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INQUIRY, EFFICACY, AND SCIENCE EDUCATION

By

HEATHER CHRISTA SCOTT

(Under the direction of Missy Bennett)

ABSTRACT

Developing learners who are equipped to think critically about the vast
information circulating around them is essential in their preparation for a role in society
today. The use of effective inquiry-based instruction is not a widespread practice
among K-12 classrooms. Many secondary and post-secondary science instructors see
the valuable link between students asking questions and the development of critical
thinking. Inquiry-based instruction provides student opportunities to ask questions,
design methods of investigation, gather information, and finally reach conclusions based
on evidence. However, this instruction style is rarely used in the classroom, particularly
in elementary classrooms. This study examines the relationships between inquiry-
based instruction, science content knowledge and self-efficacy among pre-service

elementary teachers.

Using a mixed method (Quan. /qual.) study, the researcher examined two
Life/Earth science classes of elementary pre-service teachers using inquiry-based and
traditional instruction. Each class completed pre-assessment instruments to measure

initial content knowledge, self-efficacy in science teaching, and the number of prior



science courses. The first eight weeks of the semester during life science content, one
class received inquiry-based instruction, while the other class received traditional
instruction. At the midpoint of the semester, each class completed a posttest for life
science content and a self-efficacy instrument modified to address efficacy in life
science. Following this, a crossover method occurred for the remaining eight weeks of
the semester during earth science content. The class that previously received inquiry
instruction now received traditional instruction and the class that previously received
traditional instruction, now received inquiry instruction. At the end of the semester, each
class completed a posttest for earth science content and a self-efficacy instrument
modified to address efficacy in earth science. ANCOVA, correlations, and independent
t-tests were used to analyze the quantitative data. Focus group interviews of volunteers
from each class were used to gather qualitative data on what pre-service teachers think

about inquiry versus traditional instruction.

The results showed a significant difference in life science content between
inquiry-based and traditional instruction. There was no significant difference between
earth science content, efficacy or expected teaching outcome in life or earth science.
Correlation results show a significant relationship between prior courses and life science
content, and between the Post Life Content and Post Earth Content scores. The Post
Life Efficacy subscale was also statistically related to the Life Outcome subscale and

the Earth Efficacy subscale.

INDEX WORDS: Efficacy, Inquiry, Pre-service teacher, Science, Teacher Education,
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CHAPTER 1

INTRODUCTION

Developing critical thinkers that are equipped to gather information, analyze it
and make decisions for themselves and their roles in society is an important part of
education today (Ornstein, 2006). Although many researchers and some teachers have
demonstrated the effectiveness of using an inquiry-based approach to science
education, this is not a widespread practice among K-12 classrooms. Can inquiry-
based instruction in science increase efficacy and content knowledge through the

development of critical thinking in pre-service teachers?

The value of a student-centered classroom benefits many people associated with
the educational experience. Teachers find that a student-centered classroom is not
only more engaging for the students, but also for themselves. As students become
more engaged in the learning process their attitudes improve and the classroom
atmosphere brightens. It is also gratifying to watch students begin making connections
and scaffolding their own knowledge. The teachers have opportunities to take
ownership of their classrooms once again, when developing their own lesson plans and
their creativity heightens. Teachers are professionals, although the current public view
of teachers rarely treats them as such. In 2010, Nelson, Palonsky and McCarthy
addressed contemporary schools as places where teachers are expected to accomplish
something more than force-feeding students memorized materials; instead they should
expect education and critical thinking. However, these same authors also concede that

“in schools remain strong efforts to censor and restrain educators in performance of
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their profession” (Nelson, Palonsky, & McCarthy, 2010 p. 403). Where is the balance?

When schools resort to following canned lessons that keep everyone on the same page
on the same day, teachers also miss out. Anyone can fill the role of following a canned
lesson that someone else developed. How would a teacher find job satisfaction in

always being the follower in their own classroom?

Society benefits from student-centered classrooms, as creativity and motivation
infiltrate the population as these students graduate and then move into the next phase
of their lives. Inquiry-based instruction, which is student-centered, provides
opportunities for students to also further their critical thinking skills. The value of
teaching people to think critically should be apparent in the independence that can arise
in a population. These people become contributing members of a society, being able to
take information and discern its value for their future (Brown et.al., 2006; DiPasquale,

Mason, & Kolkhorst, 2003; Janners, 1988; McComas, 2005).

Finally, the students themselves benefit from a student-centered classroom. As
previously mentioned the first noticeable impact for students is the level of engagement
that changes when students are no longer being dragged along a passive educational
road, while someone feeds them knowledge. Their interest in the subject matter
increases and spills over into other areas as well. In addition, their ability to think and
interact with knowledge changes dramatically. Following the ideas of Bandura’s Social
Learning Theory (1977), students who have successful experiences in school and in the
learning process, are more likely to seek additional similar experiences. Even having
intermittent failures, strengthens their resolution to seek alternative paths for success.

Sadly, that process is rarely evident in most schools today.
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As a teacher educator, | have opportunities to be in a variety of classrooms
differing in both content and grade level for pre-service teacher observations. The
apathy that pervades most classrooms today is very discouraging. Student teachers
work hard to develop engaging, high level units with multiple teaching strategies that
utilize inquiry. When they reach the classrooms however, they are often met with an
unexpected battle. The classroom teacher is worried about deviating too far from the
prescribed plan of direct instruction. They are required to satisfy some quotient of
material by “T-Day” or Test day. Using a different teaching approach may vary that
schedule, and they find that scary! The control over their job is certainly not theirs,
deciding the depth and presentation method from the perspective of a highly qualified
individual is gone. Instead, they encourage our students, the pre-service teachers, to
stick to direct instruction; we lovingly refer to it as Death by Power Point. Most often
what occurs is the student teaching unit is permitted only after all testing for the year is
complete. This sends the signal to both the pre-service teacher and the students that

the upcoming unit is extraneous.

The students are so exhausted with the rigor of instruction that is focused on the
upcoming test that they have lost any desire to learn and be an active participant in the
process. Interestingly, “multiple-choice questions are an unnatural problem-solving
format incongruous with solving real-life problems. Rarely are life’s dilemmas
delineated by four answers, one of which is guaranteed to be correct” (Nelson, Palonsky
& McCarthy, 2010, p. 336). It is not surprising that the resistance to change also is

heard from the students. They have become lazy learners. It is easy to show up to
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class with no materials required, endure a lesson and leave, again —no homework

required. They certainly have mastered achieving the goal set forth for them!

However, the excitement of discovery and seeking knowledge doesn’t have to be
as extinct as some fossilized remains, pushed to the back of a dusty shelf. There are
some teachers who have decided that their gift is teaching, and teaching is what they
were meant to do. They are no longer standing aside and waiting for someone else to
tell them how to teach. Instead, they are using their own creativity and intelligence to
catch the flame of excitement in their students. One of the ways they are doing this is

through inquiry.

The history of inquiry in scientific discovery is absolutely fascinating when you
see the way in which our knowledge base has multiplied exponentially. Science is a
process that builds upon prior knowledge and continuously seeks new branches. Often
the paths chosen do not lead to expected discoveries, but in fact completely unexpected
outcomes. Many say serendipity and science go hand in hand. Take for example some
of the top scientific discoveries of all time. Penicillin is attributed to Fleming, who in
1928 noticed a mold growing in his culture plate of Staphylococcus (Wennergren &
Lagercrantz, 2007). The clear ring around the mold demonstrated inhibited bacterial
growth. Even the development of saccharin, by Falhberg, was due to lack of good lab
practice when he failed to wash his hands and tasted a sweet substance on the bread
he was eating (de la Pena, 2010). However, these incredible scientific discoveries
where not blind luck, but the scientists working with them had the imagination to foresee
the real discovery within the accident! These demonstrations of science in action as a

process make science real for students. In addition, by situating students in positions
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where they see themselves in a discovery role, their interest and confidence in their
ability to do science improves. Teachers can only make this happen when they also are

confident in their ability to teach science.
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CHAPTER 2

REVIEW OF RESEARCH AND RELATED LITERATURE

Introduction

Elementary science tends to focus on the processes of science and less on the
specific content while secondary science focuses more on content knowledge and less
on the process (Haefner & Zembal-Saul, 2004). However, Chiappetta (1997)
encourages all science teachers to view science as inquiry, which is more of an ongoing
process and an overall mindset with students in an active learning role, rather than to
teach science by inquiry which views science as isolated events in the course of the day
or “risks sending the message that science is simply a body of knowledge to be learned,
while inquiry-based instruction potentially offers significant advantages for science
education, by modeling scientific inquiry” (Cobern et al., 2010, p. 93). Developing
students that are comfortable with science as inquiry produces critical thinking skills that

carryover into all aspects of life (Brand & Moore, 2011).

History of Inquiry

John Dewey had a vision for educational change. His view of the traditional
classroom limited children when the laboratory, the materials, and the tools for
construction or creation, and space were lacking (Dewey, 2001). He saw the learning in
traditional schools confined to “the acquisition of what is already incorporated in books

and in the heads of the elders” (Dewey, 1938, p. 19). Instead Dewey envisioned a
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school where students had opportunities to ask questions and seek knowledge, which

would foster ownership in the learning process.

“There is, | think, no point in the philosophy of progressive education which is
sounder than its emphasis upon the importance of the participation of the learner
in the formation of the purposes which direct his activities in the learning process,
just as there is no defect in traditional education greater than its failure to secure
the active co-operation of the pupil in construction of the purposes involved in his

studying” (Dewey, 1938, p. 67).

In the late 1950s and early 1960s, the term inquiry became more widely used and
studied as a popular and valid element in science education. In fact James Rutherford
stated that the science teaching profession held the consensus that “science should be
taught as a process rather than as content” (Chiappetta, 1997, p. 23). Science as a
process involves the use of a variety of methods referred to as the science process
skills, to seek answers. These methods such as inference, prediction, observation,
measurement, etc. can be used to prove or disprove a hypothesis. In Rutherford’s
case, his hypothesis regarding the structure of the atom, was disproved, however, even
disproving a hypothesis is a valuable part of the learning process if you can explain why
this occurred. It leads to different paths of exploration that builds on the prior
knowledge.

Rheinberger refers to the epistemic object of science as the thing that catches our
interest, leading to further exploration of the unknown. “A research experiment is a
device to bring forth something unknown — in fact, something which does not even exist

in the form in which it is going to be produced” (Rheinberger, 1992, p.391). In
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constructing the framework of an experiment, the reshaping of an assumption forms the
activity itself. Furthermore, where some expectations may lead to a dead end, as many
times in science, the roadblock shifts the study focus (Rheinberger, 1992).

In addition, there are others that have claimed the value of stepping out from the
linear scientific method. Kuhn recognizes that the anomalies of science actually create
the pivotal moments in science that lead to a significant jump in our understanding and
knowledge (Weaver, 2005). Paul Feyerabend (1978) conducts an extensive exploration
of the understanding of scientific practice as opposed to scientific method. His
interpretation of Galileo’s success and persistence of the telescope is more a result of
trial and error through experience than through the mathematical theory. This use of
inquiry and acquisition of scientific knowledge is very interesting when we reflect on the
historical acclaim for Galileo regarding astronomical discoveries, particularly when we
note that his telescope was first developed and tested through the use of “terrestrial
vision” (Feyerabend, 1978, p.107). Clearly, the linear, stepwise approach of the
scientific method was less significant in the discovery of our modern telescope than

simply the result of serendipity.

As well, Rheinberger (1992) sees an experimental system as “the smallest
functional unit of research, designed to give answers to questions which we are not yet
able to clearly speak” (p. 309). It is this experimental system that pre-service teachers
need to experience personally, to gain their own understanding of the inquiry process.
As products of an educational system that has told them what to know, rarely do they

realize the process of acquiring knowledge and value of experiencing roadblocks in the
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quest for knowledge. Using inquiry encourages pre-service teachers to design methods

for answering questions, which sometimes leads to more questions.

Another interesting way to think about scientific inquiry is that once one result is
realized, it is hard to ever go back and describe the unknown without referring to the
newly found knowledge. “How, above all, does one recapture the sense of a maze with
no way out, the incessant quest for a solution, without referring to what later proved to
be the solution in all its dazzling obviousness” (Rheinberger, 1992, p. 321). Pinar
(2004) also refers to this view in curriculum inquiry and research, “wherein destinations

are not necessarily known in advance” (p. 29).

Inquiry Today

There are a variety of challenges that arise from incorporating scientific inquiry in
the classroom. Teachers that begin implementing scientific inquiry state two primary
concerns: 1) how to appropriately assess students’ learning outcomes following the use
of inquiry, and 2) developing sufficient breadth of personal knowledge to handle student
led instruction (Brand & Moore, 2011; Britzman, 1991; Buck et al., 2007). Since most
university elementary education programs provide little content knowledge in science,
having students in a position to question outside of a known body of knowledge can be
very disconcerting. In order for these teachers to achieve success with the use of
inquiry, they need to increase their scientific knowledge as part of their teacher
education programs or later through professional development experiences (Brand &

Moore, 2011; Buczynski & Hansen, 2010).
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In addition, some argue that to carry out inquiry-based instruction is too time-
consuming (Brand & Moore, 2011). The mandates placed upon schools and teachers
today require strict adherence to a method that prepares students to consume
quantities of information that can be retrieved at a later date and at a superficial level,
such as for use in an end of course test. However, using an inquiry approach can
provide variation in instruction and assessment. As Nelson, Palonsky and McCarthy
(2010) state, “Parents should not worry about a teacher who does not rely on
standardized tests; they should worry more about teachers who believe standardized
tests measure the ways in which a child’s mind works” (p. 343). This method of
instruction rarely stretches students to develop higher order thinking skills beyond basic
knowledge and comprehension (Buck, McIntyre Latta, Leslie-Pelecky, 2007; Lord, T. &

Orkwiszewski, 2006).

Other teachers argue that the time consuming part of inquiry comes from the
process of having students ask questions and design experimental outcomes that can
answer these questions. Many times, this reason alone would cause teachers to avoid
inquiry by staying in their comfort zone. Their students may ask questions that the
teacher is not equipped to answer immediately. Rather than seizing that as a teachable
moment, they panic (Britzman, 1991; Pratt, 2007; Smith, 2007). Teachers in any
content area may feel ill at ease with the notion that details for lesson preparation are
yet to be determined. The teacher feels that s/he should have all of the answers
outlined in a detailed plan. Leaving room for student predictions, questions or
exploration removes a lot of teacher control and steers the classroom toward a more

student-driven perspective.
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In order for students to view themselves in the role of a scientist, they need to
have their own experiences to ask questions and seek answers. Part of that process is
deciding the method to best answer such questions, and that method may not be the
same for each class or even each student. McComas (2005) states that, “Too
frequently the school laboratory is far removed from the recommendations of
constructivist teaching and is at odds with the way scientists themselves investigate
problems” (24-25). Students view science as a body of knowledge that someone else
discovered, rather than learning the process of asking questions and seeking answers
for themselves, activities that naturally occur along the continuum of inquiry learning

(Janners, 1988; Milner, Templin, & Czerniak, 2011; Tretter & Jones, 2003).

Although secondary and post-secondary science instructors more easily see the
valuable link between students asking questions and developing critical thinking, it is
still rarely utilized in the classroom; even less so in the elementary classroom.
Elementary teachers are placed in a crucial position to develop inquiry practice in
students’ early educational experience. However, how are teachers adequately
prepared to teach in this way? The responsibility falls to the teacher educator

programs.

Allowing pre-service teachers to experience learning science through an inquiry-
based approach builds their self-confidence to teach in future classrooms utilizing these
practices. Researchers such as Sanger (2006) found that when elementary teachers
were taught chemistry content utilizing an inquiry approach, they learned chemistry
content at least as well as a traditional approach and in some situations could actually

explain it better. Likewise, Smith (2007) found that, “Creating learning environments
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that support and encourage reasoning and students’ dispositions and abilities to do
mathematics and science requires educating teachers in similar environments” (563-
564). Learning science content in a way that increases science content knowledge is
valuable, but learning science content in a way that increases the ability for pre-service

teachers to teach science content is even more valuable.

Studying relationships between science and other areas such as technology,
politics, and medicine, makes people aware of changes in society. Intellectual curiosity
allows individuals to educate themselves on a topic and make decisions that will impact
their own lives and perhaps the lives of others. Now we see science education
changing into something more real, an interconnected opportunity to observe the world
around us — how it works and why, while also asking questions and recognizing the

impact that each discovery can make.

Future of Inquiry

When relationships between science and other areas demonstrate science as a
process, this method of thinking will become transferrable to other areas by developing
critical thinking in other facets of life. In many if not most schools, we will continue to
face the challenge of making learning real for all students. Not just focusing on the elite
or advanced, the special education or the regular education, but ALL students and
helping them discover their interests and curiosities. Also, since science education is
confined to the same restraints that are guiding the direction of learning for all content
areas, the standardized test, educators must move beyond teaching to the test, but

teaching for the sake of knowledge. When this occurs, students will no longer lose the
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opportunity to learn how to think from sheer memorization of facts. Pinar referred to this
phenomenon well when he stated, “Intelligence is made narrow, and thus undermined,
when it is reduced to answers to other people’s questions, when it is only a means to
achieve preordained goals” (Pinar, 2004, p. 29). Students need to begin asking their
own questions.

As the national school reform movement continues, inquiry will slowly be included
in school science programs, as many textbook companies have realized, and have
joined the pursuit by producing curriculum that boasts inquiry. The State of Georgia has
included science process skills as part of the Georgia Performance Standards for some
time as the Characteristics of Science. These characteristics are two-fold including the
Habits of Mind and the Nature of Science. Itis a goal of the Georgia Performance
Standards that Content, Habits of Mind, and Nature of Science be considered co-
requisites. “Science consists of a way of thinking and investigating, as well as a
growing body of knowledge about the natural world. To become literate in science,
therefore, students need to acquire an understanding of both the Characteristics of
Science and its Content. For each grade level, students should have opportunities
within science to develop the use of these science process skills” (GPS, 2004, Science:
K-5 Science, Para. 3).

The National Science Teachers’ Association provides a position statement
regarding scientific inquiry. They state “scientific inquiry is a powerful way of
understanding science content. Students learn how to ask questions and use evidence
to answer them” (NSTA Website, 2012). Not only will elementary students develop

greater understanding of science when learning this way, but when pre-service teachers
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gain content through personal experience with inquiry, it will also build confidence in
their ability to teach this way.
Summary

Helping pre-service teachers reach a point where their science content
knowledge and their self-efficacy to teach science is strong enough to utilize a variety of
instructional practices in the classroom should really be at the core of teacher educator
programs. The process for developing effective science teachers in elementary
classrooms means bringing their content knowledge to a level of expertise suitable for
teaching. Self-efficacy and attitudes towards science content are critical components of

effective, confident teaching.

College courses that follow an inquiry approach to science have found that
students have a better attitude about science and they are better equipped with critical
thinking skills than when they receive other instruction (Lord & Orkwiszewski, 2006;
Ornstein, 2006; Sanger, 2006; Tessier, 2010). Science majors or non-science majors at
the post-secondary level have demonstrated benefits of receiving instruction through
inquiry methods of instruction. A study conducted by Sanger (2006), involved chemistry
content taught to education majors through inquiry-based instruction and taught to
students in general chemistry through a traditional direct instruction method. The
results of content knowledge at the end of each course suggests that use of inquiry-
based instruction helped students learn chemistry content at least as well as traditional
methods, and in some instances better. More of this type of instruction should be seen
in our universities, and when teacher education programs diligently utilize inquiry in

teacher education, the process of inquiry will be seen in our schools.
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In addition, attitude and efficacy are correlated with inquiry instruction. In studies
where inquiry has been utilized as the primary instructional method, student confidence
increased (Lord & Orkwiszewski, 2006; Ornstein, 2006; Sanger, 2006; Tessier, 2010).
For science methods instructors, pre-service teacher attitudes and confidence in the
subject matter greatly enhances the students’ abilities to convey information through
instruction. There is a vast difference in an individual being able to answer objective
questions over science content and the ability to explain in vivid detail how or why a
process occurs. This is the type of instruction that pre-service teachers need in order to

be comfortable in their own inquiry-based classrooms.

Theoretical Framework

Bandura’s Theory of Social Learning (Bandura, 1977, Bleicher, 2004;) provides a
theoretical framework that is helpful when considering a pre-service teacher’s self-
efficacy for teaching science. Bleicher (2004) refers to Bandura’s theory, “People are
motivated to perform an action if they believe the action will have a favorable result and
that they are confident that they can perform that action successfully” (p. 384). In
addition, Bandura (1977) discusses persistence in activities that feel threatening but are
performed through relatively safe procedures, produce mastery and increase self-
efficacy for the individual. Therefore, the goal of science education for pre-service
elementary teachers is to not just enhance their content learning to a level that will allow
them to pass an exam, but to establish a knowledge base for being an effective teacher.
Taking pre-service teachers to the point of mastery, with content that has previously

been perceived as threatening, strengthens these future teachers’ ability to teach
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science. Therefore, to look for a relationship among instructional method, content

knowledge and science teaching self-efficacy is valuable for teacher education.
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Table 1 illustrates the major studies conducted regarding the relationship among inquiry, content knowledge, and

efficacy.

Table 1

Major Studies Regarding the Relationships between Inquiry-based Instruction and Content Knowledge as well as
Attitudes towards Science

STUDY SAMPLE LOCATION OUTCOMES
Bleicher, R.E. (2004) | 290 pre-service elementary | California State | A factor analysis established that the two subscales
Revisiting STEBI-B teachers at the beginning of | University Personal Science Teaching Efficacy Belief (PSTE) and

science methods courses.

Channel Islands

Science Teaching Outcome Expectancy (STOE) where
homogenous. Two items exhibited cross-loading and
were modified and re-administered. Revised items
loaded more clearly and item-total correlations were
stronger. Comparison of means with # of science
courses taken had significant associations.

Lord & Orkwiszewski
(2006),

Science Attitude
Survey, and an
Integrated Processing
Skills test, as a pre
and posttest
assessment.

100 College students
enrolled in a biology class
for non-majors

Indiana

T-test used to compare averages between control and
experimental groups of attitudes towards science. (*Note:
2008 refutes reliability/validity of SAI-Il). The pre/posttest
assessment using the Science Attitude Survey and the
Integrated Processing Skills test revealed the
experimental group to have a better attitude about
science, and that they are better equipped to think
through science problems, than the control group

Milner, Templin &
Czerniak (2011)

67 students in four 5™ grade
classes

Rural Midwest

Causal comparative study to describe the influence of
constructivist factors on student motivation and learning in
a regular classroom (behaviorist), classroom/laboratory
(cognitivist), or laboratory (constructivist) as it moves
students along the inquiry continuum. Students
expressed value in each learning environment.

Ornstein, A. (2006)

21 pairs of classes, (705
sixth-twelfth grade
students); classrooms with

California,
Connecticut,
Florida, New

Analyzed level of classroom inquiry and student attitudes.
Initially student attitudes decreased in classrooms with
more inquiry present; however individual samples showed




hands-on laboratory

York, Texas, &

a stronger significance. The researchers identified

activities and classrooms Vermont) several issues with this study, namely consistency with
without hands-on laboratory the level of hands-on instruction and student
activities and measuring interpretation of quantity.
student attitudes
Sanger, M. (2006) 16 elementary teaching Middle Results from study suggest that use of inquiry-based

majors enrolled in a
physical science inquiry-
based course (one-
semester). Content
knowledge was compared
to students in gen.
chemistry. Views of
teaching were compared to
secondary science teaching
majors enrolled in methods
course.

Tennessee State

instruction helped students learn chemistry content at
least as well as traditional methods. Also use of real-
world applications improved interest and confidence in
teaching science.

When interest and confidence in teaching science go up,
it is tied to their content knowledge.

Results suggest that the use of inquiry based instructional
materials improves the elementary teaching majors’
conceptions regarding the nature of science, and
improves their interest, enthusiasm and confidence in
teaching science concepts to future students.

Smith, B. (2007) Secondary Math and City College Methods students explored a problem using integrated
Science combined methods | New York and following an inquiry-based format. A content expert
classes, spent 4 weeks (geologist, etc.) was utilized to help them solve the
exploring inquiry-based problem. Content knowledge and depth of lesson
lessons with an preparation increased following this instructional method.
interdisciplinary approach.

Tessier, J. (2010) General biology course for | Central Pre/Post semester surveys to investigate student
pre-service elementary Connecticut attitudes about biology, science in general, and teaching

teachers (n=52, traditional
and n=57, inquiry). Course
met 2x for 50 min. lecture,
and 1x for 2 hr. lab/week.

State University

science; past experiences with elementary science, what
they felt was the best way to learn science, and
enjoyment of the course, and whether or not they would
use the exercises from the lab in their own classrooms.
Results indicate a significant increase in students from
the inquiry-based class would use exercises from the lab
in their future classrooms. A significantly higher number
of students indicated that experiments were the best way
to learn science, in the inquiry-based class.




CHAPTER 3

METHOD

Introduction

Effective use of inquiry-based instruction is a glaring weakness in science
education for today’s schools. Although many researchers understand the value of
inquiry in our quest for knowledge as a society, and even the value of inquiry to develop
critical thinking in the youth of today, the use of inquiry-based instruction remains
absent in our educational system. Since elementary school is a primary time to develop
the basic skills for science as a process, this should be the focus of teacher education
programs; to strengthen the confidence in pre-service elementary teachers to accept
the challenge to bring inquiry-based instruction into the classroom (Brand & Moore,
2011; Haefner & Zembal-Saul, 2004; Pratt, 2007; Sanger, 2006; ,Smith, 2007; &

Tessier, 2010).

Statement of the Problem

The use of inquiry-based instruction in developing student content knowledge
and critical thinking skills has seen a push by researchers and the National Science
Teachers Association (NSTA, 2012) in recent years. However, teachers are reluctant to
incorporate inquiry into their classrooms because of the lack of familiarity with the
process. Elementary teachers in particular have a lack of confidence in teaching
science on many levels, and using inquiry feels very uncontrolled and uncomfortable. In
order for pre-service teachers to gain confidence in using new methods of instruction in

their future classrooms, they need to have opportunities to learn through experiencing
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the same processes that they will use for instruction in the future and reflecting on the
personal experiences gained through such. By measuring the increase in content
knowledge gained through two opposing methods of instruction and assessing pre-
service teacher efficacy for the content knowledge as well as the potential for future
classroom use, it was possible to determine the effect of inquiry-based and traditional

instruction on elementary pre-service teachers (Sanger, 2006).

Significance of the Study

The use of inquiry-based instruction has gradually gained ground in K-12
classrooms and the post-secondary arena. There are studies that have looked at the
use of inquiry to increase content knowledge and there are studies that have looked at
attitudes towards science with inquiry instruction (Ornstein, 2006; Sanger, 2006;
Tessier, 2010). However, a gap exists with the use of inquiry instruction for pre-service
elementary teachers and its impact on content knowledge and self-efficacy for teaching

science.

It is important to realize the need for pre-service teacher science content to
increase. During a university program of study, education majors completing science
courses receive content in the method most often utilized in universities, which is direct
instruction. Thus far, we have failed to see a successful carryover of science content
into the elementary classroom with this traditional method. The Board of Regents of the
University System of Georgia (2009) has mandated two additional science content

classes for elementary majors to cover life, earth and physical science. However,
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without altering the pedagogy, why would we see a significant change in the way that

these future teachers teach science in their classrooms or retain content knowledge?

The culture in K-5 classrooms today does not embrace the use of inquiry-based
instruction. Pre-service teachers do not have opportunities to build on their working
knowledge of inquiry instruction, which leads to decreased efficacy in the classroom.
When pre-service teachers have opportunities to learn in an immersed environment
where inquiry instruction is carefully scaffolded and modeled, they are more likely to
have the confidence to teach in such a way in the future. This enables them to carefully
build their skills to work comfortably within the framework of inquiry (Brand & Moore,
2011; Haefner & Zembal-Saul, 2004; Pratt, 2007; Sanger, 2006; Smith, 2007; & Tessier,

2010).

For this researcher, science content classes for early childhood education majors
were a predominant part of her teaching requirement. More importantly, it was her
responsibility to ensure the confidence and ability to teach science for future
generations of students from these pre-service teachers. This study helped to discern
the best approach that both increases science content knowledge and self-efficacy for

teaching science in pre-service teachers.

Research Questions

The purpose of this study was to determine what relationships exist between
inquiry-based instruction, science content knowledge and self-efficacy in pre-service
elementary teachers.

The following research sub-questions guided this study:
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1. What is the effectiveness of inquiry-based instruction versus traditional
methods of instruction in increasing life science and earth science content
knowledge for elementary pre-service teachers?

2. What is the effect of inquiry-based versus traditional instruction on self-
efficacy for teaching science in elementary pre-service teachers?

3. What is the relationship between the number of prior science content
courses, content knowledge, instructional method, and self-efficacy for
teaching science in elementary pre-service teachers?

4. What do pre-service teachers think of inquiry-based versus traditional

instructional methods?
Research Design

The purpose of this mixed methods (Quan./Qual.) approach was to analyze the
relationship between instructional method and content knowledge in two life/earth
science courses for early childhood majors in a major university in Georgia. In addition,
a self-efficacy instrument was utilized to determine how instructional methods affect pre-

service teacher science teaching efficacy or confidence to teach science.
Population

For the quantitative and qualitative data collection for this study, the population
for this study was pre-service early childhood education majors. In order to address the
current gap in empirical literature by identifying the relationship of instructional method
with change in content knowledge and self-efficacy for teaching science, it was

necessary for pre-service elementary teachers to be used as the population.
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Sample and Sampling

Purposeful sampling was used for this study, with the Integrated Science (ISCI)
2001, Life/Earth Science specifically designated as the course to explore this study.
Two sections of this course were used in the study. Each course had 30 students
enrolled. As this course was required for all early childhood majors, the students
enrolled were early childhood education majors. Two content areas, life science and
earth science, were utilized through the crossover design. Each content area had an
experimental and a control aspect, between the two course sections. The researcher
for the study was also the instructor for both sections of the course, and used the
inquiry-based and traditional instruction. She had 11 years of teaching experience, five
in secondary science education, and six in post-secondary science education. The
piloting of the study the prior semester allowed the instructor to gauge time needed for
setting up different labs and activities between the two courses. In addition, it allowed
an opportunity to develop guided inquiry techniques to allow students maximum student

centered opportunities.

Instruments

Following Institutional Review Board approval, the content knowledge was
measured using the final examinations for the course and administering it in a pre and
posttest format. The pretest was administered at the beginning of the semester with life
science and earth science questions. The test assessed understanding of basic
concepts in both life and earth science. It consisted of a total of 55 questions, mostly

free response or fill in the blank. The content validity of the examination was
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established using the Georgia Performance science standards (GPS, 2004) and the
Board of Regents of the University System of Georgia (2009) learning outcomes. See
Appendix B for the list of examination questions and their associated learning outcomes
or standards. The Georgia Performance Science standards (GPS, 2004) were used to
guide the curriculum for the Integrated Science (ISCI) courses across the state, as the
pre-service teachers move into field-based courses that require a standards-based
approach to instruction in the semesters following this course. By using the Georgia
Performance standards (GPS, 2004), the pre-service teachers gained familiarity with

the language and the content of the standards.

At the mid-point of the semester when students completed the life science
portion of the course, a life science posttest was administered. The life science posttest
included those questions that addressed life science content. The crossover of
methods occurred following the completion of life science. Students in the inquiry
section for life science had traditional instruction for earth science. Students in the
course with traditional instruction in life science had inquiry-based instruction for earth
science. Atthe end of the semester when students completed the earth science portion
of the course, a second posttest was administered. This earth science posttest included

those questions that address earth science content.

The Science Teacher Efficacy Belief Instrument — revised, referred to as the
STEBI-B, was a 23 item 5-point Likert instrument used to measure change in science
teacher efficacy. Students responded to each statement by indicating their agreement
ranging from Strongly Agree (5) to Strongly Disagree (1). Bleicher (2004) reviewed the

STEBI, from Enoch and Riggs (1990), to verify clear separation in the two subscales:
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Personal Science Teaching Efficacy (PSTE) and Science Teaching Outcome
Expectancy (STOE) and to confirm instrument score reliability and validity. The PSTE
subscale had 13 items. The STOE subscale had 10 items. Bleicher (2004) found the
internal validity of the two scales to be upheld following two minor wording revisions on
items 10 and 13 for clarification. For this study the revisions developed by Bleicher
(2004) were used. The word “some” to qualify the word “student” was removed from
each of these statements. Ten items on the STEBI-B were reverse-scored. The items

for reverse scoring were 3, 6, 8, 10, 13, 17, 19, 20, 21, and 23.

The STEBI-B was used as a pre-assessment. Study participants were asked to
complete this questionnaire at the beginning of the semester with the mindset of a
future teacher, with a focus on science in general. At the midpoint of the semester,
study participants were asked to take the STEBI-B again. The wording of the STEBI-B
referred to general science efficacy and science teaching outcome expectancy.
However, to focus participants’ attention on the perceived efficacy and teaching
outcome expectancy for life or earth science, the wording of items that referred to
general science were changed to reflect life science or earth science. For example, the
general science wording for question #1 read, “When a student does better than usual
in science, it is often because the teacher exerted a little extra effort.” The wording
modified for life science on question #1 read, “When a students does better than usual
in life science, it is often because the teacher exerted a little extra effort.” The midterm
survey following the life science portion of the course was modified to focus their
attention on life science. At the end of the semester, study participants were asked to

take the STEBI-B for a final time. The final survey was modified to focus their attention
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on earth science. See Appendix E for the general STEBI, Appendix | for the life STEBI,

and Appendix K for the earth STEBI.

Data Collection

Data were collected by obtaining permission from each student following
approval from the Institutional Review Board to use student pre and post test scores
from the ISCI course to measure change in content knowledge, and pre and post
efficacy surveys. All data collected were kept in strict confidence. For all IRB

documentation see Appendix A.

A pre-test was used at the beginning of the semester to gauge initial life and
earth science content knowledge. This test was subdivided into life science questions
to provide the life science pre-test score and earth science questions to provide the
earth science pre-test score. See Appendix C. Students were asked through the use of
a survey at the beginning of the semester to provide information regarding the number
of high school and college level science courses that they had taken prior to enrolling in
this course. Students provided both the number of science courses taken and the title
of each course. See Appendix D. The Science Teaching Efficacy Belief Instrument
(STEBI-B) was administered as a pre-assessment with students instructed to answer
the survey questions from a general science perspective. See Appendix E. Course
section A students were taught for the first eight weeks of the semester using an
inquiry-based approach to the life science content, that included four iterations of an
inquiry-based project during the life science portion of the class. This inquiry-based

instruction was most closely described as guided inquiry. Students worked with a
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partner or in a small lab group to develop hypotheses, an experimental design, collect
data, and present their results in a written lab report. This instruction was considered
guided inquiry, as there was some input provided by the course instructor to increase
the rate at which the students can complete their exploration. For example, when
students were exploring the membrane transport, there were several materials available
which were recommended to test movement across membranes. Each group was
encouraged to explore using different materials, such as starch and iodine or glucose
and water, but the results from each lab group were shared with the class. For a
sample guided inquiry lab see Appendix F.

Course section B students were taught for the same duration using a traditional
instruction method that was comprised of “cookbook” type lab activities and direct
instruction. A ” style lab still allowed students to experience hands-on learning by
actively participating in a lab activity, however, the students did not develop their own
procedures for exploration; they followed the steps outlined on a lab sheet that explored
just one way of demonstrating the concept, such as membrane transport. For sample
traditional instruction lab see Appendix G. At the end of the first eight weeks of the
semester, a midterm exam was given to each section serving as a post-test for the life-
science portion of the course. See Appendix H. In addition, the self-efficacy survey
was administered to both sections, modified to contain phrases that specifically relate to

life science. See Appendix .

Next a crossover of methods occurred. Course section A students that originally
received instruction through an inquiry-based approach received earth science content

through traditional methods of instruction. A “cookbook” style lab still allowed students
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to experience hands-on learning by actively participating in a lab activity, however, the
students did not develop their own procedures for exploration; they followed the steps
outlined on a lab sheet that explored one way of demonstrating the concept, such as
properties of water. Section B students received earth science instruction in an inquiry-
based approach, that included four iterations of inquiry-based projects for the earth
science portion of the class. This inquiry-based instruction was most closely described
as guided inquiry. Students worked with a partner or in a small lab group to develop
hypotheses, an experimental design, collect data, and present their results in a written
lab report. This instruction was considered guided inquiry, as there was some input
provided by the course instructor to increase the rate at which the students could
complete their exploration. For example, when students were exploring earthquake
activity, they explored which areas on earth’s crust were more likely to have earthquake
activity through real time earthquake monitoring through the United States Geological
Survey (USGS) website. At the end of the semester, both sections took a post-test
assessment of the earth science content. See Appendix J. In addition, the self-efficacy
survey was administered to both sections, modified to contain phrases that specifically

related to earth science. See Appendix K.

Following the completion of the course, volunteer focus group interviews were
held during finals week or at a time that was most convenient to all participants to obtain
qualitative data, which enhanced the researcher’s understanding of the relationship
between instructional method and content knowledge and science-teaching self-
efficacy. Students were asked the following questions: 1) Which instructional method

worked best for you to learn course content, the inquiry-based method during life
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science or the traditional method during earth science? 2) Did you feel more
comfortable in class during the life science or earth science portion of the class? Why?
3) At any point in the semester did you start to have a more favorable experience
towards science? Yes or No? 4) Did you notice a change in your attitude towards
teaching science after the first few classes of life science (or earth science, depending
on which section the student experienced as inquiry)? 5) How do you see yourself using
both inquiry-based instruction and traditional instruction in your future classroom? 6)
Which instructional method do you feel more confident to use in your future classroom?
Why? 7) Has your attitude towards teaching science changed over the course of this
semester? If so, how? The interview sessions were audio recorded, and the
researcher collected statements from the participants using a laptop computer. For

interview protocol, see Appendix L.

A pilot study was conducted the semester prior to data collection (Term B,
Summer 2012) to work out logistical issues with teaching a lab-based course using two
different methods with close timing issues. In addition, it provided the instructor an
opportunity to test all materials and equipment and to determine if additional materials
were needed for teaching labs with two different instructional methods. Also, the
interview process allowed the researcher to pre-identify labels and categories, and
further develop interview questions. The interview responses from the pilot study were

consistent with the findings from the actual study.
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Table 2 illustrates the data collection points throughout the study.

Table 2

Time Frame for Data Collection

August 2012
= Survey of prior science courses
» Pre-test of Life/Earth science content knowledge

= Pre-STEBI-B

First Half | Section A: Section B: Content Topics

of 8 Weeks 8 Weeks = Cells

Semester | 29 students 27 students = Heredity

= Ecology

Life Science, Life Science, traditional
inquiry-based method of instruction
method of (“cookbook” labs, and
instruction direct instruction)

October 2012

Mid-Term

e Post-Test of Life science content
o STEBI —B Post, adjusted for life science efficacy

Second Section A: Section B: Content Topics

Half of 8 Weeks 8 Weeks » Properties of Water

Semester: | 29 students 27 students = Composition of Earth:

Rocks/
Earth science, Earth Science, Minerals
traditional methods of | inquiry-based = Astronomy
instruction method of =  Weather/
(“cookbook” labs, and | instruction Atmosphere
direct instruction) = Constructive/
Destructive forces
December 2012

End of Semester
= Post-test of Earth science content
= STEBI-B Post, adjusted for earth science efficacy

» Focus group interviews were conducted to address research question #4.
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Table 3 aligns the research questions with the study instruments, both the data

collection and data analysis.

Table 3

Table of research questions, data collection, and data analysis

Research Question Instrument/Data Collection Analysis
1. What is the effectiveness of o Life/Earth Pre-test (Aug. ANCOVA
inquiry-based instruction vs. 2012) Descriptive
traditional method of instruction in e Life Posttest (Oct. 2012) Stats and
increasing life science and earth e Earth Posttest (Dec. 2012) Correlation
science content knowledge for
elementary pre-service teachers?
2. What is the effect of inquiry- e STEBI-B for general science | ANCOVA
based versus traditional instruction (Aug. 2012) Descriptive
on self-efficacy for teaching e Post STEBI-B, modified for | Stats and
science in elementary pre-service Life science (Oct. 2012) Correlation
teachers? o Post STEBI-B modified for

Earth science (Dec. 2012)
3. What is the relationship between e Prior courses survey (Aug. ANCOVA
the number of prior science 2012) Descriptive
content courses, content e Pre/Post science content Stats and
knowledge, instructional method, tests (see #1 above) Correlation
and self-efficacy for teaching e Crossover design: 1°' 8
science in elementary pre-service weeks, Sect. A=inquiry,
teachers? Sect. B= Trad. 2™ 8 weeks,

Sect. A=Trad., Sect. B=

inquiry

e Pre/Post STEBI-B (see # 2

above)
4. What do pre-service teachers e Focus group interviews Qual.
think of inquiry-based versus (Dec. 2012) Analysis of
traditional instructional methods? responses

for

classification
of
responses
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Data Analysis

In addition to descriptive statistics and correlation, Analysis of Covariance
(ANCOVA) was used to address research questions 1-3. Quantitative data was
analyzed using Statistical Package for Social Sciences (SPSS). ANCOVA was used to
detect any differences between groups and equate groups on pre-existing differences
(Gall, Gall & Borg, 2007). The STEBI-B was modified to focus the participants on life

science or earth science following each respective portion of the course.

Six ANCOVA models were tested. Following life science instruction students
completed the posttest on life science and the STEBI worded for life science. The
STEBI produced scores for two sub-scales, life-science teaching efficacy and life-
science teaching outcome expectancy. The factor of interest in the ANCOVA models
was instructional type (inquiry-based or traditional instruction), and several covariates
were included: pretest scores in life science, number of prior science courses taken,
and pre-measures of teaching efficacy and teaching outcome expectancy. Thus, for the
three outcomes - life science posttest scores, life science teaching efficacy, and for life
science teaching outcome expectancy - three separate ANCOVA models were
estimated to test for instructional differences while controlling for pre-test scores in life
science, number of prior science courses taken, initial teaching efficacy, and initial

teaching outcome expectancy.

For the earth science posttest scores, earth science teaching efficacy, and for
earth science teaching outcome expectancy, three separate ANCOVA models were

estimated to test for instructional differences while controlling for pre-test scores in earth
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science, number of prior science courses taken, initial teaching efficacy, and initial
outcome expectancy. Mean scores were used to adjust for correct scale in potential
missing data, as some students may not have answered every question on the

questionnaire.

In addition to the data collected through content examinations and survey,
qualitative data were obtained through semi-structured oral interviews with a
representative sampling of pre-service teachers from the integrated science courses:
sections A and B. Pre-service teachers’ perceptions of the effect of instructional
method on their learning of content and confidence to teach science were recorded.
Glesne and Peshkin (1992) referred to this interview technique when searching for an
explanation of why something happened (p. 65). In addition, the authors stated that,
“the interview is a validity check of the responses given to questionnaire items.” (p.65)
Therefore, following the responses to the Science Teaching Efficacy Belief Instrument,
where students may respond with Strongly Agree (5) or Strongly Disagree (1), pre-
service teachers could elaborate on how inquiry or traditional instruction impacted their
science teaching efficacy and outcome for teaching science. All interviews were audio
taped for accuracy and to allow the researcher more freedom for social interaction with

the participants. Interview protocol is provided in Appendix L.

The researcher recognized the value of the qualitative interview as a way to
validate the quantitative data. However, the researcher was also heedful to the
cautions associated with process of qualitative interviewing. The interview questions
were developed to be clear, open-ended, neutral, and sensitive, as discussed in Patton

(1982). Also, the researcher recognized the status difference as a researcher and
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course instructor. This awareness made the researcher careful to work towards
minimizing status differences (Glesne, 1999) during the interview process and to guard
against bias, and leading questions. The interview protocol was carefully followed,
deviating only when the researcher probed for additional clarification from the
participants. This clarification was useful in determining pre-service teacher responses
regarding inquiry-based on hands-on instruction, but did not in any way influence

participant responses to support one instructional method over another.

Limitations, Delimitations and Assumptions

Limitations
1. The use of undergraduate students who have multiple blocked classes with their
peers limited the study as students may discuss activities from one form of
instruction and may wonder why the next class period did not have the same

experience.

2. Another limitation could have been the frustration that students felt at the
midpoint of the semester when the course format changed. Students who had
experienced the inquiry approach may have felt frustrated with the lack of activity
in a traditional instruction course. Likewise, students that began with the
traditional format may have been surprised at the change in expectations for
student involvement throughout the remainder of the course.

3. Carry over from one instructional method to another was a concern as students

became accustomed to a particular style of instruction in class, and performance
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expectations. When the crossover of instructional method occurred, students
may have resisted the change in instruction type and performance expectations.
A prior courses survey was used to look for a relationship between self-efficacy
and prior science courses. However, most students in the integrated science
courses were sophomores or juniors in college. The science courses most
frequently taken were biology or environmental science. Rarely if ever, was
geology taken prior to this course. Therefore, students may have had more

exposure to life science content prior to entering this course.

Delimitations

1.

The use of the ISCI course for Life/Earth science was purposeful sampling of
elementary pre-service teachers.

The Science Teacher Efficacy Belief Instrument (revised) STEBI-B was the
instrument chosen for survey of pre-service teacher self-efficacy for teaching
science. The psychometric properties data for this instrument were carefully
considered by Bleicher (2004), and resulted in minor revisions to the instrument.
These revisions improved the psychometric properties and were included in the
revised version- B. See Instruments section for details regarding revisions, and
factor analysis.

A teacher-constructed exam used for assessment of content knowledge lacks
psychometric properties data. However, content validity was determined using
content standards for the course (See Appendix B).

A crossover design was used to present both populations with an experimental

and a control aspect in this study. In the course of 16 weeks, students
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experienced both methods of instruction. This allowed students to participate
with both forms of pedagogy prior to their own classroom experience.

5. At the beginning of the semester, students were asked how many and which
science courses they had completed prior to taking this class. This information
was used to see if there was a general relationship between self-efficacy and
number of content courses taken with relation to the form of instruction found in

this course.

Assumptions

1. It was an assumption that students were honest when completing the Science
Teacher Self Efficacy Instrument at the beginning and end of the course.

2. It was an assumption that students demonstrated satisfactory effort of their total
content knowledge on the pre-tests for content knowledge. Sometimes students

in a pre-test situation may not complete answers to the fullest of their ability.

Definitions of Key Terms

Inquiry-based instruction: In 1997, Chiappetta stated “teaching science as inquiry
stresses active student learning and the importance of understanding a scientific
topic” (23). The inquiry-based instruction for this study provided students
opportunities for experiencing guided inquiry as well as active learning strategies
that had them actively participating with the content through labs,
demonstrations, and modeling. This approach has been referred to as “the
experience before vocabulary model” (Chiappetta, 1997, p. 25), which provides

an inductive method of instruction for students. Specifically, guided-inquiry was
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used in which students had opportunities to develop labs and experience the
experimental process, however, the instructor set the stage for the exploration
with minimal boundaries to guide their study (Leonard & Penick, 2009; Martin-
Hansen, 2002). Guided inquiry was chosen over full-inquiry as time was a factor
and using guided inquiry the students were able to complete four iterations of
guided inquiry-based labs, rather than one full inquiry-based lab. The form of
guided inquiry utilized in the study involved the instructor or class collectively
developing the question to explore and the instructor providing a range of

materials for students to utilize in the development of their procedures.

Traditional instruction: The traditional instruction for this study provided students
opportunities to gain content through direct instruction methods such as Cook-
book labs and lecture. Cook-book labs refer to a deductive approach to
instruction in which a concept is defined and experiences to demonstrate an idea
follow. This approach is often referred to as “the vocabulary before experience

model of teaching” (Chiappetta, 1997, p. 25).

Summary

Teacher education programs across the United States are striving to produce
teachers that are best qualified and demonstrate teaching practices that meet the needs
of all populations. A lack of research on the relationship among inquiry, science teacher
efficacy and content knowledge preceded this study. The purpose of this study was to
determine what relationships existed between inquiry-based instruction, science content

knowledge and self-efficacy among pre-service elementary teachers. This mixed
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methods study analyzed content knowledge through pre and posttests and the change
in self-efficacy over the course of a semester in a science content course. The
experimental design provided the researcher an opportunity to see how a change in
instructional method affected both content knowledge and efficacy in two science
content areas. Such information will allow teacher preparation programs to structure
their methods and content courses for pre-service teachers in the most beneficial way to

promote critical thinking in classrooms and to enhance student learning at all levels.
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CHAPTER IV

REPORT OF DATA AND DATA ANALYSIS

Introduction

The purpose of this study was to determine what relationships exist among
inquiry-based instruction, science content knowledge and self-efficacy among
elementary pre-service teachers. In addition, the number of prior science courses taken

was considered as a possible factor affecting content knowledge and self-efficacy.

A mixed methods (QUAN./QUAL) design for research was used to analyze the
relationship among type of instruction, content knowledge, and self-efficacy. The first
part of the research was to collect and analyze quantitative data through a survey for
pre-service teachers in elementary education on their self-efficacy for teaching science
prior to taking a life/earth science content class, a survey to determine the number of
prior science courses taken in both high school and college, and a pretest for general
science content for two sections of Integrated Science (ISCI) in fall 2012. In addition to

descriptive statistics, six ANCOVAs were performed to control for the covariates.

The structure for data collection included two integrated science courses of 30
students each. At the beginning of the semester, each class completed a pretest for
science content knowledge, a survey of the number and kind of prior science courses
taken, and a Science Teacher Efficacy Belief Instrument (STEBI), with two subscales
for self-efficacy, and expected science teaching outcome. The first eight weeks of the

semester, Section A was taught life science with inquiry-based instruction, while Section
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B was taught life science with traditional instruction. At the midpoint of the semester,
both classes completed a posttest for life science, and a STEBI modified for life science.
Then the method of instruction changed for each section. Section A students were
taught earth science with traditional instruction, while Section B students were taught
earth science with inquiry-based instruction. At the end of the semester, both classes
completed a posttest for earth science, and a STEBI modified for earth science. After
all surveys and posttests were completed, small focus group interviews were held to
gather qualitative data from volunteer participants. These qualitative data were used to
follow-up the quantitative data with participants’ feedback and impressions of how their

learning was impacted by different instructional types.
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Table 4 summarizes the time frame and layout of the research design.

Table 4

Time frame for data collection

August 2012
= Survey of prior science courses
» Pre-test of Life/Earth science content knowledge

= Pre-STEBI-B

First Half | Section A: Section B: Content Topics

of 8 Weeks 8 Weeks = Cells

Semester | 29 students 27 students » Heredity

= Ecology

Life Science, Life Science, traditional
inquiry-based method of instruction
method of (“cookbook” labs, and
instruction direct instruction)

October 2012

Mid-Term

e Post-Test of Life science content
o STEBI —B Post, adjusted for life science efficacy

Second Section A: Section B: Content Topics

Half of 8 Weeks 8 Weeks » Properties of Water

Semester: | 29 students 27 students = Composition of Earth:

Rocks/
Earth science, Earth Science, Minerals
traditional methods of | inquiry-based = Astronomy
instruction method of =  Weather/
(“cookbook” labs, and | instruction Atmosphere
direct instruction) = Constructive/
Destructive forces
December 2012

End of Semester
= Post-test of Earth science content
= STEBI-B Post, adjusted for earth science efficacy

» Focus group interviews were conducted to address research question #4.
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The dependent variables for each class were calculated mean scores for the life
science posttest, the earth science posttest, and the two subscales of the Science
Teacher Efficacy Belief Instrument —revised (STEBI-B): Personal Science Teaching
Efficacy (13 items) and Science Teaching Outcome Expectancy (10 items) taken at the
completion of life science and again at the end of earth science. These subscales
contained a total of 10 items that were reverse scored and averaged on a five-point
scale. The independent variable was instruction type: inquiry-based or traditional.

The second part of the research was the collection and analysis of qualitative
data regarding pre-service teacher perceptions of instructional method and the impact
on their understanding of life or earth science and self-efficacy. These qualitative data
were collected through small focus-group interviews of volunteer participants that were
audio-recorded and transcribed and then summarized to address the research
questions.

Findings and Data Analysis
The following research questions guided this study:
1) What is the effectiveness of inquiry-based instruction versus traditional methods of
instruction in increasing life science and earth science content knowledge for
elementary pre-service teachers?
2) What is the effect of inquiry-based versus traditional instruction on self-efficacy for
teaching science in elementary pre-service teachers?
3) What is the relationship between the number of prior science content courses,
content knowledge, instructional method, and self-efficacy for teaching science in

elementary pre-service teachers?
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4) What do pre-service teachers think of inquiry-based versus traditional instructional

methods?

Quantitative Data

Quantitative data analysis began with descriptive statistics being computed for
pretest means for each class, pre-STEBI efficacy and pre-STEBI outcome means.
Section A of the Integrated Science course had 31 students. Section B of the
Integrated Science course had 30 students. A total of five students were removed from
the data set. Three of these were removed because of incompletion of the STEBI
instrument. Two were removed as outliers on the STEBI instrument. Using Cook’s
Distance (Agresti and Finlay, 2009) with a value of .78, these two individuals were high
enough to cause a significant interaction and were removed entirely from the data set.
This resulted in a sample of 56 students.

In a prior study by Sanger (2006) elementary teachers were taught using an
inquiry approach to chemistry. It was noted that following this instruction type, the
elementary teachers learned the chemistry content as well or better than students in a
chemistry class with a traditional approach. Therefore, the content knowledge test was
used in this study to see if there was a relationship between instructional type and
content knowledge. In addition, Smith (2007) found that in order to produce teachers
that can lead classrooms with inquiry instruction “requires educating teachers in a
similar environment” (p. 563-564). This directly relates to the pre-service teachers’

outcome expectancy for utilizing inquiry-based instruction in their future classrooms.
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The demographic data for the study are included in Table 5.

Table 5

Demographics for Life/Earth Science Courses

Inquiry-First Total
Number
Gender
Female 27
Male 2
Major

Early Childhood Education 25
Middle Grades Education 4

Traditional-First
Gender
Female 25
Male 2
Major
Early Childhood Education 25
Middle Grades Education 2

Research Question 1: What is the effectiveness of inquiry-based instruction versus
traditional methods of instruction in increasing life science and earth science content

knowledge for elementary pre-service teachers?
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Descriptive statistics for the Inquiry-First class are included in Table 6.

Table 6

Descriptive Statistics for Inquiry-First Course

Prior Courses: High School

Prior Courses: College

Anatomy 8 Anatomy 3

Astronomy 0 Astronomy 1

Biology 30 Biology 21

Chemistry 27 Chemistry 11

Environmental Science 5 Geology 2

Geology 4 Environmental Biology 9

Physical Science 9 Environmental Geology 2

Physics 12 Insects and People 1

AP Biology 2 Organic Chemistry 1

AP Chemistry 1 Physical Science 4
Physics 1

N Minimum Maximum Mean Standard
Deviation

Prior Courses 29 2.00 10.00 5.62 1.76

Pre-STEBI

Efficacy 29 2.46 4.46 3.65 0.53

Pre-STEBI

Outcome 29 2.60 4.80 3.77 0.47

Life Pretest 29 6.00 52.00 20.34 13.22

Life Posttest 29 51.00 96.00 79.97 10.71

Life STEBI

Efficacy 29 2.77 4.85 3.91 0.60

Life STEBI

Outcome 29 3.10 4.50 3.71 0.41

Earth Pretest 29 2.00 31.00 12.38 8.57

Earth

Posttest 29 65.00 99.00 86.83 9.55

Earth STEBI

Efficacy 29 2.62 4.85 3.93 0.62

Earth STEBI

Outcome 29 3.10 4.90 3.88 0.43
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Descriptive statistics for the Traditional-First class are included in Table 7.

Table 7

Descriptive Statistics for Traditional-First Course

Prior Courses: High School Prior Courses: College

Anatomy 6 Anatomy 0

Astronomy 1 Astronomy 3

Biology 27 Biology 19

Chemistry 21 Chemistry 6

Environmental Science 3 Geology 1

Geology 0 Environmental Biology 11

Physical Science 17 Environmental Geology 1

Physics 11 Insects and People 2

AP Biology 0 Organic Chemistry 0

AP Chemistry 1 Physical Science 3
Physics 2

N Minimum  Maximum Mean Standard
Deviation

Prior Courses 27 3.00 7.00 5.22 .93

Pre-STEBI

Efficacy 27 2.43 3.93 3.25 .45

Pre-STEBI

Outcome 27 3.00 4.30 3.66 37

Life Pretest 27 9.00 42.00 21.74 9.96

Life Posttest 27 55.00 88.00 70.70 10.09

Life STEBI

Efficacy 27 2.54 4.69 3.80 .51

Life STEBI

Outcome 27 2.70 4.80 3.69 .45

Earth Pretest 27 1.00 39.00 13.11 8.50

Earth

Posttest 27 58.00 97.00 86.89 8.17

Earth STEBI

Efficacy 27 2.85 4.62 3.89 .55

Earth STEBI

Outcome 27 3.10 4.40 3.69 .34
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Table 8 shows the ANCOVA results and descriptive statistics for life science content
knowledge.

Table 8
ANCOVA Results and Descriptive Statistics for Life Science Content Knowledge by
Instruction Type and Prior Science Courses

Types of Instruction Life Science Content Knowledge

Observed Mean _ Adjusted Mean SD n
Inquiry 79.97 80.05 10.71 29
Traditional 70.70 70.61 10.10 27
Source SS df MS F
Life Science Pre-test 1450.59 1 1450.59 19.61*
Prior Courses 136.25 1 136.25 1.84
Instruction Type 1207.86 1 1207.86 16.33*
Error 4026.19 55 73.20

Note. R?= .46, Adj. R?= .42. Adjustments based on Life Science Pre-test mean = 21.02
and Prior Science courses mean= 5.43. Homogeneity of regression tested and not
significant: F(Instruct*Prior)= 2.06 and F(Instruct*Pre-Test)= 1.97, p> .05. Pre-Test
regression coefficient = .46, Prior courses regression coefficient = 1.42. Life science
pretest mean for Inquiry = 20.34, for traditional = 21.74.

* p<.05.

ANCOVA results indicate that mean Content Knowledge scores differ by
instructional type, and that there is a positive association between Life Science Pre-test
and Life Science Post test scores. Students in a course with Inquiry based instruction
display adjusted means that are higher than the mean for the control students in a
traditional instruction course. There is no statistically significant interaction between the

number of Prior Science courses and content knowledge.
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The Earth science content was the first measure of the study following this
crossover. Table 9 summarizes ANCOVA for Earth Science content knowledge.

Table 9
ANCOVA Results and Descriptive Statistics for Earth Science Content Knowledge by

Instruction Type and Prior Science Courses

Types of Instruction Earth Science Content Knowledge

Observed Mean  Adjusted Mean SD n
Inquiry 86.89 86.68 8.17 27
Traditional 86.83 87.02 9.55 29
Source SS df MS F
Earth Science Pre-test 308.35 1 308.35 4.05*
Prior Courses 25.53 1 25.53 0.34
Instruction Type 1.55 1 1.55 0.02
Error 3963.67 52 76.22

Note. R?= .08, Adj. R?= .02. Adjustments based on Earth Science Pre-test mean =
12.73 and Prior Science courses mean= 5.43. Homogeneity of regression tested and
not significant: F(Instruct*Prior)= .00, F(Instruct*Pretest)= .02, p>.05. Pre-Test
regression coefficient = .28*, Prior courses regression coefficient = -.48. Earth science
pretest mean for Inquiry = 13.11, for traditional = 12.38.

* p<.05.

ANCOVA results indicate that mean Earth Science Content Knowledge scores
do not differ by instructional type, and there is a positive association between Earth
Science Pre-test and Earth Science Post test scores. Students in a course with inquiry-
based instruction display adjusted means that are not higher than the mean for the

control students in a traditional instruction course. There is no statistically significant

interaction between the number of Prior Science courses and content knowledge.
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Research Question 2: What is the effect of inquiry-based versus traditional instruction

on self-efficacy for teaching science in elementary pre-service teachers?

At the midpoint of the semester following life science content, the Efficacy
subscale of the STEBI-B was worded to specifically address efficacy for life science.
Cronbach’s alpha was calculated to establish reliability of the wording modifications for
the Efficacy subscale to address Life Science. (N=56, Cronbach’s alpha = .85) Table
10 summarizes the ANCOVA for Life Science STEBI for Efficacy.

Table 10
ANCOVA Results and Descriptive Statistics for Life STEBI: Efficacy Subscale by

Instruction Type and Prior Science Courses

Types of Instruction Post Life STEBI: Efficacy

Observed Mean _ Adjusted Mean SD n
Inquiry 3.91 3.76 .60 29
Traditional 3.80 3.96 .51 27
Source SS df MS F
Life STEBI: Efficacy Subscale  6.33 1 6.33 34.11*
Prior Courses 0.52 1 0.52 2.79
Instruction Type 0.45 1 0.45 2.42
Error 9.64 52 0.19

Note. R?= .43, Adj. R?= .39. Adjustments based on Life STEBI: Efficacy Subscale mean
= 3.46, and Prior Courses mean = 5.43. Homogeneity of regression tested and not
significant: F(Instruct*Prior)= 0.02, and F(Instruct*Efficacy)= 1.04 p>.05. Pre-STEBI:
Efficacy regression coefficient = .70*, Prior courses regression coefficient = .07.

* p<.05.

ANCOVA results indicate that mean Science Teacher Efficacy Belief Instrument

(STEBI) efficacy sub-scores for life science do not differ statistically by instructional
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type, but that there is a positive association between Pre-STEBI Efficacy and Post
STEBI Efficacy scores. There is no statistically significant interaction between the
number of Prior Science courses and science teacher efficacy. The interaction between
instruction type*prior courses and instruction type*post-efficacy were tested and neither
was significant. The efficacy subscale provides an indication of pre-service teacher
perceived self-efficacy or confidence in the ability to teach life science. Students in a
course with inquiry-based instruction display adjusted means that are not statistically

higher than the mean for the control students in a traditional instruction course.
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The Outcome subscale of the STEBI-B was worded to specifically address
outcome expectancy or the likelihood for teaching life science. Cronbach’s alpha was
calculated to establish reliability of the wording modifications for the Outcome subscale
to address Life Science. (N=56, Cronbach’s alpha =.79) Table 11 summarizes the
ANCOVA for Post Life Science STEBI: Outcome.

Table 11

ANCOVA Results and Descriptive Statistics for Post Life STEBI: Outcome Subscale by
Instruction Type and Prior Science Courses

Types of Instruction Post Life STEBI: Outcome

Observed Mean _ Adjusted Mean SD n
Inquiry 3.71 3.68 0.41 29
Traditional 3.69 3.73 0.45 27
Source SS df MS F
Life STEBI: Outcome Subscale 2.47 1 2.47 17.21*
Prior Courses 0.09 1 0.09 0.60
Instruction Type 0.03 1 0.03 0.21
Error 7.46 52 0.14

Note. R?= .25, Adj. R?= .21. Adjustments based on Life STEBI: Outcome Subscale
mean = 3.72, and Prior Courses mean = 5.43. Homogeneity of regression tested and
not significant: F(Instruct*Prior)= 3.64, F(Instruct*Outcome)= 0.02, p>.05. Pre-STEBI:
Outcome subscale regression coefficient = 0.50*, Prior Courses regression coefficient =
0.03.

* p<.05.

ANCOVA results indicate that mean Science Teacher Efficacy Belief Instrument
(STEBI) outcome sub-scores do not differ statistically by instruction type but that there
is a positive association between Pre-STEBI: Outcome and Post Life STEBI: Outcome

scores. The outcome subscale provides an indication of pre-service science teaching
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outcome expectancy or the likelihood that they will teach life science. Also, there is no
statistically significant interaction between the number of Prior Science courses and
science teaching outcome expectancy.

At the midpoint of the semester, a crossover of instruction type occurred in
conjunction with the change of content. Section A, which was previously receiving
inquiry-based instruction for life science, was switched to traditional instruction earth
science. Section B, which was previously receiving traditional instruction for life

science, was switched to inquiry-based instruction for earth science.
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The Efficacy subscale of the STEBI-B was worded to specifically address
efficacy for Earth science. Cronbach’s alpha was calculated to establish reliability of the
wording modifications for the Efficacy subscale to address Earth Science. (N=56,
Cronbach’s alpha = .91) Table 12 summarizes the ANCOVA for Post Earth STEBI:
Efficacy.

Table 12
ANCOVA Results and Descriptive Statistics for Post Earth STEBI: Efficacy Subscale by
Instruction Type and Prior Science Courses

Types of Instruction Post Earth STEBI: Efficacy

Observed Mean  Adjusted Mean SD n
Inquiry 3.89 4.04 0.55 27
Traditional 3.93 3.80 0.62 29
Source SS df MS F
Earth STEBI: Efficacy Subscale 5.01 1 5.01 20.07*
Prior Courses 0.52 1 0.52 2.07
Instruction Type 0.65 1 0.65 2.62
Error 12.97 52 0.25

Note. R?= .31, Adj. R?= .27. Adjustments based on Earth STEBI: Efficacy Subscale
mean = 3.46, and Prior Courses mean = 5.43. Homogeneity of regression tested and
not significant: F(Instruct*Prior Courses)= .13, F(Instruct*Efficacy)= 2.43 p>.05. Pre-
STEBI: Efficacy regression coefficient = .62*, Prior Courses regression coefficient = .07.
* p<.05.

ANCOVA results indicate that mean Science Teacher Efficacy Belief Instrument
(STEBI) efficacy sub-scores for Earth science do not differ by instructional type, and
that there is a positive association between Pre-STEBI: Efficacy and Post Earth STEBI:
Efficacy scores. The efficacy subscale provides an indication of pre-service teacher

perceived self-efficacy or confidence in the ability to teach Earth science. There is no
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statistically significant interaction between the number of Prior Science courses and

science teacher efficacy.

The Outcome subscale of the STEBI-B was worded to specifically address
outcome expectancy for Earth science. Cronbach’s alpha was calculated to establish
reliability of the wording modifications for the Outcome subscale to address Earth
Science. (N=56, Cronbach’s alpha =.76) Table 13 summarizes the ANCOVA for Post
Earth STEBI: Outcome.

Table 13
ANCOVA Results and Descriptive Statistics for Post Earth STEBI: Outcome Subscale
by Instruction Type and Prior Science Courses

Types of Instruction Post Earth STEBI: Outcome
Observed Mean  Adjusted Mean SD n

Inquiry 3.69 3.71 0.34 27
Traditional 3.88 3.87 0.43 29
Source SS df MS F
Earth STEBI: Outcome Subscale 1.21 1 1.21 9.17*
Prior Courses 0.02 1 0.02 0.12
Instruction Type 0.33 1 0.33 2.54
Error 6.84 52 0.13

Note. R?= .21, Adj. R?= .16. Adjustments based on Earth STEBI: Outcome Subscale
mean = 3.72, and Prior Courses mean = 5.43. Homogeneity of regression tested:
F(Instruct*Prior Courses) = .94, F(Instruct*Outcome) = .52 p>.05, p<.05. Pre-STEBI:
Outcome subscale regression coefficient = .35*, Prior courses regression coefficient = -
.01.

p<.05.

ANCOVA results indicate that mean Science Teacher Efficacy Belief Instrument

(STEBI) outcome sub-scores do not differ by instructional type, and that there is a
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positive association between Pre-STEBI: Outcome and Post Earth STEBI: Outcome
scores. The outcome subscale provides an indication of pre-service science teaching
outcome expectancy or the likelihood that they will teach Earth science. There is no
statistically significant interaction between the number of Prior Science courses and

science teaching outcome expectancy.

Research Question 3: What is the relationship between the number of prior science
content courses, content knowledge, instructional method, and self-efficacy for teaching

science in elementary pre-service teachers?

Tables 14 and 15 provide t-tests and means to show differences between
instruction type, content knowledge, self-efficacy and teaching outcome. Table 16

provides correlations for Prior Science Courses, content knowledge and self-efficacy.
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Table 14

Results of t-tests and Descriptive Statistics for Post-Life Science Content Knowledge,

Post Life STEBI: Efficacy, and Post Life STEBI: Outcome by Instruction Type

Outcome Group 95% Cl for
Mean

Inquiry Traditional Difference

M SD n M SD n t df
Lite Content -9 97 1071 29 70.70 10.10 27 1346885 3.32* 54
Life STEBI- -0.19,
Effeacy 391 060 29 3.80 051 27 04 074 54
Life STEBI- -0.21,
O =0T 371 041 29 369 045 27 0ps 018 54
o < .05.

There are statistically significant differences, at the .05 level of significance,
between inquiry-based instruction and traditional instruction in life science content.
There are no statistically significant differences between inquiry-based instruction and
traditional instruction in science teaching efficacy or outcome for teaching life science.
Results show that pre-service teachers with inquiry-based instruction scored higher on
post-life science content. Separate tables were used to show the crossover method of

instruction between the two classes.
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Table 15

Results of t-tests and Descriptive Statistics for Post-Earth Science Content Knowledge,

Post Earth STEBI: Efficacy, and Post Earth STEBI: Outcome by Instruction Type

Outcome Group 95% Cl for
, . Mean Difference

Inquiry Traditional

M SD n M SD n t df
Earth Content -4.84, -

86.89 8.17 27 86.83 9.55 29 472 003 54

Earth STEBI- -0.28,
Efficacy 3.89 0.55 27 3.93 0.62 29 035 0.25 54
Earth STEBI- -0.01,
Outcome 3.69 0.34 27 3.88 0.43 29 0.40 1.87 54

There are no statistically significant differences, at the .05 level of significance,

between inquiry-based instruction and traditional instruction in earth science content,

science teaching efficacy or outcome for teaching earth science. Results show that pre-

service teachers with traditional instruction scored higher on post-earth science content,

though not significantly different. In addition, there was no statistical difference between

inquiry-based instruction and traditional for the two subscales of the STEBI — efficacy

and outcome in earth science.
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Table 16

Correlations and Descriptive Statistics for Prior Science Courses, Content Knowledge

and Self-Efficacy

1 2 3 4 5 6 7
1. Prior Science Courses
2. Post Life Science Content  0.34*
3. Post Life STEBI Efficacy 0.22 0.21
4. Post Life STEBI Outcome  0.07 0.11 0.37** -
5. Post Earth Science -0.06 0.44* 0.03 -0.02 --
Content
6. Post Earth STEBI Efficacy 0.19 0.21 0.76* 034 0.12  ---
7. Post Earth STEBI -0.03 0.21 026 056 0.12 0.35* --
Outcome
M 543 7550 386 3.70 86.86 3.92 3.79
SD 143 1133 055 043 883 058 0.40
Scale Min/Max Values 1to 0 to 1to5 1to Oto 1to5 1to

10 100 5 100 5

Note. n = 56.
* p<.05,
** p<.01.

Statistical analysis reveals that Post Life Science Content was statistically related to

the number of Prior Science Courses and Post Earth Science Content, at the .05 and

.01 level of significance, respectively. Life STEBI Efficacy was statistically related to
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both Life STEBI Outcome and Earth STEBI Outcome, at the .01 level of significance.
Earth STEBI Efficacy was statistically related to Earth STEBI Outcome at the .01 level
of significance. There was not a statistically significant relationship between Prior
Science Courses and Life or Earth Efficacy or Outcome. These results indicate that
pre-service teachers with higher numbers of Prior Science Courses scored higher on
the Life Science Posttest. Also pre-service teachers that scored higher on the Post Life
Science test, also scored higher on the Post Earth Science test. Post Life STEBI
Efficacy, which is a measure of pre-service teachers’ self-confidence in Life Science,
was statistically related to the Life STEBI Outcome or the likelihood of teaching life

science and Earth STEBI efficacy.

Qualitative Data
Researcher developed questions were used to collect qualitative data to address
Research Question 4: What do pre-service teachers think of inquiry-based versus

traditional instructional methods?

Interviewing can be a powerful tool to triangulate data (Glesne, 1999; Meloy,
1994) and the researcher chose this method to capture pre-service teacher opinions
regarding the use of different methods of instruction and the impact instructional method
had on content knowledge and self-efficacy, which were the quantitative measures. The
interview process allowed pre-service teachers opportunities to elaborate on the inquiry
or traditional process of learning. As Marshall and Rossman (2006) point out, focus

group interviews are often simple ways to capture participants’ expressions of their
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views through a supportive environment. Their perceptions of the effect of instructional
method on their learning of content and confidence to teach science were recorded.
Glesne and Peshkin (1992) referred to this interview technique when searching for an
explanation of why something happened (p. 65). In addition, the authors state that, “the
interview is a validity check of the responses given to questionnaire items.” Therefore,
following the responses to the Science Teaching Efficacy Belief Instrument, where
students may respond with Strongly Agree (5) or Strongly Disagree (1), pre-service
teachers can elaborate on how inquiry or traditional instruction impacted their science
teaching efficacy and outcome for teaching science.

After reviewing the literature, seven interview questions were developed to
capture pre-service teacher impressions of inquiry-based versus traditional instruction
methods on the ability to understand content, the expected teaching outcome with either
of the instructional methods, and the effect of instructional method on their attitude
towards science. The oral interviews were conducted with a volunteer sampling of pre-
service teachers from both class sections at a predefined time. Each interview session
was audio recorded, as well as having notes taken while participants were responding.
Following the interview, the audio recording was used to develop a complete transcript
of the interview. These responses are presented as verbal descriptions and
summarized according to similar responses. The interview protocol can be found in
Appendix L. Deviation from the interview protocol was only used to clarify responses
from pre-service teachers, such as urging them to give specific examples from class
that would allow the researcher to know whether they were referring to inquiry or

traditional instruction labs. Researcher observation, though anecdotal in nature and not
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an official form of data collected allowed the researcher to recognize participant
differences in the inquiry-based or traditional instruction experience. The researcher
noted an obvious difference in class participation and interaction among class members
with the Inquiry First class that was not observed in the Traditional First class.
Triangulation of the data through analysis of both the qualitative and quantitative
displays a clearer relationship among the various measures (Glesne, 1999).

The pre-service teachers in Section A experienced eight weeks of inquiry-based
instruction followed by eight weeks of traditional instruction. They will be referred to as
Inquiry First. The pre-service teachers in Section B experienced the reverse, with eight
weeks of traditional instruction followed by eight weeks of inquiry-based instruction.
They will be referred to Traditional First. Eight students participated and responded in
the small group interviews from Section A, Inquiry First. Six students participated and
responded in the small group interviews for Section B, Traditional First.

Interview Question 1: Which instructional method, worked best for you to learn
course content, the inquiry-based method during life science (or Earth for Section B) or
the traditional method during earth science (Life Science for Section B)?

Students from Section A, Inquiry First, responded that the inquiry-based method
of instruction worked best for them learning the content because they “participated in
experiments.” Also, one student acknowledged that the inquiry instruction forced her to
learn the material. “There’s no sitting back. That helped me to retain it better.” There
was one student that felt the inquiry-instruction was “really hard.” She said, “l was
wondering if something was messed up or if we did it wrong” while doing inquiry. Some

of the student responses confused the use of hands-on instruction with inquiry.
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Statements reflecting instructional techniques that were hands-on rather than inquiry-
based were not included as data supporting inquiry-based instruction.

From Section B, Traditional First, most students preferred the inquiry instruction,
as well. One student summarized it as “actually getting in there and doing it myself
helps me hold on to the information for a longer time. It wasn’t as hard to memorize.”
However, another student admitted, “l like the first part better (/ife science-traditional

instruction). | like to be told what to do. | like step-by-step instructions.”

Interview Question 2: Did you feel more comfortable in class during the life

science or earth science portion of the class? Why?

Section A, Inquiry First, students discussed the inquiry labs as beneficial for their
learning process, but tedious to complete. They stated that planning and writing lab

reports creates anxiety.

For the second part of class, the traditional earth science instruction, | felt more
comfortable, because | wasn’t doing the lab reports. Yeah. | think ‘cause there’s
so much research with the inquiry. If you do the wrong thing, and it doesn’t make
sense or if you’re not backing it up with the right information, well, the inquiry is

more tedious. (Section A interview, 2012)

However, another student felt better prepared after inquiry instruction for the midterm,

but not after traditional instructional for the final. She states:

The good thing about the lab reports in inquiry, was even though it was a lot of
work, | knew the definitions and everything for the midterm exam on life science.

When | was looking over the study guide after the traditional instruction this time
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for the earth science final exam, | knew what everything was, but it wasn’t, well-

the exact definition didn’t come to mind as easily. (Section A interview, 2012)

Two students in Section A, Inquiry First, discussed discomfort throughout the
entire class — whether inquiry or traditional instruction was being used. They admitted
that it was personal frustration that they should know some of the material, but couldn’t

remember it from prior classes.

In Section B, Traditional First, all of the respondents felt more comfortable in
Earth Science with inquiry instruction. They suggested that it might be attributed to
comfort level with the class and peers in general after eight weeks of getting to know
each other, or perhaps preference for Earth science content over life science. However,
they also all acknowledged dislike for writing lab reports. They felt they were a hassle,

and didn’t like working in groups at any time.

Interview Question 3: At any point in the semester did you start to have a more

favorable experience towards science? Yes or No?

Section A, Inquiry First pre-service teachers did not acknowledge favor towards
science changing throughout the semester. One stated, “I just really like science.” And

another enjoyed it so much:

It helped me to make sure that | wanted to change my major to biology!! | wanted
to before. Not in a bad way, in a good way. It was my original major. | loved the

REAL science. (Section A interview, 2012)
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Of the six Section B, Traditional First pre-service teachers that participated, two
admitted entering the class hating science, but changing the way they felt over the
course of the semester. “After this class, | am more interested in it. | feel like this class
is a foundation maybe and | understand it.” Another: “I really liked designing the labs. |
feel like I’'m really not proficient enough yet, but | really like the way these classes are

set up to teach how to do labs and things.”

Interview Question 4: Did you notice a change in your attitude towards science

after the first few classes of life science or earth science?

Neither group of volunteers noticed a change in attitude towards science for life
or earth. However, one pre-service teacher from Section A, Inquiry First elaborated on

writing lab reports:

The lab reports are good, because you are applying what you learned. Like, you
are putting it in perspective of, Oh, this happened because of this. If you don’t
understand what it's about, you wouldn’t able to find the right research. So it
gives you a good understanding of what you are doing. (Section A interview,

2012)

Interview Question 5: How do you see yourself using both inquiry-based
instruction and traditional instruction in your future classroom?

Of the respondents to this question from Section A, Inquiry First, all plan to use
inquiry in the classroom following completion of this class. They felt that by participating

in inquiry themselves, they could appreciate the way it helped them learn content.
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Based upon this course, | see myself doing a lot more of, if | were to be a
teacher, doing a lot more of, experimental, hands-on. Like | really learned how
important that is to help you grasp the concept rather than reading it. | would

definitely do a lot more of that. (Section A interview, 2012)

Section B, Traditional First pre-service teachers agreed that there are benefits to
teaching using both methods, but none stated that they could see themselves using
inquiry in science. One student acknowledged that inquiry would be useful for other
subjects though. “l think it is a kind of method that we can use for other subjects. It is
another way to reach all the different types of learners; whether they are hands on or

inquiry based.”

Interview Question 6: Which instructional method do you feel more confident to
use in your future classroom? Why?

Pre-service teachers in Section A, Inquiry First began the discussion with the
use of inquiry in their future classrooms. All respondents indicated that they would use
inquiry. In fact, the interview discussion veered towards the implementation of using
group work or partners as a teaching method. There was no question about whether
they would use inquiry; they were focused on the strategies to employ inquiry. They felt
that working in pairs would be the most effective method for using inquiry in the
classroom.

Section B, Traditional First pre-service teachers felt more confident to teach
using traditional instruction methods. They indicated that they plan to gradually include
inquiry-based methods over time. However, they thought that their confidence in using

traditional instruction was also based on what they had personally experienced
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throughout their educational history. They had seen and directly participated with
traditional instruction more often.
Interview Question 7: Has your attitude towards teaching science changed over

the course of this semester? If so, how?

Section A, Inquiry First pre-service teachers had several positive comments
about how much more interesting science has become for them and their outlook
towards teaching science and for being in their own classroom. ‘| feel like I'm wanting

to teach science now. | have more experiments that | know | can do.”

And another student responded that the class provided the refresher that she needed to

prepare for teaching science:

| haven’t had a science class in like two years. So, when we got that survey in

the beginning, how confident are you with teaching science, well, | know science.

| need a refresher, but | feel a lot more comfortable with it now. (Section A

interview, 2012)

Section B, Traditional First pre-service teachers expressed a dramatic increase
in their confidence for teaching science, even if science is not their favorite subject.
They felt capable of teaching content that previously they dreaded. “My attitude, no.
But I am way more confident that | can teach science and actually enjoy teaching

science now.”
SUMMARY
The quantitative data indicated that instructional type does impact science

content knowledge, specifically life science content knowledge in pre-service teachers.
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The instructional type does not seem to impact pre-service teacher self-efficacy in life or
earth science. Nor does instructional type seem to impact pre-service teacher expected
outcome or likelihood for teaching life or earth science. There was a statistically
significant relationship between the number of prior science courses and life science
content. There was no difference in the relationship of prior courses on earth science

content, self-efficacy or teaching outcome expectancy in life or earth science.

The qualitative data demonstrates pre-service teacher recognition of the impact
of instruction type on learning. The participant responses showed that the students
retained content knowledge longer and with personal confidence in understanding
better with inquiry-based instruction. Pre-service teachers who started the semester
with inquiry-based instruction were more likely to plan to use this type of instruction in
their own classrooms. Pre-service teachers who did not receive inquiry-based
instruction until halfway through the semester were less likely to plan to use this
instruction type in their own classrooms. They stated a preference for traditional
instruction based on their personal experience with traditional instruction over a longer
time-span — their educational history. The qualitative data showed a positive attitude

towards science.
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CHAPTER V

FINDINGS, CONCLUSIONS, IMPLICATIONS

AND RECOMMENDATIONS

Developing student learners that are capable of critical thinking is a goal of
educators today; and having teachers in place to guide these students to become
critical thinkers is essential. Teachers are more likely to use specific teaching strategies
when they are comfortable and fully understand the process of such teaching strategies.
Research shows that when pre-service teachers experience or learn material in a
particular way, they are more likely to teach using that method in their future classroom
(Haefner-Zembal-Saul, 2004; Sanger, 2007; Smith, 2007; Tessier, 2010). The purpose
of this study was to determine the relationships between inquiry-based instruction,
science content knowledge and self-efficacy among pre-service elementary teachers

through four research sub-questions.

The data for the study were gathered through examination of content knowledge,
efficacy surveys, survey of prior science courses, and semi-structured oral interviews
with pre-service teachers. Pre-service elementary education majors in two sections of
Integrated Life/Earth science courses were taught using a crossover method of inquiry-
based instruction and traditional instruction in one semester. These pre-service
teachers were pre-assessed through a pre-examination of content knowledge, a self-
efficacy survey, and a prior courses survey. At the midpoint of the semester, their
content knowledge for life science and self-efficacy for life science were collected. Then

the instructional method for each class was switched. At the completion of the
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semester, the content knowledge and self-efficacy was again collected. Following the
semester, the semi-structured oral interviews were conducted with a representative

sampling of pre-service teachers from each of the courses.

Analysis and Discussion of Research Findings

Quantitative Research

Research Question 1: What is the effectiveness of inquiry-based instruction
versus traditional methods of instruction in increasing life science and earth science

content knowledge for elementary pre-service teachers?

Data analysis for the quantitative section began with the reporting of
demographic data for each class of pre-service teachers. In addition the descriptive
statistics for the numbers of prior science courses and each quantitative measure was
included. ANCOVA'’s were used for analysis of content knowledge by instruction type.
The first class of pre-service teachers had 29 students and had inquiry-based
instruction for the first eight weeks of the semester. All students completed eight lab-
activities during the life science portion of the class. In the inquiry-based class, four of
these eight labs were considered inquiry-based instruction. The other four incorporated
hands-on instruction with traditional or teacher centered instruction. The four inquiry-
based labs were considered guided inquiry which required the students to develop their

own method of investigation and experimentation, although the initial question for
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investigation was provided by the instructor. Students worked in groups of either two or
four persons per lab. At the completion of the lab, students would analyze the data and
write conclusions based on their data and observations in a formal lab report. Results
from each group were shared with the class and similarities and differences were

discussed among groups.

The second class of pre-service teachers had 27 students and had traditional
instruction for the first eight weeks of the semester. These students completed eight life
science labs as well. All eight labs covered the same content as the inquiry-based
section, however, the labs were considered “cook-book” style labs, where students
followed pre-determined directions and answered analysis questions at the end. There
was no opportunity for this group to design or alter the method from other groups or
from the teacher’s original design. There was no formal lab report associated with the

“cookbook” style labs.

For post life science content knowledge, students with inquiry-based
instruction had a significantly higher adjusted mean than those with traditional
instruction for life science. Results of the independent samples t-test showed that
mean post life science content scores differed between inquiry-based instruction (M
=79.97, SD = 10.71, n = 29) and traditional instruction (M = 70.70, SD = 10.10, n =
27) at the .05 level of significance (t = 3.32%, df = 54, p < .05, 95% CI for mean
difference 3.68 to 14.85). On average inquiry-based instruction scored higher in life
science than traditional instruction. The pre-test mean for each class was 20.34
(inquiry) and 21.00 (traditional), which does not show a significant difference

between group means prior to beginning the course. It was interesting to note how
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low the pre-test scores were considering the fact that biology was the most

frequently named prior course when surveyed.

Following the crossover of instructional method at the midpoint of the semester,
pre-service teachers in the inquiry-based instruction class of earth science content did
not score significantly higher on earth science content. Results of the independent
samples t-test showed that mean earth science content scores were not significantly
different between inquiry-based instruction (M = 86.89, SD = 8.17, n = 27) and
traditional instruction (M = 86.83, SD = 9.55, n = 29) at the .05 level of significance (t = -
0.03, df = 54, p < .05, 95% CI for mean difference -4.84, 4.72). On average inquiry-
based instruction did not score higher in earth science than traditional instruction. |t
was interesting to note, that the pre-service teachers in traditional earth science were
the same group that outperformed in inquiry for life science. The researcher believed
that there was a carryover effect based on the way that this group of pre-service
teachers continued to participate in class and the questions that they asked. For
example, the first earth science lab was Properties of Water. The traditional instruction
lab had a series of “cook-book” type steps that carefully led the pre-service teachers
through a demonstration of the properties of water. When the Section A, Inquiry First
group participated in this traditional lab activity they would continually ask questions
about what would happen if they deviated from the specified method. One pre-service
teacher specifically asked if she could try different types of soap to see how it affected
the adhesion of water on a penny. Throughout the traditional lab, this group wanted to
explore in ways that were different from the directions given. Section B, Traditional First

pre-service teachers did not display this behavior. In fact, the pre-service teachers were
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resistant to change in instruction type, and complained about having to design a method
to test water properties on their own. They kept asking to be told exactly how they
should proceed with the investigation without taking ownership of the learning. The
researcher observed that an early expectation for student centered learning through

inquiry sets the tone for student engagement.

The pre-examination scores in earth and life science indicated that there was no
significant difference between the two groups of pre-service teachers. However, clearly
one group developed a different way of looking at and retaining the content. The earth
science pre-test means for each class were 13.11 (inquiry) and 12.38 (traditional),
which does not show a significant difference between group means prior to beginning
the course. Also, these extremely low pretest means were not surprising when the
types of prior science courses were examined. Pre-service teachers had little to no
exposure with earth science content prior to taking this class. However, there was a
tremendous increase in content knowledge for each section regardless of instruction

type. Observed Earth posttest means were 86.89 (inquiry) and 86.83 (traditional).

Research Question 2: What is the effect of inquiry-based versus traditional

instruction on self-efficacy for teaching science in elementary pre-service teachers?

The Science Teaching Efficacy Belief Instrument (STEBI) was used to determine
pre-service teacher self-efficacy for teaching science, which was the first subscale of

this instrument. The pre-STEBI was worded to demonstrate an efficacy for teaching
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general science. In other words, at the beginning of the semester, how confident are
you, the pre-service teacher, in teaching any science if placed in a classroom at this
moment? Following life science, at the midpoint of the semester, students were
surveyed again, and the STEBI was modified to represent self-efficacy for teaching life
science specifically. Results of the independent samples t-test showed that there was
no statistically significant difference between inquiry-based instruction (M = 3.91, SD =
0.60, n = 29) and traditional instruction (M = 3.80, SD = 0.51, n = 27) in science
teaching self-efficacy for life science at the .05 level of significance (t = 0.74, df =54, p <
.05, 95% CI for mean difference -0.19 to 0.41). On average there was no difference
between inquiry-based instruction and traditional instruction for life science teaching
self-efficacy. It was interesting to note the pre-STEBI means for efficacy for each class:
Section A, Inquiry First = 3.65, and Section B, Traditional First = 3.25, suggesting high
self-confidence despite life science pre-test percentages of 20.34, and 21.74,
respectively. Review of the prior science courses survey indicated that the most
frequently taken prior science classes were biology. Geology or any earth science was
rarely noted. Perhaps pre-service teachers felt that with prior courses in life science,

they were confident to teach life science at an elementary level.

The second subscale of the Science Teaching Efficacy Belief Instrument (STEBI)
was used to determine teaching outcome expectancy or the likelihood of teaching
science. During the first half of the semester, this measure specifically targeted life
science. Results of the independent samples t-test showed that there was no
statistically significant difference between inquiry-based instruction (M = 3.71, SD =

0.41, n = 29) and traditional instruction (M = 3.69, SD = 0.45, n = 27) in expected
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science teaching outcome for life science at the .05 level of significance (t = 0.18, df =
54, p < .05, 95% ClI for mean difference -0.21 to 0.25). On average there was no
difference between inquiry-based instruction and traditional instruction for expected life
science teaching outcome, although there was an overall increase in pre-service
teacher outcome expectancy following the life-science portion of the class. As noted in
the focus group interviews, at least one Inquiry First pre-service teacher reported that
she felt confident to teach science with the labs and materials that she had used in

class.

The Science Teaching Efficacy Belief Instrument (STEBI) was used following the
earth science portion of the class to determine pre-service teacher self-efficacy related
to earth science. Again, the pre-STEBI was worded to demonstrate an efficacy for
teaching general science. Following earth science, at the end of the semester, pre-
service teachers were surveyed again, and the STEBI was modified to represent self-
efficacy for teaching earth science specifically. Results of the independent samples t-
test showed that there was no statistically significant difference between inquiry-based
instruction (M = 3.89, SD = 0.55, n = 27) and traditional instruction (M = 3.93, SD =
0.62, n = 29) in science teaching efficacy for earth science at the .05 level of
significance (t = 0.25, df = 54, p < .05, 95% CI for mean difference -0.28 to 0.35). On
average there was no difference between inquiry-based instruction and traditional
instruction for earth science teaching efficacy. Again, it was interesting to note the pre-
STEBI means for efficacy for each class: Section A, Inquiry First = 3.65, and Section B,
Traditional First = 3.25., for pre-service teachers scoring percentages of 13.11 (inquiry),

and 12.38 (traditional) in earth science content, respectively in earth science content,
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their confidence for teaching science seemed very high. The researcher noted the
pretest means for earth science were much lower than the pretest scores for life
science. Again, this was attributed to the types of prior science courses that pre-service

teachers had taken.

The second subscale of the Science Teaching Efficacy Belief Instrument (STEBI)
was used to determine teaching outcome or the likelihood of teaching science. During
the second half of the semester, this measure specifically targeted earth science.
Results of the independent samples t-test showed that there was no statistically
significant difference between inquiry-based instruction (M = 3.69, SD = 0.34, n = 27)
and traditional instruction (M = 3.88, SD = 0.43, n = 29) in expected science teaching
outcome for earth science at the .05 level of significance (t = 1.87, df = 54, p < .05, 95%
Cl for mean difference -0.01 to 0.40). On average there was no difference between
inquiry-based instruction and traditional instruction for expected earth science teaching

outcome.

Research Question 3: What is the relationship between the number of prior science
content courses, content knowledge, instructional method, and self-efficacy for teaching

science in elementary pre-service teachers?

The results from the correlation show that the number of prior science courses is
significantly related to the Post Life Science Content. Examination of the prior science

courses data displays that most students have taken biology. This background content
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may have had an impact on their familiarity with the content and therefore the retention.
In addition, students that scored high on the life science posttest were likely to score
high on the earth science posttest. The number of prior science courses was not
related to the life or earth science efficacy or expected teaching outcome. However, the
Post Life STEBI Efficacy subscale was statistically related to the Life STEBI Outcome
subscale and Earth STEBI Efficacy subscale. Therefore, pre-service teachers that were
confident in life science content were also confident in earth science content, and the
confidence in life science led to a higher likelihood for teaching life science. Results
from the t-tests show that post life science content means were significantly higher for
pre-service teachers in inquiry-based instruction. The researcher felt that the prior
exposure to more life science classes than earth science classes led to increased

familiarity with the content for students.

Qualitative Research

Research Question 4: What do pre-service teachers think of inquiry-based versus

traditional instructional methods?

As Glesne and Peshkin (1992) point out interviewing in small groups can be
beneficial for some people; encouraging them to talk by responding to group member
responses and not just the interviewer. The researcher found this to be the case. After
the initial interview question was asked, the small group would take turns answering and
commenting on one another’s responses. This sometimes seemed to jog their memory

over parts of the course and the method of instruction.
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Interview Question 1: Which instructional method, worked best for you to learn
course content, the inquiry-based method during life science (or Earth for Section B) or

the traditional method during earth science (Life Science for Section B)?

Pre-service teacher responses to this question confirmed the idea that
participation in inquiry instruction forces students to be active participants in the learning
process. Furthermore, in order to develop a method of lab design, the inquiry-based
group had to communicate with each other, the instructor and explore related content
through the preparation of their literature review. Their responses to this level of
engagement indicated that it helped them retain the information better because of the
multiple times and ways in which they thought about the content, which confirmed the
quantitative results from ANCOVA. The student that preferred the traditional instruction
admitted that his/her reason was not controlled by the level of learning that occurred,
but a preference for being told what to do. Such activity does not develop a critical or
capable thinker, nor does it develop a teacher that is well equipped to guide students in

inquiry.

The level of engagement in Section A during the inquiry-based part of the class
led to an overall different atmosphere within the classroom. Students were more
communicative with one another and with the instructor. On a daily basis students were
talking with one another to plan and work together. Frequently, the researcher was
listening to and talking with the lab groups, which led to a familiarity with pre-service
teacher names, etc. The Section B, Traditional First class maintained a more reserved
air throughout the semester. There were fewer opportunities for pre-service teachers to

interact with one another or the instructor in the first few weeks of the semester. This
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seemed to be a crucial component in developing engaged learners. Even when the
instruction type flipped, Section B, Traditional First never developed the interactive
quality that the other class had. The researcher believed that the first few weeks of the
semester set the stage for expectations of behavior and level of learner engagement.
Therefore, Section B pre-service teachers remained resistant to a new instruction type

and working with peers when the crossover occurred.

Interview Question 2: Did you feel more comfortable in class during the life

science or earth science portion of the class? Why?

The comfort level of students throughout the course seemed to be controlled by
their familiarity with one another and the instructor over time spent in the course, more
than by instruction type. Both classes discussed frustration with writing lab reports, not
because of discomfort from lack of ability, but from the amount of time that they took to
complete. This course is a 3.0 hour class taken primarily by sophomores and some
juniors. The expectation to do much work outside of class is very low. At this point in
their college career, they have not realized the time commitments that teaching will
entail, and feel that this course should follow the same format as other core classes in
which they can simply show up. Attendance alone is a huge problem. For groups to
divide the work load and prepare for labs outside of class is difficult when students do
not take responsibility for their outside assignments. The two most successful lab
groups were those who chose to use Google Drive to share their documents. Although
recommended to all students as a means for sharing and adding to their lab reports,
only two groups actually did this. Therefore, the comfort level expressed by the pre-

service teachers does not directly relate to their self-efficacy for teaching science. Both
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classes had a high level of self-efficacy for teaching science prior to this course. The
interview participants felt that their exposure to science through classes they had
enrolled in throughout their education gave them the needed confidence to teach

science.

Interview Question 3: At any point in the semester did you start to have a more

favorable experience towards science? Yes or No?

Neither inquiry-based nor traditional instruction seemed to have an impact on
changing pre-service teacher science experience. Both classes had pre-service
teachers that felt the same towards science throughout the semester. Two of the
students that started with traditional instruction and switched to inquiry at the midpoint
indicated that they entered the semester hating science. By the end of the semester
they felt more interested in science and felt that the class provided them with a
foundation for teaching science. However, they did not indicate if this change in

favorability was related to the switch in instructional method.

Interview Question 4: Did you notice a change in your attitude towards science

after the first few classes of life science or earth science?

Neither class reported a change in attitude towards science related to instruction
type. The only student to elaborate on this question confirmed the use of inquiry
validated her understanding of the content and her perspective of learning, but did not

specifically address inquiry as changing her attitude towards science.

Interview Question 5: How do you see yourself using both inquiry-based

instruction and traditional instruction in your future classroom?
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Pre-service teachers from Section A, Inquiry First affirmed the value of having
participated in the process of inquiry themselves. They felt that they were more likely to
use inquiry in their future classrooms because they recognized the benefits from doing
inquiry. They could envision themselves being the teachers that would use inquiry
having seen it and participated with it from the other side. Pre-service teachers from
Section B, Traditional First only discussed the use of inquiry in their future classrooms
beyond science content. They recognized it as a method of learning that would be
beneficial for different types of learners within various content. Section B, Traditional
First did not indicate their use of inquiry in future classrooms, just an appreciation of

how inquiry could be beneficial.

Interview Question 6: Which instructional method do you feel more confident to

use in your future classroom? Why?

The interview participants from Section A, Inquiry First began their discussion of
the value of teaching using inquiry-based instruction. However, the conversation shifted
to issues that can arise during experiments with lab groups. They continued discussing
how they planned to use large or small groups, and that in fact they thought that lab
pairs were actually the ideal situation for conducting experiments. The researcher saw
this as a positive discussion — they were all planning to use inquiry in their classroom,
they were just working out the details of how to implement it most effectively. No one
spoke against using inquiry in their future classrooms. Section B, Traditional First had a
very different response to this question. All of the interview participants agreed with the
value of inquiry for learning material and retaining it. However, they all said that they

would most likely start their teaching career using traditional instruction. They kept
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emphasizing that this was the instruction that they were most familiar with from having
received this throughout their own education, so they were most likely going to use what
they had seen modeled. They agreed with one another that over time they hoped to
shift their instruction to include more inquiry in science. Despite their responses to
benefits of inquiry, they planned to teach using traditional instruction. The researcher
felt as though their responses to interview question 5 may have been out of respect for

the researcher’s interest in inquiry and not their personal beliefs.

Interview Question 7: Has your attitude towards teaching science changed over

the course of this semester? If so, how?

Interview participants from both sections expressed their anticipation of being in
their own classroom and looking forward to teaching in general, but also feeling ready to
teach science. They felt far more prepared than when they took the efficacy survey on

the first day of class.

Implications

In reviewing the data in relation to the research questions for this study, it was
concluded that pre-service teachers benefit from inquiry-based instruction. Although
only the life science content score exhibited quantitative data to support the statement
that inquiry-based instruction is more effective for increasing content knowledge, taken
in conjunction with the interviewer responses it was clear that inquiry-based instruction
has value in the classroom. The most crucial implication for inquiry-based instruction
was the direct participation of future teachers in this type of learning. They are less

likely to use instructional methods in which they are not directly involved, and
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recognizing the gains of using inquiry will only come with repeated exposure. Section
A, Inquiry First pre-service teachers had early exposure to this teaching method, which
seemed to carry over for the entire semester. Section B, Traditional First pre-service
teachers did not appear convinced of the benefits of inquiry, since there was no plan to

implement such instruction in their future classrooms.

In addition, although only the life science content showed a significant increase
for inquiry-based instruction, the researcher noted that pre-service teachers achieved
the same level of content whether in inquiry or traditional instruction. This demonstrated
that the same amount of content could be covered and to the same level, while using
either method of instruction. Since one of the complaints with moving to inquiry-based
instruction has been the inability to cover the same amount of content, this study
demonstrates that is not the case. Also, the Life STEBI Efficacy subscale showed
higher post scores for inquiry-based instruction than the traditional instruction.
Therefore, two of the six measures did show higher results for inquiry-based instruction.
Further exploration with the use of inquiry-based instruction may improve our

understanding of the use of inquiry.

The shift for schools full of lazy learners needs to start in teacher education
programs. Even the pre-service teachers arrive to class as customers to be served. If
pre-service elementary teachers display an open dislike for math and science, how can
we not expect this attitude to carryover to their students? It is essential that teacher
education therefore reach the pre-service teachers that can make a shift in learner
attitudes and experiences. As the researcher found, traditional schooling leads to

traditional schooling. However, when different and perhaps higher expectations are set
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forth from the beginning, pre-service teachers (students) raised the level of expectation
and shifted their attitude from one waiting to be served to one in charge of their own
learning opportunity. Rheinberger’s statement, “A research experiment is a device to
bring forth something unknown — in fact, something which does not even exist in the
form in which it is going to be produced” produced an unknown product for pre-service
teachers from this study. Their expectation to passively attend a science class, was
disrupted by the student-centered approach to instruction through inquiry. Their
dialogue in the follow-up interviews displayed a new and unexpected awareness and
value for student driven classrooms. Moreover, their direct participation as students in
the process helped them to realize the value of the experience through the eyes of
students, not just as educators (Britzman, 1991). For this reason, curriculum studies
programs and teacher education programs have the responsibility to provide non-
traditional learning opportunities for future educators to bring about this shift. In
addition, collaboration with content-based departments across campus could reinforce
the pedagogy presented in education courses. If the desire is for future and current
educators to move away from traditional instruction, then teacher education programs

need to model what they preach.

Recommendations for Further Research

1. A larger sample size would be beneficial to observe the relationships among

instruction type, content knowledge and self-efficacy.
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. A study should be undertaken to increase the number of inquiry-based labs over
the course of an entire semester — rather than just half of one. In addition,
having an entire semester in a class such as Integrated Science would allow pre-
service teachers opportunities to use inquiry-based instruction in more than one
content area, for example inquiry-based labs in life science AND earth science.

. This research should continue into successive semesters for pre-service
teachers to have additional and continued exposure to inquiry-based instruction
as a method of instruction. The Science methods class that elementary majors
take should involve pre-service teachers in inquiry to reinforce this exposure.

. Alongitudinal study to follow pre-service teachers into their future classrooms
and conduct follow-up surveys to see how inquiry-based instruction is being
utilized would be beneficial.

. Being able to look at the quantitative data prior to the oral interviews would allow
the researcher the opportunity to target questions related to the data for the
participants. For example, the ability to investigate prior courses with pre-service
teachers and what they think about the impact of prior courses on their self-
efficacy would be beneficial.

. Lastly, layering this study with a learning styles inventory of the pre-service
teachers would allow the researcher the opportunity to see how specific types of

learners respond to different instructional methods.
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Georgia Southern University
Office of Research Services & Sponsored Programs

Institutional Review Board (IRB)

Phone: 912-478-0843 Veazey Hall 2021
P.O. Box 8005

Fax: 912-478-0719 IRB@GeorgiaSouthern.edu Statesboro, GA 30460

To: Heather Scott

Dr. Missy Bennett

CC: Charles E. Patterson
Vice President for Research and Dean of the Graduate College

From: Office of Research Services and Sponsored Programs
Administrative Support Office for Research Oversight Committees
(IACUC/IBC/IRB)

Initial Approval Date: 07/18/12

Expiration Date: 05/31/13

Subject: Status of Application for Approval to Utilize Human Subjects in Research

After a review of your proposed research project numbered H13013 and titled “Inguiry, Efficacy, and
Science Education,” it appears that (1) the research subjects are at minimal risk, (2) appropriate safeguards
are planned, and (3) the research activities involve only procedures which are allowable. You are
authorized to enroll up to a maximum of _65__ subjects.

Therefore, as authorized in the Federal Policy for the Protection of Human Subjects, 1 am pleased to
notify you that the Institutional Review Board has approved your proposed research,

Ifat the end of this approval period there have been no changes to the research protocol; you may request
an extension of the approval period. Total project approval on this application may not exceed 36 months.
If additional time is required, a new application may be submitted for continuing work. In the interim,
please provide the IRB with any information concerning any significant adverse event, whether or not it is
believed to be related to the study, within five working days of the event, In addition, if a change or
modification of the approved methodology becomes necessary, you must notify the IRB Coordinator prior
to initiating any such changes or modifications. At that time, an amended application for TRB approval
may be submitted. Upon completion of your data collection, you are required to complete a Research
Study Termination form to notify the IRB Coordinator, so your file may be closed.

Sincerely,

S

Eleanor Haynes (4ee \
Compliance Officer
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GEORGIA SOUTHERN UNIVERSITY INSTITUTIONAL REVIEW BOARD
PROPOSAL NARRATIVE
Personnel.

Heather Scott, Principal Investigator: doctoral candidate, project designer, will gather
and analyze all data.

Missy Bennett, Advisor: doctoral committee chair.
Purpose:

The purpose of this study is to determine what relationships exist among inquiry-
based instruction, science content knowledge and self-efficacy in pre-service
elementary teachers. The following research sub-questions will guide this study:

What is the effectiveness of inquiry-based instruction versus traditional methods of
instruction in increasing life science and earth science content knowledge for
elementary pre-service teachers? What is the effect of inquiry-based versus traditional
instruction on self-efficacy for teaching science in elementary pre-service teachers?
What is the relationship between the number of prior science content courses, content
knowledge, instructional method, and self-efficacy for teaching science in elementary
pre-service teachers? What do pre-service teachers think of inquiry-based versus
traditional instructional methods?

Effective use of inquiry-based instruction is a glaring weakness in science
education for today’s schools. Although many researchers understand the value of
inquiry in our quest for knowledge as a society, and even the value of inquiry to develop
critical thinking in the youth of today, the use of inquiry-based instruction remains
absent in our educational system. Since elementary school is a primary time to develop
the basic skills for science as a process, this should be the focus of teacher education
programs; to strength the confidence in pre-service elementary teachers to accept the
challenge to bring inquiry-based instruction into the classroom.

The use of inquiry-based instruction in developing student content knowledge
and critical thinking skills has seen a push by researchers and the National Science
Teachers Association (NSTA, 2012) in recent years. However, teachers are reluctant to
incorporate inquiry into their classrooms because of the lack of familiarity with the
process. Elementary teachers in particular have a lack of confidence in teaching
science on many levels, and using inquiry feels very uncontrolled and uncomfortable. In
order for pre-service teachers to gain confidence in using new methods of instruction in
their future classrooms, they need to have opportunities to learn through experiencing
the same processes that they will use for instruction in the future and reflecting on the
personal experiences gained through such. By measuring the increase in content
knowledge gained through two opposing methods of instruction and assessing pre-
service teacher efficacy for the content knowledge as well as the potential for future
classroom use, it is possible to determine the effect of inquiry-based and traditional
instruction on elementary pre-service teachers.
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The use of inquiry-based instruction is gradually gaining ground in K-12
classrooms and the post-secondary arena. There are studies that have looked at the
use of inquiry to increase content knowledge and there are studies that have looked at
attitudes towards science with inquiry instruction. However, a gap exists with the use of
inquiry instruction for pre-service elementary teachers and its impact on content
knowledge and self-efficacy for teaching science.

It is important to realize the need for pre-service teacher science content to
increase. During a university program of study, education majors completing science
courses receive content in the method most often utilized in universities, which is direct
instruction. Thus far, we have failed to see a successful carryover of this content into
the elementary classroom. The Board of Regents of the University System of Georgia
(2006) has mandated two additional science content classes for elementary majors to
cover life, earth and physical science. However, without altering the pedagogy, why
would we see a significant change in the way that these future teachers teach science
in their classrooms?

Outcome:

The participants in this study will benefit from exposure to inquiry-based
instruction for development of their personal understanding of inquiry in science
education and how to implement such instruction for their future classroom. In addition,
the information gained from this study will inform the teacher preparation programs in
the College of Education at Georgia Southern University as well as educator
preparation programs through dissemination in education venues.

Describe your subjects:

Purposeful sampling will be used for this study, with the Integrated Science
(ISCI) 2001, Life/Earth Science specifically designated as the course to explore this
study. Two sections of this course will be used in the study. Each course has 30
students enrolled. As this course is required for all early childhood majors, the students
enrolled will be early childhood education majors. Two content areas, life science and
earth science, will be utilized through the crossover design. Each content area will have
an experimental and a control aspect, between the two course sections.

At the beginning of the course, the students will be informed that the ISCI 2001
course is part of a research study. The informed consent letter will give them the
opportunity to refuse to participate. Students will still be expected to complete all of the
course assignments and examinations associated with the course. If they choose not to
participate in the self-efficacy questionnaire or the prior science courses survey, they
can submit a blank copy of the questionnaire or survey and place in the collection
envelope in the classroom.

At the end of the course, all students will have the opportunity to volunteer for
small focus group interviews to collect qualitative data; even if these students chose not
to participate in the initial surveys. These interview sessions will be audio taped, and a
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graduate assistant will record student responses during the interview session for later
transcription.

Graduate assistants will administer the pre/posttests, and surveys, and code and
assign numbers to each so as to remove identity from student paperwork. All
instruments used for the purpose of research will be kept in a locked file for three years
and destroyed after that time, and no identifying information will be released or
published that could identify specific students.

Methodology (Procedures):

A pre-test administered by graduate assistants will be used at the beginning of
the semester to gauge initial content knowledge. See Appendix A. Students will also be
asked through the use of a survey administered by a graduate assistant at the
beginning of the semester to provide information regarding the number of high school
and college level science courses that they have taken prior to enrolling in this course.
See Appendix B. The Science Teaching Self Efficacy Instrument (STEBI-B) will be
administered by a graduate assistant as a pre-assessment with students instructed to
answer the survey questions from a general science perspective. See Appendix C.
Course section A students will be taught for the first eight weeks of the semester using
an inquiry-based approach to the life science content, that includes four iterations of an
inquiry-based project during the life science portion of the class. This inquiry-based
instruction is most closely described as guided inquiry. Students will work with a partner
or in a small lab group to develop an experimental design that can be used to support or
refute their hypothesis based on the evidence provided through the course of their
exploration. This instruction is considered guided inquiry, as there will be some input
provided by the course instructor to increase the rate at which the students can
complete their exploration. For example, when students are exploring the membrane
transport, there will be several materials available which are recommended to test
movement across membranes. Each group will be encouraged to explore using
different materials, such as starch and iodine or glucose and water, and the results from
each lab group will be shared and discussed with the class.

Course section B students will be taught for the same duration using a traditional
instruction method that is comprised of “cookbook” type lab activities and direct
instruction. A “cookbook” style lab will still allow students to experience hands-on
learning by actively participating in a lab activity, however, the students will not be
developing their own procedures for exploration; they will be following the steps outlined
on a lab sheet that explore one way of demonstrating the concept, such as membrane
transport. At the end of the first eight weeks of the semester, a midterm exam
administered by a graduate assistant will be given to each section serving as a post-test
for the life-science portion of the course. See Appendix D. In addition, the self-efficacy
survey will be administered by a graduate assistant to both sections, and modified to
contain phrases that specifically relate to life science. See Appendix E.

Now a crossover of methods will occur. Course section A students that originally
received instruction through an inquiry-based approach will receive earth science
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content through traditional methods of instruction. A “cookbook” style lab will still allow
students to experience hands-on learning by actively participating in a lab activity,
however, the students will not be developing their own procedures for exploration; they
will be following the steps outlined on a lab sheet that explore one way of demonstrating
the concept, such as properties of water. Section B students will now receive earth
science instruction in an inquiry-based approach, that includes four iterations of inquiry-
based projects for the earth science portion of the class. This inquiry-based instruction
is most closely described as guided inquiry. Students will work with a partner or in a
small lab group to develop an experimental design that can be used to support or refute
their hypothesis based on the evidence provided through the course of their exploration.
This instruction is considered guided inquiry, as there will be some input provided by the
course instructor to increase the rate at which the students can complete their
exploration. For example, when students are exploring the difference between direct
and indirect light on earth’s surface and how that affects seasonal changes on earth, a
flashlight will be provided and students will be given a guiding question to explore with
light and surface area. At the end of the semester, both sections will take a post-test
assessment of the earth science content administered by a graduate assistant. See
Appendix F. In addition, the self-efficacy survey will be administered by a graduate
assistant to both sections, and modified to contain phrases that specifically relate to
earth science. See Appendix G. Students will be given the opportunity to participate in
small focus group interviews to provide qualitative data regarding the use of inquiry in
science education. A graduate assistant will administer the interview questions and
audiotape them for later transcription and analysis. The questions that will be used in
the focus group interviews are included in Appendix H.

In addition to descriptive statistics and correlation, Analysis of Covariance
(ANCOVA) will be used to address research questions 1-3. Quantitative data will be
analyzed using Statistical Package for Social Sciences (SPSS). ANCOVA will be used
to detect any differences between groups and equate groups on pre-existing differences
(Gall, Gall & Borg, 2007). The STEBI-B will be modified to focus the participants on life
science or earth science following each respective portion of the course.

Six ANCOVA models will be tested. Following life science instruction students
will complete the posttest on life science and the STEBI worded for life science. The
STEBI will produce scores for two sub-scales, life-science teaching efficacy and life-
science teaching outcome expectancy. The factor of interest in the ANCOVA models is
instructional type (inquiry-based or traditional instruction), and several covariates will be
included: pretest scores in life science, number of prior science courses taken, and pre-
measures of teaching efficacy and teaching outcome expectancy. Thus, for the three
outcomes - life science posttest scores, life science teaching efficacy, and for life
science teaching outcome expectancy - three separate ANCOVA models will be
estimated to test for instructional differences while controlling for pre-test scores in life
science, number of prior science courses taken, initial teaching efficacy, and initial
teaching outcome expectancy.
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For the earth science posttest scores, earth science teaching efficacy, and for
earth science teaching outcome expectancy, three separate ANCOVA models will be
estimated to test for instructional differences while controlling for pre-test scores in earth
science, number of prior science courses taken, initial teaching efficacy, and initial
outcome expectancy. Mean scores will be used to adjust for correct scale in potential
missing data, as some students may not answer every question on the questionnaire or
examination.

Following the focus group interviews, a qualitative analysis of the participants’
responses will be conducted to identify categories that describe the differences for
participants in inquiry-based or traditional instruction. These categories will be labeled
and classified as properties of inquiry-based or traditional instruction for students in
science education (Strauss & Corbin, 1998). In addition, classification that correlates
with self-efficacy will be identified to note differences, if they exist, between the two
methods of instruction. At the completion of the analysis and labeling of the responses,
the researcher will report the findings in summarized statements.

Special Conditions:
Risk.

There are minimal to no risks to participants in this study.
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DEPARTMENT OF TEACHING AND LEARNING

INFORMED CONSENT: SURVEY

As a doctoral candidate and instructor in the College of Education, | wish to learn more
about instructional methods that may affect the science teaching self-efficacy of pre-
service teacher candidates and their content knowledge. The specific purpose of this
research is to study the relationship among instructional methods (inquiry vs. traditional),
content knowledge, science teaching self-efficacy, and prior science courses taken.

Participation in this research will include completion of a pretest/posttest for content
knowledge in life/earth science, a science teaching efficacy belief instrument (general), a
survey of prior courses taken in high school and college, a science teaching efficacy
belief instrument (modified for life science), and a science teaching belief instrument
(modified for earth science), and the opportunity to participate in a volunteer focus group
interview. By signing this consent form, | understand that my individual information will
be maintained confidentially and only reported as part of statistical data. | also
understand that | will not be asked to provide data, including work samples, from P-12
students.

The risks from participating in this study are no more than would be encountered in
everyday life. If you do experience discomfort from participating in this research, you
have the option to contact the Counseling Center to make an appointment to speak to
someone, 912-478-5541.

There are no direct benefits to participation in this study other than the experience of
participating in a research process that may benefit future pre-service teacher
candidates in your program.

Data collected for the focus group interviews will be done on a volunteer basis at a time
deemed most convenient to all of the volunteers. If student data is collected outside the
bounds of normal coursework, then data collection will last no more than 60 minutes.

The records of this study will be kept private, and your identity will be kept confidential to
the extent required by law. Specifically, research records will be kept in a locked file for
three years from the collection date and can be accessed only by researchers. At the
end of this time frame, the data will be destroyed. The results will be analyzed in terms
of averages across participants rather than in terms of individual performance. In any
form of report that | may publish, | will not include any information that will make it
possible to identify a research participant.
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Participants have the right to ask questions and have those questions answered. [f you
have questions about this study, please contact the researcher named above or the
researcher’s faculty advisor, whose contact information is located at the end of the
informed consent. For questions concerning your rights as a research participant,
contact Georgia Southern University Office of Research Services and Sponsored
Programs at 912-478-0843.

There is no compensation for participation in this study.

Participants may choose not to participate by not signing this consent form or, if the data
being collected is outside the bounds of normal coursework, participants may end their
participation at any time, or request that certain personal data not be used by sending an
email request using your Georgia Southern University email account to the principal
investigator, Heather Scott, at hscott@georgiasouthern.edu.

There is no penalty for deciding not to participate in the study. Your grade will not be
affected in any way by your choice to participate or not participate in this study.

Although you must complete all coursework that is assigned by the instructor, it is
entirely up to you to decide whether or not your assignments may be included in the data
set.

You must be 18 years of age or older to consent to participate in this research study. If
you consent to participate in this research study and to the terms above, please sign
your name and indicate the date below.

You will be given a copy of this consent form to keep for your records. This project has been
reviewed and approved by the GSU Institutional Review Board under tracking number H13013.

Title of Project: Inquiry, Efficacy, and Science Education

Principal Investigator: Heather Scott, Department of Teaching and Learning, College of
Education, Georgia Southern University, PO Box 8134, Statesboro, Ga. 30460. Telephone:
(912) 478-5932;

Email: hscott@georgiasouthern.edu

Faculty Advisor: Missy Bennett, Department of Teaching and Learning, College of Education,
Georgia Southern University, PO Box 8134, Statesboro, Ga. 30460. Telephone: (912) 478-
0356;

Email: mbennett@georgiasouthern.edu

Participant Signature Date

I, the undersigned, verify that the above informed consent procedure has been followed.

Investigator Signature Date

113



g GEORGIA

3 SOUTHERN
< UNIVERSITY
COLLEGE OF EDUCATION
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INFORMED CONSENT: INTERVIEW

As a doctoral candidate and instructor in the College of Education, | wish to learn more
about instructional methods that may affect the science teaching self-efficacy of pre-
service teacher candidates and their content knowledge. The specific purpose of this
research is to study the relationship among instructional methods (inquiry vs. traditional),
content knowledge, science teaching self-efficacy, and prior science courses taken.

Participation in this research will include completion of a pretest/posttest for content
knowledge in life/earth science, a science teaching efficacy belief instrument (general), a
survey of prior courses taken in high school and college, a science teaching efficacy
belief instrument (modified for life science), and a science teaching belief instrument
(modified for earth science), and the opportunity to participate in a volunteer focus group
interview. By signing this consent form, | understand that my individual information will
be maintained confidentially and only reported as part of statistical data. | also
understand that | will not be asked to provide data, including work samples, from P-12
students.

The risks from participating in this study are no more than would be encountered in
everyday life. If you do experience discomfort from participating in this research, you
have the option to contact the Counseling Center to make an appointment to speak to
someone, 912-478-5541.

There are no direct benefits to participation in this study other than the experience of
participating in a research process that may benefit future pre-service teacher
candidates in your program.

Data collected will be done throughout the normal activities of coursework or class time.
If student data is collected outside the bounds of normal coursework, then data
collection will last no more than 30 minutes.

The records of this study will be kept private, and your identity will be kept confidential to
the extent required by law. Specifically, research records will be kept in a locked file for
three years from collection date and can be accessed only by researchers. At the end of
this time frame, the data will be destroyed. The results will be analyzed in terms of
averages across participants rather than in terms of individual performance. In any form
of report that | may publish, | will not include any information that will make it possible to
identify a research participant.

114



Participants have the right to ask questions and have those questions answered. If you
have questions about this study, please contact the researcher named above or the
researcher’s faculty advisor, whose contact information is located at the end of the
informed consent. For questions concerning your rights as a research participant,
contact Georgia Southern University Office of Research Services and Sponsored
Programs at 912-478-0843.

There is no compensation for participation in this study.

Participants may choose not to participate by not signing this consent form or, if the data
being collected is outside the bounds of normal coursework, participants may end their
participation at any time, or request that certain personal data not be used by sending an
email request using your Georgia Southern University email account to the principal
investigator, Heather Scott, at hscott@georgiasouthern.edu.

There is no penalty for deciding not to participate in the study. Your grade will not be
affected in any way by your choice to participate or not participate in this study.

Although you must complete all coursework that is assigned by the instructor, it is
entirely up to you to decide whether or not your assignments may be included in the data
set.

You must be 18 years of age or older to consent to participate in this research study. If
you consent to participate in this research study and to the terms above, please sign
your name and indicate the date below.

You will be given a copy of this consent form to keep for your records. This project has been
reviewed and approved by the GSU Institutional Review Board under tracking number H13013.

Title of Project: Inquiry, Efficacy, and Science Education

Principal Investigator: Heather Scott, Department of Teaching and Learning, College of
Education, Georgia Southern University, PO Box 8134, Statesboro, Ga. 30460. Telephone:
(912) 478-5932;

Email: hscott@georgiasouthern.edu

Faculty Advisor: Missy Bennett, Department of Teaching and Learning, College of Education,
Georgia Southern University, PO Box 8134, Statesboro, Ga. 30460. Telephone: (912) 478-
0356;

Email: mbennett@georgiasouthern.edu

Participant Signature Date

[, the undersigned, verify that the above informed consent procedure has been followed.

Investigator Signature Date
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APPENDIX B

CONTENT KNOWLEDGE EXAMINATION ALIGNED WITH LEARNING OUTCOMES AND GPS

Pre/Post Test Questions

DOE Learning Outcome

Georgia Performance Standard

1-6. On a diagram, name and describe the function
of the following organelles: rough endoplasmic
reticulum, Golgi apparatus, cytoplasm,
mitochondria, lysosome, nucleus

SWBAT identify different cell
components and their functions.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. b. Relate cell structures
(cell membrane, nucleus, cytoplasm, chloroplasts,
mitochondria) to basic cell functions.

7. In diffusion, molecules move from areas of
concentration to areas of ___ concentration.

SWBAT explain the integration of
cellular components.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. a. Explain that cells take
in nutrients in order to grow and divide and to make needed
materials.

8. In algae and the leaves of green plants,
photosynthesis occurs in cells that contain .

SWBAT explain the process and
significance of photosynthesis.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. a. Explain that cells take
in nutrients in order to grow and divide and to make needed
materials.

9. Write the equation for cellular respiration. Where
does this process occur and what is the importance
of oxygen for this process?

SWBAT explain the process and
significance of cellular respiration.

S7L4. Students will examine the dependence of organisms on
one another and their environments.

a. Demonstrate in a food web that matter is transferred from
one organism to another and can recycle between organisms
and their environments.

10. Explain how photosynthesis is an intricate part
of the interdependence of life.

SWBAT explain the process and
significance of photosynthesis.

S7L4. Students will examine the dependence of organisms on
one another and their environments. b. Explain in a food web
that sunlight is the source of energy and that this energy
moves from organism to organism.

11. When moving from one trophic level to the
next, only 10% of the total energy is transferred.
Where does the other 90% go?

SWBAT demonstrate an understanding
of the intricacy and concepts of food
webs.

S7L4. Students will examine the dependence of organisms on
one another and their environments. a. Demonstrate in a food
web that matter is transferred from one organism to another
and can recycle between organisms and their environments.

12. In our diffusion lab, we used iodine to show if
there was any movement through the plastic bag.
lodine is called a(n) ___, because it changes color
when it comes into contact with starch.

SWBAT demonstrate the ability to
explain characteristics associated with
all living things: cells, growth, exchange
of materials with the environment,
homeostasis, etc.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. d. Explain that tissues,
organs, and organ systems serve the needs cells have for
oxygen, food, and waste removal.

13. The basic structural unit of all living things is a

SWBAT recognize the cell as the
fundamental unit of life.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. a. Explain that cells take
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in nutrients in order to grow and divide and to make needed
materials.

14. Insects make up about ___in relative
abundance of the animal species on Earth.

SWBAT recognize similarities and
differences between organisms, and
group living organisms based on
characteristics.

S7L1. Students will investigate the diversity of living organisms
and how they can be compared scientifically.

15. When one organism in a relationship benefits
and the other organism is not affected, this
relationship is called ___.

SWBAT demonstrate an understanding
of symbiotic relationships, i.e.
mutualism, commensalism, and
parasitism.

S7L1. Students will investigate the diversity of living organisms
and how they can be compared scientifically.

16. Describe a physical adaptation that would
benefit an insect as a predator.

SWBAT demonstrate an understanding
of predator/prey relationships,
strategies and adaptive significance.

S7L4. Students will examine the dependence of organisms on
one another and their environments. d. Categorize
relationships between organisms that are competitive or
mutually beneficial.

17. Name the three main body segments of an
insect and tell the primary function of each.

SWBAT group living organisms based
on characteristics.

S7L1. Students will investigate the diversity of living organisms
and how they can be compared scientifically.

18. Name two characteristics that are unique to
mammals.

SWBAT group living organisms based
on characteristics.

S7L1. Students will investigate the diversity of living organisms
and how they can be compared scientifically.

19. Carnivores have teeth that are specialized
adaptations for beinga __.

SWBAT demonstrate an understanding
of predator/prey relationships,
strategies and adaptive significance.

S7L4. Students will examine the dependence of organisms on
one another and their environments. d. Categorize
relationships between organisms that are competitive or
mutually beneficial.

20. Rodents have rootless incisors. If we (humans)
had rootless incisors, what would we do diligently
for our teeth?

SWBAT group living organisms based
on characteristics.

S7L1. Students will investigate the diversity of living organisms
and how they can be compared scientifically.

21. Use the following boxes to draw each step in
the cell cycle and name it. Clearly show where the
chromosomes are positioned during each phase.

SWBAT demonstrate the ability to
explain mechanisms for transmission of
traits between generations.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. a. Explain that cells take
in nutrients in order to grow and divide and to make needed
materials.

22. The cellular process that duplicates genetic
material prior to its distribution to the daughter cells
is

SWBAT demonstrate the role of DNA in
heredity.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. a. Explain that cells take
in nutrients in order to grow and divide and to make needed
materials.

23. Using the template strand of DNA provided,
identify which strand of DNA would be the
complementary strand after replication. Template

SWBAT demonstrate the role of DNA in
heredity.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. a. Explain that cells take
in nutrients in order to grow and divide and to make needed
materials.
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strand: GCAATCGCACATTG

24. The cellular process is composed of
two steps: transcription and translation.

SWBAT demonstrate the role of DNA in
heredity.

S7L2. Students will describe the structure and function of cells,
tissues, organs, and organ systems. a. Explain that cells take
in nutrients in order to grow and divide and to make needed
materials.

25. A normal human karyotype would contain how
many total chromosomes? (Not pairs)

SWBAT distinguish between inherited
traits and learned behaviors.

S7L3. Students will recognize how biological traits are passed
on to successive generations. a. Explain the role of genes and
chromosomes in the process of inheriting a specific trait.

26. Indicate what the normal female sex
chromosomes would be.

SWBAT distinguish between inherited
traits and learned behaviors.

S7L3. Students will recognize how biological traits are passed
on to successive generations. a. Explain the role of genes and
chromosomes in the process of inheriting a specific trait.

27. Gregor Mendel experimented with true
breeding pea plants that exhibited spherical seeds
and dented seeds. The spherical seeds were
dominant. Draw a Punnett Square and show the
genotypic and phenotypic ratios for the offspring for
a cross between a heterozygous pea plant with
spherical seeds and a pea plant with dented seeds.

SWBAT distinguish between inherited
traits and learned behaviors.

S7L3. Students will recognize how biological traits are passed
on to successive generations. c. Recognize that selective
breeding can produce plants or animals with desired traits.

28. How does the cohesive property of water work?
Use words and/or diagrams to explain your
answer.

SWBAT demonstrate a basic
understanding of the water cycle.

S6E3. Students will recognize the significant role of water in
earth processes.

a. Explain that a large portion of the Earth’s surface

is water, consisting of oceans, rivers, lakes, underground
water, and ice.

29. Draw a water molecule. Label the atoms and
any charges associated with it.

SWBAT demonstrate a basic
understanding of the water cycle.

S6E3. Students will recognize the significant role of water in
earth processes.

a. Explain that a large portion of the Earth’s surface

is water, consisting of oceans, rivers, lakes, underground
water, and ice.

30. Describe how sedimentary rocks are formed as
part of the rock cycle.

SWBAT differentiate rocks and
demonstrate a basic understanding of
the rock cycle.

S6ES5. Students will investigate

the scientific view of how the earth’s surface is formed.

c. Classify rocks by their process of formation.

d. Describe processes that change rocks and the surface of
the earth.

31. Name one of the metamorphic rocks that we
studied. ldentify its texture and explain what
texture refers to in a metamorphic rock.

SWBAT differentiate rocks and
demonstrate a basic understanding of
the rock cycle.

S6ES5. Students will investigate

the scientific view of how the earth’s surface is formed.

c. Classify rocks by their process of formation.

d. Describe processes that change rocks and the surface of
the earth.
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32. Name this phase of the moon:

How do you know that it is this phase?

SWBAT demonstrate an understanding
of stars, planets, and the solar system.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun.

a. Demonstrate the phases of the moon by showing the
alignment of the earth, moon, and sun.

33. Name this phase of the moon:

SWBAT demonstrate an understanding
of stars, planets, and the solar system.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun.

a. Demonstrate the phases of the moon by showing the
alignment of the earth, moon, and sun.

34. Name this phase of the moon:

How do you know that it is this phase?

SWBAT demonstrate an understanding
of stars, planets, and the solar system.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun.

a. Demonstrate the phases of the moon by showing the
alignment of the earth, moon, and sun.

35. Name this phase of the moon:

How do you know that it is this phase? I]

How do you know that it is this phase?

SWBAT demonstrate an understanding
of stars, planets, and the solar system.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun.

a. Demonstrate the phases of the moon by showing the
alignment of the earth, moon, and sun.

36. Draw a diagram and describe why the moon
changes phases.

SWBAT demonstrate an understanding
of stars, planets, and the solar system.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun.

a. Demonstrate the phases of the moon by showing the
alignment of the earth, moon, and sun.

37. The ___is the layer in the atmosphere where

weather occurs.

SWBAT demonstrate an understanding
of stars, planets, and the solar system.

S6E4. Students will understand how the distribution of land
and oceans affects climate and weather.

a. Demonstrate that land and water absorb and lose heat at
different rates and explain the resulting effects on weather
patterns.

38. Describe what happens when air near Earth’s

surface warms?

SWBAT understand and describe how
weathering forms soil and how weather

and erosion change the earth’s surface.

S6E4. Students will understand how the distribution of land
and oceans affects climate and weather.

a. Demonstrate that land and water absorb and lose heat at
different rates and explain the resulting effects on weather
patterns.

39. If a flashlight represented sunlight shining on

the Earth, which angle would heat the it area the

most, a 90 degree angle or a 60 degree angle?
Why?

SWBAT measure and describe
changes in weather and how they
relate to the water cycle and position of
the earth and sun.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun. c. Relate the tilt of the
earth to the distribution of sunlight throughout the year and its
effect on climate.

40. In general, where does the Earth have higher

temperatures? Why?

SWBAT measure and describe
changes in weather and how they
relate to the water cycle and position of
the earth and sun.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun. c. Relate the tilt of the
earth to the distribution of sunlight throughout the year and its
effect on climate.
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41. Draw a diagram and describe how Earth’s tilt is
related to the seasons. Use the following words to
label/describe your diagram: summer solstice,
winter solstice, autumnal equinox, vernal equinox,
winter, spring, summer, fall, direct light, indirect
light, and axis.

SWBAT measure and describe
changes in weather and how they
relate to the water cycle and position of
the earth and sun.

S6E2. Students will understand the effects of the relative
positions of the earth, moon and sun. c. Relate the tilt of the
earth to the distribution of sunlight throughout the year and its
effect on climate.

42. When tectonic plates push together on Earth’s
surface, the area is referred to as a(n)
boundary.

SWBAT recognize and describe the
different geologic processes that shape
earth.

S6E5. Students will investigate

the scientific view of how the earth’s surface is formed. e.
Recognize that lithospheric plates constantly move and cause
major geological events on the earth’s surface.

43. Underneath a divergent boundary, the mantle
would move up or down in the convection cell?
Circle one.

SWBAT recognize and describe the
different geologic processes that shape
earth.

S6E5. Students will investigate

the scientific view of how the earth’s surface is formed. e.
Recognize that lithospheric plates constantly move and cause
major geological events on the earth’s surface.

44, When tectonic plates pull apart on Earth’s
surface, the area is referred to as a(n)
boundary.

SWBAT recognize and describe the
different geologic processes that shape
earth.

S6ES5. Students will investigate

the scientific view of how the earth’s surface is formed. e.
Recognize that lithospheric plates constantly move and cause
major geological events on the earth’s surface.

45. What happens when dense crust pushes
against buoyant crust, as in an oceanic/continental
boundary?

SWBAT recognize and describe the
different geologic processes that shape
earth.

S6E5. Students will investigate

the scientific view of how the earth’s surface is formed.

d. Describe processes that change rocks and the surface of
the earth. e. Recognize that lithospheric plates constantly
move and cause major geological events

on the earth’s surface.

46. Name the two types of crust found on Earth’s
surface and the predominant rock type that makes
up each type of crust.

SWBAT recognize and describe the
different geologic processes that shape
earth.

S6E5. Students will investigate

the scientific view of how the earth’s surface is formed.

a. Compare and contrast the Earth’s crust, mantle, and core
including temperature, density, and composition. e. Recognize
that lithospheric plates constantly move and cause major
geological events on the earth’s surface.

47. Which type of Earth’s crust is thinner, yet
denser?

SWBAT recognize and describe the
different geologic processes that shape
earth.

S6E5. Students will investigate

the scientific view of how the earth’s surface is formed.

a. Compare and contrast the Earth’s crust, mantle, and core
including temperature, density, and composition.
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48. Along the western edge of California is a
transform fault called the San Andreas fault. Look
at the diagram of this feature and explain what will
eventually happen in relation to Los Angeles and
San Francisco?

SWBAT recognize and describe the

different geologic processes that shape

earth.

S6ES5. Students will investigate

the scientific view of how the earth’s surface is formed.

d. Describe processes that change rocks and the surface of
the earth. e. Recognize that lithospheric plates constantly
move and cause major geological events

on the earth’s surface.

49-55. Using the Plate boundary map provided,
label the following: an oceanic/continental plate
boundary (A), a continental/continental plate
boundary (B), an oceanic/oceanic plate boundary
(C), a subduction zone (D), a convergent boundary
(E), a divergent boundary (F), and a transform
boundary (G).
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SWBAT recognize and describe the

different geologic processes that shape

earth.

S6E5. Students will investigate

the scientific view of how the earth’s surface is formed.

d. Describe processes that change rocks and the surface of
the earth. e. Recognize that lithospheric plates constantly
move and cause major geological events

on the earth’s surface. f. Explain the effects of physical
processes (plate tectonics, erosion, deposition, volcanic
eruption, gravity) on geological features including oceans
(composition, currents, and tides).
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APPENDIX C
Life/Earth Science Content Knowledge Pre-Test

Pre-Test Life/Earth Science Fall 2012 Name:

Name and function of each organelle.

1. 4.
2. 5.
3. 6.

Cross-8ection of an Arlnmal Call
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7. In diffusion, molecules move from areas of concentration to areas of
concentration.

8. In algae and the leaves of green plants, photosynthesis occurs in cells that contain
this organelle:

9. Write the equation for cellular respiration. Where does this process occur and what is
the importance of oxygen for this process?

10. Explain how photosynthesis is an important part of the interdependence of life.

11. When moving from one trophic level to the next, only 10% of the total energy is
transferred. Where does the other 90% go?
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Pre-TEST Life/Earth Science Fall 2012 Name:

12. In our diffusion lab, we used iodine to show if there was any movement through the
plastic bag. lodine is called an , because it changes color when it comes
into contact with starch.

13. The basic structuraf unit of all living things is a

14. When one organism in a relationship benefits and the other organism is not
affected, this relationship is called

15. Describe a physical adaptation that would benefit a mammal as a predator.

16. Name two characteristics that are unique to all mammais:
a.

b.

17. Carnivores have teeth that are specialized for being a

18. Rodents have rootless incisors. If we (humans) had rootless incisors, what would
we do diligently for our teeth?

19. Use the following boxes to draw each step in the cell cycle and name it. Clearly
show where the chromosomes are positioned during each phase.

20. The cellular process that duplicates the genetic material prior to its distribution to
the daughter cells is

21. Using the template strand of DNA provided, identify which strand of DNA would be
the complementary strand after replication. Template Strand: GCAATCGCACATTG

22. The cellular process is composed of two steps: transcription
and translation.

23. A normal human karyotype would contain how many chromosomes?



Pre-TEST LifefEarth Science Fall 2012 Name:

(tetal number, not pairs] _
24. Indicate what the normal female sex chromosomes would be.

25. Gregor Mende| experimented with true breeding pea plants that exhibited spherical
seeds and dented seeds. The spherical seeds were dominant. Draw a Punnett Sguare
and show the genotypic and phenctypic ratios for the offspring for a cross between a
heterozygous pea plant with spherical seeds and a pea plant with dented seeds.

96, How does fhe cohesive property of water work? Use words and/or diagrams to

explain your answer,

27. Draw a water molecule. Label the atoms and any charges associated wath it

28. Describe how sedimentary rocks are formed as a part of the rock cycle.

29. Name one of the metamaorphic rocks that we studied. Identify its fexture and
explain what fexture refers to in a metamorphic rock.
Rock:

Texture:

30. Name this phase of the moon. _

Why is it this phase:
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Pre-TEST Life/Earth Science Fall 2012

Marne,

31, Name this phase of the moon:

Why is it this phase:

this phase of the moan:

i /1y is it this phase:

33. Name this phase of the mocn:

B hy is it this phase:

34. Draw a diagram and describe why the moon changes phasas.

35 The

is the layer in the atmosphere where weather accurs.

36. Describe what happens as air near Earth’'s surface warms.,
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Pre-TEST Life/Earth Science Fall 2012 Name;:

37. If a flashlight represented sunlight shining on a globe, which angle would heat the

surface the most, a 90 degree angle or a 60 degree angle? Why?

38. In general, where does the world have higher temperatures? Why?

39. Draw a diagram AND describe how Earth’s tilt is related to the seasons. Use the
following words to label your diagram: Summer solstice, Winter solstice, autumnal

equinox, vernal equinox, winter, spring, summer, fall, direct light, indirect light.

40. When tectonic plates push together on Earth’s surface, the area is referred to as
a(n) boundary.
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Pre-TEST Life/Earth Science Fall 2012 Name:

41. Underneath a divergent boundary, the mantle would move up or down in the

convection cell? Circle one.

42 . When tectonic plates pull apart on Earth’s surface, the area is referred to as a(n)
boundary.

43. What happens when dense crust pushes against buoyant crust, as in an

oceanic/continental boundary?

44. Name the two types of crust found on Earth’s surface and the predominant rock type
that makes up each type of crust.
a. Crust: , type of rock:
b. Crust: , type of rock:
45. Which type of crust is thinner, yet more dense?

46. Along the western edge of California is a transform fault called the San Andreas
fault. Look at the diagram of this feature and explain what will eventually happen in
relation to Los Angeles and San Francisco.
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Pre-TEST Life/Earth Science Fall 2012 Name:
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47-53. Using the Plate boundary map provided, label the following: an
oceanic/continental plate boundary (A), a continental/continental plate boundary (B), an
oceanic/oceanic plate boundary (C), a subduction zone (D), a convergent boundary (E),

a divergent boundary (F), and a transform boundary (G).

54. Write a hypothesis for the following question:
How does light affect plant growth?

55. Design an experiment to test this hypothesis.



APPENDIX D
PRIOR SCIENCE COURSES SURVEY
Demographic and prior science courses survey

1. Male or Female
2. Declared major
3. Please name all of the science courses taken prior to this semester.

High School:
Freshman year:

Sophomore year:
Junior year:

Senior year:

College:
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APPENDIX E

PRE-STEBI FOR GENERAL SCIENCE EFFICACY

As a future science teacher, please indicate the degree to which you agree or disagree with each statement below using the following indicators:
1= STRONGLY DISAGREE, 2= DISAGREE, 3= UNCERTAIN, 4= AGREE, 5= STRONGLY AGREE

Question: Response

1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

1. When a student does better than usual in science, it is often because the teacher exerted 1 2 3 4 5
a little extra effort. STRONGLY DISAGREE STRONGLY AGREE

2. | will continually find better ways to teach science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

3. Even if I try very hard, | will not teach science as well as | will most subjects. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

4. When the science grades of students improve, it is often due to their teacher having found 1 2 3 4 5
a more effective teaching approach. STRONGLY DISAGREE STRONGLY AGREE

5. I know the steps necessary to teach science concepts effectively. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

6. | will not be very effective in monitoring science experiments. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

7. If students are underachieving in science, it is most likely due to ineffective science 1 2 3 4 5
teaching. STRONGLY DISAGREE STRONGLY AGREE

8. | will generally teach science ineffectively. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

9. The inadequacy of a student’s science background can be overcome by good teaching. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

10. The low science achievement of students cannot generally be blamed on their teachers. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

11. When a low-achieving child progresses in science, it is usually due to extra attention 1 2 3 4 5
given by the teacher. STRONGLY DISAGREE STRONGLY AGREE

12. | understand science concepts well enough to be effective in teaching elementary 1 2 3 4 5
science. STRONGLY DISAGREE STRONGLY AGREE
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As a future science teacher, please indicate the degree to which you agree or disagree with each statement below using the following indicators:
1= STRONGLY DISAGREE, 2= DISAGREE, 3= UNCERTAIN, 4= AGREE, 5= STRONGLY AGREE

Question: Response

1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

13. Increased effort in science teaching produces little change in students’ science 1 2 3 4 5
achievement. STRONGLY DISAGREE STRONGLY AGREE

14. The teacher is generally responsible for the achievement of students in science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

15. Students’ achievement in science is directly related to their teacher’s effectiveness in 1 2 3 4 5
science teaching. STRONGLY DISAGREE STRONGLY AGREE

16. If parents comment that their child is showing more interest in science, it is probably due 1 2 3 4 5
to the child’s teacher. STRONGLY DISAGREE STRONGLY AGREE

17. 1 will find it difficult to explain to students why science experiments work. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

18. [ will typically be able to answer students’ science questions. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

19. [ wonder if | will have the necessary skills to teach science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

20. Given a choice, | will not invite the principal to evaluate my science teaching. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

21. When a student has difficulty understanding a science concept, | will usually be at a loss 1 2 3 4 5
as to how to help the student understand. STRONGLY DISAGREE STRONGLY AGREE

22. When teaching science, | will usually welcome student questions. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

23. | do not know what to do to turn students on to science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE
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APPENDIX F
SAMPLE GUIDED INQUIRY LAB

How many drops of water can fit on a penny?

Engage: Paper clip demo. (How many paper clips can a full jar of water hold?) In your
own words, write the definition for: Cohesion, Adhesion, Surface Tension.

Explore: How many drops of water can fit on one side of a penny?

Write a hypothesis/prediction using if/then wording about how many drops of water a
penny can hold. Include the relationship between the independent and dependent
variable. Next, record the # of drops that each group member predicts in your data
table.

Part A: This is a control test for comparison with later results.

1. Draw a data table to record 4 trials and an average in your lab notebook.

2. Place a penny on a paper towel.

3. Use a pipette to place drops of water on the penny (one at a time) until the water
runs over the edge of the penny.

4. Record the number of drops for that trial in the table.

5. Repeat steps 1-4 for 3 additional trials.

Part B: This section involves a testing liquid, soap.

Write a hypothesis/prediction using if/then wording about how many drops of water your
penny can hold now. Include the relationship between the independent and dependent
variable. Next, record the # of drops that each group member predicts in your data

table.
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1. Smear your finger very lightly on the soap dispenser to get a film of soap on your
finger.

2. Take another penny, and rub the soap film on the surface of the penny.

3. Place the penny on a paper towel.

4. Use a pipette to place drops of water on the penny (one at a time) until the water
runs over the edge of the penny.

5. Record the number of drops for that trial in the table.

6. Repeat steps 1-5 for 3 additional trials.

Explain: explain your results in your lab notebook from both parts of the experiment in
terms of cohesion and adhesion.

Compare your data tables to the other lab groups in class. Provide at least 2 reasons
for any similarities and differences you identify.

What could we have done to make sure that all groups ended up with similar results?
What is the control for this experiment? What is the independent variable? What is the
dependent variable?

Elaborate: Based on the results from this investigation, develop a new hypothesis and

prediction and write an experimental design to test it with your lab group.
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APPENDIX G
SAMPLE TRADITIONAL INSTRUCTION LAB

Lab: Properties of Water

Water is everywhere. It's in the air we breathe. It's in our sink faucets, and it's in every
cell of our body. Water is an unusual substance with special properties. Just think about
the wonder of

How does water rise from the roots of a redwood tree to the very top?
How do insects walk on water?

Why does ice float rather than sink?

> np -

Why do people become seriously ill, or die, if they go without liquid for a week or
s0?

5. How would life in a lake be affected if ice sank and lakes froze from the bottom

up?
Materials:
Chromatography paper strips scissors 50 ml. grad.
Cylinders beaker stirring rods
Detergent cooking oil Pennies
Vis-a-vis black ink pens red food coloring glass slides
Wax paper water
10 ml grad. Cylinders medicine droppers

Water covers about three fourths of the surface of the earth. It is ubiquitous. It is also
one of the simplest yet most important molecules in living systems. It makes up from 50
to 95 percent of the weight of living organisms. The cytoplasm of a cell is a water-based
solution that contains a variety of ions, salts, and molecules, which make life 'happen.’
Water is literally involved in every facet of life.

A=
<a+a+>
(H] (H)

The simplicity of the water molecule belies the complexity of its properties. Based on its
small size and light weight, one can predict how it should behave, yet it remains liquid at
much higher temperatures than expected. It also boils and freezes at much too high, or
low, of a temperature for a molecule of its size. Many of these unexpected properties of
water are due to the fact that water molecules are attracted to each other like small
magnets (cohesion). This attraction results in turn from the structure of the water
molecule and the characteristics of the atoms it contains.
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Each molecule of water is made up of two atoms of hydrogen connected to one atom of
oxygen, as shown below. This is summarized in the familiar formula, H2O.

Atoms are most stable when they have a particular configuration of their outer shells, a
concept, which will be discussed in future labs. These configurations explain why
hydrogen in water will take on a partial positive charge and why oxygen will take on a
partial negative charge. These partial charges cause water molecules to 'stick' to each
other like magnets. The 'stickiness’ in this particular case is due to hydrogen bonding. In
this case, hydrogen bonding involves the attraction between the positively charged
hydrogen atom of one water molecule and the negatively charged oxygen atom of
another water molecule. As no electrons are actually shared however, hydrogen
bonds are much weaker than covalent bonds - they easily break and easily form again.

Exercise 1: The Climbing Property of Water

1. Water moves to the tops of tall trees due to capillary action combined with root
pressure and evaporation from the stomata (openings) in the leaves. Water will also
climb up paper, and often the migrating water will carry other molecules along with it.
The distance traveled by these other molecules will vary with their mass and
charge.

2. How fast do you think water would climb a strip of absorbent paper about one-half
inch wide?
about one inch per (time)

3. Obtain a 50 ml graduated cylinder, and tear off a strip of chromatography paper
that is just long enough to hang over the side of the cylinder (inside) and reach to the
bottom. See diagram on next page.

e

T paper strip

drop of ink #1

™
[

L7 10 ml water

20 ml graduated cylinder

i-

I

4. Run the paper strip along the edge of some scissors to take the curl out of it.
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5. Place a single small spot from a black Vis-a-Vis pen on the paper, about one inch
from the bottom, and let it dry.

6. Put 10 ml of water into the graduated cylinder and place the strip of paper in the
cylinder so that the bottom end is immersed in water and the drop of ink is just
above the surface of the water — NOT touching the water. Fold the paper over the
topside.

7. Note the starting time below.

8. Watch and note the time at 5-minute intervals. When the water climbs to the top of
the paper, remove the paper from the water, and let it dry.

Time (minutes) I(Jll:ct;:g(;

0
5
10
15
20
25

30

9. How did the ink change? Tape/staple the paper onto the page here, and label
each color on the strip.

10. How do you explain the results? Your explanation should involve capillary
action, polar molecules and hydrogen bonding.

Exercise 2: Surface Tension and Adhesion “Dirty Penny”

2a. Drop behavior — water on a penny.
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1. Obtain a medicine dropper and a small (10 ml) graduated cylinder. Make sure the

dropper is clean.

Drop water into the graduated cylinder with the dropper, counting each drop.

How many drops, of the size produced by your medicine dropper, are in each

cubic centimeter (cc) of water? (1 cubic centimeter = 1 milliliter)? drops

4. Conversely, how much water is in each drop? (divide 1cc by the number of
drops)

W

cc. per drop, average

5. Now, let's see how many drops of water you can you place on the surface of a
penny before it overflows.
6. How many drops do you predict? Have each person make a prediction.

person |#1
person |[#2
person #3
person |[#4
Total 1-4
Average

7. Drop water from the dropper onto a penny, keeping careful count of each drop.
Draw a diagram below showing the shape of the water on the penny after one
drop, when the penny is about half full, and just before it overflows.

o OO OO

single drop half full near overflowing

__drops __drops

8. How many drops were you able to place on the surface of the penny before it
overflowed? drops

9. If the number of drops is very different from your prediction, explain what
accounts for the difference.

10.Explain your results in terms of cohesion.

2b. Effects of Detergent “Clean Penny”
1. With your finger, spread one small drop of detergent on the surface of a dry

penny. Smear it lightly.
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How many drops do you think this penny will hold after being smeared with
detergent, more, less, or the same as before? Why?

Specifically, how many drops do you think it will hold? Have each person make a
prediction.

person |#1
person |[#2
person #3
person |[#4
Average

Using the same dropper as before, add drops of water to the penny surface.
Keep careful count of the number of drops, and draw the water on the penny
after one drop, about half full, and just before overflowing.

oo OO

single drap bl Full near overflowing

_ drops _ drops

How many drops were you able to place on the penny before it overflowed this
time? drops

Did the detergent make a difference? Describe the effect of the detergent.
What does the detergent do to have this effect on water?

Explain how detergents act as cleaning agents, considering the cohesion
among water molecules and the affects of amphipathic molecules.

2c. Drop shape on glass and wax paper.

1.

W

What will be the shape of a drop of water on (a) a piece of wax paper and (b) a
glass slide. Draw the shape of the drop you expect on each surface:

Wax paper glass

Why did you predict as you did? What assumptions are guiding your thinking?
Perform the experiment. Place several drops of water on each surface and draw
the results below.

Wax paper glass

Compare your predictions with your observations and explain.
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5. Can you explain the differences in drop behavior in terms of adhesion - that is,
the formation (or absence) of hydrogen bonds between molecules of different
types? Which molecules?

Exercise 3: Cohesion of Water
3a: Water and Oil

1. Using a 50 mL graduated cylinder, add ~ 3 inches of water.
2. What will happen if you add cooking oil? (Predict by choosing a, b, ¢, d, or e

below)

a. the oil will float on top of the water d. the oil will become mixed up
with the water

b. the oil will sink to the bottom of the water e. other (what?)

c. the oil will dissolve in the water

Oil is a hydrophobic or 'water hating' molecule, so called because its chemical
structure does not allow the formation of hydrogen bonds. Therefore, oil does not
dissolve in water. When mixed, the two substances form separate layers, and because
oil is less dense, it sits on top of water.

3. Gently add 5 ml of cooking oil by tilting the cylinder of water slightly and letting
the oil run slowly down the inside of the cylinder.

4. What happened?

5. Save this graduated cylinder with its contents and get a clean 50 mL cylinder for
the next experiment.

3b: Oil and water

1. Using a 50 mL graduated cylinder, add 5 ml of oil.
2. What will happen when you add water? (Predict by choosing a, b, ¢, d, ore

below)
a. the water will float on top of the oil d. the water/oil will become mixed
b. the water will sink to the bottom of the oil e. other (what?)

c. the water will dissolve in the oil

3. Gently add ~2 inches of water by tilting the cylinder of oil slightly and letting the
water run slowly down the inside of the cylinder. What happened?
4. Which is less dense (that is that has less weight per ml.), oil or water?

5. This characteristic behavior of water and oil is of critical importance for living
things, determining many properties of the cell. Can you explain how? Consider
the picture that follows:
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What mechanism causes water molecules and oil molecules to separate from
one another? Your explanation should involve polar and non-polar molecules,
the effects of polarity on the molecular interactions, and hydrogen bonding.

: Water, Oil and Dye

. Predict what will happen if you add a few drops of a water-soluble dye solution to

each of the above graduated cylinders containing water and oil. Will the dye mix
with the water, the oil, or both?

Perform the experiment. Add a few drops of dye to each cylinder. Use a glass-
stirring rod (or shake cylinder with thumb over opening) to penetrate the interface
between each layer, giving the dye access to both water and oil. How does the
dye behave in each cylinder? Does it diffuse into the oil? Into the water?

Compare your predictions and results. Explain any differences.

Stir the contents of each cylinder with a stirring rod and then let it sit.
Will the contents remain mixed? Why do you think so?

Observe what happens, compare with your prediction, and explain why it
happens. Your explanation should involve polarity, polar and non-polar
molecules, solution and hydrogen bonding.
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APPENDIX H

Life Science Content Knowledge Posttest with Scored Rubric

Mid-Term Exam Life Science Fall 2012 Name: _ Sc»rl‘w:j Gourcle.
. + ﬁ
Mame and function of each organelle. 3. Cute p\aw-":)e,\\j»h' st bstrone Sl
+ # | I o
,’.‘2“ 1. Fouein EM_OQL&‘SM-V& V'&'h'cf"“ mambvz:mms O‘HM‘&E 34, At el 'ee mgmbmr'n!:m.s o(aa,hw”g
f;’w,ﬁe:ﬂ wi rrbesemes » mhspoct. sile of cellulor vasprrodven s

2. g-gg\g' A?Qa:\?i&—us- thern e rous ok of 5. L%.su&tlm.e_— Pigae % 4 TS Comtruiny
latdenecd Boes, e.hﬁjm-es 1o Fvqest Hungs
E_—I 8. [\/Ud/lfru»& - Hg Lcni—- bl cermter of
m‘.“\m\jo’n'r. cells,

Muiolaar envetap
Ol swnounds
he nuglsus}

- 2 [Custom Foblisking

¥1
7. In diffusion, molecules move from areas of bcgb concentration to areas of

+
2 Yo 5)'H concentration,

i 8. In algae and the leaves of green plants, photosynthesis occurs in cells that contain
+ chiamplgg,“ﬁsﬁ—!

9. Write the equation for cellular respiration. Where does this process occur and what is
the importance of oxygen for this process? \
ﬁv-Lp "‘l’lclpu\aoh, + LDO;L 7 L CO + L HSIO 3 Ocours v m‘-l—uchur\dtﬂ'a ,
410wyge— 2 Necessany fine afk ofHe aerobic ashps b coonr which preclue ~38A4TP,
10, Explain how photosynthesis is an important pa_gt!of the interdependence of fife.
A,

Foul Sy
'Phu-’rusan%e.s\‘s covverts solar rackiadvee yevhs g\::.‘ca.se,, Plowbs  are. o

+3 essenhal c‘wﬁbr\-f" +u any A gdc,lt(d-m)*marwe,b) as %A:j
Qe LP"O&LU@!'\) LMo ws- Foavin, Heere, Loouldet e m.)p s Hoao

Frophve. tevels 44
11. When moving from one trophic lavel to the nexd, anly 10% of the total energy is

transferred. Where does the other 90% go?
49 The weid of-da energy IS losd \-qun)waf-\ Mastotoo hie. processes C.%jv:s-rls'on,obbvsﬂl\m:
omd given ol a5 henf . c-}zsl

.Q,lpp%& 1
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Name: Sl'-of‘)'r\% Gusde

12, In our diffusion tab, we usad iodine to show if there was any movement through the
plastic bag. Jodine is called an _nduieadewtl , because it changes color when it comes

+ into contact with starch.
+1 13. The basic structural unit of all living things isa__ce |} 41 .
+
4 14._ Insects make up about 354 in relative abundance of the animal species on
Earth.
15. When one organism in a relationship benefits and the other organism is not
1 affected, this relationship is called _coremensabiant. 1.
+2, 16. Describe a physical adaptation that would benefit an insect as a predator.
LNS;. clowmss o b-%‘riau rmowdb ports e l—\ul&'r:j pre . +.2,
17. Name the three main body segments of an insect and tell the primary function of
each.
Name Function
a. head 41 Cornden! cerder ¥ Semsore” Fl
+l0 b. i ovase ¥ Mm}a-'h'-ﬂ-g “wng S ¥ }ﬁjs +i
. edndmares &1 sh'geshive v regrodichive b elices & )
18. Name two characteristics that are unique to all mammais:
+2 a, hc;\_\‘r 1
b. curse  Ytherr Uowng )
J J
19. Carnivores have teeth that are specialized for being a pre Aotuv:
20. Rodents have rootless incisors. If we (humans) had rootless incisors, what wouid
+1 we do diligently for our teeth? Chew) o qrved dneen down. &+ i
21. Use the following boxes to draw each step in the cell éycle and name if. Clearly
show where the chromosomes are positioned during each phase.
p\"de’:? ¥ . AP
@0\,\,@#"" dnﬁ o RV +}
e [T W +l T 1 AN N N
LA IRY H +) AnA reforns
Z;w‘nmnsws (‘,’hramuasw\f\!!s A
wisvble Wae wp it dle C,]r\wfwﬁ't
SE€Lenr
+ interphase. + proghase. + metaphase *1 Mpﬂh:sm ﬁl!;;me [c&j%f-’a‘ms"ﬁ
22, The cellular process that duplicates the genetic material prior to its distribution to
% the daughter cells is _yreplicatior +1 .
P

2logis
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Mid-Term Exam Life Science Fall 2012 Name:

23. Using the template strand of DNA provided, identify which strand of DNA would be
the complementary strand after replication.
Template Strand: GCAATCIGCACATITG

CGTITAGICGTIGTAIAC
24. The cellular process D‘Dk'ﬁh“nibﬁ-* ", s _is composed of two steps: transcription and
translation.

25. A normal human karyotype would contain how many chromosomes? (total number,

not pairs) _Hl,
26. Indicate what the normal female sex chromosomes would be. _xx

27. Gregor Mendel experimented with true breeding pea plants that exhibit herical
seeds and dented seeds. The spherical seeds were dominant. Draw_a Punnett Square™).+y
and show the genotypic and phenotypic ratios for the offspring for a cross betweena
heterozygous pea plant with spherical seeds and a pea plant with dented seeds.

_ S S 45
42 Genolype - 5‘?"‘ S
5 55 \ 54 50f. 55

_ sot Spheneed
S +2 Phenolype 561 op
SS S5 § So. denled

28. The basis of the scientific method is inquiry — which is asking questions and then
trying to come up with answers. If scientists see something they don’t understand, they
have the urge to ask questions. So...if we came up with the question, “Why do spiders
spin webs?” what would be a good hypothesis and prediction to start our experimental
process?

%po%,e_sib wallen as ecdestable  sdakmont ; Shaws relaorshp  bedween

O incﬂt@mcﬂmvﬂ"" vorta ble oamefl ﬁu&pmcﬂ.‘&»“‘ VM'q,ble..
+a +a

19 Phs. dotadt
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29. How would you design an experiment to test plant growth?
Include the following:

+\ A question +1
. ¥\ +\
o Ahypothesis  independant + dopendont yanables ool velodiom
N List independent and dependent variables ; ;dentRed / Jo e led
Write your method — In DETAIL!I 10
Loom'a -Ccn" otle~tee  Ho dobel - 4 e potﬂ+ QC
+ie

ve_pe.c.;\-nb-'h'lna/,- does not have d be complex -just Horough.
E){kﬂ\—PlE m.‘a}-\-‘ be : -I-(.mp-tfou“-\-w#_ afRct o™ p[a,.—.{— GVM‘H’\
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30. The Canadian Lynx eats snowshoe hares. Look at the following data collected from
a population study on Lynx and hares. What does this data tell you? How can you
display it in a way that shows how these populations cycle in relation to one another?

You may use the graph paper provided.

Year Lynx Hares
1880 15 85
1885 60 130
1890 25 20
1895 42 40
1900 10 40
1905 7 60
1910 35 20
1915 20 70 T
1920 40 15
1925 18 20

Corm Student prodmce a \vne .am.ph A -'né’t:aﬁwcﬂwif
Ql‘-F‘‘T‘"::!““T""*""' vanables in coccect place andd lebeled ¥ 1
Mmr'cﬁ-t'nchl\d? Shreuld poduce o graph e

+ D Show s Yo dwo Pcpu.ﬂﬂ\"h«:s ofect ore aothen .

Atc.mruca, n afhph Y
ToHe +d
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31. Using the data provided, write what the initial guestion, hypothesis and prediction

may have been. Then, what could be a new guestion as a result of this data set?

Prang Geoonai b Woenk 7
6 in s Plant A
P
ain 3’; ; &
F %
4 in .r 'C_ :
: Plan3 s
" 3in’ S
;o 2in B
T tin g
Plantd
Oin e
Oml  Zml 5ml 7mi 10 ml
'J':Ei}' Arpagentzer o WV e
+4 Cruceshree 31 . |
+ . .
+0 ‘r‘:ﬁpuﬂﬂtm‘_‘- o vndlegenelint voatslobe, cﬂ-:zfzrmﬁ-ww"r e ole Wt

h‘LLa..o'h‘m‘h'ku‘-p- ]
il qau.ns-'\ncrﬂ v orefedles c:bfu‘-*ﬂd 4o deodhe Hrparore S S + 23

s Lo s gl thial Shodiag.

—
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APPENDIX |

POST LIFE STEBI MODIFIED FOR LIFE SCIENCE

As a future life science teacher, please indicate the degree to which you agree or disagree with each statement below using the following indicators:
5= STRONGLY AGREE, 4= AGREE, 3= UNCERTAIN, 2= DISAGREE, 1= STRONGLY DISAGREE

Question: Response

12 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

1. When a student does better than usual in life science, it is often because 1 2 3 4 5
the teacher exerted a little extra effort. STRONGLY DISAGREE STRONGLY AGREE

2. | will continually find better ways to teach life science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

3. Even if | try very hard, | will not teach life science as well as | will most 1 2 3 4 5
Su bjects. STRONGLY DISAGREE STRONGLY AGREE

4. When the life science grades of students improve, it is often due to their 1 2 3 4 5
teacher having found a more effective teaching approach. STRONGLY DISAGREE STRONGLY AGREE

5. | know the steps necessary to teach life science concepts effectively. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

6. | will not be very effective in monitoring life science experiments. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

7. If students are underachieving in life science, it is most likely due to 1 2 3 4 5
ineffective science teaching. STRONGLY DISAGREE STRONGLY AGREE

8. | will generally teach life science ineffectively. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

9. The inadequacy of a student’s life science background can be overcome 1 2 3 4 5
by good teaching. STRONGLY DISAGREE STRONGLY AGREE

10.The low life science achievement of students cannot generally be 1 2 3 4 5
blamed on their teachers. STRONGLY DISAGREE STRONGLY AGREE

11.When a low-achieving child progresses in life science, it is usually due to 1 2 3 4 5
extra attention given by the teacher. STRONGLY DISAGREE STRONGLY AGREE

12.1 understand life science concepts well enough to be effective in 1 2 3 4 5
teaching elementary science. STRONGLY DISAGREE STRONGLY AGREE
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As a future life science teacher, please indicate the degree to which you agree or disagree with each statement below using the following indicators:
5= STRONGLY AGREE, 4= AGREE, 3= UNCERTAIN, 2= DISAGREE, 1= STRONGLY DISAGREE

Question: Response

1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

13.Increased effort in life science teaching produces little change in 1 2 3 4 5
students’ life science achievement. STRONGLY DISAGREE STRONGLY AGREE

14.The teacher is generally responsible for the achievement of students in 1 2 3 4 5
life science. STRONGLY DISAGREE STRONGLY AGREE

15.Students’ achievement in life science is directly related to their teacher’s 1 2 3 4 5
effectiveness in life science teaching. STRONGLY DISAGREE STRONGLY AGREE

16. If parents comment that their child is showing more interest in life 1 2 3 4 5
science, it is probably due to the child’s teacher. STRONGLY DISAGREE STRONGLY AGREE

17. 1 will find it difficult to explain to students why life science experiments 1 2 3 4 5
work. STRONGLY DISAGREE STRONGLY AGREE

18. 1 will typically be able to answer students’ life science questions. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

19.1 wonder if | will have the necessary skills to teach life science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

20.Given a choice, | will not invite the principal to evaluate my life science 1 2 3 4 5
teaching. STRONGLY DISAGREE STRONGLY AGREE

21.When a student has difficulty understanding a life science concept, | will 1 2 3 4 5
usually be at a loss as to how to help the student understand. STRONGLY DISAGREE STRONGLY AGREE

22.When teaching life science, | will usually welcome student questions. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

23.1 do not know what to do to turn students on to life science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE
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APPENDIX J

Earth Science Content Knowledge Posttest with Scored Rubric

Final Exam Earth Science Fall 2012 Name: S Cgﬂ.ﬂi {”;“ e

1. How does the cohesive property of water work? Use words and/or diagrams to

explain your answer.

+1
Cabhenminem of wiader 1nvslves wiater moleoles Sgﬂ'c\'{nhs Yo weder

(&)

de-ten o o  peoag.. Tl
15 e way wader hea { £ i

2. Draw a water molecule. Label the atoms and any charges associated with it.

1 o~ +]
f»/ \H ¥
3. Describe how sedimentary rocks are formed as a part of the rock cycle.  +1
m~ b - hent . rodtors
Jo Foron Secliomen —I—" el Haerm for  and cemwendpehion 1y Loem

Hae ceek. Ay vock dupe ((Medn, Sed:, I@.u-_)_mm_bf-_ba@_a&:m_ﬁ_-f

o 5{&'M¢-rv}m~::] vaclt,

4. Name one of the metamorphic rocks that we studied. Identify its fexture and explain
what texture refers to in a metamorphic rock.
Rock: __Morble . . .+

Texture: 4 1
Non-folvaded : jorduve. vefers o the b%mmw
Hhavefure. = rion ~falvadect.

5. Name this phase of the moon: —W:‘"‘"D“"fﬂ (ot bbhous ~
+i
u Why is it this phase: 4,

L_;Bh~!— oo Hae  1e€d, pmove Hhan  helf I

6. Name this phase of the moon: __ . st Guaosdec
+1

Why is it this phase: 4
L,Q‘f.)h\— s Hee v‘-'s‘h'*’; wu—}'qu el )it

7. Name this phase of the moon: ales Mosn
1

Why is it this phase:
Mo \ight wsible. ¥}
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8. Name this phase of the moon: ngﬁj Crescent

¥
S8 Why is it this phase: 4.y
.Lq'j\«-# oy 4dhe vmh-l- less Hhan L‘\o-.!'c \Jr

9. Draw a diagram and describe why the moon changes phases.
+ gee

e Pt

+7 Owﬁ @ "p -

PO AN
/7‘ o“.\; \&

\,,, 6—\ .
‘Eﬁ Mw_ isble

¥i'si'ble
The wioon dhanqes phases depending on Haw mﬁ;.i%:ﬁlmkd Light
i3 wslble Hom etarth. This veferg 4o the Sun -earth- argle. Half of
He moorn g W ok ouny hme, bot only o porhon of dhod MW'&‘%
10. The _+vepasphere. ¥l is the layer in the atmosphere where weather%t:curs.

+1
" 11. Describe what happens as air near Earth’s surface warms. defim =t)
Cay-\v‘ccjn'ctl P e wWeav o ‘-0‘2% 'S d= e y e ven nﬂlﬁ conley
2 ate  Mhat (s h.‘g\ner e w e a:ﬂ'wusphtre Lop0s.  Tis cotses a cxdc_'ta.

12. If a flashlight represented sunlight shining on a globe, which angle would heat the
4!
2 surface the most, a 90 degree angle or a 60 degree angle? Why? __ 90" angle would

' ‘o =4 |
bg;,i:dmﬂ, 5!\’:;%: avec \nove. The lO* mn%&k d;Spg{;z&. e serrnie g s ofF

13. In general, where does the world have higher temperatures? Why? Bedn e exs %Qﬁpgs)q.

of Coveer omel C&.?}‘L‘cufﬁ. These aveas yeceive gove Micect ‘h‘a"n?- Moo i ebrar
v o of e Robe. TSN
- Fa L\

Vogts
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+5
14. Draw a diagram AND describe how Earth’s tilt is related to the seasons. Use the
following words o label your diagram: Summer solstice, Winter solstice, autumnal
equinox, vernal equinox, winter, spring, summer, fall, direct light, indirect light. N0 = werds

Vernel eqpvna labefed m:[j
_ day/night length +5= descnphion
+20 S5¢79 eqpal

Summer _ . Whnder Solehte
sihee, (/) 4&-———-—,____._9@ ht day o Hhe

Lorqest day of the

_ - when He clay lerg¥h v

Summer
Wher p shorder and Eanth's ouds
) MHWHMQMW y Fatf s Hilled awasy From Hwen,
Canth's owis s hilled towend ook , more. indirecd lpht ks
un, reoe divect lightd iy He nof E He N hews's phert., g
. _ - day /rght length eguad. . 627
N. hemsephere — healicg (4 Up 3 W less hed'bcmrj

MS"“‘& S meviee NH-. “wirvder.,

15, When tectonic plates push together on Earth's surface, the area is referred to as
+\ a(n) convergen £ boundary.
16. Underneath a divergent boundary, the mantle would move@b or down in the
convection cell? Circle one.
17. When tectonic plates pull apart on Earth’s sutface, the area is referred to as a(n)

+1 divergenit *\ boundary.

18. What happens when dense crust pushes against buoyant crust, as in an

o oceanic/continental boundary? _%mbéug_mw&_
—ccush geds pushed under e busyand crust and bewmes resorbed
desenbe = 4y

*\
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19. Name the two types of crust found on Earth’s surface and the predominant rock type
4 that makes up each type of crust.

a. Crust_ (ceamie  *) ,type of rock: __besad
b.Crust _ Ceomdinental +1 , lype of rock: Grond te. 41
+\ 20. Which type of crust is thinner, yet more dense? Oceonie  huseft i

21. Along the western edge of California is a transform fault called the San Andreas
fault. Look at the diagram of this feature and explain what will eventually happen in
_ relation to Los Angeles and San Francisco.

The fonsforne Feadd (5 on aree whasa e
(pCA-L\"P-'C‘. Plou-‘t{ sl Yo Nov-H'\ 'Pﬂ'\'\e,n‘r_o.,h P'l.c.;\t
owre 6‘.\!:94‘.»-5‘ +|;h5‘i" fe et M‘\ﬂw. '%t col Se

rock s \Jbur«:\ y\-e.(“w,.r cacded o destroyed
it s C.mﬁl'nj *’{E_os Aq—qa,;,le.s, + move closer

. e e ———
4 Soen Band'sis, +i
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. Campr st e
AR Shat WA TCHR KIEE T SRR B B s B

T s n gt 51 “Tinicirn P Dada s 4 S0bdoion

Thin s 8 Bovn Pontmar Bt Lk, ot Spdny

PLATE BOUNDARY MAP

22-28. Using the Plate boundary map provided, label the following: an
\ +1
oceanic/continental plate boundary a'-\}, a continental/continental plate boundary (B), an
! hA +1
++ oceanic/oceanic plate b‘oundary ('E}, a subduction zone (D), a convergent boundary (E),

4 +1
a divergent boundary (F), and a transform boundary (G).

29. The basis of the scientific method is inquiry — which is asking questions and then
trying to come up with answers. [f scientists see something they don't understand, they
have the urge to ask questions. So...if we came up with the question, “Does the moon

have any affect on tides?" what would be a good hypothesis/prediction to start our

W stodemart-: shows vebianship
Whesis witlen ad o testable o, |
M dbg_-l:;een an ihd:pw&&n'f-'- Vamable ond o doperdont vardable
+2 ‘e

experimental process?

W phs. doball
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30. How would you design an experiment to test properties of water?

Include the following:
A question 4
A hypothesis ﬁwﬂw.:l&m"‘ foﬂependnrrl-+\)m'ub!e.5 with  reladienn.
List independent and dependent variables | ;'dlertfec?/ [abeled

Write your method — In DETAIL! o |
hacking for atlrshin o L = o o gl oF repbby
dﬁ&s ﬂﬂ"' h‘i"—- '}'D b‘- (‘,o”._pit_x _'].“--5']' th I,
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31. Earthquake activity is carefully monitored to identify active earthquakes in various
regions. Using the map provided, write a hypothesis that could guide your study of

plate tectonics. 2 +2 ",
+4 “Typathes's woter withs cedegerndlord amdl spenclonct var'sble — depumsheting”
Mﬂu'b-l-n-ﬁﬁ;q of plate bowndavits gwmel e.L,-Lk%mQ_ n:-kw'f-r.

e e

Sun Jul 8 20035119 UTC 2012 - § :%.é’ f e
BOS sarthquakesz on bhese maps ‘ﬁﬁ $ ;""‘}f*"%f’

A

ntamibidey
]
0 >3
s 3

o it et
B npwrn

B tast
B tast day
15 tast weel

PUERTO RICO
ALAGKA

32. From data provided, write an analysis that connects your hypothesis with this data.
N Braysis o indande megntede adfor frefBmay of cacthapakas
4 asseeveded i mwram+‘ ol damstein—  boundlares. Gz baun&o.r‘ljJ-dpcs)

33. What step would you take next to test your hypothesis?
Ewidence o al-uJ.vr‘i' u-.luaw'j St &.,-H-abu.l.h auh.p-‘j Shetd e
lmu"l'afl;p ove ""N“- +2

+"|’ Monvtori ol ethar boumdlontes contd provicha addaNoned olocts 1o
gHhears 42
T L. support TP ?
J6% ok Jotod exam
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APPENDIX K

POST EARTH STEBI MODIFIED FOR EARTH SCIENCE

As a future life science teacher, please indicate the degree to which you agree or disagree with each statement below using the following indicators:
5= STRONGLY AGREE, 4= AGREE, 3= UNCERTAIN, 2= DISAGREE, 1= STRONGLY DISAGREE

Question: Response

12 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

1. When a student does better than usual in earth science, it is often 1 2 3 4 5
because the teacher exerted a little extra effort. STRONGLY DISAGREE STRONGLY AGREE

2. | will continually find better ways to teach earth science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

3. Even if | try very hard, | will not teach earth science as well as | will most 1 2 3 4 5
Su bjects. STRONGLY DISAGREE STRONGLY AGREE

4. When the earth science grades of students improve, it is often due to 1 2 3 4 5
their teacher having found a more effective teaching approach. STRONGLY DISAGREE STRONGLY AGREE

5. | know the steps necessary to teach earth science concepts effectively. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

6. | will not be very effective in monitoring earth science experiments. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

7. If students are underachieving in earth science, it is most likely due to 1 2 3 4 5
ineffective science teaching. STRONGLY DISAGREE STRONGLY AGREE

8. | will generally teach earth science ineffectively. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

9. The inadequacy of a student’s earth science background can be 1 2 3 4 5
overcome by good teaching. STRONGLY DISAGREE STRONGLY AGREE

10.The low earth science achievement of students cannot generally be 1 2 3 4 5
blamed on their teachers. STRONGLY DISAGREE STRONGLY AGREE

11.When a low-achieving child progresses in earth science, it is usually due 1 2 3 4 5
to extra attention given by the teacher. STRONGLY DISAGREE STRONGLY AGREE

12.1 understand earth science concepts well enough to be effective in 1 2 3 4 5
teaching elementary science. STRONGLY DISAGREE STRONGLY AGREE
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Question: Response

1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

13.Increased effort in earth science teaching produces little change in 1 2 3 4 5
students’ earth science achievement. STRONGLY DISAGREE STRONGLY AGREE

14.The teacher is generally responsible for the achievement of students in 1 2 3 4 5
earth science. STRONGLY DISAGREE STRONGLY AGREE

15.Students’ achievement in earth science is directly related to their 1 2 3 4 5
teacher’s effectiveness in earth science teaching. STRONGLY DISAGREE STRONGLY AGREE

16.If parents comment that their child is showing more interest in earth 1 2 3 4 5
science, it is probably due to the child’s teacher. STRONGLY DISAGREE STRONGLY AGREE

17.1 will find it difficult to explain to students why earth science experiments 1 2 3 4 5
work. STRONGLY DISAGREE STRONGLY AGREE

18.1 will typically be able to answer students’ earth science questions. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

19.1 wonder if | will have the necessary skills to teach earth science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

20.Given a choice, | will not invite the principal to evaluate my earth science 1 2 3 4 5
teaching. STRONGLY DISAGREE STRONGLY AGREE

21.When a student has difficulty understanding an earth science concept, | 1 2 3 4 5
will usually be at a loss as to how to help the student understand. STRONGLY DISAGREE STRONGLY AGREE

22.When teaching earth science, | will usually welcome student questions. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE

23.1 do not know what to do to turn students on to earth science. 1 2 3 4 5
STRONGLY DISAGREE STRONGLY AGREE
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APPENDIX L
INTERVIEW PROTOCOL

Interview Questions for Section A (Inquiry First)

1) Which instructional method, worked best for you to learn course content, the inquiry-
based method during life science or the traditional method during earth science?

2) Did you feel more comfortable in class during the life science or earth science portion
of the class? Why?

3) At any point in the semester did you start to have a more favorable experience
towards science? Yes or No?

4) Did you notice a change in your attitude towards science after the first few classes of
life science?

5) How do you see yourself using both inquiry-based instruction and traditional
instruction in your future classroom?

6) Which instructional method do you feel more confident to use in your future
classroom? Why?

7) Has your attitude towards teaching science changed over the course of this

semester? If so, how?
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Interview Questions for Section B (Traditional First)

1) Which instructional method, worked best for you to learn course content, the inquiry-
based method during earth science or the traditional method during life science?

2) Did you feel more comfortable in class during the life science or earth science portion
of the class? Why?

3) At any point in the semester did you start to have a more favorable experience
towards science? Yes or No?

4) Did you notice a change in your attitude towards science after the first few classes of
earth science?

5) How do you see yourself using both inquiry-based instruction and traditional
instruction in your future classroom?

6) Which instructional method do you feel more confident to use in your future
classroom? Why?

7) Has your attitude towards teaching science changed over the course of this

semester? If so, how?
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