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This qualitative study investigated the developing conceptions of common teaching methods
for mathematics and science among elementary preservice teachers when using the learning
cycle as a framework for coursework. The use of tools for conceptual development, processes
for meaningful learning, and common pedagogical approaches were explored using pre- and
post-survey data and weekly blog entries. The study took place during a summer science and
mathematics methods course sequence. Results indicated many of the participants initially
thought science and mathematics should be approached in very different ways. Eventually,
eighty-two percent of preservice teachers recognized commonalities in teaching approaches,
including use of inquiry within a learning cycle framework.

STEM education focuses on students seeing connections
between and applications for the fields of Science, Technol-
ogy, Engineering, and Mathematics. This aligns with the
science and mathematics standards documents, which in-
clude being able to ask, find, and determine answers based
on evidence (Ball & Forzani, 2011; NGACBP, 2010; NRC,
2012). The Common Core State Standards for Mathemat-
ics require the implementation of the Mathematical Practices
(NGACBP, 2010) which parallel the Scientific and Engi-
neering Practices advocated in the new Science Frameworks
(NRC, 2012) (See Table 1).

These similar practices in mathematics and science call
for similar approaches in teaching both disciplines. These
include: (1) use of tools for concept development that in-
clude devices for measuring, calculating, and analyzing num-
bers and manipulatives/materials for concept formation; (2)
use of processes that include problem solving, investigation,
reasoning and proof, communication, connections, and rep-
resentations; and (3) inquiry-based pedagogical approaches
that focus on learning by doing to seek answers and solutions
to problems (Goodnough & Nolan, 2008; Justi & van Driel,
2005).

Efforts have been made in preservice teacher methods
courses to prepare reform minded teachers of science and
mathematics (McGinnis et al., 2002; Plonczak, 2010). Ele-
mentary teacher development programs have designed math-
ematics content classes that teach through reform methods
that stress problem solving and reasoning (Cooney & Wiegel,
2003; Stuart & Thurlow, 2000; Thames, 2006) and created
courses that fostered connections between science and math-
ematics content (McGinnis et al., 2002). Teacher educators
also worked on the development of methods courses that in-
tegrated mathematics and science content and used common
instructional strategies (Beeth & McNeal, 1999; Lonning &
DeFranco, 1994; Stuessy, 1993). For example, Lonning and

DeFranco (1994), attempted to develop an integrated science
and mathematics content course, but found that inherently
neither science nor mathematics disciplines were given full
treatment. They determined that approaching science and
mathematics with a common pedagogy of hands-on instruc-
tion, cooperative learning, and alternative assessments pro-
vided a better treatment and example of the disciplines to
preservice teachers.

Despite reform efforts, U.S. elementary preservice teach-
ers continue to emphasize repetition and memorization with
little attention to understanding in mathematics (Hiebert et
al., 2005). Many initially teach from a traditional approach
because they perceive mathematics teaching as a focus on
procedural knowledge (H. Hill & Ball, 2009; Ma, 2010),
lacking a true model and understanding of the reform ap-
proach. Preservice elementary science teachers are more
likely to adopt a reform approach, like in science, because
of longstanding models that support conceptual development
through a hands-on and process oriented approach to sci-
ence education (Atkin & Karplus, 1962; NRC, 1996). Be-
cause a majority of elementary teachers in the United States
will be teaching both mathematics and science, understand-
ing standards-based reform teaching in both areas should be
essential to elementary teacher preparation programs.

Approaching teacher development from a perspective of a
common teaching model in mathematics and science teach-
ing could help elementary preservice teachers begin to un-
derstand and envision teaching using standards based strate-
gies in both areas. This study investigated the conceptions
preservice elementary teachers held at the beginning and end
of an experience that used a common teaching framework
and embedded practices for science and mathematics meth-
ods courses. It explored how they relate, understand, and
begin to use these common teaching practices (i.e., tools for
conceptual development, processes for meaningful learning,

1



2 KIMBERLY NUNES-BUFFORD

Table 1
Alignment of new mathematical practices with scientific and engineering practices
Standards for Mathematical Practice Scientific and Engineering Practices
Make sense of problems and persevere in solving them. Asking questions and defining problems.
Reason abstractly and quantitatively. Analyzing and interpreting data.
Construct viable arguments and Constructing explanations and designing solutions.
critique the reasoning of others. Engaging in argument from evidence.
Model with mathematics Developing and using models.
Use appropriate tools strategically. Planning and carrying out investigations.
Attend to precision. Look for and make use of structure. Using mathematics and computational thinking.
Look for and express regularity in repeated reasoning. Obtaining, evaluating, and communicating information.

and inquiry-based approaches) in both courses. This differs
from many previous studies that focused on teaching science
and mathematics content using an integrated approach that
modeled pedagogy, but did not provide a similar learning
and teaching framework for the two subjects (Pang & Good,
2000).

The science and mathematics methods courses utilized a
learning cycle framework for planning and teaching (Atkin
& Karplus, 1962). In a learning cycle approach, new con-
cepts are first explored through concrete experiences be-
fore abstract ideas are formulated and applied to new situ-
ations. For this study the learning cycle offered a way to cre-
ate common language when incorporating similar teaching
methods of using tools for conceptual development (Chick,
2007; L. Hill, 1997), discourse (Heywood, 2007; Williams
& Baxter, 1996), inquiry-based practices (Morrison, 2008;
Manouchehri, 1997; NRC, 2012), and reflection on learning
(Ambrose, 2004).

The research questions of this study were: (1) How do
preservice teachers conceptions of tools for conceptual de-
velopment, processes for meaningful learning, and pedagog-
ical approaches for science and mathematics change for each
subject at the beginning and end of the methods courses? (2)
What connections between common educational practices in
mathematics and science do preservice teachers make at the
end of the methods course sequence?

Learning Cycle Framework for
Science and Mathematics

A complex framework of generalizations, ideas, and re-
lationships composes the content of mathematics (Molina et
al., 1997) and the nature of science (NOS) (Akerson & Don-
nelly, 2008). Conceptual learning is essential to develop the
skills to make generalizations, understand ideas, and exam-
ine relationships (Molina et al., 1997). Learning mathemat-
ics and science for conceptual understanding, as articulated
in standards, is founded on the idea that learning is an ac-
tive process (NGACBP, 2010; NRC, 2012; Tal et al., 2001).
The learning cycle reflects a natural form of active learning
(Lawson et al., 1989; Schmidt, 2008). The five phase learn-
ing cycle used in this study is also known as the 5E Model.
The phases are: engagement, exploration, explanation, elab-

oration, and evaluation (Bybee, 1997). Although the learning
cycle has its roots in the science field (Bybee, 1997; Atkin &
Karplus, 1962), the tenets align closely with the Mathemat-
ical Standards found in the Common Core State Standards-
Mathematics (NGACBP, 2010). Elements of the learning cy-
cle can be seen in mathematics in models of teaching such
as: Complex Instruction (Boaler, 2008), Cognitively Guided
Instruction (Carpenter et al., 1999) , and Problem-Based In-
struction (Delisle, 1997). For example in problem based in-
struction in mathematics, students connect to the material be-
fore being challenged to explore content through a problem,
explain their solutions, and build on previous problems for
new knowledge (Delisle, 1997).

Marek (2008) described using the learning cycle to ex-
plore the relationship among the diameter, radius, and cir-
cumference of a circle. This exploration involved measur-
ing various circles, recording the results, determining rela-
tionships based on the results, determining measurements of
other known objects based on given information, and read-
ing about previous work on circumference by famous math-
ematicians. Using tools strategically, finding patterns and
structure, and solving problems to develop a deep under-
standing of the concepts are core to the mathematics stan-
dards (NGACBP, 2010) and align with the exploration, ex-
planation, and elaboration phases of the learning cycle (By-
bee, 1997). The exploration and explanation phases align
with the mathematical practice of constructing and critiquing
viable arguments. This is an element often missing in the
mathematics classrooms of the United States (L. Hill, 1997;
Ma, 2010).

In this study the use of the learning cycle across the sci-
ence and mathematics courses provided a common frame-
work for student learning in science and mathematics, and
for the planning and teaching of lessons within which com-
mon practices were embedded. Our bias in the use of the
learning cycle from science was to portray to the students
how much standards-based mathematics teaching was like
standards-based science teaching; trying to build upon what
we believe to be greater acceptance of inquiry approaches
in science teaching. The learning cycle was not originally
designed for mathematics education, but was easily applied
to it. Also, we viewed the knowing and doing of mathemat-
ics, and the intent of effective, standards-based mathemat-
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ics teaching, as a tool-based and process-oriented endeavor
much like science.

Methods

Context of the Study

Participants were undergraduate elementary preservice
teachers (22 of 25 total) enrolled in the summer science
and mathematics methods courses. There were twenty-
one Caucasian females and one African-American female.
Participants were a cohort of students who completed four
semesters of courses together at this large southeastern uni-
versity. The principal researcher, also the mathematics meth-
ods instructor, collaborated with the science methods course
professor. Participants completed the science course during
the first five weeks and the mathematics course during the
second five weeks of the summer semester. By sequenc-
ing the mathematics methods course after the science meth-
ods course, the researchers drew upon participants immedi-
ate prior knowledge of science pedagogy in the mathematics
course. At the end of the mathematics course, participants
shared their conceptions of how the model, tools, and pro-
cesses used in teaching mathematics relates to teaching sci-
ence. The purpose of using a similar framework and explic-
itly showing the connections between reform-oriented teach-
ing in science and mathematics was to increase the likelihood
that teachers would embrace this approach, seeing its impact
in both areas.

Participants attended class or a field experience every day
for ten weeks. Ten days in each course was spent in field
experiences. In both classes, preservice teachers partici-
pated in hands-on investigations, discussions, and readings
that explicitly connected to the 5E Model of the learning cy-
cle (Chick, 2007; Heywood, 2007). The learning cycle was
used as the common pedagogical framework for planning
and teaching lessons in both courses. Students then took on
the role of a teacher in planning and peer teaching in class,
and examining the pedagogy of their teaching episodes using
the learning cycle framework. In both the science and math
courses research-based curricula that utilized inquiry and fol-
lowed a learning cycle were used for these peer teachings.
Preservice teachers also taught two mathematics and two sci-
ence lessons, using the learning cycle, to elementary age stu-
dents through field experiences at local summer camps.

Data Collection

Methods of data collection in this multiple case design
(Merriam, 1998) included an open-ended pre-survey, open-
ended post-survey, and weekly blogs. The pre-survey was
administered on the first day of the science class (See Ap-
pendix A) and the post-survey was administered on the last
day of the math class (See Appendix B). Questions on the
pre-survey and post-survey were designed to examine par-
ticipants conceptions of tools and processes for learning,
pedagogical approaches, and commonalties in approaches to
mathematics and science. Tools included science and math-
ematical devices (such as measuring aides or calculators)

and manipulatives (such as geoboards or fraction tiles). Par-
ticipants also completed weekly blogs concerning science
and mathematics teaching (See Appendix C for blog top-
ics), including reflection on their implemented lessons in the
field. The blogs allowed the researcher to examine changes
in thinking that occurred throughout the semester, rather than
simply at the beginning and end points that were measured
through the pre- and post- survey. The study examined not
only the changing conceptions in science and mathematics,
but also sought to determine if what was learned in science
first was being applied to thinking about mathematics teach-
ing.

Data Analysis

The constant comparative method (Glaser & Strauss,
1967) was used to find conceptions of mathematics and sci-
ence teaching that emerged from the varying data sources.
Coding for category construction occurred with each data
source. Keeping in mind the research questions, the re-
searcher created main categories that would “reflect the pur-
pose of the research” (Merriam, 1998, p. 183) and its
questions. These main categories included conceptions of
tools, processes, pedagogical approaches, and similarities in
teaching science and mathematics. Pieces of information
that related to the research questions were coded based on
words or phrases from the participants, conclusions from
the researcher, or connections to existing research (Glaser
& Strauss, 1967; Merriam, 1998). Codes were placed in a
chart for each participant in chronological order under each
main category (e.g., conceptions of tools) where they fit with
data sources noted. Codes were then collapsed for similar-
ities. Next, the researcher examined data across the partici-
pant cases to make further generalizations. These generaliza-
tions across the cases for all main categories (except common
approaches) were organized into three thematic categories
(traditional, expanded, and progressive) that followed a con-
tinuum from simple to more complex thinking about prac-
tice. Traditional responses were those that mirrored tradi-
tional mathematics and science instruction in which instruc-
tion and lesson design focused on teacher centered rote or
procedural learning. Participants with expanded responses
expressed that students were involved in science and mathe-
matics learning beyond the traditional view, but were vague
in their articulation of their science and mathematics teach-
ing. Responses in the progressive category articulated teach-
ing that focused on concept development including students
reasoning and making connections in each subject area. Par-
ticipants with views in each of these three thematic categories
for science and mathematics were enumerated at the begin-
ning and end of the study using the pre-survey and post-
survey. The process of transition was explored in greater
depth through the blog entries. In studying developmental
thinking on common approaches to teaching between science
and mathematics, pre and post-surveys were analyzed for
differences on the related questions. These differences were
again enumerated based on numbers of participants who held
them.
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Figure 1. Conception of Tools

Findings

Conceptions of Tools
Traditional view. Six participants initially held a tradi-

tional view of tools in science, with three expanding their
views during the semester, as indicated in Figure 1. They
saw tools in science activities as a means of measuring or
performing calculations. They did not see tools a means to
foster conceptual understanding: “Concrete tools help stu-
dents learn to physically answer the problem using objects.
You use concrete tools while doing experiments” (Person 9,
Post-survey).

Participants more readily accepted tools in science than in
math. Although preservice teachers talked about using tools
for hands-on learning in mathematics, eight participants were
merely using tools to reinforce procedures. Their concep-
tions of tools were limited to computation tasks. Those with
a traditional view of tools in mathematics were focused on
students using tools to determine the right answer:

I agree that using money is an excellent way to
present materials during a math lesson. I also
agree that students do need a teacher who will
practice problems in repetition because most
kids will learn better if the concept is drilled into
them. (Person 16, Blog 9)

Even though the math methods class focused on using tools
within the learning cycle approach, the eight preservice
teachers with traditional views of tools rigidly held onto
those views.

Expanded view. Three preservice teachers had an ex-
panded view of tools in science at the beginning of the meth-
ods courses (See Figure 1). They recognized tools in science
for more than measurement tasks, but they did not see the full
potential of tools. They were vague in their articulation of the
role of tools. “By having students use hands-on tools in ex-
periments themselves, they are acting like scientists” (Person
9, Post-survey).

Eight participants with an expanded view of tools in math
saw tools for more than just computation but in limited ways.

They viewed tools as visual models for teaching primary con-
cepts:

Using play money because it makes counting
money a lot easier when they can actually see
it. Children are going to need to count money
in real life situations so it is important that they
know what it looks like. (Person 17, Blog 8).

Progressive view. Initially thirteen participants expressed
using tools for hands-on, conceptual learning in science (See
Figure 1). By the end of the semester 17 out of the 22 par-
ticipants articulated how tools in science should be used to
develop concepts. The field experiences provided preservice
teachers with opportunities to use tools to teach science:

I taught a lesson on how much water is on Earth.
They were able to use concrete materials to pour
beans into a gallon container to see how many
pints are in a gallon and so on. They made
a measurement book to see it for themselves.
(Person 5, Post-survey)

Initially six participants held a progressive view of tools
for teaching math. They believed that tools could help stu-
dents understand concepts. When they followed standards
based lessons, they saw the success in learning that could
happen with the use of tools, such as the use of cards to teach
fractions in the following case:

When they placed their fraction, I had them
place it where they thought it would go and tell
me what percent it was. Rather than just having
a sheet with equivalent fractions and percents for
them to look at and learn, they actually had a
chance to place actual cards in a place where
it should go and strategize with their fractions
of how to block others and what fractions they
might have. (Person 4, Blog 10)

Nine of the 22 participants at semesters end recognized
and articulated that tools in math could be used to ex-
plore and understand a concept. They described tools in
terms of helping build student knowledge: “Students can use
geoboards to help their understanding of polygons. These
experiences are very important for students to create their
own knowledge” (Person 7, Post-survey).

Conceptions of Processes
Traditional View. At the beginning of the semester a ma-

jority of the students had limited conceptions of processes for
learning science and mathematics, as indicated in Figure 2.

Those with a traditional view articulated processes in
teacher-directed and controlled lessons: “Teachers first need
to inform the students about the content. Teachers need to
make sure they teach the basics of the experiment and make
sure students fully understand what they are about to do be-
fore they begin” (Person 16, Week 4). Students were in pas-
sive roles with teachers giving all of the information. Preser-
vice teachers viewed science and math activities as ‘inquiry’
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Figure 2. Conception of Processes

if they included hands-on materials. Three participants be-
gan and retained the traditional notions about processes in
science. Only one mathematics participant changed thinking
to an expanded view by semester’s end.

Expanded View. Fourteen of the 22 participants initially
held an expanded view of processes in science (See Fig-
ure 2). They recognized the importance of students expe-
riencing science, but did not articulate processes beyond the
level of observation. In a lesson on the Laws of Motion a
teacher responded, “These children were able to see what the
laws were by creating things that dealt with it and learning
first hand” (Person 5, Week 5).

Eleven preservice teachers initially held expanded views
of processes in mathematics. They often focused on how
students were enjoying the lesson rather than how the lesson
promoted student reasoning. They wanted their students to
go beyond the method in which the teacher modeled and stu-
dents practiced problems. They would have students make
observations or complete a task and then they would tell the
students the mathematics behind the lesson:

Once we explained not all people may have the
same tool for measuring, as they used, you could
see their minds thinking about how to measure
a belt with a tool all people could use. We ex-
plained that for measuring length you need to
use a ruler or a tape measure. The students had
fun with this activity and they went away learn-
ing something. (Person 1, Week 8)

Progressive View. Initially five preservice teachers for sci-
ence and four preservice teachers for mathematics held pro-
gressive views of processes (See Figure 2): “Math and sci-
ence are more hands-on subjects. Students obtain meaning-
ful understanding when they actually do experience hands-
on” (Person 20, Pre-survey). These teachers had more co-
hesive understanding of processes in science and mathemat-
ics teaching. They believed that students should reason for
themselves about concepts and relate that knowledge to other
areas. Data sources indicated they were able to articulate
processes in relation to lessons they had taught. They wrote

of students reasoning, discussing their observations or find-
ings with each other, or experiencing the concept, as in a sci-
ence engineering lesson: “I thought it was so interesting to
see what these kids could design and everything they used to
create their designs, and the reasoning they had behind their
creations” (Person 6, Week 5). By the end of the semester 13
of the 22 participants for science and 12 of the participants
for math held progressive views of processes.

Conceptions of Pedagogical Approaches
Traditional View. Initially, seven participants in science

and eight participants in math held traditional views about
approaches for teaching, as indicated in Figure 3. Preservice
teachers with this view believed that teachers should demon-
strate or tell the information. Several of these participants
liked the idea of hands-on activities but still tried to incorpo-
rate it into traditional instruction where explanation preceded
it:

I think that hands-on is always a good way to
go, but I also think theres a time for explaining
most likely before the hands-on activity. Stu-
dents need instruction and explaining or they
will just look at hands-on activities as play time.
(Person 17, Week 4)

A number of the participants viewed hands-on activities as
fun-time for the students and to be used for special occasions
or good behavior. Difficulty with discipline during activities
was also an issue for these participants: Four of the seven for
science and six of the eight for mathematics maintained their
view of traditional approaches.

Expanded View. Six participants initially held expanded
views for teaching science and nine participants for teaching
mathematics (See Figure 3). In science, they believed that
students should be involved in a combination of experiments,
centers, observation, and research: “Having learning centers
for children to learn or review different science centers” (Per-
son 10, Pre-Survey). In mathematics, they believed that the
approach should focus on real-life mathematics and centers:
“Real-life projects have value in everyday life like count-
ing money. Role play like grocery store” (Person 14, Pre-
survey). Their descriptions included more than the teacher
delivering knowledge, but not yet approaching learning for
conceptual understanding.

Progressive View. At the beginning of the semester, nine
participants in science and five in mathematics believed sci-
ence and mathematics should be taught with a hands-on ap-
proach (See Figure 2). They talked in general terms about
using learning centers, nature, and hands-on activities to
develop understanding. Their teaching experiences in the
field applied their conceptions and expanded their notions of
teaching science and mathematics:

During the lesson I elaborated on shelter as the
basic need and had the students build their own
shelter. I followed the 5Es teaching model. I
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Figure 3. Conception of Approaches

also provided the students with a very hands-on
approach to learning by having them create their
own shelter. By having them create their own
shelter, they were able to make personal con-
nections to what they were learning. (Person 19,
Post-survey)

Eleven participants believed that science and mathematics
should be taught with a hands-on, learning cycle approach
by the end of the semester. These participants felt they bene-
fited from the learning cycle approach in understanding what
they were teaching. One student commented that the learning
cycle was just as important in teaching math as in teaching
science for students to develop their own understanding:

The learning cycle, I feel, is a method of teach-
ing that needs to be incorporated into mathemat-
ics. This is true because math, much like sci-
ence, is easier to retain knowledge when there
are activities that allow students to create knowl-
edge. (Person 6, Week 6)

Common Approaches Between Science and Math-
ematics

Initially most of the preservice teachers thought of mathe-
matics and science as being approached in different ways, as
indicated in Figure 4. Thirteen preservice teachers initially
indicated that there were no commonalties between teach-
ing science and mathematics. They indicated that science
was for teaching plants and animals and mathematics was
for teaching numbers: “Math deals with numbers, geometry,
fractions, etc. Science deals with animals, plants, biology,
etc” (Person 22, Pre-survey).

Two participants indicated partial connections initially be-
tween teaching science and mathematics. They saw that they
had connections but should be approached differently: “Math
and science both use critical thinking. Math and science
are different in that science has more experimentation and
math has more number problem solving” (Person 11, Pre-
survey). Two preservice teachers commented at the end of
the semester that both science and mathematics is hands-on,
but they described mathematics as finding the right answer.

ht

Figure 4. Approaches Between Science and Mathematics

Seven participants indicated that there were commonalties
between science and mathematics teaching at the beginning
of the semester. They indicated that science and mathematics
both used hands-on learning: “Math and science also provide
hands-on activities for learning. Science and math are similar
in that we use each subject everyday” (Person 8, Pre-survey).

None of the participants mentioned or indicated any con-
ception similar to the learning cycle on their pre-survey.
Eighteen out of 22 participants at the end of the methods
classes did recognize the learning cycle could be used for
both science and mathematics. They recognized the impor-
tant role of concrete experiences in science and mathematics
lessons. A typical statement was, “I now see how closely
teaching mathematics and science can be related. I noticed
that they both have an importance of using hands-on or con-
crete experiences to help the understanding of the lesson”
(Person 7, Post-survey). They recognized that students need
to develop concepts. Some referred to their blogs as the
source that helped them realize the learning cycle could be
used for both subjects: “I was able to see similarities in math
and science because some of the posts were the same such
as dealing with the 5Es, concrete materials, hands-on activ-
ities and assessment in both math and science” (Person 16
Post-survey). Only two preservice teachers at the end of the
semester viewed math and science as being separate subjects
to be taught differently.

Discussion and Implications

Preservice teachers, in this study as well as in previous
studies, consider science a subject in which students are
supposed to be “doing” something (Gee et al., 1996). In
this study students wrote about hands-on activities or exper-
iments. It is unclear what is meant by experiments, but their
intent is clear that students are involved with concrete ma-
terials. For mathematics, it was different. Even though the
math methods class focused on using tools and developing
processes within the learning cycle approach, a few of the
preservice teachers continued to try to conform to their pri-
marily traditional experiences in mathematics. The Mathe-
matical Practices in the Common Core of State Standards tell
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us that students should be “doing” in mathematics as well in
order to reason and make sense of the concepts (NGACBP,
2010). Preservice teachers instrumental view of mathematics
perhaps interferes in the way they understand and embrace
the learning cycle as a teaching method in mathematics.

Lindgren and Bleicher (2005) drew similar conclusions
when strong science students were reluctant to teach science
using the learning cycle. However, students, who had nega-
tive science educational experiences, embraced the learning
cycle approach. Half of the students who initially held a tra-
ditional view of tools in science moved towards the expanded
or progressive viewpoint. Perhaps they could make this shift
to because it still fit with the “doing” notion of science. There
was very little change among preservice teachers who held
traditional views of processes. They wanted students find-
ing the right answer. However, inquiry-based teaching in-
volves student exploration around a central idea, formulation
of questions, investigations to answer the questions, and re-
flection of learned ideas based on evidence (Morrison, 2008;
NRC, 2012).

There was a large shift in both math and science for those
who originally held expanded views of processes that moved
towards more progressive views. This supports the notion
that once teachers begin to accept concepts of inquiry and the
learning cycle, they are more likely to continue growing in
this area. In this study, many of the preservice teachers were
able to articulate teaching in terms of processes for under-
standing by the end of the semester. These processes devel-
oped over time as preservice teachers worked with children
in the field. Stuart and Thurlow (2000) found that when pre-
service teachers used concrete experiences in math courses
and with students in field placements, it set the stage for con-
ceptual change due to bolstering self-confidence in teaching,
gaining a sense of accomplishment, and deepening of math-
ematical understanding. Settlage (2000) found the same to
be the case for science teaching. Reflection, in the form
of weekly blogs, was also used as a tool in this conceptual
change process by providing time for the preservice teachers
to examine conflict in ideas and examine new ideas as they
put them into practice (Heywood, 2007). . For elementary
preservice teachers, conceptions of inquiry and the sciences
processes may need to be explored more across methods and
content classes to help them develop a clear understanding of
how to fully utilize inquiry to support student understanding
of processes and content.

Focusing on the learning cycle in mathematics and sci-
ence helped many of the preservice teachers in this study to
recognize the importance of an active learning environment
across disciplines. A majority of the preservice teachers
(18 of 22) recognized common approaches to teaching sci-
ence and mathematics through the use of the learning cycle.
They wanted their students to be engaged in learning through
hands-on and inquiry approaches in science and mathemat-
ics, and this understanding could be viewed as fitting the be-
ginning of the learning cycle. Explicitly teaching common
tools, processes, and approaches via the learning cycle in
both methods courses led to a more complex understanding
and initial acceptance of reform-minded teaching in math-

ematics; though not to the extent as in science. For math-
ematics, this approach seemed to foster the most growth for
students who began with expanded views and moved towards
progressive views.

The preservice teachers partial understanding of the in-
tent of tools, processes, and pedagogical approaches, such
as the learning cycle can be expected with novice teachers
learning how to teach (Marek et al., 2003; Settlage, 2000).
As preservice teachers enter the field it is important to pro-
vide coaching and support of reform-based approaches, tak-
ing them from where they are and what they understand to
deeper conceptions of teaching and learning in practice. Pro-
viding an approach, such as the learning cycle, can aide the
understanding and implementation of reform strategies in the
STEM fields, as well as seeing how these fields connect.
In this study, most preservice teachers moved from seeing
science and mathematics as completely separate content ar-
eas, to being able to provide concrete examples from field
experiences that articulated common approaches of science
and mathematics in the elementary classroom. Findings in-
dicated that purposeful planning and design of science and
mathematics methods courses can yield changes in the early
development of thinking about the teaching of mathematics
to be closer to accepted notions in science. Additional studies
are needed to examine if and how preservice teachers articu-
late common approaches to mathematics and science beyond
the methods classes.
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Appendix A
Pre-Survey

1. How is teaching math like teaching science? What is similar
and what is different?

2. How would concrete tools/experiences play a role in a sci-
ence lesson? Give examples.

3. How would concrete tools/experiences play a role in a math
lesson? Give examples.

4. Name and describe a few teaching strategies or approaches
used to teach science for meaningful understanding.

5. Name and describe a few teaching strategies or approaches
used to teach math for meaningful experiences.

Appendix B
Post-Survey

1. How is teaching math like teaching science? What is similar
and what is different?

2. How would concrete tools/experiences play a role in a sci-
ence lesson? Give examples.

3. How would concrete tools/ experiences play a role in a math
lesson? Give examples.

4. A. Name and describe a few teaching strategies or ap-
proaches used to teach science for meaningful understand-
ing.
B. Name and describe a few teaching strategies or ap-
proaches to teach math for meaningful understanding.

5. A. Think back to a science lesson that you taught this sum-
mer and briefly describe it.
B. How do you think it met effective practice approaches
to teaching? Explain.

6. A. Think back to a math lesson that you taught this summer
and briefly describe it.
B. How do you think it met effective practice approaches
to teaching? Explain.

7. How has the blog helped you in your development of . . . A.
Ideas about teaching science?
B. Ideas about teaching math?
C. Similarities between the teaching of math and science?

Appendix C
Weekly Blog Questions and

Issues

Week 1: Why is following a Learning Cycle so important
in teaching science? Wont more traditional approaches
such as giving information first to students, such as in
reading the textbook, completing worksheets, and writing
notes/definitions work just as well? Explain.

Week 2: We have learned about inquiry and the associated
process skills for teaching science through doing science.
We have learned that the Learning Cycle for planning and
teaching a series of lessons is best practice. So, how does
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the S-T-E-S piece fit into all of this? What really is it any-
way? How does it work, and is it important in my science
teaching?

Week 3: So, this week you had the chance to finally prac-
tice teach about either ecological or technological ideas to
kids, and followed some portion of the Learning Cycle to
do it! Also, assessment was on everyones mind. So, how
did you assess your students attitudes, understanding, or
performance in your lesson this week? Do you feel your as-
sessment strongly aligned with your learning objective(s)?
Was it authentic enough?

Week 4: This week we have been doing many hands-on activ-
ities in our FOSS Earth Materials kit curriculum. Are all
hands-on activities equal? Is hands-on best no matter what
you do, when you do it, or how you do it? Explain to me
your thinking now about hands-on activities in science to
best help student learning.

Week 5: Inventing and building and Newtons Laws of Motion
can certainly seem to be unruly in the classroom, but is
this O.K.? Taking kids outdoors to learn about science in
nature also has its own planning and managing hurdles, but
is it worth it? Even in doing the states science teaching in
the classroom with kits, there is a level of uncertainty and
messiness with kids and materials in motion, but it seems to
work. How are you now feeling about these issues? Where
do you begin personally in your future classroom?

Week 6: Think about the Learning Cycle. Explain how the
Learning Cycle pertains to the teaching and learning of
mathematics. Support with examples. Then respond to two
other people’s responses.

Week 7: So far in class we have discussed inquiry in mathe-
matics, assessing mathematical understanding, developing
number sense, and participating in tasks to develop our own
mathematical knowledge. Think about all we have talked
about, experienced for ourselves, and experienced with stu-
dents. Explain which part of the Learning Cycle you find to
be the most important in developing a true understanding of
mathematics and why. Support with examples of your own
experiences or mathematics field experiences.

Week 8: In class we have been learning about how to as-
sess and different types of assessment. Think about one
of your math teaching experiences this semester. How did
you determine student understanding of the topic? Be spe-
cific. Support with examples. Based on your assessment
what judgments and decisions will you have to make about
teaching/learning? Would you teach the lesson differently
if you taught it again? Be specific. Support with examples.

Week 9: We have used concrete materials in class and with stu-
dents in lab. I want you to think about the role that concrete
experience plays in learning. Think of an instance in which
concrete experiences played a role in your own learning of
mathematics. Describe that learning experience. Describe
how you have used concrete experience in one teaching les-
son this term.

Week 10: Think about the two consecutive lessons you taught
this week. What growth did you see in your students’ un-
derstanding of the topic? What role did concrete experi-
ence play in your lessons? How did you promote inquiry?
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