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Abstract This study utilized pre-service teachers’ phi-
losophy statements to connect their beliefs for science
teaching with inquiry-based constructivist classroom prac-
tice. The major findings of this study suggested that before
entering the classroom prospective teachers are strongly
aligned with inquiry-based, constructivist-based theories,
and describe teaching science as a process approach. How-
ever, after entering public classrooms the teacher candidates
often abandoned those notions of constructivist, inquiry-
based science in favor of a more traditional approach to
science instruction. This study addresses a method to engage
prospective teachers in designing inquiry-based science
pedagogy as well as developing their professional peda-
gogical confidence.

Keywords Early childhood teacher preparation -
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Purpose of the Study

It has been my experience that early childhood teacher
candidates often describe that they want to engage students
in hands-on, minds-on, inquiry-based, constructivist science
where students construct their own understandings of sci-
ence content. However, there seems to be a major dichotomy
between their descriptions of desired practice and the actual
lessons they create for their practicum placements. To this
end, the particular goal of this study was to investigate how
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students were able to connect their philosophy of science
with their science practice. This required a reflection of
experiences in science and what they believed was the most
effective approach to teaching science. These philosophy
statements became a tool to critique their lesson unit plans to
better align with their philosophies. The study investigated
the following key questions:

1. How do teacher candidates conceptualize science
teaching? To what extent do they describe inquiry as
part of their future teaching goals?

2. What difficulties did prospective teachers perceive
when trying to enact these philosophies in their
practicum placements?

3. Does the utilization of philosophy statements as a
reflective tool impact teacher candidates’ ability to
create and enact inquiry-based pedagogy?

Review of Literature
Inquiry Approaches to Science Teaching and Learning

Many reform efforts and subsequent studies have focused on
the development of inquiry-based, constructivist pedagogy
as the most effective approach to teaching science (Ameri-
can Association for the Advancement of Science 1990,
1993; Bianchini and Colburn 2000; Kyle 1998; National
Research Council 1996; Plevyak 2007; Yerrick et al. 2003).
Constructivist approaches to science argue that learning is a
result from observing the natural world, scaffolding that
information with prior conceptions, and interacting with
more capable peers to construct new understandings (Barba
1998; Llewellyn 2002; Stewart and Kluwin 2001). This
supports an inquiry-based approach to scientific investiga-
tion. The National Research Council (2000) provided five
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essential features that are at the core of inquiry-based
approaches to science teaching and learning: the learner: (1)
engages in scientific questioning, (2) searches for evidence
to support ideas, (3) hypothesizes possible explanations
based on evidence, (4) connects those explanations to sci-
ence understanding, and (5) shares findings and explanations
with larger classroom community. These features assist
students in becoming life-long science learners capable of
devising solutions to scientific questions based on evidence
and communicating those ideas in a public forum. Accord-
ingly, teachers must constantly question their own strategies
and behaviors so as to ensure that they are providing students
with meaningful scientific investigations rather than cook-
book type activities (Llewellyn 2002).

Inquiry approaches are particularly important in ele-
mentary classrooms, where children are developing
foundational knowledge on which all future science
understanding will be based (Peters and Gega 2002).
However, early childhood teacher candidates often struggle
to enact school science experiences that are different from
the teacher-directed recipe-like science experiences they
engaged in during their K-12 years (Plevyak 2007). It is
not surprising that student interest in science wanes as they
proceed through their elementary years, which has been
attributed to “less investigative science practices”
employed by their classroom teachers (Watters and Diez-
mann 2007, p. 351). Wee et al. (2007) further challenged
that it is not enough to solely understand inquiry, but
teachers must be able to design and implement these types
of approaches in effective ways. These authors further
argue that, “inquiry presents an inconvenience, or even
impediment, to traditional forms of teaching and learning
in the science classroom” (p. 65). In a similar vein, Spector
et al. (2007) demonstrated that elementary teachers often
resist notions of inquiry, in their practice, claiming it gets
in the way of the teaching what they “need” to do.

Developing appropriate constructivist practice that
combines the social, cognitive, and content related aspects
that meet the needs of all students is an exceedingly difficult
task (Cobern and Loving 2002; Howes 2002). More research
is needed in how to facilitate teachers as they struggle to
enact the inquiry-based classroom approaches called for in
reforms (Keys and Bryan 2001). Resolving this dichotomy
between teacher candidate descriptions of their desired
practice and the actual lessons they create represents the
focus of this study. Furthermore, this study utilized the
assumption that teacher actions are often based on their
individual belief systems and better understanding for those
beliefs can facilitate the development of innovative science
practice (Simmons et al. 1999). This speaks to the impor-
tance of reflecting on belief systems within the larger context
of actual classroom practice as an essential step in devel-
oping inquiry teaching (Luft and Patterson 2002).
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This study utilized Howes’ (2002) call that researchers
concentrate on the strengths beginning teachers possess and
use their existing frameworks as a starting point to best
demonstrate constructivist approaches. Teacher candidates
must undertake reflective processes to better understand
their own belief systems and how to fit those beliefs within
an inquiry framework (Spector et al. 2007; Wee et al. 2007).
Furthermore, this study was informed by Eick’s (2002)
premise that, “teachers’ reflections on the beliefs and values
that motivate present action resonate with prior beliefs and
values from past personal histories” (p. 355). This study
utilized elements of personal histories and how those his-
tories have impacted the type of practice they wished to
implement through the creation of science teaching philos-
ophy statements. The reflections and semester-long work
with these philosophies provided the impetus for this study.

Methods

This study included 40 total participants enrolled in two
separate cohorts of their senior-level early childhood science
methods course. All participants were traditional students
between the ages of 21-24, female and White. The methods
course included a 20 h per week, semester-long, practicum
placement in a public K-3 classroom. The philosophy state-
ment process followed a three-phase approach (See Fig. 1).In
phase one teacher candidates wrote their philosophy state-
ments based on their science education histories and how they
envisioned their future practice. Secondly, teacher candidates
reflected on their initial experiences in the field. During phase
two, teacher candidates identified a science topic (in collab-
oration with their practicum teacher) and designed three
lessons on that topic. Using these lessons, teacher candidates
and the methods instructor determined disconnects between
their desired teaching and the activities they created. This
facilitated teacher candidates in redesigning their classroom
lesson plans. Prospective teachers then taught revised lessons
in their field placement. Lastly, prospective teachers reflected
on the process and discussed the possibilities and challenges
of enacting their philosophies.

Data Collection: Philosophy Statement Process
Philosophy Statements

The philosophy statements were the main feature of the
methods classroom and research effort. The prompts for the
philosophy statements included:

1. What are your memories of science in your K-12
educational history? Was this experience different
from your college science experiences?
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Fig. 1 The philosophy
statement process

Phase One: Philosophy Statement and reflection

Compose philosophy
statement based on
personal history,
experience and
knowledge of teaching

After two weeks
in field, reflect on
classroom
experience

Use 5 E inquiry
cycle to design
lessons for K-3
field classroom

| philosophy statements as a

Phase Two: Lesson development

Pre-service teachers
refine lessons based on
| inquiry process and
their original
philosophy statements

Instructor provides feedback
on lessons using student

guide for critiques

Phase Three: Reflection on original philosophy in light of field experience

classrooms

Implement three
lesson plans in field

Reflection on process

and discussion for how
they saw the enactment
of their philosophies in

2. How do you feel science should be taught in schools?
Why do you feel this is important?

3. How will science look in your future classroom? How
will you enact these kinds of approaches?

I utilized these philosophies over the semester and felt
they made an appropriate tool to facilitate teacher candi-
dates’ emergent inquiry teaching. The philosophy state-
ments were designed under the premise that articulating
personal belief systems and prior science learning experi-
ences are an appropriate avenue to understanding future
teaching practice (Eick 2002; Plevyak 2007).

Lesson Planning

The pre-service teacher lessons were designed using Lle-
wellyn’s (2002) “5 E” (Engage, Explore, Explain,
Elaborate and Evaluate) inquiry cycle as a framework for
creating meaningful student-centered approaches. The
lessons also needed to incorporate higher-level thinking
and questioning skills in accordance with Bloom’s taxon-
omy. Furthermore, prospective teachers were expected to
align these lesson ideas with state standards for both con-
tent and science process skills.

Reflections

A key component of the lesson planning approach was to
utilize teacher candidate reflections at various stages
throughout the semester. After 2 weeks in the field

the field

classroom, students reflected on their observations and any
possible obstacles they envisioned in carrying out ideas
stated in their philosophy statements. A second layer of
critical reflection took place after completing their lesson
plans. Students needed to analyze their pedagogical
approaches utilized in their lessons and compare those
ideas to those espoused in their original philosophies.
Lastly, students wrote reflective addendums to their phi-
losophy statements at the close of the course. This served
to document student thoughts over the duration of the
course in terms of inquiry teaching.

Data Analysis

The use of multiple sets of data allowed for triangulation in
an effort to establish credibility of the research interpreta-
tions (Patton 1990). All data sets were subjected to multiple
complete readings of the text in an effort to generate a pre-
liminary list of possible coding categories (Miles and
Huberman 1994). These initial categories where then sub-
jected to constant comparison and analysis with differing
sets of data in an effort to develop a working set of emergent
themes as described by Strauss and Corbin (1998). In some
cases categories were collapsed with others, while occa-
sionally entirely new categories would emerge. This
provided a mechanism to reduce large amounts of data into
more manageable categories across similar themes.

The analysis of these categories provided insight for
how prospective teachers understood inquiry teaching,
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struggled to enact their ideas and how they applied inquiry
concepts into their teaching. The subsequent themes that
emerged were notions of inquiry, constructivism as chaos,
standards and assessment, and evolving professional con-
fidence. These themes were applied to the particular
research questions of the study to build the interpretations
in the following section.

Findings and Discussion

Research Question #1: How Do Teacher Candidates
Conceptualize Science Teaching? To What Extent Do
They Describe Inquiry as Part of Their Future Teaching
Goals?

One of the most interesting aspects of prospective teachers’
philosophy statements was the remarkable similarity in
how they described their previous science experiences and
the types of pedagogy they wished to employ. Many gave
accounts of their school science experiences that consisted
of reading science related material and answering questions
in a textbook. Roughly 60% of participants articulated that
they were uneasy with science content and felt that learning
science in this manner was ineffective because they spent
most of their time bored and/or confused. The following
are typical excerpts from philosophy statements depicting
their previous science experiences:

Most of the lessons I received in science were based
primarily on readings from a textbook and work-
sheets...I was never fully engaged and I could not
apply anything I had learned to a real world context.
(Marie)

I can recall reading lots of textbooks and doing lots of
worksheets in elementary school. (Elle)

All of my memories of science are unpleasant ones. I
always seemed to dread science class. I often found
activities boring and I never had a teacher explain to
me the importance of the material. (Alice)

It has been my experience when working with early
childhood majors that this is a common theme among my
students. This is the experience from which they build their
notions of science practice.

Despite these experiences, nearly 80% of the participants
articulated how they wished to carry out some form of
inquiry-based/constructivist approach so as not to repeat the
pedagogy that they experienced as a student. This became an
important avenue for students to reflect on the goals laid out
by the teacher education program while simultaneously
sorting through their own understandings for how to best
teach science to young children. Furthermore, the science
methods course was designed to incorporate inquiry through
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multiple experiences, modeling, readings, videotaped
examples of exemplary practice, and feedback on classroom
teaching. The following examples are a representative
sample for the common science classroom pedagogical
goals of these prospective teachers:

I see my classroom as a place to discover and learn, a
place where students are thinking and questioning
ideas. (Jessica)

The science experiences I will introduce my students
to, need to be meaningful and connected to real life
situations, and not just ‘lessons’ planned from a
textbook or worksheet...Along with this, I feel that it
is essential that I continuously support and provide
opportunities for my students to explore and make
scientific discoveries independently. (Marie)

They envisioned challenging their students to “explore
and investigate” and helping them to think and question
scientific understandings. This is the essence of scientific
literacy as called for by the National Science Education
Standards (National Research Council 1996).

These teacher candidates had an understanding for
constructivist approaches to teaching as a result of the
years within our teacher preparation program and their
completion of pre-school student teaching prior to this
course. However, these notions of inquiry-based science
teaching quickly evaporated once they entered the primary
practicum classroom.

Research Question #2: What Difficulties Did
Prospective Teachers Perceive When Trying to Enact
These Philosophies in Their Practicum Placements?

Nearly all of my students articulated wanting to teach from
a constructivist framework in their introductory philosophy
statements at the beginning of the year. Yet, these notions
quickly dissolved after students entered their practicum
classrooms where they began teaching lessons on their own
in a public school context. The idea of control emerged as
being more important than learning content. The atmo-
spheres of “thinking and questioning ideas” were replaced
by fears of constructivism as “chaos.” The following
excerpts came from prospective teachers’ reflections on
their initial experience in their practicum classrooms.

What it boils down to is: I am afraid of chaos and
disrespect. I do agree the constructivist approach is
most effective in learning; I also know that these
methods will not be employed throughout the chil-
dren’s lives and they must be prepared for what the
future holds. (Janice)

I feel that in many ways, too much control is given to
children... Unfortunately, high school, college, and
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the career worlds do not operate under constructivist
ideals. They are very much run with rules and
structure, both of which I feel children need and
thrive on. (Jessica)

Interestingly, both of these students first mentioned
issues of control. They equated allowing students the
chance to pursue scientific questions using their own
thinking will result in “chaos.” This paints a picture of
students running around screaming with no regard for the
specific academic questions posed by the lesson activity.
Martin (2003) argues that behavioral issues in construc-
tivist classrooms are minimal compared to traditional
classrooms because students are not bored and are treated
with dignity; children see their ideas being valued and have
the power to pursue their interests.

Another interesting aspect of these responses is how
students felt allowing children to experience constructivist
approaches would not prepare them for the structure of
future classrooms. They saw their role as one where they
needed to prepare students to sit and process information
individually because that will be expected of them in high
school and college classrooms. There exists a few possi-
bilities for why prospective teachers felt so strongly about
these issues: (1) They could not conceptualize that teaching
students to actively engage with content was beneficial for
children, (2) They understand the importance of inquiry on
science learning but felt future preparation was more
essential, (3) Prospective teachers felt that inquiry-based
teaching was too daunting to enact, and (4) Teacher can-
didates felt inquiry methods could possibly hinder children
later in life. They did not question whether the structure of
schools should change; rather they rationalized that they
needed to prepare their young children to submit to
teaching that does not interest them.

Another form of resistance that emerged was related to
enacting and aligning science teaching with state and
national standards. Interestingly, in their philosophies
some students viewed the standards as a support mecha-
nism for their inquiry-based views of science teaching and
discussed them with enthusiasm. The following example,
taken from Marty’s philosophy statement, demonstrates
this idea:

The National Science Education Standards state,
‘Learning science is something that students do, not
something that is done to them.” Educational expe-
riences will be much more meaningful to the children
if they are given the opportunity to participate in
science.

Later in the semester, when reflecting on her practicum,
Marty remarks how the same standards have created a
source of difficulty for her in the classroom, “With

pressures of proficiencies, standards, and testing looming
overhead, there is not much time to dedicate to science.”
This makes a particular challenge for teacher educators.
How do we convince prospective teachers that standards
and the approach to scientific literacy, called for by
reforms, are possible within the constraints of the class-
room? Marty was able to completely distance herself from
her ideas about meaningful educational experiences after
only a few weeks in her practicum classroom.

Importantly, there were several students who shared
similar experiences and ideas that resonated with Marty’s
experience. Many of the students felt that it was nearly an
impossible task to teach through a constructivist worldview
while still achieving the goals within standards documents.
The following example highlighted the disconnection that
Nicole perceived between her teaching goals (discussed in
her philosophy) and the reality of the classroom.

I want to teach science through many hands-on pro-
jects that make the students come up with their own
hypotheses that they can test and re-test to see the
results of. I want my students to realize the value of
asking a question and having the tools to investigate
and answer the question.

Her reflections later highlighted her frustration at her
inability to carry out these approaches:

I would like to know how to accomplish construc-
tivist ideals, while trying to maintain standards placed
upon me by the district, state, as well as the set-up
and amount of materials at my disposal, or lack
thereof.

These students are making abundantly clear what they
need and desire from their teacher education program.
These types of juxtapositions were common with nearly all
of the students enrolled in my course during the study.

I offer that the practicum experience draws out the ways
in which prospective teachers envision the gaps within
their educational practice and the type of teacher they wish
to be. It would be simple enough to argue that their initial
philosophies were written merely to please a professor and
their reflections better represent their true notions of
teaching. This may well be the case with a few of my
students who described school simply as a place where
students learned to follow structures and rules. However,
many students did not want to let go of their original ideas
and were disappointed that they seemed to struggle in the
context of the actual classroom as highlighted in the fol-
lowing section. This provided a powerful opportunity to
utilize their philosophy statements as a guiding tool in the
creation of classroom science approaches that would be
consistent with their visions of teaching.
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Research Question #3: Does the Utilization of
Philosophy Statements as a Reflective Tool Impact
Teacher Candidates’ Ability to Create and Enact
Inquiry-based Pedagogy?

In order to investigate this final question, I had students
re-read their original philosophy statements and compare
their classroom goals with the lessons they designed for
their practicum placement. Consequently, they revised
their classroom lessons to better match their philosophy
statements. After revision, the students taught the lessons
in their practicum classroom and provided a final reflective
statement on their classroom teaching. This process pro-
vided students with a mechanism to develop their own
ideas for science teaching. The following section highlights
some of the struggles and successes faced by students
during this process.

There were several students (eight total) who felt that
the overall structure of schools was too restrictive for them
to carve out any inquiry approaches. These worries were
focused mainly on control, time, and standards. Janice’s
final reflection demonstrated her continuing worry (see
prior statements) about the issues of control in the class-
room, “Educators could have the most creative
constructivist ideas, but if they cannot control the class,
those ideas will be very ineffective.” Jessica’s concern for
preparing students for the reality of life (see prior state-
ments) resonated all the way through the entire experience,
“Sometimes inquiry seemed a little too idealistic consid-
ering the increasing pressure standardized tests are putting
on educators.” The philosophy process seemed to have
little effect on 20% of the students who had the most
negative views of inquiry from the beginning. However, if
teacher candidates entered the course with more positive
notions of inquiry the philosophy statement process pro-
vided a vehicle to develop confidence and challenge them
to enact their beliefs.

There were numerous examples of students developing
their notions of inquiry and demonstrating increased con-
fidence in their ability to enact those ideas. Angelina
demonstrates this aspect of a burgeoning professional
identity.

My thinking has changed about using textbooks in the
classroom. I always felt textbooks were necessary for
students to guide them while discussing and doing
different activities in the classroom. After developing
my lessons and observing other science lessons, I
discovered that I no longer have a strong feeling for
textbooks in the classroom...Instead, I provided the
students with seed booklets that encouraged them to
record and draw their thoughts. I used standards as
my guide for planning the lesson and targeted certain
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concepts within the standards that I needed to
cover...

Angelina’s developing confidence allowed her to step
away from her reliance on textbooks. This provided her
with a platform to create lessons more aligned with inquiry
teaching. She no longer envisioned the text as guiding the
students rather she placed that responsibility squarely on
the teacher and learner. Furthermore, given this freedom
she did not envision the standards as a limiting factor, but
one that provides some direction to the goals she has for
her students.

This philosophy statement process can be best exem-
plified by tracing one student’s journey and highlighting
the impact that this approach had on pedagogical thought
and eventual classroom approach. Alice began the semester
stating: “I hope to develop a teaching style that allows for
the students to be able to feel free to explore and investi-
gate ideas that spur their inquiry within a structured
environment.” This was followed after a few weeks in her
field class, where she remarked on a class reflection:
“There is just not enough time to carry out inquiry in my
field classroom...the schedule is too tight to cover every-
thing.” Like other prospective teachers, Alice distanced
herself from her own ideas for engaging children after only
a few weeks in her practicum classroom. She argued there
was just too much to “cover.” Her classroom lesson plans
reflected her new ideas for the lack of time to engage
students in more meaningful inquiry approaches. Despite
using a 5 E inquiry lesson plan format, her lesson ideas
utilized standard behavioral techniques. She began by
asking students if they knew what machines did (Engage-
ment) and followed this with a worksheet from a textbook
series (Exploration) that depicted some basic features of
simple machines and lectured the students concerning
those aspects (Explanation). The lesson ended with reading
a section from a non-fiction book concerning simple
machines (Elaboration) and correcting the worksheet
(Evaluation).

Her own words (from her philosophy) became an
effective reminder to not lose sight for the type of teaching
she wished to enact. Students were provided with photo-
copies of their philosophies and asked to critique their
lessons based on the ideas they originally wrote at the
beginning of the course. After critiquing lessons, students
and I worked in small teams to redesign lessons more
aligned with the goals outlined at the outset of the course.
Alice’s new lesson incorporated more inquiry approaches,
which resonated more clearly with her goals for teaching.
She presented a challenge to students asking how to lift a
brick without touching it (Engagement) and then students
designed machines to carry out this challenge (Explora-
tion). Students then presented their ideas and analysis to
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the class (Explanation). Students brainstormed improve-
ments and modifications for their machines (Elaboration)
and lastly wrote out their findings for the modification
process (Evaluation). This revised lesson clearly aligns
with the National Research Council (2000) five features of
inquiry teaching and met Alice’s original teaching goals.
Reflecting, working together, revising lesson ideas and
reconnecting with her original philosophy enabled Alice to
muster sufficient courage to attempt this inquiry-based
lesson in her practicum classroom. In Alice’s final reflec-
tion on the course and her field placement she made the
following remark: “I’'m so happy with my lesson...the
students were so excited and engaged. My teacher loved
the simple machines and actually suggested to take pictures
to document all the ‘wonderful” projects.” I utilized Alice’s
story because it was the best example for the effectiveness
of the philosophy statement approach. What is most sat-
isfying from Alice’s case was the reaction of the
cooperating teacher. She valued Alice’s effort and planning
and provided her with another layer of confidence by cel-
ebrating the work achieved by Alice and the students.

Conclusion

This study represents my efforts to facilitate beginning
teachers’ construction of inquiry-based science pedagogy.
This was done utilizing teacher candidates’ philosophies to
better understand how students wanted to approach science
instruction. Students often moved from wanting to teach
from a constructivist viewpoint (at the beginning of the
semester) toward a more traditional approach after entering
their practicum classroom. Many students equated con-
structivism with “chaos” and felt that it was impossible to
achieve science reform standards if they used a construc-
tivist approach in the classroom.

The philosophy statements provided powerful opportu-
nities to facilitate the development of teacher candidates’
beginning practice by demonstrating disconnections
between their theoretical beliefs and their actions in the
classroom. I have found that using the students’ own words
was an effective tool of persuasion when students began to
utilize excuses for why they could not develop inquiry-based
practice. This lowered resistance to teaching steeped in
constructivist, inquiry-based approaches and more impor-
tantly provided students with a reminder for the type of
teacher they wished to be. In addition, this study demon-
strated that students needed help in understanding how to
incorporate structure (classroom/behavioral) into construc-
tivist-based lessons while simultaneously aligning those
approaches with state and district standards. It is also
important for teacher educators to understand that practicum
placements can quickly undo their notions of inquiry-based

practice. In these instances, philosophy statements provided
powerful guidance to help students stay focused on the kind
of science teachers they wished to become.

This approach was not effective with students who
entered my class with strong aversions to inquiry teaching.
If prospective teachers felt inquiry teaching was impossible
from the beginning, there was little change in that thinking.
Although by continually having to reflect on their posi-
tions, my hope is that this process will plant a seed for
trying some aspect of inquiry in the future. More research
is needed to better understand how to impact the pro-
spective teachers who are most resistant to inquiry ideas.
However, the majority of my students entered the course
with honest questions concerning how to enact inquiry
teaching. This represented the most beneficial aspects of
the study. These students demonstrated growth and com-
plexity in their thinking about the inquiry science process.
Furthermore, there were multiple cases of teacher candi-
dates developing a greater degree of confidence in both
designing and carrying out inquiry approaches. It is my
contention that this increased confidence will provide much
needed courage when they enter their future classrooms.
The challenge facing them will include time constraints,
scripted teaching programs, testing, etc., but if prospective
teachers have not developed methods to defend and con-
ceptualize their ideas they will be quick to abandon that
professional identity. The philosophy statement approach
has provided them with multiple opportunities to locate and
internalize their own professional beliefs.
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