute schools was 68% a nd 83%

with the inclusion of substitute schools. Detailed

information on sampling, administration, response r ates,
and other technical issues are included in the TIMSS 2007
Technical Report (Olson, Martin, and Mullis, 2008).

The TIMSS science assessment was designed along two

dimensions: the science topics or content that stu dents
are expected to learn and the cognitive skills stud ents are
expected to have developed. The content domains co vered at
grade four are life science, physical science, and earth
science. At grade 8, the content domains are biolo ay,
chemistry, physics, and earth science. The cogniti ve
domains in each grade are knowing, applying, and re asoning

(Appendix A). Example items from the TIMSS science
assessment are included in appendix B of Gonzales,
Williams, Jocelyn, Roey, Kastberg, & Brenwald (2008 ).

The proportion of items devoted to a domain, and

therefore the contribution of the domain to the ove rall
science scale score, differs somewhat across grades . For
example, at grade 4 in 2007, 37% of the TIMSS 2007 science
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assessment focused on the physical science domain, while at
grade 8, 46% of the assessment focused on the analo gous
chemistry and physics domains. The proportion of i tems
devoted to each cognitive domain is similar across grades.

In addition, within a content or cognitive domain, the
makeup of items, in terms of difficulty and form of
knowledge and skills addressed, differs across grad e levels
to reflect the nature, difficulty, and emphasis of subject
matter encountered in school. The TIMSS 2007 Assessment
Frameworks (Mullis, Martin, Rudock, O’Sullivan, Arora, &

Erberber, 2005) provides a more detailed descriptio n of the
content and cognitive domains assessed in TIMSS 200 7. The
development and validation of the science cognitive domains
is detailed in IEA’s TIMSS 2003 International Report on
Achievement in the Science Cognitive Domains: Find ings
From a Developmental Project (Mullis, Martin, & Foy, 2005).

TIMSS 2007 provides an overall science scale score as
well as content and cognitive domain scores at each grade
level. The science scale is from 0 to 1,000, and t he
international mean score is set at 500, with an
international standard deviation of 100. The scali ng of
data is conducted separately for each grade and eac h
content domain. While the scales were created to e ach have
a mean of 500 and a standard deviation of 100, the subject
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matter and the level of difficulty of items necessa

differ between the assessments at both grades.
Comparability over time is established by linking t

from each assessment to the data from the assessmen
preceded it. Appendix A of Gonzales et al., (2008)
provides more information on how the TIMSS 2007 sca
created.

TIMSS 2007 provides a large-scale, comparative st
of education in the United States and the world tha
utilized to examine our educational system, scrutin
improvement initiatives and evaluate proposed stand
curricula. According to current research, there is
considerable agreement among experts that the goal
instruction is to create learning experiences in wh
students are challenged to think deeply and to unde
apply concepts to new situations. TIMSS 2007 conta
amount of information about school systems, as well
performance of their students. One of the importan
considerations in the design and implementation of
was to produce a full database that contained all o
available data collected from the participating cou
to make these data available to educational researc
around the world. Many of TIMSS 2007 published res

generate new questions, which must be addressed to
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the functioning of the school systems. Using the d

anyone who is interested can look at the same resea

guestions from different research perspectives or i

different research questions of interest and import

the researcher.

Summary
Science educators are continuously working to impr

science education. As the literature reveals, inqu
based teaching has a decades-long and persistent hi
the central method of good science pedagogy. Inquir
instruction employs the principles of constructivis
science is a dynamic process and not just a body of
knowledge. It is recognized that leading science
organizations, such as the American Association for
Advancement of Science (AAAS) and the National Rese
Council (NRC), stress the inclusion of inquiry-base
science instruction into school science programs an
curriculum. Inquiry-based instruction helps studen
achieve science understanding by combining scientif
knowledge with reasoning and thinking skills (Natio
Research Council, 2000). A continuous growing body
evidence correlates inquiry-based science instructi
an increase in achievement (Escalada & Zollman, 199

Freedman, 1997; Johnson, Kahle, & Fargo, 2006; Kahl
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Meece, & Scantlebury, 2000; Mattern & Schau, 2002;
Golde, & Koeske 2006; Morrell & Lederman, 1998; Oke
1987; Oliver-Hoyo & Allen 2005; Parker & Gerber, 20
Therefore, it is important that science educators g
priority to the implementation of inquiry-based lea
opportunities.

The consensus, along with research evidence is a cl
directive for the inclusion of inquiry-based scienc
instruction in every school. Currently, there are c
regarding the implementation of inquiry-based instr
into the classroom. The use of inquiry-based instr
in classroom practice may not be commensurate with
emphasis of inquiry in science education literature
Foster, & Ramsey, 2005). Studies of teaching and |
in science classrooms reported that most teachers a
using traditional, didactic methods (Harms & Yager,
Seymour, 2002; Unal & Akpinar, 2006). Additionally,
American students continue underperforming in scien
(Matrtin et al, 2004; Parker and Gerber, 2000; Roth
2006; Stigler & Hiebert, 1999).

This study examined the relationship between teache
preparedness to teach science content and their
instructional practices in the science classroom to

science achievement of eighth grade science student
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United States as demonstrated by the 2007 Trends in
International Mathematics and Science Study (TIMSS
Specifically, this study investigated the orientati
teacher preparedness to teach biology, chemistry, p
and earth science and the implementation of inquiry
instruction to eighth grade students. Additionally
identification of teachers’ preparedness in relatio

use of inquiry-based instructional practices in the
classroom will be explored. Finally, a correlation

the teachers’ implementation of inquiry-based instr
practices in science to United States eighth grade
students’ achievement in science as demonstrated on
TIMSS 2007 was conducted.

Chapter 3 will address the research methodology th
frames this quantitative study and guides the resea
procedures. A description of the research method an
design, sampling frame, and data collection procedu

presented. The data analysis process is also discus
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CHAPTER 1lI

RESEARCH METHODOLOGY

The data of The Trends in International Mathematics

and Science Study (TIMSS) 2007 was used in this stu dy.
TIMSS 2007 is a cross-national comparative study of the
performance and schooling contexts of fourth and ei ghth
grade students in mathematics and science. TIMSS 2 007 was
the fourth in a cycle of internationally comparativ e
assessments dedicated to improving teaching and lea rning in
mathematics and science for students around the wor Id. The
International Association for the Evaluation of Edu cational
Achievement (IEA) coordinated TIMSS 2007, with nati onal
sponsors in each participating jurisdiction. In th e United
States, TIMSS was sponsored by the National Center for
Education Statistics (NCES), in the Institute of Ed ucation
Sciences at the United States Department of Educati on. IEA
developed TIMSS to measure trends in students' math ematics

and science achievement.
TIMSS 2007 was particularly well suited for this
research study for several reasons. First, TIMSS 2 007 was

the largest, most comprehensive, and most rigorous

international study of schools and students ever co nducted
(Gonzales et al, 2008). TIMSS 2007 provided data fr om half
a million students from 48 countries. Second, TIMS S 2007
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was designed to investigate extensive background

information that addresses concerns about the quant ity,

quality, and content of instruction. Third, TIMSS 2 007
offered an excellent opportunity to create reliable and
valid measures of instructional practices to answer the

guestions proposed by this study.
This study focused on the implementation of the

principles of inquiry-based pedagogy on the science

instruction of eighth grade students in the United States.
This quantitative study seeks to answer the followi ng
guestions:

1) What is the orientation of science teachers, with
respect to their preparedness to teach specific
science content to eighth grade science students?

2) What is the orientation of science teachers, on a
continuum from didactic to inquiry oriented, with
respect to their self-reported instructional
practices in teaching science to eighth grade
science students?

3) What, if any, relationship exists between teachers’
beliefs about preparedness to teach science content
and their self-reported instructional practices in

teaching science to eighth grade science students?
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4) What, if any, relationship exists between student

achievement in science and:

a. Teachers’ beliefs about preparedness to teach

science content to eighth grade science

students.

b. Teachers self-reported instructional practices

in teaching science to eighth grade science

students.

This chapter addressed the research methodology tha

frames this quantitative investigation and guides t
research procedures. The first section outlined the
sampling design. The second section delineated the
collection procedure. The third section described
technical considerations that were addressed when a
the data. The fourth section explained the statis
analysis and treatment of the data.
Sampling Design

In the United States, the target populations of
students corresponded to the fourth and eighth grad
This study focused only on eighth grade. The TIMSS
sample design, which consisted of a set of specific
for the target and survey populations, sampling fra
survey units, sample selection methods, sampling pr

and sample sizes. The sample design intended to en
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that the TIMSS 2007 survey data provide accurate
information of national student populations.

Sample Selection Method

The TIMSS sampling protocol was designed to yield a

sample that would be representative of students acr
countries. According to Joncas (2008), the student
sampling selection method used in the TIMSS 2007 is
systematic, three-stage stratified cluster sampling
technique. This was performed by first randomly se
schools and then from with those schools, randomly
selecting classes, followed by selecting students.
sampling method is a natural match with the hierarc
nature of the sampling units, with classes of stude
within selected schools” (Joncas, 2008). Joncas (2
further explained that all participants consistentl
followed the sampling method specified by the TIMSS
sample design with minimum deviations. This ensure
guality standards were maintained for all participa
avoiding the possibility that differences between c
in survey results could be attributable to the use
different sampling methodologies (Joncas, 2008).
School Stratification
The sample design utilized by the TIMSS 2007

assessment is a three-stage stratified cluster samp

71

oss the

lecting

“This
hical
nts
008)

y

2007

d that
nts,
ountries

of



School stratification was employed to improve the
efficiency of the sample design and to ensure appro
representation of specific groups in the sample (Jo
2008). According to Joncas (2008), the United Sta
sampling frames was implicitly stratified by type o
(public and private), region of country (northeast,
east, mid-west and west), Community type (8 categor
and minority status (above or below 15% minority of
student population). There were 128 implicit strat
Joncas (2008) explained that when this method is us
reliable estimates will be the result. Schools fro
same implicit stratum tend to have similar science
achievement (Joncas, 2008).
First Stage Sampling Units: Schools

In order to obtain school samples that were
representative of the student populations, The Nati
Research Coordinators (NRC) of each participating ¢
provided information about all schools where eighth
students could be tested. Using a sampling frame ba
the 2006 National Assessment of Educational Progres
school sampling frame, the first-stage sampling uni
consisted of individual schools selected with proba
proportionate to size (PPS)(Joncas, 2008). The mea

size was defined as the estimated number of student
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enrolled in the target grade, average student enrol
per grade, the number of classrooms in the target g
the student enrollment in the school (Joncas, 2008)
NRC also collected information describing school
characteristics used for stratification purposes, s
type of school and demographic information. The NR
collected information on whether or not that school
was sampled for a study other than TIMSS, because a
overlapping control was required between TIMSS 2007
other international studies Joncas (2008). Data fo
schools were taken from the Common Core of Data (CC
data for private schools were taken from the Privat
Universe Survey (PSS).
Second Stage Sampling Units: Classes

The second-stage sampling units were intact
mathematics classrooms within sampled schools. Sc
provided lists of the eighth grade classrooms. Jon
(2008) explains that within schools, classrooms wit
than 15 students were placed into pseudo-classrooms
that each classroom on the school’s classroom sampl
frame had at least 20 students. Joncas (2008) furt
explains that an equal probability sample of two cl
was identified from the classroom frame for the sch

schools where there was only one classroom, this cl
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was selected with certainty (Joncas, 2008). At the
grade level, 253 pseudo classrooms were created, of
58 were included in the final classroom sample. Co
were required to randomly select a minimum of one e
classroom per target grade per school from a list o
eligible classrooms prepared for each target grade
2008). Furthermore, countries were encouraged to s
more than one eligible classroom per target grade p
school. Given the nature of the sampling units in
2007, listing all classes, along with the class siz
within sampled schools that agreed to participate i
study was the only requirement for building the cla
sampling frame (Joncas, 2008). This list included
regular classes, in addition to any types of specia
education classes. Finally, within sampled classes
students were listed.

Third Stage Sampling Units: Students

The third-stage sampling unit was students within

sampled classrooms. All students in a sampled clas
were to be selected for the assessment. Joncas (20
explained that the overall sample design for the Un

States was intended to approximate a self-weighing
of students as much as possible, with each eighth g

student having equal probability for selection. De
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information on sampling is provided in Olson, Matrti
Mullis (2008).

Data Collection Procedure

This study examined the instructional experiences
science achievement of a national sample of a targe
population of 2007-2008 eighth grade science studen
United States Schools. The information on instruct
from the TIMSS 2007-2008 survey of teachers, which
collected questionnaires from the 687 science teach
7,377 eighth grade students enrolled in public and
schools across the United States. These questionna
asked about characteristics of the classes tested i
2007; pedagogic approach, instructional time, mater
activities for teaching science and promoting stude
interest in the subject; use of computers and the i
assessment practices; and home-school connections.
also asked teachers their views on their opportunit
collaboration with other teachers and professional
development, and for information about themselves a
education and training.
The students, who participated in the TIMSS 2007

were carefully selected to represent all students i
respective nations. International technical review

committees scrutinized the entire assessment proces
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ensure its adherence to established standards. An
international curriculum analysis was carried out p
the development of the assessments to ensure that t
reflected the math and science curricula of the var
TIMSS 2007 countries and did not over-emphasize inf
taught in only a few countries. International moni
carefully checked the test translations and visited
classrooms while the tests were being administered
48 countries to make sure the instructions were pro
followed. Testing occurred two to three months bef
end of the 2006-2007 school year. More elaborate
information is provided in Olson, Martin, and Mulli
(2008).

Technical Considerations

The sample design was intended to ensure that the
TIMSS 2007 survey data provide accurate and efficie
estimates of national student populations. Three cr
features in the TIMSS data collection were addresse
analyzing the data: (1) sample weights, (2) cluster
sampling and design effect, and (3) plausible value
scaling procedures.
Sampling Weights
The TIMSS 2007 National Research Coordinator (NRC)

each participating country was responsible for impl
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the sample design, including documenting every step
sampling procedure for approval by the TIMSS and PI
International Study Center prior to implementation
(Williams et al., 2009). TIMSS 2007 participants w
expected to ensure that the national defined popula
included at least 95% of the national desired popul
of students (Williams et al., 2009). TIMSS 2007 use
three-stage stratified cluster sampling technique,
resulted in students having an unequal, but known,
probability of selection (Williams et al., 2009).
Therefore, any analysis of the data must use the pr
weights to correct for these sampling biases and to
the researcher to obtain sound, nationally represen
estimates to draw conclusions about the population.
this study is limited to only United States student
Houseweight, (HOUWGT) will be used (Williams et al.
This weight is calculated by taking into account th
stratification or disproportional sampling of the
subgroups, adjustment for non-response, and the sel
probability of each student (Williams et al., 2009)
Failure to apply appropriate weights would result i
population estimates. A detailed description is pr

in Olson, Martin, and Mullis (2008).
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Sampling and Design Effect
Standard statistical analysis programs, including

SPSS, assume that data are collected from a simple
sampling design. TIMSS 2007 did not use a simple r
sampling, but gathered data using a three-stage str
cluster design (Joncas, 2008). The United States s
design within schools consisted of an equal probabi
sample (Joncas, 2008). Once the school was selecte
scores from one classroom within that school were u
the study. All eligible students in the classroom
designated to be in the sample. In total, 239 eight
schools and 7,377 eighth grade students participate
the United States (Joncas, 2008). This procedure e
that all sub-populations in the sample were proport
represented, however complex sampling designs make
of computing standard errors to quantify sampling v
more difficult (Joncas, 2008). The resultis a de
effect. If this design effect is not considered in
analysis, erroneous decisions in inferential signif
testing will result, because a smaller standard of
from simple random sample is used in analysis when
standard error from cluster sample is required (Jon

2008).
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In order to correct for the design effect, a Jackkn
Repeated Replication (JRR) developed through WESVAR
implemented. The JRR procedure provides an unbiase
estimate of the statistic of interest by repeatedly
selecting subsets of the sample from which to calcu
statistic (Williams et al., 2009). The variability
these estimates was used to estimate the sampling v
for the statistic. This variance was the sum of th
squared differences of the weighted total for each
replicates and the weighted total for the full samp
(Williams et al., 2009). Seventy-five replicate we
were used to compute statistics of interest in TIMS
(Williams et al., 2009). Details on the procedures
be found in the WesVar 4.3 User’s Guide (Westat, 20

Plausible Value and Scaling Procedures

TIMSS 2007 was designed to produce population
estimates on how various populations of students
collectively performed on its proficiency scales an
subscales in science. TIMSS 2007 did not estimate
individual student scores in science. To keep the
burden to a minimum, and to ensure broad subject-ma
coverage, the TIMSS 2007 assessment design was base
Balanced Incomplete Block (BIB) spiraling of assess

items (Williams et al., 2009). Each student comple
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a sample of items from the total collection of asse
items. No student responded to all of the assessme
items. This permits an increase of content-area wi
increasing the students’ assessment time (Williams
2009). Since not all students were given the same
guestions, during the scaling process, plausible va
were estimated to account for the increased measure
error. A more technical description can be found i
Martin, and Mullis (2008).

In TIMSS 2007, total and scale scores were estima
for each student using an item response theory (IRT
IRT scaling provided estimates of item parameters,
difficulty, that define the relationship between th
and the underlying variable measured by the test (W
et al., 2009). IRT quantifies what the true perfor
a student might have been, had it been observed.
Parameters of the IRT model are established as well
scales for each content area and cognitive domain s
in the assessment framework (Williams et al., 2009)
IRT, the difficulty of each item is deduced using
information about how likely it is for students to
items correct versus other items. Once the difficu
each item is determined, the ability of each studen

estimated even when different students have been
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administered different items (Williams et al., 2009
detailed description is provided in Olson, Martin,
Mullis (2008).

Variable Selection and Statistical Analysis of Data

TIMSS 2007 teacher questionnaires contained numerou
items representing constructs of primary concern to
study (Appendix B). TIMSS 2007 was not designed to
specifically measure the preparedness, use, or beli
didactic and inquiry-based instruction of the teach
population. The specific instructional variables an
relationships among variables examined in this repo
selected because of the theoretical interests of th
study. In order to eliminate bias in identificatio
variables for this study, 33 variables representing
instructional practices that characterize both dida
inquiry-based approaches, as recommended by the Nat
Science Education Standards (NSES) and the framewor
outlined in the literature review were extracted fr
teacher questionnaire. The instructional variables
included various learning objectives, methods of
instruction, and beliefs about learning science con
Instructional methods were measured by responses to
guestions about the relative roles of computers,

experiments, lectures, discussions, group work,
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individualization, homework, and assessment. For t
purpose of content validity, nine secondary science
teachers, with teaching experience, participated in
identification of the thirty-three extracted variab
either didactic or inquiry-based (Appendix C). The
criteria for selection of variables were based on a
agreement of variables being identified as either d
or inquiry-based. As a result, ten variables were
identified from the teacher questionnaire as being
representative of inquiry-based instruction and fiv
variables were identified as being representative o

didactic instruction.

A correlation analysis was used to determine if a

relationship existed between eighth grade science t
main area of study and their self-reported beliefs
preparedness to teach specific science content area
Another correlation analysis was used to determine
relationship existed between eighth grade science t
self-reported beliefs about their preparedness to t
specific science content areas and their self-repor
instructional practices. Another correlation analy
used to determine if a relationship existed between
grade science teachers’ self-reported beliefs about

preparedness to teach specific science content area
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eighth grade student science achievement. A final
correlation analysis was used to determine if a
relationship existed between teachers’ self-reporte
instructional practices in teaching science to eigh
students and eighth grade science achievement.
Summary

The research method and design, sampling frame, an
data collection procedures have been presented in t
chapter. In addition, the instrument that was used
study and the data analysis process has been discus
Chapter 4 presents the data analysis procedures and
results. The sections will include 5 purposes.
Quantitative data results from the descriptive anal
teachers’ characteristics are examined. A correlat
analysis is used to determine if a relationship exi
between eighth grade science teachers’ main area of
and their self-reported beliefs on preparedness to
specific science content areas. A second correlati
analysis is used to determine if a relationship exi
between eighth grade science teachers’ self-reporte
beliefs about their preparedness to teach specific
content areas and their self-reported instructional
practices. A third correlation analysis is used to

determine if a relationship existed between eighth
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science teachers’ self-reported beliefs about their
preparedness to teach specific science content area
eighth grade student science achievement. A fourth
correlation analysis is used to determine if a rela
existed between teachers’ self-reported instruction
practices in teaching science to eighth grade stude

eighth grade science achievement.
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CHAPTER IV
DATA AND ANALYSIS
The purpose of this study was to examine the
relationship between teachers’ self-reported prepar edness

for teaching science content and their instructiona I

practices to the science achievement of eighth grad e
science students in the United States as demonstrat ed by
TIMSS 2007. Six hundred eighty-seven eighth grade s cience
teachers in the United States representing 7,377 st udents
responded to the TIMSS 2007 questionnaire about the ir

instructional preparedness and their instructional
practices.
This quantitative study sought to answer the follow ing
guestions:
1. What is the orientation of science teachers, with
respect to their preparedness to teach specific
science content to eighth grade science students?
2. What is the orientation of science teachers, on a
continuum from didactic to inquiry oriented, with
respect to their self-reported instructional practi ces
in teaching science to eighth grade science student s?
3. What, if any, relationship exists between teachers’

beliefs about preparedness to teach science content
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and their self-reported instructional practices in
teaching science to eighth grade science students?

4. What, if any relationship exists between student
achievement in science and:

a. Teachers’ beliefs about preparedness to teach
science content to eighth grade science
students?

b. Teachers’ self-reported instructional practices
in teaching science to eighth grade science
students?

Quantitative data were reported according to five

purposes. Descriptive analysis of teachers’

characteristics examined several dimensions and pro vided an
accurate showcase of the population from which the sample
was derived. A correlation analysis was used to de termine
if a relationship existed between eighth grade scie nce
teachers’ main area of study and their self-reporte d

beliefs on preparedness to teach specific science ¢ ontent

areas. A second correlation analysis was used to

determine if a relationship existed between eighth grade
science teachers’ self-reported beliefs about their

preparedness to teach specific science content area s and
their self-reported instructional practices. A thi rd

correlation analysis was used to determine if a
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relationship existed between eighth grade science t
self-reported beliefs about their preparedness to t
specific science content areas and eighth grade stu
science achievement. A final correlation analysis w
to determine if a relationship existed between teac
self-reported instructional practices in teaching s

to eighth grade students and eighth grade science

achievement.

Quantitative Descriptive Analysis of Sample Populat
Descriptive statistics from TIMSS 2007 showed that

100% of the sample population was from eighth grade

integrated science courses. Descriptive analysis 0
eighth grade teachers’ characteristics examined sev
dimensions and provided statistics to highlight the
of the population from which the sample was derived
highest level of formal education, the teachers’ in

of having a teaching license or certificate, and th
teachers’ main area of study was explored. The tea
level of experience based on the number of years ta
examined. The teachers’ self-reported beliefs on
preparedness to teach specific science content area
investigated. The teachers’ self-reported instruc

practices in the science classroom were examined.
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analyses display the characteristics of the sample
population.

The highest level of formal education, the teachers

indication of having a teaching license or certific ate, and
teachers’ main area of study was explored. Thirty- seven
percent earned only a Bachelor’s degree, while 63% held a
Master’s degree or higher. Ninety-seven percent of the
teachers in the sample population have a teaching | icense
or certificate. The identification of the teachers " major
or main area of study was indicated as biology, phy sics,
chemistry, and/or earth science. The sample popula tion
showed 43.6% of the teachers’ main area of study wa sin
biology, 18.3% in chemistry, 17.6% in earth science , and
7.8% in physics. Table 1 provides specific data co ncerning

the teachers’ main area of study.
Table 1

Summary of Teachers’ Major or Main Area of Study

Variable N Per centage Per centage
Yes No
Biology 6512 43.6 56.4
Physics 6405 7.8 92.2
Chemistry 6468 18.3 81.7
Earth Science 6505 17.6 82.4

Notes: 1. N isactua size
2. Houseweight applied to percentage

In the teacher questionnaire, teachers indicated th e

total number of years they have been teaching. The number
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of years that teachers taught was recorded in group s of one

to five years; six to 10 years; 11 to 15 years; 16 to 20
years; 21 to 25 years; and more than 26 years. Num erical
categories were assigned one to six, respectively. The
sample population showed more teachers with 1 to 5 years of

experience than any other age cluster (29.0%).

Approximately 22% of the teacher population taught 6 to 10
years. This information was summarized in Table 2.

Table 2

Summary of the Number of Years Taught

Y ears of Teaching N Per centage
1to5 1875 29.0
610 10 1399 21.7
11t0 15 973 15.0
16 to 20 760 11.8
21t0 25 667 10.3
26 and over 788 12.2

Notes: 1. 11.4% of the participants did not respond to this question
2. Nisactua size
3. Houseweight applied to percentage

The first question addressed by this study was to

determine the orientation of science teachers, with respect
to their preparedness to teach specific science con tent to
eighth grade science students. The teachers’ self- reported
beliefs on preparedness to teach specific science ¢ ontent
areas were investigated. In the teacher’s questionn aire
(Appendix B), teachers responded to how well they f elt
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prepared to teach 23 specific concepts in the areas

of

biology, chemistry, physics and earth science. The re were
seven biology concepts, five chemistry concepts, si X
physics concepts, and five earth science concepts. The
responses were scored on a four-point, Likert Scale as not
applicable; not well prepared; somewhat prepared; v ery well
prepared; and were assigned scores of 0, 1, 2, and 3,
respectively. The means from each subject area was
recorded. The means ranged from 2.21 to 2.42. Dat a
indicated that teachers perceived more than “Somewh at
prepared” to teach each content area. Table 3 disp lays the
means for teachers’ beliefs of preparedness to teac h
specific content areas.
Table 3
Summary of Teachers’ Beliefs of Preparedness to Tea ch
Specific Science Content Areas
Content Area N M ean Standard Deviation
Biology 6175 2.21 50
Chemistry 6260 2.26 46
Physics 6212 2.42 53
Earth Science 6299 2.23 46
Notes: 1. Nisactua samplesize

2. Houseweight has been applied to descriptive statistics

The second question addressed by this study was to
determine the orientation of science teachers, on a
continuum from didactic to inquiry oriented, with r espect
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to their self-reported instructional practices. Ac

to the theoretical framework presented in this pape
teachers who value inquiry-based instruction as a m
student learning engage students in making observat
pose questions; review what is already known in reg
experimental evidence; use tools to gather, analyze
interpret data; propose answers explanations, and
predictions; communicate the results; identify assu
use critical and logical thinking; and consider alt
explanations; process information, communicate wit
groups, coach student actions, facilitate student t
model the learning process, and provide flexible us

materials (National Research Council (NRC), 1996 p.

By contrast, teachers who value didactic instructi

conceptualize instruction as the transmission of fa
students, who are seen as passive receptors. Didac
instruction typically uses lecture format and instr
entire class as a unit. Knowledge is presented as
where students’ prior experiences are not perceived
important. Moreover, instruction does not provide
with opportunities to experiment with different met
solve problems, but primarily uses a drill and prac
format with a foundation on the use of textbooks (S

Burkam, & Lee, 1999).
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TIMSS 2007 teacher questionnaires (Appendix B)
contained numerous items representing constructs of
concern to this study. TIMSS 2007 was not designed
specifically measure the preparedness, use, or beli
didactic and inquiry-based instruction of the teach
population. The specific instructional variables an
relationships among variables examined in this repo
selected because of the theoretical interests of th
study. In order to eliminate bias in identificatio
variables for this study, 33 variables representing
instructional practices that characterize both dida
inquiry-based approaches, as recommended by the Nat
Science Education Standards (NSES) and the framewor
outlined in the literature review were extracted fr
teacher questionnaire. The instructional variables
included various learning objectives, methods of
instruction, and beliefs about learning science con
Instructional methods were measured by responses to
guestions about the relative roles of computers,
experiments, lectures, discussions, group work,
individualization, homework, and assessment. Fort
purpose of content validity, nine secondary science
teachers, with teaching experience, participated in

identification of the 33 extracted variables as eit
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didactic or inquiry-based (Appendix C). The criter
selection of variables were based on a 67% agreemen
variables being identified as either didactic or in
based. As a result, ten variables were identified
teacher questionnaire as being representative of in
based instruction and five variables were identifie

being representative of didactic instruction.

Variable Questionnaire Type of Instruction
Number
Observe (BT4SCSON) 17a Inquiry
Watchdem (BT4SCSWD) 17b Didactic
Designexp (BT4SCSDP) 17c Inquiry
Conductexp (BT4SCSEI) 17d Inquiry
Smallgroups (BT4SCSSG) 17e Inquiry
Readtext (BT4ASCSRM) 17f Didactic
Memorize (BTASCSHP) 179 Didactic
Useformulas (BT4SCSUP) 17h Didactic
Giveexplan (BT4SCSGYS) 17i Inquiry
Dailylives (BT4SCSDL) 17 Inquiry
Compexp (BT4SCAPE) 22a Inquiry
Compsimulat (BTASCANP) 22b Inquiry
Compskills (BTASCASP) 22c Didactic
Compinfo (BT4ASCALI) 22e Inquiry
Companalyze (BTASCAPA) 22f Inquiry
Figure 2. Variables identified as inquiry-based

instruction or didactic instruction with 67% agreem

For the purpose of this study, the ten variables
identified from the TIMSS 2007 teacher questionnair
having the qualities of inquiry-based instruction w
scored on a four-point, Likert Scale with the respo
every or almost every lesson; about half the lesson

lessons; and never. Each were assigned values of 3,
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and 0, respectively. The means ranged from .70 to 2.34.

There were high indications (M _=2.35) for teachers providing
students opportunities to relate what they are lear ning in
science to their daily lives and (M _=2.28) for teachers
providing students the opportunity to give explanat ions
about something they are studying indicating the te achers
used the techniques more than half the lessons they teach.
Five of the ten techniques of inquiry-based instruc tion
were between 1.0 and 2.0 indicating the teachers us ed the
techniques greater than some lessons, but less than half
the lessons they teach. There were low indications among
the teachers for asking the students to do experime nts,
study natural phenomena, and analyze data using com puters

(M=.70,M =.73, M =.89, respectively). The means for all 10

measures are reported in Table 4.
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Table 4

Summary of Descriptive Analysis of Inquiry-Based Te aching
to the TIMSS 2007 Class Using a Four-Point Likert-S cale
Variable N Mean Standard
Deviation

Observe (BT4SCSON) 6475 1.42 74
Designexp (BT4SCSDP) 6502 1.22 .66
Conductexp (BT4SCSEI) 6535 1.60 74
Smallgroups (BT4SCSSG) 6535 1.83 .76
Giveexplan (BT4SCSGYS) 6535 2.28 .80
Dailylives (BT4SCSDL) 6524 2.34 .79
Compexp(BT4SCAPE) 4842 0.70 .62
Compsimulat (BTASCANP) 4842 0.73 .66
Compinfo(BT4SCALI) 4842 1.22 .55
Companalyze (BTASCAPA) 4837 0.89 71
Notes: 1. N isactual sample size

2. Houseweight has been applied to descriptive statistics

Teachers also responded to five variables as using
techniques aligned with the qualities consistent wi th
didactic classroom instruction. The teacher respon ses were
scored on a four-point, Likert Scale with the respo nses of
every or almost every lesson; about half the lesson S; some
lessons; and never. Each was assigned values of 0, 1,2,
and 3, respectively. The means ranged from 1.52 to 2.81.
The lowest indication (M ~=1.52) among the teachers was for
having the students read their textbooks or other r esource
materials for less than half their lessons. Four of the
five techniques of didactic instruction were above 1.00,

but less than 3.00 indicating the teachers used the
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techniques less than half the lessons. The means f
five measures are reported in Table 5.

Table 5

Summary of Descriptive Analysis of Didactic Teachin

TIMSS 2007 Class Using a Four-Point Likert-Scale

or all

g to the

Variable N Mean Standard
Deviation

Watchdem (BT4SCSWD) 6502 1.76

.55

Readtext (BT4ASCSRM) 6432 1.52

81

Memorize (BTASCSHP) 6500 1.83

A7

Useformulas (BT4SCSUP) 6505 1.60

.70

Compskills (BT4SCASP) 4834 2.19

79

Notes: 1. N isactua samplesize
2. Houseweight has been applied to descriptive statistics

Quantitative Correlation Analysis
In addition to investigating and describing teacher
characteristics and instructional practices from wh
population was derived, the relationship between th
areas was also explored. In this section, correlat
analyses are presented.
Results of Correlation Analyses of Eighth Grade Sci
Teachers’ Self-Reported Beliefs about Preparedness
Specific Science Content Areas and Their Self-Repor
Instructional Practices
The third question addressed in this study was wha
if any, relationship exists between teachers’ belie

preparedness to teach science content and their sel
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reported instructional practices in teaching scienc
eighth grade science students. First, Pearson corr
coefficients for items that measured the analysis b
eighth grade science teachers’ self-reported belief
preparedness to teach specific science content area
their self-reported use of inquiry-based instructio
practices were computed. Data indicated a statisti
significant positive relationship existed between t
self-reported use of inquiry-based instruction and
preparedness to teach biology (.071), chemistry (.0
physics (.041), respectively. There was a statisti
significant negative relationship between teachers’
reported use of inquiry-based instruction practices
preparedness to teach earth science (-.032). Teach
indicated they have feelings of preparedness to tea
biology, chemistry, and physic, respectively, indic
they use inquiry-based instructional practices more
frequently. Teacher who indicated having lesser fe
of preparedness in earth science indicated they use
inquiry-based instructional practices more frequent

Table 6 presents the correlation coefficients.
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Table 6

Summary of Correlation Analysis between 8

" Grade Science

Teachers’  Self-Reported Beliefs for Preparedness to Teach

Specific Science Content Areas and their Self-Repor ted
Inquiry-based Instructional Practices
Variable Biology Chemistry Physics Earth Science
Preparedness Preparedness Preparedness Preparedness

Inquiry Instruction .071** .060** .089** -.032%*
N 4078 4150 4093 4183
Notes: 1. Houseweight has been applied to all correlation statistics

2. **p<.01

Then, Pearson correlation coefficients were compute d
to examine if a relationship existed between eighth grade
science teachers’ main area of study and their self -
reported beliefs about their preparedness to teach specific
science content areas. This provided the researche r with
information that could help explain the relationshi p
between teachers’ beliefs about preparedness to tea ch
science content and their self-reported instruction al
practices in teaching science to eighth grade scien ce
students. Table 7 presents the correlations betwee n the
eighth grade science teachers’ four main areas of s tudy and
their self-reported beliefs of preparedness to teac h the

four specific science content areas.
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Table 7

Summary of Correlation Analysis between 8 " Grade Science

Teachers’ Main Area of Study and their Self-Reporte d

Beliefs on Preparedness to Teach Specific Science C ontent

Areas

Variable Biology Chemistry Physics Earth Science
Preparedness Preparedness Preparedness Preparedness

Biology .150** 110** -.020 -.135%*

N 6060 6145 6097 6184

Chemistry 0.190 .106** 075** -.085**

N 6016 6101 6053 6140

Physics .013 .046** .180** .045**

N 5953 6038 6010 6077

Earth Science -.127** -.012 .092** 113**

N 6053 6138 6090 6177

Notes: 1. Houseweight has been applied to all correlation statistics
2. **p<.01

Results showed all teachers’ main area of study had

statistically significant positive correlation with their
self-reported feelings of preparedness to teach tha t same
science content area at the p<.01 level. There was a
statistically significant positive correlation betw een
teachers who indicated biology as their main area o f study
and their self-reported feelings of preparedness to teach

chemistry, but a statistically significant negative

correlation for feelings of preparedness to teach e arth
science. There was a statistically significant pos itive
correlation between teachers who indicated chemistr y as
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their main area of study and their self-reported fe
preparedness to teach physics, but a statistically
significant negative correlation for feelings of
preparedness to teach earth science. There was a
statistically significant positive correlation betw
teachers who indicated physics as their main area o
and their self-reported feeling of preparedness to
chemistry and earth science. There was a statistic
significant positive correlation between teachers w
indicated earth science as their main area of study
their self-reported feeling of preparedness to teac
physics, but a statistically significant negative
correlation for feelings of preparedness to teach b
and chemistry.

There was not a statistically significant correlat
between teachers who indicated biology as their mai
of study and their self-reported feelings of prepar
to teach physics. There was not a statistically
significant correlation between teachers who indica
chemistry as their main area of study and their sel
reported feeling of preparedness for biology. Ther
not a statistically significant correlation between
teachers who indicated physics as their main area o

and their self-reported feeling of preparedness for
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biology. There was not a statistically significant
correlation between teachers who indicated earth sc
their main area of study and their self-reported fe
preparedness for chemistry. The above-mentioned
correlations indicated that teachers who specify a
science subject area as their main area of study do
necessarily give teachers a feeling of preparedness
teach all science subject areas.
Results of Correlation Analyses between Eighth Grad
Student Science Achievement and Science Teachers’ S
Reported Beliefs about Preparedness to Teach Specif
Science Content Areas Practices
The fourth question addressed in this study was two
fold with regards to student science achievement.
any relationship exists between eighth grade studen
achievement in science and teachers’ self-reported
about preparedness to teach science content to eigh
science students? What, if any relationship exists
eighth grade student achievement and Teachers’ self
reported instructional practices in teaching scienc
eighth grade science students?
To answer the first part of this question, a
correlation analysis was used to determine if a

relationship existed between eighth grade science t
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self-reported beliefs about their preparedness to t each
specific science content areas and eighth grade stu dent

science achievement. Table 8 presents correlation

coefficients for items that measured eighth grade s cience
teachers’ self-reported beliefs about their prepare dness to
teach specific science content areas and student sc ience

achievement.

Table 8

Summary of Correlation Analysis between 8 " Grade Science
Teachers’ Self-Reported Beliefs on Preparedness to Teach
Specific Science Content Areas and 8 " Grade Student Science

Achievement

Variable Biology Chemistry Physics Earth Science
Preparedness Preparedness Preparedness Preparedness
Student Achievement .021 -.018 067** -.046
N 6175 6260 6212 6299
Notes: 1. Houseweight has been applied to all correlation statistics
2. **p<.05

Data indicated a statistically significant positive
relationship existed between physics preparedness a nd
student science achievement with a correlation coef ficient

of .067 at the .05 level. There was no significant

relationship between teachers’ preparedness to teac h
biology, chemistry, and earth science respectively and
student science achievement. Teachers who have fee lings

ranging from being “very well prepared” or “not wel I
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prepared” to teach a specific content area do not
necessarily have students achieving in science.

To answer the second part of the fourth research
guestion, a correlation analysis was performed to d
if a relationship existed between eighth grade scie
teachers’ self-reported individual instructional pr
and eighth grade student science achievement. Att
level, data analysis indicated a statistically sign
positive relationship existed between reading their
textbooks or other resource material (BT4SCSRM), ha
students memorize facts and principles (BT4SCSHP),
scientific formula and laws to solve routine proble
(BT4SCSUP), and using a computer for practice skill
procedures(BT4SCASP). Teachers who indicated they
previously mentioned instructional practices infreq
were more likely to have students achieving in scie
There were no other statistically significant relat
between individual instructional practices and eigh
science achievement. In other words, teachers who
frequently implement inquiry-based instructional st
or infrequently implement didactic-based instructio
strategies do not necessarily produce high achievin
grade students. Table 9 presents correlation coeff

for items that measured eighth grade science teache
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self-reported, individual instructional practices a nd
eighth grade science achievement.

Table 9

Summary of Correlation Analysis between 8 ™ Grade Science
Teachers’  Self-Reported Individual Instructional Practices

and 8 ™ Grade Student Science Achievement

Variable N Student
Science Achievement
Observe (BT4SCSON) 6475 .062

Watchdem (BT4SCSWD) 6502 .023

Designexp (BT4SCSDP) 6502 .004

Conductexp (BT4SCSEI) 6535 .049

Smallgroups (BT4SCSSG) 6535 .004

Readtext (BT4SCSRM) 6432 .100**

Memorize (BT4SCSHP) 6500 .106**

Useformulas (BTASCSUP) 6505 .105**

Giveexplan (BT4SCSGS) 6535 -.019

Dailylives (BT4SCSDL) 6524 .001

Compexp (BT4A4SCAPE) 4842 -.049

Compsimulat (BT4ASCANP) 4842 -.029

Compskills (BT4ASCASP) 4834 .122**

Compinfo (BT4ASCALI) 4842 -.049

Companalyze (BTASCAPA) 4837 -.048

Notes: 1. Houseweight has been applied to all correlation statistics
2. **p<.01

In addition to the previous correlation analysis, a

correlation coefficient was computed to analyze the

relationship between eighth grade science teachers’ self-
reported, inquiry-based instructional practices and student
science achievement. Data indicated a statisticall y
significant positive relationship existed between s cience
teachers’ self-reported implementation of inquiry-b ased
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instructional practices and student science achieve ment

with a correlation coefficient of .011 at the .01 | evel.
Teachers who indicated more use of inquiry-based te aching
practices and less use of didactic teaching practic es were
more likely to have students achieving in science. Table

10 presents the correlation coefficient.

Table 10

Summary of Correlation Analysis between 8 ™ Grade Science
Teachers’ Self-Reported Implementation of Inquiry-B ased
Instructional Practices and 8 ™ Grade Student Science

Achievement

Variable N Student
Science Achievement

Inquiry Instruction 6475 .110**

Notes: 1. Houseweight has been applied to all correlation statistics
2. **p<.01

Summary

The quantitative data reported in Chapter 4 were

analyzed to examine the relationship between teache rs’
self-reported preparedness for teaching science con tent and
their instructional practices to the science achiev ement of
eighth grade science students in the United States as
demonstrated by TIMSS 2007. Quantitative descripti ve
analysis and correlation analysis were conducted. Of the
four questions examined, descriptive analysis provi ded data
to support the answer for question one. Data indic ated
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that teachers perceived more than “Somewhat prepare
teacher each content area. To support the answer
guestion two, what is the orientation of science te

on a continuum from didactic to inquiry oriented, w
respect to their self-reported instructional practi
teaching science to eighth grade science students w
supported with descriptive analysis. The means wer
reported for ten inquiry-based teaching strategies
didactic-based strategies. To support the answer t
guestion three, what, if any, relationship exists b
teachers’ beliefs about preparedness to teach scien
content and their self-reported instructional pract
teaching science to eighth grade science students,
correlation analysis was utilized. Pearson correla
coefficients were used to determine the existence o
relationships. The fourth question addressed in th
was two-fold concerning student science achievement
if any relationship exists between eighth grade stu
achievement in science and teachers’ self-reported
about preparedness to teach science content to eigh
science students? What, if any relationship exists
eighth grade student achievement and teachers’ self
reported instructional practices in teaching scienc

eighth grade science students? To support the answ
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both questions, a correlation analysis was utilized

Pearson correlation coefficients were used to deter mine the
existence of relationships. Quantitative descriptiv e
analysis and correlation analysis were conducted in Chapter
4 to provide support to answer the four questions i n this
study.

Chapter 5 presents conclusions drawn from the data
analysis and discussions regarding the conclusions.
Finally, implications for science teachers and futu re

research are discussed, followed by a summary of th e study.
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CHAPTER V
CONCLUSION AND DISCUSSION

The primary focus of this study was to examine the
relationship between teachers’ preparedness to teac
science content and their instructional practices t
science achievement of eighth grade science student
United States as demonstrated on the TIMSS 2007 exa
Specifically, this study investigated the orientati
teacher preparedness to teach biology, chemistry, p
and earth science and the implementation of inquiry
instruction to eighth grade students’ science achie

Data collection for this study produced the depth a
complexity of information to answer the following r
guestions:

1. What is the orientation of science teachers, with
respect to their preparedness to teach specific
science content to eighth grade science students?

2. What is the orientation of science teachers, on a
continuum from didactic to inquiry oriented, with
respect to their self-reported instructional practi
in teaching science to eighth grade science student

3. What, if any, relationship exists between teachers’

beliefs about preparedness to teach science content
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and their self-reported instructional practices in
teaching science to eighth grade science students?
4. What, if any relationship exists between student
achievement in science and:
a. Teachers’ beliefs about preparedness to teach
science content to eighth grade science students?
b. Teachers’ self-reported instructional practices
in teaching science to eighth grade science
students?
The following chapter is organized by first providi ng
a summary of the procedures used in this study. Th en, a
discussion of the conclusions generated from the
guantitative analyses of this study is presented as they
related to the above-mentioned purposes. Next,
implications for science teachers and the education al
community is presented. The chapter concluded with
suggestions for future research study based upon th e
results and limitations of this study.

Summary of Procedure

This study examined the relationship between teache rs’
self-reported preparedness for teaching science con tent and
their instructional practices to the science achiev ement of
eighth grade science students in the United States as
demonstrated by TIMSS 2007. The information on teac hers’
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self-reported preparedness for teaching specific co
and instructional tendencies was taken from the TIM
survey of teachers. Questionnaires were collected
hundred eighty-seven eighth grade teachers in the U
States representing 7,377 students enrolled in publ

private schools.

The TIMSS sampling protocol was designed to yield a

sample that would be representative of students acr
United States. According to Joncas (2008), the stu
sampling selection method used in the TIMSS 2007 is
systematic, three-stage stratified cluster sampling
technique. Teachers of these students were asked t
complete questionnaires about themselves pertaining
their own qualifications and experience with teachi
science; pedagogic approach; assessment practices;

home-school connections.

TIMSS 2007 teacher questionnaire (Appendix B)

contained numerous items representing constructs of
concern to this study. TIMSS 2007 was not designed
specifically measure the preparedness, use, or beli
didactic and inquiry-based instruction of the teach
population. The specific instructional variables an
relationships among variables examined in this repo

selected because of the theoretical interests of th
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study. In order to eliminate bias in identificatio
variables for this study, thirty-three variables
representing instructional practices that character
didactic and inquiry-based approaches, as recommend
the National Science Education Standards (NSES) and
framework outlined in the literature review were ex
from the teacher questionnaire. The instructional
variables included various learning objectives, met
instruction, and beliefs about learning science con
Instructional methods were measured by responses to
guestions about the relative roles of computers,
experiments, lectures, discussions, group work,
individualization, homework, and assessment. Fort
purpose of content validity, nine secondary science
teachers, with teaching experience, participated in
identification of the thirty-three extracted variab

either didactic or inquiry-based (Appendix C). The
criteria for selection of variables were based on a
agreement of variables being identified as either d

or inquiry-based. As a result, ten variables were
identified from the teacher questionnaire as being
representative of inquiry-based instruction and fiv
variables were identified as being representative o

didactic instruction.
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Quantitative data were reported according to five
purposes. Descriptive analysis of teachers’
characteristics examined several dimensions and pro
accurate showcase of the population from which the
was derived. A correlation analysis was used to de
if a relationship existed between eighth grade scie
teachers’ main area of study and their self-reporte
beliefs on preparedness to teach specific science ¢
areas. A second correlation analysis was used to
determine if a relationship existed between eighth
science teachers’ self-reported beliefs about their
preparedness to teach specific science content area
their self-reported instructional practices. A thi
correlation analysis was used to determine if a
relationship existed between eighth grade science t
self-reported beliefs about their preparedness to t
specific science content areas and eighth grade stu
science achievement. A final correlation analysis w
to determine if a relationship existed between teac
self-reported instructional practices in teaching s
to eighth grade students and eighth grade science

achievement.
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Conclusions

Four research questions were identified at the onse
of this study. Based on the quantitative analysis
this study, results of the study are discussed with
presentation of interpretations and conclusions.
Summary of Teacher Characteristics

Factors that influence teachers’ practice are comp
and numerous. According to Mayer, Mullens, and Moo
(2000), to ensure high levels of academic achieveme
teachers should have high academic skills, teaching
field in which they received their training and hav
than a few years of experience. Descriptive analys
the eighth grade teachers’ characteristics examined
dimensions and provided statistics to highlight the
of the population from which the sample was derived
highest level of formal education, the teachers’ in
of having a teaching license or certificate, and th
teachers’ main area of study was explored. The tea
level of experience based on the number of years ta
examined. The teachers’ self-reported beliefs on
preparedness to teach specific science content area
investigated. The teachers’ self-reported instruc

practices in the science classroom were examined.
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analyses display the characteristics of the sample
population.

The highest level of formal education, the teachers
indication of having a teaching license or certific
teachers’ main area of study was explored. Thirty-
percent earned only a Bachelor’s degree, while 63%
Master’s degree or higher. Ninety-seven percent of
teachers in the sample population have a teaching |
or certificate. The identification of the teachers
or main area of study was indicated as biology, phy
chemistry, and earth science. The sample populatio
43.6% of the teachers’ main area of study was in bi
18.3% in chemistry, 17.6% in earth science, and 7.8
physics.

In the teacher questionnaire, teachers indicated ho
many years they have been teaching all together. T
number of years that teachers taught was reported i
of one to five years; six to 10 years; 11 to 15 yea
to 20 years; 21 to 25 years; and more than 26 years
sample population showed that most teachers, 29% ha
five years teaching experience. Approximately 22%
teacher population taught six to 10 years. Over 50
teachers in the sample population had 10 or less ye

teaching experience.
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Summary of Teachers’ Preparedness

The first research question addressed by this study

was to determine the orientation of science teacher
respect to their preparedness to teach specific sci
content to eighth grade science students. In the te
guestionnaire (Appendix B), teachers responded to h
they felt prepared to teach 23 specific concepts in
areas of biology, chemistry, physics and earth scie
There were seven biology concepts, five chemistry ¢
six physics concepts, and five earth science concep
means from each subject area were recorded. The me
ranged from 2.21 to 2.42. The sample population sh
that teachers felt more than “Somewhat prepared” to
each content area. Teachers indicated they felt the
prepared to teach physics.

Summary of Teachers’ Inquiry-Based Instructional Te

The second question addressed by this study was to

determine the orientation of science teachers, on a
continuum from didactic to inquiry oriented, with r

to their self-reported instructional practices. TI
teacher questionnaires (Appendix B) contained numer
items representing constructs of primary concern to
study. TIMSS 2007 was not designed to specifically

the preparedness, use, or beliefs of didactic and i

115

S, with
ence
acher’s
ow well
the
nce.
oncepts,
ts. The
ans
owed
teach

most

ndencies

espect
MSS 2007
ous

this
measure

nquiry-



based instruction of the teacher population. The sp
instructional variables and relationships among var
examined in this report were selected because of th
theoretical interests of this study. As explained
Chapter 3, the researcher identified the questions
either inquiry-based or didactic teaching instructi

on the theoretical framework of this study.

The definition of inquiry-based instruction for th
study is provided by the National Science Education
Standards (NSES): Inquiry-base instruction engages
students in making observations; posing questions;
reviewing what is already known in regards to exper
evidence; using tools to gather, analyze, and inter
data; proposing answers, explanations, and predicti
communicating the results; identifying assumptions;
critical and logical thinking; and considering alte
explanations; processing information, communicating
groups, coaching student actions, facilitating stud
thinking, modeling the learning process, and provid
flexible use of materials. (National Research Counc

(NRC), 1996 p. 23)

The researcher identified ten questions as using

techniques aligned with the qualities consistent wi

inquiry-based classroom instruction. Five of the 10
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techniques of inquiry-based instruction were scored
1.0 and 2.0 indicating the teachers used the techni
greater than some lessons, but less than half the |
they teach. Among the teachers, the highest indica
were for teachers providing students opportunities

relate what they are learning in science to their d

lives (M =2.34) and for teachers providing students the

opportunity to give explanations about something th

studying (M =2.28). This indicated the teachers used these

inquiry-based strategies more than half the lessons
not for every lesson. At least 93% of the teachers
indicated using all the identified inquiry-based te
for at least some of the lessons they teach. There
teachers are using inquiry-based techniques to inst
students in science that are supported by the Natio
Research Council (NRC).
Summary of Teachers’ Didactic-Based Instructional
Tendencies

In addition to the researcher identifying ten
guestions as using techniques aligned with the qual
consistent with inquiry-based classroom instruction
researcher also identified five questions as using
technigues aligned with the qualities consistent wi

didactic classroom instruction. Didactic instructio
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defined as the transmission of facts to students, w
seen as passive receptors. This instruction typica
lecture format and instructs the entire class as a
Knowledge is presented as fact where students’ prio
experiences are not seen as important. Moreover,
instruction does not provide students with opportun
experiment with different methods to solve problems
primarily uses a drill and practice format with a
foundation on textbooks (Smerdon, Burkam, and Lee,
In this study, four of the five techniques of didac
instruction had means that were above 1.00, but les
3.00 indicating the teachers used the techniques le
half the lessons. Among the teachers, the lowest
indication, less than half their lessons (M
having the students read their textbooks or other r
materials. This supports the NRC’s notion of less
on the use of textbooks as the primary means of ins
and student learning. Between 62% and 82% of the t
indicated only using the didactic techniques for so
lessons or never as opposed to using the techniques
almost every lesson or about half the lessons. Thi
indicates that the teachers in this study are using
inquiry-based techniques, rather than didactic tech

to instruct their students in science. Moreover, a
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explained in Chapter 2, these results support the N
view for teachers employing instruction having more
emphasis on inquiry-based instructional strategies
emphasis on didactic strategies.

Summary of Correlation Analysis between Teachers’ B
about Preparedness to Teach Science Content and The

Reported Instruction Practices

The third question addressed in this study was what

if any, relationship exists between teachers’ belie
preparedness to teach science content and their sel
reported instructional practices in teaching scienc
eighth grade science students. First, a correlatio
analysis was used to determine if a relationship ex
between eighth grade science teachers’ main area of
and their self-reported beliefs on preparedness to
specific science content areas. A second correlat
analysis was used to determine if a relationship ex
between eighth grade science teachers’ self-reporte
beliefs about their preparedness to teach specific
content areas and their self-reported instructional
practices.

The identification of the teachers’ main area of st
was indicated as biology, physics, chemistry, and e

science. The sample population showed 43.6% of the
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teachers’ main area of study was in biology, 18.3%
chemistry, 17.6% in earth science, and 7.8% in phys
This is consistent with Chaney (1995), who explaine
middle school teachers who possess a degree in scie
a degree in life sciences or biology.

The data showed all teachers’ main area of study ha
statistically significant positive correlation with
self-reported feelings of preparedness to teach tha
science content area. In addition, data showed tha
teachers whose main area of study was biology, chem
or earth science had a statistically significant ne
correlation for having feelings of preparedness for
least one science content area outside of their mai
of study. Although these correlations were statist
significant, the magnitudes of the relation between
variables were weak. While these correlations were
the finding is consistent with Goldhaber and Brewer
who found many middle school science teachers do no
bachelor’s degree or certification in the subject t
being asked to teach. Furthermore, Chaney (1995) e
that only a minority of middle school teachers poss
degree in the earth and physical sciences. This te
could be problematic for reform efforts; because ma

middle school curriculums are integrated in nature,
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several science content areas per grade level (Sade

Tretter, 2008).

The second correlation analysis was used to determi

if a relationship existed between eighth grade scie
teachers’ self-reported beliefs about their prepare
teach specific science content areas and their self
reported instructional practices. The data showed
statistically significant positive relationship exi
between teachers’ self-reported use of inquiry-base
instruction and preparedness to teach biology, chem
and physics. Although this correlation was statist
significant, the magnitudes of the relation between
variables were weak. However, the correlation indi
that teachers who tend to used inquiry-based instru
practices more frequently have feelings of being pr
to teach biology, chemistry, or physics, respective
There was a statistically significant negative rela
between teachers’ self-reported use of inquiry-base
instructional practices and preparedness to teach e
science. Similar to the above correlation, the mag
of the relation between the variables were weak. H
the correlation indicated that teachers who tend to
inquiry-based instructional practices more frequent

not feel they are prepared to teach earth science.
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The major trend in science education reform is
emphasis for science teachers to use inquiry-based
instruction. One factor that has emerged in resear
literature is the effect teacher preparedness has o
teacher practice. Teachers are the primary means o
curriculum implementation. A teacher’s level of
preparedness in their content area of expertise is
critical importance (Darling-Hammond, 2000). Atth
secondary level, studies indicate that coursework t
subject-specific pedagogy is positively related to
implementing sound pedagogy and secondary students’
achievement (Chaney, 1995; Monk, 1994). Studies of
teachers’ pedagogical knowledge have reported posit
effects of education training on teachers’ knowledg
practices (Adams & Krockover, 1997).

Summary of Correlation Analysis between Eighth Grad
Student Science Achievement and Teachers’ Self-Repo
Beliefs about Preparedness to Teach Science

The fourth question addressed in this study was tw
fold in regards to student science achievement. Wh
any relationship exists between eighth grade studen
achievement in science and teachers’ self-reported
about preparedness to teach science content to eigh

science students? What, if any relationship exists
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eighth grade student achievement and Teachers’ self
reported instructional practices in teaching scienc
eighth grade science students?

To answer the first part of this question a
correlation analysis was used to determine if a
relationship existed between eighth grade science t
self-reported beliefs about their preparedness to t
specific science content areas and eighth grade stu
science achievement. Although the magnitude of the
correlation was weak, the data indicated a statisti
significant positive relationship existed between p
preparedness and student science achievement. Prev
analysis showed that 7.8% of the teacher sample had
indicated physics as their main area of study. In
addition, teachers indicating physics as their main
study also had a statistically significant positive
relationship with having feelings of preparedness f
teaching both chemistry and earth science. Accordi
this study, physics teachers indicated feelings of
prepared to teach all science subjects except biolo
it was physics teachers who indicated a statistical
significant positive relationship between physics
preparedness and student science achievement. Thes

results are consistent with the findings of Goldhav
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Brewer (1997, 2000). They found science teachers h
subject-specific degrees and therefore having the s
knowledge to teach specific science content to have
statistically positive relationship with student
achievement.

To answer the second part of the fourth research
guestion, a correlation analysis was performed to d
teachers’ self-reported inquiry-based instructional
practices and eighth grade student science achievem
Data indicated a weak statistically significant pos
relationship existed between science teachers’ self
reported implementation of inquiry-based instructio
practices and student science achievement. Teacher
indicated more use of inquiry-based instruction and
use of didactic instruction were more likely to hav
students achieving in science. This is consistent
several other studies that has produced evidence th
correlates inquiry-based science instruction with a

increase in achievement (Escalada & Zollman, 1997;

Freedman, 1997, 2001; Johnson, Kahle, & Fargo, 2006

Kahle, Meece, & Scantlebury, 2000; Mattern & Schau
McReary, Golde, & Koeske, 2006; Morrell & Lederman,
Okebukola, 1987; Oliver-Hoyo & Allen 2005; Parker &

2000; Tamir & Glassman, 1971). Efforts must be mad
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order to change the focus from a traditional, teach
centered classroom to an inquiry-based, student-cen
classroom. These efforts could promote an increase
student interest, motivation and achievement in the
classroom.
Educational Implications of the Study

The current trend in science education is to adopt
instructional practices that follow research on how
students learn and achieve. Science educators and
National Science Standards have actively recommende
inquiry-based instruction to engage students in the
processes of learning science. McReary, Golde, & K
(2006) emphasized the importance of inquiry-based
instruction for a successful reform in science educ
Furthermore, other studies have produced evidence t
correlates inquiry-based science instruction with a
increase in achievement (Escalada & Zollman, 1997;
Freedman, 1997, 2001; Johnson, Kahle, & Fargo, 2006
Kahle, Meece, & Scantlebury, 2000; Mattern & Schau
McReary, Golde, & Koeske, 2006; Morrell & Lederman,
Okebukola, 1987; Oliver-Hoyo & Allen 2005; Parker &
2000; Tamir & Glassman, 1971). Increased attention
focused on helping science teachers to depart from

traditional, didactic methods of instruction and pr
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opportunities for students to become engaged in mor
active, meaningful, and higher-level learning.

Despite the evidence correlating inquiry-based scie
instruction with increased achievement, many teache
still resistant to such changes in pedagogy. Some
recent educational reform efforts to transition tra
science instruction into more innovative, inquiry-b
programs have not been completely successful. Stud
teaching and learning in science classrooms reporte
most teachers are still using traditional, didactic
(Harms & Yager, 1980; Seymour, 2002; Unal & Akpinar
Science teachers must be adequately prepared to imp
inquiry-based instruction effectively. Recommendat
ways to support science teacher’s successful integr
inquiry-based instruction into science classrooms,
ample training and preparation, support to develop
positive self-efficacy for inquiry-based instructio
development of inquiry-based curriculum materials,
the potential to foster positive support for scienc
teachers. Since the use of inquiry-based instructio
imperative for science education reform and student
achievement (NRC, 1996), science educators need to
adequately prepared to implement inquiry-based inst

to engage students in the process of learning scien
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In view of the results, there are four major
implications for educational practice. First, clea
guiding principles must support the visions of the
science education reforms and national and state sc
standards. Second, teacher preparation institutes
those same guiding principles to train and prepare
teachers for effective implementation of inquiry-ba
instruction. Third, as science teachers orchestrat
inquiry-based lessons, teacher professional develop
supervision and support is needed to provide contin
growth and positive self-efficacy. The fourth impl
is that curriculum developers need to provide instr
materials that are appropriate and current.

Clear, guiding principles must support the visions
the national science education reforms and national
state science standards. Science educators, researc
and philosophers have provided multiple interpretat
inquiry. Consequently, teachers of science are lef
interpret the foundation, implementation, and resul
inquiry-based instruction and the effects on studen
learning. To help clarify, the NRC (2000) released
and the  National Science Education Standards
discussed in Chapter 2, research support the notion

science educators are still unclear about what inqu
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means coupled with the uncertainty of implementing
based instruction. When teachers develop and enact
own ideas of inquiry-based instruction in their cla
practice, these conceptions may not necessarily mat
the vision of the reform documents. Science teache
to have a lucid conception of how inquiry-based ins
is implemented and take this conception to the clas
for students to be engaged in an inquiry-based lear
environment. Thus, science educators, researchers,
philosophers should obtain a better conception of i
based instruction.

A second implication was for teacher preparation
institutes to use guiding principles to train and p
science teachers for effective implementation of in
based instruction. According to literature on scie
education reform, one reason reform efforts fail ar
inadequate preparation for the teachers who are exp
enact specific methods of instruction (National Res
Council, 1996). Pre-service teachers of science ne
adequate content and pedagogical knowledge where in
based instruction has a dominant role in preparing
employ inquiry-based instruction in classrooms. Te
preparation institutes need to provide knowledge,

experiences, and supervision to prepare science tea
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design and implement inquiry-based lessons. When t
have feelings of preparedness for inquiry-based ins

in both their content and pedagogical knowledge, sc
teachers are confident that they can deliver such
instruction to their students (NRC, 1996b).

In addition to the importance of teacher preparatio
and experience, the school districts and administra
play an important role in facilitating or impeding
implementation of inquiry-based instruction in clas
A third implication was as science teachers orchest
inquiry-based lessons, teacher supervision, profess
development, and support is needed to provide conti
growth and positive self-efficacy. According to th
(1996), one reason reform efforts fail are from
insufficient professional development for the teach
are expected to enact these reform efforts. Teache
often be subjected by reform efforts to make change
their instruction that are beyond their knowledge-b
pedagogical understanding (Ball & Cohen, 1996; Davi
2003). The National Standards (NRC, 2000) describe
specifically how school districts can support teach
their attempts to implement inquiry-based instructi
way is to emphasize and focus on the changes that a

called for in the standards and less emphasis on ot
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extraneous policies. A second way is to provide lo
and on-going support for teachers that center on a
commitment to inquiry-based instruction. A third w
provide opportunities to actively participate and i

with new ideas and understandings. Considering the
concepts, the duration in which these experiences a
provided are also important. Teachers need sufficie
opportunities to work in environments in which they
time and access to participate in support activitie
professional interactions with colleagues along wit

to reflect on their own pedagogy. The amount of ti
devoted to these professional development experienc
important for transference to occur into the scienc
classrooms. These considerations concerning proper
professional development are needed for inquiry-bas

instruction to become prevalent in science classroo

A fourth implication was that curriculum developers

need to provide instructional materials that are we
conceived, coherent, and current. Curriculum mater
directly affect what concepts teachers will teach,
methods of instruction teachers will use, and the |
experiences teachers will provide their students.
Curriculum material needs to promote less emphasis

purchase of textbooks based on didactic topics and
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emphasis on the adoption and implementation of curr
aligned with the standards. Most importantly, a co
approach that includes all the examples of inquiry-
instructional strategies as recommended by the Nati
Science Standards is needed. Standards-based mater
needed to provide opportunities for students to bec
involved with rich content and engage in inquiry-ba
learning experiences.

Considerable effort has gone into disseminating
research relating to the affects of inquiry-based
instruction on student achievement to gain support
science education reform. Teachers are central to
success of reform efforts. Teachers need to unders
support the national science education reforms and
and state science standards. Teacher preparation
institutes need to train and prepare science teache
effective implementation of inquiry-based instructi
School districts need to provide teacher profession
development, supervision and support for continuous
and positive self-efficacy. Curriculum developers
provide instructional materials that are appropriat
current for teachers to implement. It is imperativ
science teachers have the necessary knowledge, prof

development, supervision and support, and curriculu
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materials to make reform efforts for inquiry-based
instruction a success.

Implications for Future Research

It is educationally sound to develop new methods an d
models of instruction and learning based on empiric al
evidence. Educators are the most important factors to
getting new reform into the classrooms. There is c learly a
need for continued research that documents the adva ntages
that inquiry-based instruction has on student learn ing and
achievement. Furthermore, continued research is ne eded to

mitigate science teachers from reverting to more

traditional means of instruction.

The research design used in this study suffered fro m
two shortcomings that limit its actual usefulness. First,
although the TIMSS 2007 study presents enormous bod ies of
data for analysis, this study is a secondary analys is,
which poses all the cautions that are true of secon dary
analysis studies. Data collected from the teachers were
limited by the questions asked, the directions for those
guestions, and the response selections provided. S econd,
this study relied on self-reported data to determin e the
orientation of science teachers, with respect to th eir
preparedness and their instructional practices. Th e

possibility of discrepancies in this study, such as
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teachers’ perceptions of their own instructional te
or memory of the class in question, could result in
distorted data. The findings of this study should
supplemented with or compared to other data sources
recommended that additional research on teaching pr
focus on the video Study produced through TIMSS, wh
provided authentic classroom settings with a focus
teaching practices. This could provide a more accu
analysis of what actually occurred in the classroom
addition, researchers could develop their own instr
to determine the presence of inquiry-based instruct
practices in the classroom as it was actually exper
by eighth-grade students. These possibilities woul
eliminate shortcomings that are inherent in questio
that require teachers to self-report information.

More studies are needed to investigate the
instructional techniques science teachers are imple
in the science classrooms. Empirical evidence is n
to help ensure proven methods and models of instruc
visible in classrooms. Many factors influence teac
practices. Continued educational research helps to
determine how to get the best instructional practic

the classrooms.
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Summary
Several documents and studies claim American studen ts

lag behind international standards and continue

underperforming in science (Martin, Mullis, Gonzale z, &
Chrostowski, 2004; Parker and Gerber, 2000; Roth, D ruker,
Garnier, Lemmens, Chen, Kawanaka, Rasmussen, Trubac ova,
Warvi, Okamoto, Gonzales, Stigler, & Gallimore, 200 6;
Stigler & Hiebert, 1999). Science educators are wo rking to
improve science education. Science education resea rchers
and National Research Council, stress the inclusion of
inquiry-based science instruction into school scien ce
programs and curriculum. Inquiry-based instruction helps

students achieve science understanding by combining

scientific knowledge with reasoning and thinking sk ills
(National Research Council, 2000). To implement in quiry-
based instruction into science classrooms successfu Iy,

teachers need to feel prepared using inquiry-based
approaches. Teachers will require knowledge of scie nce

content and pedagogy.

This study examined the relationship between teache rs’
preparedness to teach science content and their ori entation
of inquiry-base instructional practices to the scie nce
achievement of eighth grade science students in the United
States as demonstrated on the TIMSS 2007 exam. Thr ough
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correlation analysis, the researcher found statisti
significant positive relationships emerge between e
grade science teachers’ main area of study and thei
reported beliefs about their preparedness to teach
same content area. Another correlation analysis fo
statistically significant positive relationship exi
between teachers’ self-reported use of inquiry-base
instruction and preparedness to teach biology, chem
and physics, respectively. There was a statistical
significant negative relationship between teachers’
reported use of inquiry-based instruction practices
preparedness to teach earth science. Another corre
analysis discovered a statistically significant pos
relationship existed between physics preparedness a
student science achievement. Teachers indicating p
as their main area of study also had a statisticall
significant positive relationship with having feeli
preparedness for both chemistry and earth science.
According to this study, physics teachers indicated
feelings of being prepared to teach all science sub
except biology and it was physics teachers who indi

statistically significant positive relationship bet

physics preparedness and student science achievemen

Finally, a correlation analysis found a statistical
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significant positive relationship existed between s
teachers’ self-reported implementation of inquiry-b
instructional practices and student achievement. T
finding in this study are consistent with other stu
that correlate inquiry-based science instruction wi
increase in student achievement.

The data findings support the conclusion that teach
who have feelings of preparedness to teach science
and implement more inquiry-based instruction and le
didactic instruction produce high achieving science
students. As science teachers obtain the appropria
knowledge in science content and pedagogy, science
will feel prepared and will implement inquiry-based
instruction in science classrooms. The impact on t
implementing inquiry-based instruction will become

increasingly evident with student achievement.

Science educators continue to work to improve scien

education for all students. Inquiry-based instruct
helps students achieve science understanding by com
scientific knowledge with reasoning and thinking sk
(National Research Council, 2000). It is important
science educators continue to give priority to the

implementation of inquiry-based learning opportunit
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Appendix A

Description of TIMSS 2007 Science Cognitive Domains

Cognitive Description
Domain
Knowing Knowing addresses the facts, information, concepts,

tools, and procedures that students need to know to
function scientifically. The key skills of this
cognitive domain include making or identifying accu rate
statements about science facts, relationships, proc esses,
and concepts; identifying the characteristics or
properties of specific organisms, materials, and
processes; providing or identifying definitions of
scientific terms; recognizing and using scientific
vocabulary, symbols, abbreviations, units, and scal esin
relevant contexts; describing organisms, physical
materials, and science processes that demonstrate
knowledge of properties, structure, function, and
relationships; supporting or clarifying statements of
facts or concepts with appropriate examples; identi fying
or providing specific examples to illustrate knowle dge of
general concepts; and demonstrating knowledge of th e use
of scientific apparatus, tools, equipment, procedur es,
measurement devices, and scales.

Applying Applying  focuses on students’ ability to apply knowledge
and conceptual understanding to solve problems or a nswer
questions. The key skills of this cognitive domain
include identifying or describing similarities and
differences between groups of organisms, materials, or
processes; distinguishing, classifying, or ordering
individual objects, materials, organisms, and proce sses
based on given characteristics and properties; usin ga
diagram or model to demonstrate understanding of a
science concept, structure, relationship, process, or
biological or physical system or cycle; relating
knowledge of an underlying biological or physical ¢ oncept
to an observed or inferred property, behavior, or u se of
objects, organisms, or materials; interpreting rele vant
textual, tabular, or graphical information in light of a
science concept or principle; identifying or using a
science relationship, equation, or formula to fin da
quantitative or qualitative solution involving the direct
application or demonstration of a concept; providin gor
identifying an explanation for an observation or na tural
phenomena, demonstrating understanding of the under lying

science concept, principle, law, or theory.
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Reasoning Reasoning goes beyond the cognitive processes involved in

solving routine problems to include more complex ta sks.
The key skills of this cognitive domain include ana lyzing
problems to determine the relevant relationships,
concepts, and problem-solving steps; developing and
explaining problem-solving strategies; providing
solutions to problems that require consideration of a
number of different factors or related concepts; ma king
associations or connections between concepts in dif ferent
areas of science; demonstrating understanding of un ified
concepts and themes across the domains of science;
integrating mathematical concepts or procedures in the
solutions to science problems; combining knowledge of
science concepts with information from experience o r
observation to formulate questions that can be answ ered
by investigation; formulating hypotheses as testabl e
assumptions using knowledge from observation or ana lysis
of scientific information and conceptual understand ing;
making predictions about the effects of changes in
biological or physical conditions in light of evide nce
and scientific understanding; designing or planning
investigations appropriate for answering scientific
questions or testing hypotheses; detecting patterns in
data; describing or summarizing data trends;
interpolating or extrapolating from data or given
information; making valid inferences based on evide nce;
drawing appropriate conclusions; demonstrating
understanding of cause and effect; making general
conclusions that go beyond the experimental or gi ven
conditions; applying conclusions to new situations;
determining general formulas for expressing physica I
relationships; evaluating the impact of science and
technology on biological and physical systems; eval uating
alternative explanations and problem-solving strate gies;
evaluating the validity of conclusions through
examination of the available evidence; and construc ting
arguments to support the reasonableness of solution sto
problems.

NOTE: The descriptions of the cognitive domains ar e the same

for grades four and eight.
(Gonzales et al., 2008, p. 35)
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Appendix B

Identification Label

Teacher Name: __

Class Name:

Teacher ID: _ Teacher Link # o

Trends in International Mathematics and Science Study

Teacher Questionnaire

SCIENCE
<Grade 8>

<TIMSS National Research Center Name>
<Address>

International Association for the Evaluation
of Educational Achievement
© Copyright [EA, 2007
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Your school has agreed to participate in TIMSS
2007, a large international study of student learn-
ing in mathematics and science in more than 60
countries around the world. Sponsored by the
International Association for the Evaluation of
Educational Achievement {IEA), TIMSS (for Trends
in International Mathematics and Science Study)
is measuring trends in student achievement and
studying differences in national education sys-
tems in order to help improve the teaching and
learning of mathematics and science worldwide.

As part of the study, students in a nationwide
sample of <eighth-grade> classes in <country>
will complete the TIMSS mathematics and science
tests. This questionnaire is addressed to teachers
who teach science to these students, and seeks
information about teachers’ academic and profes-
sional background, instructional practices, and
attitudes toward teaching science. As a teacher
of science to students in one of these sampled
classes, your responses to these questions are
very important in helping to describe science
education in <country>.

Some of the questions in this questionnaire refer
specifically to students in the “TIMSS class! This

is the class that is identified on the cover of this
questionnaire, and that will be tested as part of
TIMSS 2007 in your school. If you teach science

to some but not all of the students in the TIMSS
class, please think of teaching the science class
these students are in when answering these class-
specific questions. It is important that you answer
each question carefully so that the information
that you provide reflects your situation as accu-
rately as possible.

General
Directions

Please identify a time and place where you will be
able to complete this questionnaire without be-
ing interrupted. This should require no more than
45 minutes. To make it as easy as passible for you
to respond, most questions may be answered
simply by checking or filling in the appropriate
circle.

Once you have completed the questionnaire,
place it in the return envelope provided and re-
turn it to: <Country Specific Information>

Thank you very much for the time and effort you
have put into responding to this questionnaire.

161



[ | Background Information

1

How old are you?

Fillin one circle only

Under 25 - - cmmmemm et @]
2520+ e e e e O
0105 RN O
T T A O
10 @)
600rolder------cmmmmm e Q

py |

Are you female or male?

Fillin one circle only

ey |

By the end of this school year, how
many years will you have been
teaching altogether?

Number of years you have taught

[ Preparation to Teach

4

162

What is the highest level of formal education
you have completed?

Fill in one circle only

Did not complete <ISCED 3> - - - - === -nmmoamamom @)
Finished <ISCED 3> ------mmmmmmmmmmmo oo s @)
Fihished <ISCED 43 -=--rcmcrcmmeccmmccnaoae @)
Finished <ISCED 5B> ~--rnmmmcmmmemmcmcnmeanne @)
Finished < ISCED 5A, first degree» ---------nnnun O
Finished <ISCED 5A, second

degree>or higher--------- oo ooooooo @)

During your <post-secondary> education, what
was your major or main area(s) of study?

Fillin one circle for each row

No
Yes
a)  Biology -----eemmmiee e Orewad )
b)  Physics -«=mmemmmcmmee e eeeaaas omml )
€ CEMISHY ==t e simmime 0---0
d)  ZEArthSCienEs: oo e sominimn 0---0
e) Education - Science --------oooomnonn 0---0
f)  Mathematics-------mmnrormrmcmnnman Q---0
g) Education - Mathematics------------- G
h) Education - General - ---------------- ezl
i) Other---eeeeome e el
1
Do you have a teaching license or certificate?
No
Yes
Filfinonecircleonly-------------ceoeooo o



[ Preparation to Teach (Continued)

How well prepared do you feel you are to teach the following topics?

Filtin one circle for each row

Not well prepared
Somewhat prepared
Very well prepared
Not applicable

A. Biology
a) Major organs and organ systems in humans and other organisms (structure/function,

life processes that maintain stable bodily conditions) ===« - ==« e s e e e cmccmcee e Ehess £ sos 8 2 )
b)  Cells and their functions, including respiration and photosynthesis as cellular processes --- O-- O -- G -- O
¢) Reproduction (sexual and asexual) and heredity (passing on of traits, inherited versus

acquired/learned charaCteristics) - - === - e mmmmmmm o e el Q--0--C--0
d) Role of variation and adaptation in survival/extinction of species in a changing

L= 0 1 T4 3 5 =T o O--0--0--0
e) Interaction of living organisms and the physical environment in an ecosystem

{energy flow, food webs, effect of changes, cycling of materials) - - - -~ === - ccvvemeann o ) e TP o=
f)  Trendsin human population and its effects on the environment - == - - - - - oo oo oo oo [ S 4 PO
g) Impact of natural hazards on humans, wildlife, and the environment ------------- .-~ e D=l
B. Chemistry
a) Classification and composition of matter (properties of elements, compounds, mixtures)--- O-- O -- O -- O
b) Particulate structure of matter (molecules, atoms, protons, neutrons, and electrons) - - - - - - - Cirm D e & om &
c) Selutions (solvent, solute, concentration/dilution, effect of temperature

fo aTo1 11 o] [ 14 s £ o K0P v ()
d) Propertiesand uses of common acids and bases -~ - === cmmoi oo 0--0--0--0
e) Chemical change (transformation of reactants, evidence of chemical change, conservation

of matter, common oxidation reactions - combustion and rusting) - -------------------- Qs Qo ¥ == O
C. Physics
a) Physical states and changes in matter (explanations of properties in terms of

movement/distance between particles; phase change, thermal expansion

and changes in volume and/or Pressure) - - - - - === - - m e mmm e e Q0--0--C--0
b)  Energyforms, transformations, heat, and temperature - - - - ==« = oo o ommemo oo O0--0--0--0
¢)  Basic properties/behaviors of light (reflection, refraction, light and color, simple ray diagrams)

and sound (transmission through media, loudness, pitch, am plitude, frequency, relative

speed of light and sound) - - === o m e e e 0--0--C--0
d)  Electric circuits (flow of current; types of circuits - parallel/series;

CUrTENTAONEEE (BlaIOITBRIT] o smms smimmsmimmmns simms s s Simos o o mimm O == Y == O
e) Properties of permanent magnets and electromagnets - - - - - - - - - o ceooo oo [ S 5 U -
f)  Forcesand motion (types of forces, basic description of motion, use of distance/time

graphs, effects of density and Pressure) - - = - - - - cc o m oo O Qo=
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7 Continued
How well prepared do you feel you are to teach the following topics?

Fill in one circle for each row

Not well prepared
Somewhat prepared
Very well prepared
Not applicable

D. Earth Science
a) Earth’s structure and physical features (Earth’s crust, mantle and core; use of

topOgraphic Maps)- ===« =cnccmatomm e cc et cee e e cm s memeame s sateaan s anes e L 5 = 0 wai])
b)  Earth’s processes, cycles and history (rock cycle; water cycle; weather patterns; major

geological events; formation of fossils and fossil fuels) -- - - - - - - oo (e Ll 0 =60
¢) Environmental concerns (e.g., pollution, global warming, acid rain)-------- - -cooooaaan Ko £ = = 1) =l F
d) Use and conservation of Earth’s natural resources (renewable/non-renewable resources,

human use of land/soil and water resoUICes) - - - = = = = === =@ oo oo o cmmeicmi o iimeacc e Q0--0--0--0
e) Earth in the solar system and the universe (phenomena on Earth - day/night, tides,

phases of moon, eclipses, seasons; physical features of Earth compared to other

bodies; the SUN asa Star) - - - - - oo oo @ oo i i 0--C--0--0
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Il Professional Development

8

9

How often do you have the following types of
interactions with other teachers?

Fill in one circle for each row

Daily or almost daily
1-3 times per week
2 or 3 times per month
Never or almost never

Discussions about how to
teach a particular concept-- O -- O --0O---O

Working on preparing
instructional materials

Visits to another teacher’s
classroom to observe
his/her teaching

Informal observations
of my classroom by
another teacher

In the past two years, have you participated
in professional development in any of the
following?

Fiflin one circle for each row

No
Yes
a) Sciencecontent --------meiaaaaann 0---0
b)  Science pedagogy/instruction -------- 0---0
g Stlehre clrielliif «cswsmmpmms s o ol
d) Integrating information technology
finiioRolis a0 R T —————————— m—
e) Improving students’critical thinking
or inguiry sKill§ - -« mwemmmeeeee e ---0O
f)  Scienceassessment -----=----------- 0---0

Il Your School

10

1

165

Thinking about your current school, indicate the
extent to which you agree or disagree with each
of the following statements.

Fillin one circle for each row

Disagree a lot

Disagree
Agree
Agreea lot
a) Thisschoolis located in
a safe neighborhood ------ Q--0--0---0
b) |Ifeelsafe at this school ---- O -- O --0---0O
¢)  This school’s security policies

and practices are sufficient - O -- O --0---0O

In your current school, how severe is each
problem?

Fill in one circle for each row

Serious problem
Minor problem

Nota problem

The school building needs
significant repair---------------

Classrooms are
overcrowded-ssocumowess sz 2

Teachers do not have
adequate workspace
outside their classroom

Materials are not

available to conduct

science experiments

or investigations----=---ceauna-



vy ]

How would you characterize each of the
following within your school?

Fill in one circle for each row

Very low
Low
Medium
High
Very high
a) Teachers'job
satisfaction - - ------- O0--0--0--0---0

b) Teachers'understanding
of the school’s curricular
goals ------oaaae Qe O Qs QD

¢) Teachers'degree of
success in implementing
the school’s curriculum O-- O -- O --0O---0O

d) Teachers expectations
for student
achievement-------- s O §) = & Qeesed(D

e) Parental support for
student achievement- O-- O -- O--0O---0O

f)  Parental involvement
in school activities --- O-- O-- O --0O---0O

g) Students’regard for

school property ----- Chas (e e Towsl)
h) Students’desire to do
well in school ------- O--0--0--0---0
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Il The TIMSS Class

The remaining questions refer to the <TIMSS class / class with the TIMSS students>. Remember, “the TIMSS
class”is the class which is identified on the cover of this questionnaire, and which will be tested as part of

TIMSS 2007 in your school.

13

How many students are in the <TIMSS class/
class with the TIMSS students>?

Write in the number of students

icy ]

How many minutes per week do you teach
science to the <TIMSS class>?

Write in the number of minutes perweek

15

A.Do you use a textbook(s) in teaching science to
the <TIMSS class>?

No

Fillinonecircleonly-------------- -------

If No, please go to question 16 }

B. How do you use a textbook(s) in teaching
science to the <TIMSS class>?

Fillin one circle only
As the primary basis for my lessons--------------

Asa supplementary resource- - - ----------------

e,

167

In a typical week of science lessons for the
<TIMSS class>, what percentage of time do
students spend on each of the following
activities?

Write in the percent
The total should add to 100%

a) Reviewing homework ----------------mmee- %
b) Listening to lecture-style

presentations %
c)  Working problems

with your guidance —---—-----------m--mmomno- %
d) Working problems on their

own without your guidance —-------—----— %
e) Listening toyou re-teach

and clarify content/procedures -----—-----— %
f)  Taking tests or quUizzes-—----—-=-mmmmmnmemeeee- %
g) Participating in classroom

management tasks not related

to the lesson’s content/purpose

(e.g. interruptions and

keeping order) %
h)  Other student activities —-—---—-——-———— %
Total 100%



[ Teaching Science to the TIMSS Class

17

In teaching science to the students in the
<TIMSS class>, how often do you usually ask
them to do the following?

Fill in one circle for each row
Never
Some lessons
About half the lessons
Every or almost every lesson

a) Observe natural
phenomena and describe
what they se@ - - ----- - -~ Oiee O -- Qo)

b) Watch me demonstrate
an experiment or
investigation------------- Q--0--0---0

c) Designorplan
experiments or

investigations ------------ s 0 as Dlomal 0
d) Conduct experiments
or investigations--«--«---- O--0--0---0

e) Work together in small
groups on experiments

or investigations---------- Q--0--0---0
f)  Read their textbooks or
other resource materials --- O -- O --0O---0O

g) Have students memorize
facts and principles ------- Q--0--0---0

h)  Use scientific formulae
and laws to solve routine
problems-- - --cceaanant Q--0--0---0

iy  Giveexplanations about
something they are
studying -------------o-- Chive (U o 2 lasel)

j)  Relate what they are
learning in science to their
daily lives ------cvmaeaaan Q--0--0---0

TS
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In your view, to what extent do the following
limit how you teach the <TIMSS class>?

Fillin one circle for each row
Alot
Some
Alittle
Notatall
Not applicable
Students

a)  Students with different
academic abilities---- O -- O -- O --0---0O

b) Studentswho come
from a wide range of
backgrounds (e.g.,
economic, language) - O-- O -- O --0---O

c) Students with special needs
(e.g., hearing, vision, speech
impairment, physical
disabilities, mental or
emotional/psychological

impairment) -------- Chies 3 == Bl ol
d)  Uninterested students O-- O -- O--0---0
e) Disruptive students -- O-- O -- O--0O---O

Resources

f)  Shortage of
computer hardware -- Q-- O -- O --0---0O

g) Shortage of
computer software--- O-- O -- O--0O---0O

h) Shortage of support
for using computers-- O-- O -- O--O---0O

i) Shortage of textbooks
for student use - -- - -- Q--0--0--0---0

j)  Shortage of other
instructional equipment
for students'use -- - - - s (3 = o L sl el (3

k)  Shortage of equipment for
your use in demonstrations
and other exercises -- O-- O -- O--C---0O

I)  Inadequate physical

facilities------------ 0--0--0--0---0
m) High student/teacher
ratio--------moon-- Q--0--0--0---0



ey ]

By the end of this school year, approximately
what percentage of teaching time will you have
spent during this school year on each of the
following science content areas for the <TIMSS
class>?

Write in the percent
The total should add to 100%

Biology (e.g. structure/function;
life processes, reproduction/heredity,
natural selection; ecosystems,

human health) %
b) Chemistry (e.g., classification,

composition and properties

of matter; chemical change) ---—--—------—- %
c)  Physics (e.g., physical states/

changes in matter; energy;

light; sound; electricity

and magnetism;

forces and motion) —--—-----—=--mmeeeeeemee %
d) Earth science (e.g., Earth's

structure, processes, and resources;

the solar system and universe) ----—-------- %
e)  Other, please specify:

%

Total 100%
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The following list includes the main topics addressed by the TIMSS science test. Choose the response
that best describes when students in the <TIMSS class> have been taught each topic. If a topic was
taught half this year but not yet completed, please choose “Mostly taught this year.” If a topic is not in
the curriculum, please choose “Not yet taught or just introduced.”

Filtin one circle for each row

Not yet taught or
justintroduced
Mostly taught this year
Mostly taught before this year
A. Biology
a) Classification of organismson the basis of a variety of physical and
behavioral characteristics - - - - == oo e m e e Q--0--0
b)  Major organ systems in humans and other organisms -- - - ==« = mmmm oo Q--0--0
€) How the systems function to maintain stable bodily conditions ---------ceoeoomomoa oo 0--0--0
d)  Cell structures and funCtions -------- oo ool 0--0--0
e) Photosynthesis and respiration {including substances used and produced) as processes
of cells and Organisms =« ==« -« mmermam o s rmer e cmmeee e em e £ s ) we
f)  Life cycles of organisms, including humans, plants, birds, insects - - - ------ oo . 0--0--0
g) Reproduction (sexual and asexual), and heredity (passing on of traits,
inherited versus acquired/learned characteristics)- - - === - - == - oo oo oo m oo 0 ==Y == O
h)  Role of variation and adaptation in survival/extinction of species in
a.changing BRVITENIENT seowcwe: rooe sonumemus: rew: HEs: SPOLEBEOEEE HESE FHEIUTH B LS CBecillhoa D
i)  Interaction of living organisms in an ecosystem (energy flow, food chains
and food webs, food pyramids, and the effects of change upon the system)--- - - - - - - - oo oo oo oo P -
j)  Cycling of materials in nature (water, carbon/oxygen cycle, decomposition of organisms) ------- 0--C--0
k)  Trendsin human population and its effects on the environment - - - - - - oo oot AP &
)  Impact of natural hazards on humans, wildlife, and the environment - - - - oo £ == 10 == O
m) Causes of common infectious diseases, methods of infection/transmission,
prevention, and the body’s natural resistance and healing capabilities - - - -- - - -~ ooema ot Qe e
n) Preventive medicine methods (diet, hygiene, exercise, and lifestyle) - - - - - - - - oo oo aaaooo ot Q= == Q)
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20 Continued

The following list includes the main topics addressed by the TIMSS science test. Choose the response
that best describes when students in the <TIMSS class> have been taught each topic. If a topic was
taught half this year but not yet completed, please choose “Mostly taught this year.” If a topic is not in
the curriculum, please choose “Not yet taught or just introduced.”

Filtin one circle for each row

Not yet taught or
justintroduced
Mostly taught this year
Mostly taught before this year
B. Chemistry
a) Classification and composition of matter (physical and chemical
properties, pure substances and mixtures, separation technigques) - -« --------oomooooa oo Qe e
b) Particulate structure of matter (molecules, atoms, protons, neutrons, and electrons) - ----------- Q) = 1 == O
€) Solutions (solvents, solutes, effect of temperature on solubility) ----------eceoomommana oot D e Mg =m O
d) Properties and uses of water (composition, melting/boiling points,
changes in density/Volume) - - - - - - oo oo oo 0 s LY = O
e) Propertiesand uses of common acids and bases === === mmm oo £ s ) we
f)  Chemical change (transformation of reactants, evidence of chemical change,
CONSEIVAtIoN Of MAtter) - = = - - - m e e e e e e e e e el Q--0--0
g) Common oxidation reactions (combustion, rusting), the need for oxygen
and the relative tendency of familiar substances to undergo these reactions - - - - - - - <= - - - - - -~ 0--0--0
h)  Classification of familiar chemical transformations as releasing or absorbing heat/energy ------- Qw0
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20 Continued

The following list includes the main topics addressed by the TIMSS science test. Choose the response
that best describes when students in the <TIMSS class> have been taught each topic. Ifa topic was
taught half this year but not yet completed, please choose “Mostly taught this year.” If a topic is not in
the curriculum, please choose “Not yet taught or just introduced.”

Filtin one circle for each row

Not yet taught or
justintroduced
Mostly taught this year
Mostly taught before this year
C. Physics
a) Physical states and changes in matter (explanations of properties

including velume, shape, density, and com pressibility in terms of
movement/distance between particles, conservation of mass during physical changes)-- -« ----- C--0--0

Processes of melting, freezing, evaporation, and condensation
{phase change; melting/boiling points; effects of pressure

and Uity of SUDSIENEES) - mewan s s aimms S S i S S S TG
Energy forms, transformations, heat and temperature, including heat transfer- - - - - - - - - - - . -~ - -8
Temperature changes related to changesin volume and/or pressure and to changes

in movement or speed of particles - = - - -« = - c e m oo e 0--0--0
Basic properties/behavior of light (reflection, refraction, light and color, simple ray diagrams) ---- O -- O -- O
Properties of sound (transmission through media, ways of describing sound

(loudness, pitch, amplitude, frequency), relative speed) - - - = - - <o v e oo e o Qe i 2= O
Electric circuits (flow of current, types of circuits — parallel/series) and

relationship between voltage and current - - - - - - - - - oo oo o ©--0--0
Properties of permanent magnets and electromagnets - - - - -« oo oo oo oo i i oo Qe e
Forces and motion (types of forces, basic description of motion), use of

distance/time graphis -« - -« - e m e e e e e e 0--0--0
Effects of density and pressure - - - - - - - e oo oo oo o e 0--0--0
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20 Continued

The following list includes the main topics addressed by the TIMSS science test. Choose the response
that best describes when students in the <TIMSS class> have been taught each topic. If a topic was
taught half this year but not yet completed, please choose “Mostly taught this year.” If a topic is not in
the curriculum, please choose “Not yet taught or just introduced.”

Filtin one circle for each row

Not yet taught or
justintroduced

Mostly taught this year
Mostly taught before this year

D. Earth Science
a) Earth’s structure and physical features

{Earth%s cruist, mantle, and cote; topographic maps)e: ===« soce coniaamuss sove suiusaasnas Qe e
b)  The physical state, movement, composition, and relative distribution of water on Earth --------- Q--0--0
¢) Earth’satmosphere and the relative abundance of its main components - -----------ccvmmnon £ s K = O
d) Earth’swater cycle (steps, role of sun’s energy, circulation/renewal of fresh water) - - ---------- -~ Q=0
e) Processesin the rock cycle and the formation of igneous, metamorphic,

and sedimentary roCK - - === - e e e o m e e e £ s ) we
f)  Weather data/maps and changes in weather patterns

{e.g., seasonal changes, effects of latitude, altitude, and geography) - - - - - - - - v e e e cm et E e ¥ == O
g) Geological processes occurring over millions of years

(e.g., erosion, mountain building, plate movement) - --- - - oo 0--0--0
bl Formation of fossils and TossilTials soe: socommuon: soen oo 0 B O SEe HeRIuH D e S e CBecillhoa D
i)  Environmental concerns (e.g., pollution, global warming, acid rain)- - - - - - - - - - - oo ccceo oot 0 e KD o )
j)  Earth’sresources (renewable/nonrenewable, conservation, waste management)- - - - ----------- (& [ P
k)  Relationship of land management (e.g., pest control) to human use (e.g., farming) ------------- 0--0--0
) Supply and demand of fresh water resoUrces- - - - -« < oo e e oo Qe e

m) Explanation of phenomena on Earth based on position/movement of bodies in the
solar sytem and universe (e.g., day/night, tides, year, phases of the moon,
eclipses, seasons, appearance of sun, moon, planets, and constellations) - --------------ooo--- Qe I o

n)  Physical features of Earth compared with the moon and other planets
(e.g., atmosphere, temperature, water, distance from sun, period of revolution/rotation,
ability to sUPPOIt life)- « - - == o m e e e e e il Q--0--0
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[ Computers in the TIMSS Class

21

A.Do students in the <TIMSS class> have
computer(s) available to use during their
science lessons?

Fillin onecircleonfy--------ccmeeeanoaaan. O---0

if No, please go to question 23 q

B. Do any of the computer(s) have access to the
Internet?

Fillinonecircleonfy----------eeveeennn 0---0

22
In teaching science to the <TIMSS class>, how
often do you have students use a computer for
the following activities?

Fiflin one circle foreach row

Never
Some lessons
About half the lessons
Every or almost every lesson

a) Do scientific procedures
or experiments - ---------- e O = = rmnl)

b)  Study natural
phenomena through

simulations - - == ---------- Qe OO
c) Practice skills

and procedures ---------- Qe () = = Qs
d) Lookupideas

and information ---------- s O 2 2 Troncdd)
e) Processand

analyzedata - ------------ O--0--0---0
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Bl Homework

23

24

25

Do you assign science homework to the <TIMSS
class>?

No
Fillinonecircleonly-- - -—- - - -

if No, please go to question 28

How often do you usually assign science
homework to the <TIMSS class>?

Fillin one circle only

Every or almost every [@5son - - -« -« - -oommoonne D
About half the lessons - - - - - -cocemomaaaon ®)
T T =0 37 - @)

When you assign science homework to the
<TIMSS class>, about how many minutes do you
usually assign? (Consider the time it would take
an average student in your class.)

Fillin one circle only

Fewer than 13 Mifiiegeessmsssnmmmms samws s O
1 B BOTHIHIGE v somms s msimsmmmmimms oo womimmonn O
37-60 MINULES = == mwm e e O
61-90 MINUEES -~ - == wmmmmmmme oo ®)
More than 90 minutes ------------ccmmmman- @)

26

27
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|
How often do you assign the following kinds of
science homework to the <TIMSS class>?

Fillin one circle foreach row

Never or almost never
Sometimes
Always or almost always

a) Deing problem/question sets ---- O -- O---O
b) Finding one or more applications

of the content covered-------.-- [ )
c) Reading from a textbook or

supplementary materials- - ------ Q--0---0
d) Writing definitions or other

short writing assignments - - - - - - - Q--0---0
e)  Working on projects ----------- £ wlliesn T
f)  Working on small investigations

or gathering data - - ------------ Q--0---0
g) Preparing reports - ------------- Ceni Jomed
|

How often do you do the following with the
science homework assignments for the students
in the <TIMSS class>?
Fill in one circle for each row
Never or almost never
Sometimes
Always or almost always

a)  Monitor whether or not the

homework was completed ------ 0 --0---0
b)  Correct assignments and then

give feedback to students - -- - - -- Q--0---0
c) Have students correct their own

homework in class - - ----------- Q--0---0
d) Usethe homework as a basis

for class discussion - - - - - - - - - - -- [ -
e) Usethe homework to contribute

towards students’grades

OF Marks - =-=--emeemanacmenan Q--0---0



- Assessment

28

29

How much emphasis do you place on the
following sources to monitor students’ progress
in science?

Fill in one circle for each row

No emphasis
Little emphasis
Some emphasis
Major emphasis

Classroom tests
(for example, teacher made
or textbook tests)

National or regional
achievement tests

Your professional
judgement

How often do you give a science test or
examination to the <TIMSS class>?

Fillin one circle only

About once aweek - - - - - - - - - - oo oo O
About every two weeks - - -------- oo oooooo ®)
About once amonth------- - ooooooo oo ®)
Afew timesa year-----«--eemeoemomamaaaan @)
L O

If Never, you have completed the questionnaire ‘

Thank You

g ]

31
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What item formats do you typically use in your
science tests or examinations?

Fill in one circle only

Only constructed-response - - - - ---------------- ®)
Mostly constructed-response- - - - - - === ----wnmon O
About half constructed-response

and half objective

(e.g., multiple-choice)- - - - - - oo oocooooiiis @)
Mostly objective - - - - - oo oo @)
Only objective- -« - oo oooao oo O

How often do you include the following types of
questions in your science tests or examinations?

Fillin one circle for each row
Never or almost never
Sometimes
Always or almost always

Questions based on knowing
facts and concepts

Questions based on the
application of knowledge and
understanding

Questions involving developing
hypotheses and designing
scientific investigations

Questions requiring explanations
or justifications

for completing
this questionnaire



Appendix C
Identification of Inquiry-Based and Didactic Science Instruction Questionnaire
Dear Participant,

My name is Lynn Martin and | am a doctoral candidate at Indiana University of
Pennsylvania. As a requirement for completion of my doctorate degree, | am working on
a dissertation entitled “Relationship Between Teacher Preparedness and Inquiry-Based
Instructional Practices to Students’ Science Achievement: Evidence from TIMSS 2007".

The purpose of this quantitative study will be to gain a greater understanding of
science teachers’ preparedness to teach science content and their instructional
practices. This study will examine the relationship between science teachers’
preparedness to teach specific science content and their instructional practices in the
science classroom to the science achievement of eighth grade science students in the
United States as demonstrated by the Third International Mathematics and Science
Study 2007 (TIMSS 2007).

As part of this study, | will be using the teacher questionnaire section of the
TIMSS 2007. Sections of the questionnaire ask the TIMSS teacher population to
respond to questions regarding instructional methods. | will be identifying questions that
indicate the use of inquiry-based instruction and traditional instruction.

For the purpose of inter-rater reliability, | am asking you to complete the following
survey. You are eligible to participate in this study because you are a secondary
science teacher with teaching experience. | am asking you to identify
guestions/statements as either inquiry-based or traditional. | would be very grateful if
you could take a few minutes to respond to this survey and return it to me by September
21, 20009.

The Indiana University of Pennsylvania supports the practice of protection for
human subjects participating in research. There are no known risks associated with this
research. Your participation is voluntary. Your name will not be associated with any
results and your response will be coded to ensure anonymity. All of your responses will
be kept confidential. There is no penalty for not participating.

All of your responses on the survey will be kept confidential. No one, except my
faculty sponsor, Dr. George Bieger, and me will have access to the data. All data will be
kept in a locked file cabinet in my home office for at least three years in compliance with

federal regulations. When analyzing and presenting the data, all data will be coded and
participants will be identified with a pseudonym in order to protect your anonymity.

Please accept my sincere thank you in advance for your cooperation in this
study.
Sincerely,

Lynn A. Martin
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Definition of Terms

Inquiry-based Instruction - Since the National Science
Education Standards (NSES)is at the center of U.S.
education improvement, it is well to consider its
definition of inquiry-based instruction for this st
Inquiry-base instruction engages students in making
observations; posing questions; reviewing what is a
known in regards to experimental evidence; using to
gather, analyze, and interpret data; proposing answ
explanations, and predictions; communicating the re
identifying assumptions; using critical and logical
thinking; and considering alternative explanations;
processing information, communicating with groups,
student actions, facilitating student thinking, mod

the learning process, and providing flexible use of
materials. (National Research Council (NRC), 1996 p

Didactic Instruction - Didactic instruction traditionally
has been conceptualized as the transmission of fact
students, who are seen as passive receptors. This
instruction typically uses lecture format and instr

entire class as a unit. Knowledge is presented as

where students’ prior experiences are not seen as
important. Moreover, instruction does not provide

with opportunities to experiment with different met

solve problems, but primarily uses a drill and prac

format with a foundation on textbooks.

science
udy:
Iready
ols to

ers,
sults;

coaching
eling

. 23)

s to

ucts the
fact

students
hods to
tice

Directions: Please identify the following as either inquiry-based instruction,
didactic instruction, both, or neither by placing an X in the corresponding box.

| Inquiry- | Didactic

Both | Neither |
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Based

Textbooks are used as the
primary basis for lessons.

Textbooks in are used as a
supplementary resource for lessons.

Students listen to lecture-style
presentations.

Students working on problems with
teacher guidance.

Students working on problems on
their own without teacher guidance.

Listening to the teacher re-teach
and clarify content/procedures.

Students taking tests or quizzes.

Students participating in classroom
management tasks not related to the
lesson’s content/purpose

Students observe natural phenomena
and describe what they see.

Students watch the teacher
demonstrate an experiment or
investigation.

Students design or plan experiments
or investigations.

Students work together in small
groups on experiments or
investigations.

Students conduct experiments or
investigations.

Students read their textbooks or other
resource materials.

Students memorize facts and
principles.

Students use scientific formulae and
laws to solve routine problems.

Students give explanations about
something they are studying.

Students relate what they are
learning in science to their daily lives.

Using the computer to do scientific
procedures or experiments.

Using the computer to study natural
phenomena through simulations.

Using the computer to practice skills
and procedures.
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Using the computer to process and
analyze data.

Completing homework assignments
that require students to do
problem/question sets.

Completing homework assignments
that require students to find one or
more applications of the content

Completing homework assignments
that require students to read from a
textbook or supplementary materials.

Completing homework assignments
that require students to work on small
investigations or gathering data.

Completing homework assignments
that require students to prepare
reports.

On science tests or examinations
guestions are based on knowing facts
and concepts.

Completing homework assignments
that require students to write the
definitions or other short writing
assignments.

Completing homework assignments
that require students to work on
projects.

On science tests or examinations
guestions are based on the
application of knowledge and
understanding.

On science tests or examinations
guestions involve developing
hypotheses and designing scientific
investigations.

On science tests or examinations
guestions require explanations or
justifications.

The End
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