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CHAPTER | — INTRODUCTION
Introduction

In order to advance America’s discovery and innovation in the Science,
Technology, Engineering, and Mathematics (STEM) disciplines, the efforts to improve
STEM education have become a priority across the nation. “The success of the United
States in the 21% Century — its wealth and welfare — will depend on the ideas and skills of
its population. These have always been the Nation’s most important assets. As the world
becomes increasingly technological, the value of these national assets will be determined
in no small measure by the effectiveness of science, technology, engineering, and
mathematics (STEM) education in the United States” (President’s Council of Advisors on
Science and Technology [PCAST], 2010, p. 1). The importance of the need for STEM
education has been further highlighted by the decrease in the number of students
interested in STEM disciplines, leading to a smaller number of students entering the
STEM workforce upon graduation.

The recent publications of the Common Core State Standards for Mathematics
(CCSSM; National Governors Association Center for Best Practices [NGACPB], 2010)
and the Next Generation Science Standards (NGSS; Achieve, 2012) both include an
increased focus on real-life applications of mathematics and science concepts and an
emphasis on mathematics and science practices in the K-12 classroom. This, along with
the inclusion of engineering design in the NGSS, supports an integrated approach to
learning in both the K-12 mathematics and science curricula through the integration of
STEM content. Integrated learning experiences in mathematics and science allow
students to use mathematics and apply scientific inquiry skills in authentic real-life
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problem-solving contexts to develop more meaningful knowledge and understanding of
the world around them (Al Orime & Ambusaidi, 2011; Stinson, Harkness, Meyer, &
Stallworth, 2009).

Contemporary perspectives on STEM teaching and learning include a
constructivist approach in which students are engaged in meaningful, active, inquiry-
based learning of integrated content within complex, real-life, problem-solving contexts
(Balka, 2011; Barcelona, 2014; Stohlmann, Moore, & Cramer, 2013). National standards
and reform efforts suggest that integrated skills and knowledge in STEM disciplines are
vital to the development of 21%"-century skills in our children. Current research promotes
integrated STEM curriculum in the elementary school, as young children’s openness to
and curiosity about mathematical and scientific concepts provide fertile ground for
developing student interest in and understanding of STEM content and STEM careers
(Becker & Park, 2011; Kermani & Aldemir, 2015; Nadelson et al., 2013; Sanders, 2009).

Whereas the idea of STEM integration in the early grades is gaining support on
the national scene, there remains a deficit in the provision of STEM education in
elementary schools (Barcelona, 2014; Berlin & White, 2010; Kurup, Brown, Powell, &
Li, 2017). The number of U.S. elementary teachers who are proficient in integrating
STEM practices into the curriculum is also deficient (National Research Council [NRC],
2010; PCAST, 2010). Lack of support from school administrators, elementary teachers’
lack of content knowledge in the STEM disciplines, and elementary teachers’ lack of
pedagogical content knowledge (PCK) for teaching integrated STEM all contribute to

this void (Becker & Park, 2011; Berlin & White, 2010; Nadelson et al., 2013).



Among all education degrees completed in 2016, elementary education and
teaching generalist degrees were among the most earned (32%) (National Center for
Education Statistics [NCES], 2017). However, many of these graduates are not
adequately prepared to teach integrated mathematics and science in grades K-6. Although
many preservice teachers value STEM integration, they are not exposed to STEM
integration within their teacher preparation programs, leading them to feel less confident
and less prepared to teach in a STEM-infused classroom (Berlin & White, 2010; Kurup,
et al., 2017). This suggests a lack of opportunity for preservice teachers to engage in
authentic mathematics and science practices that allow them to deepen the content
knowledge of their future students in these disciplines (Adams, Miller, Saul, & Pegg,
2014; Jeffery, McCullough, & Moore, 2015).

The responsibility for developing preservice teachers’ content knowledge and
PCK for teaching integrated STEM content lies within elementary teacher education
programs (Barcelona, 2014; Berlin & White, 2010; Kurup et al., 2017; Lewis, Dema, &
Harshbarger, 2014; Murnane, 2016; Rinke, Gladstone-Brown, Kinlaw, & Cappiello,
2016). Within teacher preparation programs, embedding explicit instructional strategies
for mathematics and science integration situated in authentic learning experiences may
increase preservice teachers’ knowledge of and confidence in teaching meaningful
integrated mathematics and science content through best practices, not to the detriment of
either discipline but to the promotion of both. Best practices for meaningfully teaching
integrated mathematics and science lessons include hands-on learning, problem solving,

cooperative group work, inquiry-based learning, appropriate use of technology, and



assessments aligned with instruction (Al Orime & Ambusaidi 2011; Frykolm & Glasson,
2005; Furner & Kumar, 2007; Stinson et al., 2009).

According to Kalchman and Kozoll (2012), methods of instruction courses highly
impact preservice teachers’ self-efficacy in teaching, and recommendations have been
made for embedding integrated methods courses at the elementary level to better prepare
preservice teachers to teach as generalists in the elementary classroom. Content specific
courses, embedded in elementary teacher preparation programs, have also been identified
as opportunities for preservice teachers to develop STEM content knowledge while
recognizing the interconnectedness among the STEM disciplines (Jeffery et al., 2015;
Moseley & Utley, 2006; Stohlmann et al., 2013). Furthermore, engaging preservice
teachers in STEM learning allows them to make connections across STEM disciplines,
increasing their own content competency. By experiencing authentic common teaching
practices, preservice teachers can deepen their content knowledge and PCK and increase
their self-efficacy and beliefs as related to STEM education (Barcelona, 2014; Berlin &
White, 2010; Kurup et al., 2017; Murnane, 2016; Rinke et al., 2016).

Other factors that influence how and what teachers implement and continue to
implement cannot be ignored. Research has shown that the attitudes teachers have toward
a subject influence their own instructional practices, and the attitudes that teachers have
towards STEM subjects can potentially decrease their students’ interest in these subjects
and in future STEM careers (Alexander, 2011). Preservice teachers’ value of and
perceived behavioral control for STEM teaching is significantly impacted by explicit
instruction and experiences in STEM teaching and learning included in teacher
preparation programs. Therefore, an important factor in STEM education is improving
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preservice teachers’ attitudes toward an integrated approach to teaching mathematics and
science, which leads them to understanding and teaching integrated STEM with authentic
real-life connections in their future classrooms (Corlu, Capraro, & Corlu, 2015; Lin &
Williams, 2016).

According to Maher, Bailey, Etheridge, & Warby (2013), preservice teachers’
attitudes and beliefs form before they enter a university teacher preparation program due
to their K-12 experiences, and many recognize the influence that their attitudes and
beliefs have on their future students. Preservice teachers, by examining their own
attitudes, concerns, and beliefs toward STEM education, may develop positive
perceptions of STEM education and an awareness of how their future students will be
impacted by positive experiences as learners and participants in authentic STEM lessons
(Alexander, 2011; Mabher et al., 2013; Watters & Ginns, 2000). Throughout the
elementary teacher preparation program, more exposure to authentic STEM teaching and
learning, focusing on K-6 student learning in real-life experiences, may enhance the
preservice teachers’ STEM teaching in their future classrooms (Adams et al., 2014;
Barcelona, 2014; Cady & Rearden, 2010; Kurup et al., 2017; Radloff & Guzey, 2017).
Support from school administrators, community members, in-service teachers, and
university faculty has the potential to further provide preservice teachers with the
opportunity to identify and work through the challenges of teaching integrated STEM
lessons in the classroom, thus enhancing the preservice teachers’ perceived control for

STEM teaching (Lin & Williams, 2016).



Theoretical Framework

The theoretical framework for this study included the combined elements of self-
efficacy theory, the theory of planned behavior, the theory of social constructivism, and
the construct of PCK. Efficacy beliefs have long been associated with the work of
psychologist Albert Bandura (1978), who defined efficacy as intellectual activity by
which one develops beliefs about his or her ability to achieve a certain level of
accomplishment. As a social cognitive theory, self-efficacy conceives a set of beliefs
about a teacher’s capacity to have a positive influence on his or her students’ learning.
Research has consistently shown that teacher efficacy is related to a variety of desirable
student outcomes (Knoblauch & Hoy, 2008; Putman, 2012; Tschannen-Moran & Hoy,
2001) and is considered a powerful influence on teachers’ overall effectiveness with
students (Pendergast, Garvis, & Keogh, 2011). At the same time, research supports the
idea that teacher efficacy can be developed among preservice teachers (Charalambous,
Philippou, & Kyriakides, 2008; Palmer, 2006). This current study explored the construct
of teacher efficacy among preservice teachers regarding integrated STEM education.

In addition to self-efficacy, attitudes also influence a person’s behavior. The
theory of planned behavior (Ajzen & Fishbein, 1980) emphasizes how a person’s
behavior is shaped by his or her knowledge, attitudes, values, subjective norms, and
perceived behavioral control. According to this theory, attitudes are a function of
behavioral beliefs, suggesting that positive attitudes toward a particular behavior stems
from a belief that this behavior will lead to positive outcomes. Furthermore, subjective
norms are a function of normative beliefs. Normative beliefs are imparted through
encouragement, instigation, or pressure from society to accept a subjective norm. A
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person who believes that others who are important to him or her believe that he or she
should perform the behavior will feel pressure to do so. Thus, of importance is the
opportunity for elementary preservice teachers to explore their perceived behavioral
intentions to embrace and implement authentic integrated STEM education in the
elementary classroom.

Vygotsky’s social constructivism theory (1962, 1986) is based on his
sociocultural theory in which social experience shapes the ways that individuals interpret
the world. More knowledgeable peers and adults guide the learner to construct their own
knowledge from what they presently know. Learning is the result of the individuals
participating in a community of classroom discourse that encourages the learners to
actively communicate their ideas and critique the reasoning of others (Fosnott & Perry,
1996). This study employed this theory as the methods of instruction faculty, while
engaging elementary preservice teachers in a community of discourse, used modeling and
scaffolding techniques to demonstrate and teach how integrated STEM lessons can be
effectively designed and implemented in the elementary classroom.

The construct of PCK (Shulman, 1986) was developed to explain the necessary
components to effectively teach particular content. Required components include
implementation of appropriate pedagogical strategies, assessment of student needs,
knowledge of the curriculum, and the ability to explain particular content-specific
concepts in a way that leads to meaningful understanding. However, research (Becker &
Park, 2011; Berlin & White, 2010; Nadelson et al., 2013) shows that elementary teachers
lack PCK in STEM subjects. Thus, in order for elementary teachers to effectively teach
STEM content, both their STEM content knowledge and teaching strategies for integrated
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STEM lessons must be improved. One way to improve elementary teachers’ PCK for
teaching integrated STEM content is to provide preservice teachers opportunities to
develop an understanding of particular strategies for effectively teaching integrated
STEM content within teacher preparation programs (Epstein & Miller, 2011; PCAST,
2010).

This study was situated within the conceptual framework shown in Figure 1. The
theoretical framework served as the foundation on which experiences were designed
within the teacher preparation program to positively influence the preservice teachers’
attitudes toward, confidence in, and proficiency in planning integrated mathematics and
science lessons in a STEM framework.

Figure 1. Conceptual Framework

Elementary Preservice Teachers’

Integration of Mathematics and
Science

Figure 1. The circles represent the theoretical foundations of the study, and the rectangles represent the variables measured in the
study.



Statement of the Problem

National standards and reform efforts indicate that integrated skills and
knowledge in STEM disciplines are vital to the development of 21%-century skills in our
children. Integrated approaches to STEM education, beginning at the elementary school
level, may increase student achievement and better prepare students for the 21%"-century
global economy (Barcelona, 2014; Berlin & White, 2010; Kurup et al., 2017). According
to DelJarnette (2012), elementary school students’ interests in future STEM careers is
fostered by providing them opportunities to develop critical thinking skills through early
exposure to STEM content. However, U.S. students lack proficiency in mathematics and
science with less than one-third of U.S. eighth graders scoring at the proficient level on
the National Assessment of Education Progress (NCES, 2017). Furthermore, the
deficiency of student interest in STEM content has resulted in fewer students graduating
in STEM fields and pursuing STEM-related careers (PCAST, 2010).

Although the idea of STEM integration in the early grades is gaining support on
the national scene, the facilitation of STEM education at the elementary school level
remains a scarcity (Barcelona, 2014; Berlin & White, 2010; Kurup et al., 2017). STEM
curricula cannot be advanced if teachers do not have adequate understandings of the
definition of STEM education or the attitudes and confidence needed to implement
effective STEM instruction. Research (Epstein & Miller, 2011; PCAST, 2010) has
revealed a shortage of teacher expertise to successfully integrate STEM practices. Thus,
an increased focus on preparing preservice and in-service teachers to integrate STEM
content at the elementary level, putting theory into practice by immersing those teachers
in STEM practices, is needed (Epstein & Miller, 2011; NRC, 2010; PCAST, 2010).
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Along with STEM content knowledge and PCK, teacher attitudes and confidence
regarding teaching integrated STEM lessons contribute to effective integrated STEM
instruction. As teachers’ negative attitudes can impact student learning, the need exists
more opportunities for preservice teachers to increase their attitudes and confidence
toward teaching throughout their teacher preparation programs (Riegle-Crumb et al.,
2015). Moreover, an important factor in STEM education is improving preservice
teachers’ attitudes toward an integrated approach to teaching mathematics and science,
which can lead them to understanding and teaching integrated STEM lessons with
authentic real-life connections in their future classrooms (Corlu et al., 2015). Whereas,
preservice teachers’ attitudes toward and confidence in STEM subjects are impacted by
positive experiences as learners and participants in integrated STEM lessons, providing
them with opportunities to examine their own attitudes, concerns, and beliefs toward
STEM education within a teacher preparation program could likely advance the goals of
STEM education for their future students (Alexander, 2011; Maher et al., 2013; Watters
& Ginns, 2000).

Unfortunately, few elementary teacher education programs in the U.S. exist that
adequately prepare preservice teachers with sufficient content knowledge in more than
one STEM subject or necessary PCK to teach integrated STEM lessons (Honey, Pearson,
& Schweingruber, 2014). As of 2018, limited research on how to effectively prepare K-
12 teachers to teach integrated STEM content in the classroom exists (Berlin & White,
2010; Murnane, 2016; Rinke et al., 2016). Thus, research is needed to determine how to
most effectively prepare elementary preservice teachers to teach integrated STEM
content with the aim of advancing the goals of STEM education for their future students.
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The extent to which successful completion of integrated mathematics and science
methods of instruction courses is related to either preservice elementary teachers’
attitudes and confidence or to the implementation of integrated STEM lessons in the K-6
classroom is also unknown. Therefore, through this dissertation, the researcher aimed to
move the field forward by implementing a co-teaching model within integrated
elementary mathematics and science methods of instruction courses to examine
elementary preservice teachers’ attitudes toward, confidence in, and proficiency in
planning integrated STEM lessons. This, in turn, may have better prepared them to
successfully teach integrated STEM lessons in their future classrooms.
Purpose Statement, Research Questions, and Hypotheses

The purpose of this study was to investigate the extent to which successful
completion of integrated mathematics and science methods of instruction courses relates
to elementary preservice teachers’ attitudes toward and confidence in teaching integrated
STEM lessons, and the extent to which their attitudes and confidence correlate with their
proficiency in planning integrated STEM lessons. In particular, the researcher proposed
to provide a model for elementary integrated STEM teacher preparation. This mixed-
methods study was guided by the following questions:

Among elementary preservice teachers participating in integrated mathematics
and science methods of instruction courses:
RQI1. ...to what extent do their experiences relate to their attitudes toward teaching

integrated STEM lessons?
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Hi: Elementary preservice teachers’ attitudes toward teaching integrated STEM lessons
will be significantly higher after successful completion of integrated mathematics and
science methods of instruction courses.
RQ2. ...towhat extent do their experiences relate to their confidence in teaching
integrated STEM lessons?
H>: Elementary preservice teachers’ confidence in teaching integrated STEM lessons will
be significantly higher after successful completion of integrated mathematics and science
methods of instruction courses.
RQ3. ...to what extent do their attitudes and confidence with regard to teaching
integrated STEM lessons correlate with their proficiency in planning integrated STEM
lessons?
Hz: Elementary preservice teachers’ attitudes and confidence with regard to teaching
integrated STEM lessons will positively correlate with their proficiency in planning
integrated STEM lessons after successful completion of integrated mathematics and
science methods of instruction courses.
Definition of Terms

21%t Century Skills: Necessary skills to be successful in the 21%-century that
include, but are not limited to research, critical thinking, problem solving, and
communication skills (NRC, 2013).

Attitude: A learned predisposition to respond to an object or behavior in a
favorable or non-favorable way that is a function of the beliefs the person has about the

object (Fishbein & Ajzen, 1975).
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Confidence: A feeling of belief in oneself and one’s ability to succeed. Within the
context of this study, confidence was defined as opinions or convictions held by
elementary preservice teachers toward teaching integrated STEM lessons.

Curriculum Integration: An educational approach among two or more content
areas in which students simultaneously do and learn important concepts in the respective
content areas while gaining a deeper understanding of the concepts because of the
connections between the content areas (Schleigh, Bosse’, & Lee, 2011).

Elementary Teacher Preparation Program: A program that prepares
undergraduate students to teach in a K-6 classroom. The program includes methods of
instruction courses that teach content-specific pedagogy and concludes with a full
semester internship. Within the context of this study, the K-6 Teacher Education
elementary teacher preparation program was a dual certification program in both K-6
Elementary Education and Collaborative Teaching (Special Education).

Elementary Preservice Teacher: A student enrolled in an elementary teacher
preparation program at a college or university.

Integrated STEM: The integration of the four content areas of science,
technology, engineering, and/or mathematics. Within the context of this study, integrated
STEM instruction was limited to the integration of mathematics and science enhanced
with technology to provide opportunities for students to apply 21%-century skills.

Internship: A one-semester experience where preservice teachers spend full days
in an elementary classroom. They design and implement lessons in each content area
throughout the semester, eventually assuming nearly all of the responsibilities of the
assigned classroom teacher supervisor. Within the context of this study, the internship
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semester included a minimum of a five-week regular education classroom experience and
a minimum of five-week special education classroom experience.

Methods of Instruction Courses: Courses embedded in the teacher preparation
program that focus on content-specific pedagogical content knowledge for teaching.
These courses are completed prior to internship and include reading/language arts, social
studies, mathematics, and science.

Pedagogical Content Knowledge (PCK): Teachers’ interpretations and
transformations of subject-matter knowledge in the context of facilitating student learning
(Shulman, 1986). PCK is a unique combination of content and content-specific pedagogy
focusing on the students, the subject matter, and the curriculum.

Self-Efficacy: Beliefs in one’s level of competence he or she expects to exhibit in
given circumstances (Bandura, 1978).

STEM: Acronym for science, technology, engineering and mathematics (Bybee,
2013).

Delimitations

The purpose of this study was not to determine the effectiveness of elementary
preservice teachers implementing integrated STEM lessons in the classroom.
Furthermore, the researcher did not seek to investigate the impact of integrated STEM
lessons on elementary student learning of mathematics and science. The findings of this
study were not generalizable beyond the elementary preservice teachers enrolled in the
final two semesters of an elementary teacher preparation program at a university located

in the southeastern region of the U.S. during the spring and fall 2018 semesters.
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Assumptions

One assumption of this study was that the participants responded truthfully during
each phase of data collection. The researcher also assumed that the participants would
continue to design and implement integrated STEM lessons in their future classrooms.
Furthermore, a third assumption was that future elementary teachers would benefit from a
teacher preparation program that included integrated STEM content knowledge and PCK.

Significance of the Study

The Common Core State Standards for Mathematics (CCSSM; NGACPB, 2010)
and the Next Generation Science Standards (NGSS; Achieve, 2012) both emphasize the
necessity of making real-life connections among mathematics and science concepts in an
integrated STEM framework in the K-12 classroom. According to Nadelson et al. (2013),
the need for increasing elementary teachers’ capacity to teach integrated STEM content is
based on the potential positive effects of quality elementary STEM instruction on student
learning as well as our nation’s STEM performance. Thus, teacher preparation for STEM
education serves as a foundation to ensure that our teachers are prepared to teach in the
STEM classroom. Due to the importance placed on students graduating in STEM fields
and pursuing STEM-related careers (PCAST, 2010), the findings from this study may
have helped decrease the deficit of integrated STEM education in elementary school.
This study, consequently, contributed to the gap in knowledge of how to adequately
prepare elementary teachers to teach mathematics and science in an integrated STEM
framework.

Exposure to integrated STEM teaching and learning throughout this study may

have led to an increase in the participants’ attitudes toward, confidence in, and
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proficiency in planning integrated mathematics and science lessons, as well as their
knowledge of content integration in the elementary school. Participants may have
experienced an increase in their intention to teach integrated STEM lessons in their future
classrooms as well. At the program level, results of this study may have also supported or
informed best practices for how to implement an elementary STEM teacher preparation
program. Results of this study may encourage more teacher educators to teach
mathematics and science methods courses using an integrated STEM framework. This, in
turn, could result in heightened attitudes towards, greater confidence in, and proficiency
in planning integrated mathematics and science lessons of elementary preservice
teachers, which in turn may increase K-6 students’ knowledge of and interest in STEM
content and future careers.

Additionally, findings of this study, coupled with current literature, may
contribute to the design of district-level professional development aimed at enhancing
effective implementation of STEM education. Potential benefits for elementary
classroom teachers from this type of professional development include positive changes
in practice and increased STEM content knowledge and PCK. Furthermore, the impact of
this professional development on elementary classroom teachers could lead to an increase
in STEM literacy and interest to pursue STEM careers among elementary school
students. The students, while developing 21%-century skills, gain creativity in learning
and the ability to make connections among STEM disciplines moving the country

forward in the 21%-century global society.
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CHAPTER Il - REVIEW OF THE LITERATURE
Introduction

Compared to other nations, a perception of low student performance in the STEM
disciplines has resulted in an emphasis on STEM teaching and learning in K-12 education
throughout the U.S. This emphasis on the need for STEM education has been further
highlighted by a decrease in students interested in STEM content, leading to a smaller
number of students entering the STEM workforce upon graduation. Although elementary
grades are formative years for laying a foundation for future success, most elementary
teachers are trained as generalists (NCES, 2017) and do not possess the confidence in and
knowledge of teaching STEM content in an integrated framework. Thus, teacher
education programs have begun to focus on ways to integrate STEM education, preparing
preservice teachers to be confident and knowledgeable in teaching integrated STEM
content (Adams et al., 2014).

Furthermore, national standards and reform efforts in mathematics, science, and
technology emphasize the need for collaboration and integration across the disciplines
that provide rich, meaningful learning experiences for all students. In order for this
integrated teaching and learning environment to be implemented in the classroom,
teacher education programs need to offer authentic experiences for preservice teachers to
participate in, plan, and implement integrated mathematics, science, and technology
lessons (Berlin & White, 2010). Although STEM initiatives have been at the forefront of
education for the past two decades, many schools continue to deliver coursework in
mathematics and science in isolation, absent of an integrated approach and void of
engineering integration (Hoachlander, 2015). Additionally, U.S. student achievement in
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both mathematics and science remains at a discouragingly low level. According to the
2017 National Assessment of Educational Progress (NAEP) report for mathematics, only
40% of fourth-graders and 33% of eighth-graders scored at or above proficient in
mathematics. Similarly, the 2015 results for mathematics showed that only 40% of
fourth-graders, 33% of eighth-graders, and 25% of twelfth-graders scored at or above
proficient in mathematics. The 2015 science results mirrored that of the mathematics as
only 38% of fourth-graders, 34% of eighth-graders, and 22% of twelfth-graders scored at
or above proficient in science (NCES, 2017). These results suggest the need for more
effective initiatives.
Curriculum Integration

Curriculum integration is defined as a “curriculum design theory that is concerned
with enhancing the possibilities for personal and social integration through the
organization of curriculum around significant problems and issues, collaboratively
identified by educators and young people, without regard for subject-area lines” (Beane,
1997, p. 19). Knowledge is accessed within more meaningful thematic contexts situated
in real-life, problem-solving situations rather than individual content area silos. Learning
is transformed into personally relevant, real-life experiences within which discipline-
specific concepts, topics, skills, attitudes, standards, and habits of mind are shared.
Integration occurs when commonalities emerge from within the disciplines providing
genuine connections among the subjects, thus increasing levels of academic
achievements (Barcelona, 2014; Beane, 1997; Fogarty & Pete, 2009; Schleigh et al.,

2011).
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Mathematics and Science Integration

Effective integrated instruction requires teachers to have a deeper knowledge of
how to correlate the different content areas. This includes constructing lessons or units
that complement and support content and learning skills in at least two subject areas. The
integration of science and mathematics provides an avenue for students to develop a more
meaningful understanding and value of the important connections between and real-life
applications of mathematics and science. (Frykholm & Glasson, 2005; Furner & Kumar,
2007). Although mathematics and science are closely related, these subjects are often
taught in isolation with no relation to each other. However, integrating mathematics and
science allows students to use their mathematical knowledge to understand the world
around them, applying scientific principles and skills in authentic real-life problem
solving. Integrated mathematics and science lessons can raise student interest in and
motivation to learn mathematics and science in an exciting and relevant way. As outlined
in the 5E model of teaching (Bybee et al., 2006) and the Mathematics Practice Standards
(NCTM, 2014), effective teaching of both science and mathematics includes hands-on,
inquiry-based learning centered around a conceptual theme in which natural real-world
integration is evident in the curriculum. Thus, continued efforts to create and implement
meaningful integrated curriculum may lead to the further development of student learning
in mathematics and science (Al Orime & Ambusaidi, 2011; Kim & Cho, 2014; Schleigh
etal., 2011).

To be successful with implementing an integrated approach, Stinson et al. (2009)
suggested that teachers need deeper content knowledge in both mathematics and science.
They must also have a solid understanding of what integration is and is not if they are
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expected to integrate the subjects in the curriculum, providing confirmation that a clear
definition of integration is necessary for teachers to authentically integrate the subjects
for more meaningful learning. Thus, professional development that includes an
operational definition of integration, as well as effective strategies for teaching and
learning the mathematics and science content could lead to teachers implementing
integrated practices that they understand and value. Such professional development
embedded in teacher education programs may lead to more future teachers that are
confident and prepared to teach mathematics and science lessons in an integrated STEM
framework.

Additional research (Frykholm & Glasson, 2005; Furner & Kumar, 2007)
suggested that engaging preservice teachers in authentic, active-learning experiences in
mathematics and science can serve as a means of increasing content knowledge in both
disciplines. Providing rich experiences for preservice teachers to develop both content
and pedagogical knowledge for teaching connected mathematics and science within
teacher education programs allows preservice teachers opportunities to connect
mathematics and science in hopes that the same reform instruction would be implemented
in their future classrooms. Furthermore, as methods of instruction courses within teacher
preparation programs highly impact preservice teachers’ self-efficacy in teaching,
embedding integrated mathematics and science teaching may lead to an increase in
preservice teachers’ self-efficacy in teaching meaningful integrated mathematics and

science lessons in the classroom (Frykholm & Glasson, 2005; Furner & Kumar, 2007).
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Models of Mathematics and Science Integration

According to Stinson et al. (2009), there are several different models of
integration based on what is being integrated, structures for integration, and levels of
integration. Evolving over a period of 15 years, Berlin and White proposed an integrated
model of mathematics and science in 1994. Included in this model are six aspects of how
science and mathematics can be integrated: (a) ways of learning, (b) ways of knowing, (c)
content knowledge, (d) process and thinking skills, (e) attitudes and perceptions, and (f)
teaching strategies. This framework was designed to provide a conceptual foundation for
generating operational definitions of mathematics and science integration. Furthermore,
with all six aspects in constant interplay, the focus was on effective characteristics, skills,
teaching methods, and aspects of measurement and assessment (Berlin & White, 1999).

Focusing more on the relationship between the mathematics and science content
and the curricular goals for the disciplines, Lonning and DeFranco (1997) developed a
continuum model of mathematics and science integration. This model was designed to be
used for the creation of new integrated mathematics and science curricula or adaptation
of existing commercial materials used to teach mathematics and science. Included in their
continuum model are five categories: independent mathematics, mathematics focus,
balanced mathematics and science, science focus, and independent science. At the two
ends of the continuum are activities that develop mathematics and science concepts that
are independent of each other. Discipline-specific content for a particular grade level in
one of the subjects (mathematics or science) that includes content from the other subject
area on a different grade level is characterized as “mathematics focus” or “science focus”
on the continuum. Instruction that is described as “balanced” engages students in
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meaningful activities that include both mathematics and science content on the same
grade level.

Similar to the continuum model proposed by Lonning and DeFranco (1997), the
Mathematics/Science Continuum framework (Huntley, 1998) was developed based on the
five categories describing interactions between mathematics and science defined by
participants at the 1967 Cambridge Conference (Education Development Center, 1969).
Presented in the Mathematics/Science Continuum is the transformation of the discrete
categories into continuous categories representing the extent of interaction between
mathematics and science during instruction. The five categories include mathematics for
the sake of mathematics, mathematics with science, mathematics and science, science
with mathematics, and science for the sake of science. Separate approaches to teaching
mathematics and science are at the ends of the continuum. Movement toward the middle
of the continuum represents an “increased infusion of one discipline (mathematics or
science) into the teaching and learning of the other discipline (science or mathematics)”
(Huntley, 1998, p. 321). In the middle of the continuum is the complete integration of
mathematics and science, in which activities or units are designed so that both disciplines
interact resulting in student learning of more than just the content of each subject. This
differs from the middle of the continuum presented by Lonning and DeFranco (1997) in
which mathematics and science concepts are given equal treatment but are not necessarily
supporting each other in student learning as they are in the Mathematics/Science
Continuum (Huntley, 1998).

Designed to replace the continuum model, Kiray (2012) presented the balance
model which manifests the balance in the process of mathematics and science integration.
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Seven levels of integration are presented in the balance model: mathematics,
mathematics-centered science-assisted integration, mathematics-intensive science-
connected integration, total integration, science-intensive mathematics-connected
integration, science-centered mathematics-assisted integration, and science. With the
mathematics and science content central to the development of this model, the desired
integrated curriculum is balanced by allotting equal time to both disciplines throughout
the year. This model offers teachers a variety of levels of integration of mathematics and
science while keeping the content and standards the same as outlined in the existing
curricula.
STEM Education

Standards-Based Reform in STEM Education

Released in 1983, A Nation at Risk described the state of U.S. education as
unpromising leading to serious consequences in our future economy (Gardner, 1983).
Although some states already had accountability systems in place, many created or
revised accountability policies and procedures over the next several years. Over the past
several decades, considerable reform in each of the STEM education communities has
occurred, leading to the creation and implementation of new standards that focus on real-
world problem solving and preparing students for the 21%-century workforce. Each of
these reform efforts has provided a foundation for the need of integrated STEM education
in K-12 classrooms (Sanders, 2009).

Many of these state-led efforts in improving mathematics teaching and learning
were driven by the National Council of Teachers of Mathematics’ (NCTM) publication of
Curriculum and Evaluation Standards for School Mathematics (1989) which provided
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mathematics and science. Implications revealed that preservice teachers who participate
in an integrated approach to teaching mathematics and science may understand and teach
STEM content with strong real-life connections in their future classrooms. Additionally,
research suggests that elementary preservice teachers exhibited more positive attitudes
toward science and mathematics after participating in inquiry-based content and methods
courses while also showing increased confidence to do so (Ball, 1990; Jong & Hodges,
2013; Riegle-Crumb et al., 2015).

Preservice teachers also recognize the influence that their own beliefs about
STEM content and STEM teaching and learning have on their future students. Maher et
al. (2013) found that preservice teachers’ beliefs about teaching are formed during their
K-12 educational years. According to belief theory (Bryan and Atwater, 2002), beliefs
drive a person’s actions based on their thinking about the particular constructs. Beliefs
are defined as “opinions or convictions firmly held by preservice teachers, specifically
toward teaching and learning in STEM fields” (p. 268). Thus, teacher preparation
programs should provide opportunities for preservice teachers to examine their beliefs
and attitudes toward STEM education in order to escalate the goals of STEM education
for their future students.

According to Kurup et al. (2017), positive beliefs and understandings about
STEM education can lead to more confident and competent teachers connecting STEM
learning to the daily lives of their students. Preservice teachers participating in the study
identified important aspects that would positively impact their ability to effectively teach
STEM content including resources and leadership, their own STEM content knowledge,
and collaboration among teachers using an integrated framework. Identified concerns that
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impact the implementation of integrated STEM education included lack of confidence in
their ability to teach mathematics and science, to incorporate STEM content in the
curriculum, and to facilitate a creative, integrated, active learning environment for their
students. Analysis of the data suggested that future teachers need to develop skills within
teacher preparation programs to incorporate science, technology, engineering, and
mathematics in an integrated framework. Furthermore, future teachers need more
exposure to better leadership, more professional development, and specialization in
STEM practices and procedures including integrated teaching. Preservice teachers need
to feel confident and well-prepared to teach the content, as well as the practices in STEM
fields so that their students are equipped with 21%-century skills (Kurup et al., 2017).
According to Moseley & Utley (2006), reform in teacher education and science
education called for a revision of science courses to include both content and pedagogy
for teacher education students. Using Bandura’s (1978) social learning theory of self-
efficacy as the theoretical framework, the researchers in this study measured the impact
of participation in a mathematics and science content-based course on elementary
preservice teachers’ efficacy, beliefs, personal teaching, and outcome expectancy of
mathematics and science teaching. They suggested that participation in a content course
emphasizing science and mathematics could impact preservice teachers’ efficacy,
especially in their beliefs about their influence on student outcomes. The researchers
suggested that preservice teachers who begin their career as a teacher with a greater self-
efficacy in mathematics and science will be more apt to enter the classroom better

prepared and more likely to remain in the teaching field for a longer amount of time.
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Rinke et al. (2016) investigated the impact of a redesigned science and
mathematics methods course on elementary preservice teachers’ efficacy and knowledge
for planning and teaching integrated STEM lessons. Results indicated that each of the
preservice teachers increased his or her mathematics and science teaching efficacy as
well as PCK. The STEM block offered preservice teachers opportunities to increase their
confidence in teaching STEM content through more concentrated learning and more
opportunities to practice teaching strategies, leading to greater efficacy in teaching
integrated STEM content. Implications included the revisions of the traditional methods
of instruction courses may better prepare future elementary teachers to teach integrated
STEM lessons.

Providing Meaningful Elementary School Classroom Experience

Preservice teachers not only lack exposure to STEM teaching in their university
coursework but also in their elementary classroom field placements, leading them to feel
unprepared to teach STEM lessons in their future classrooms (Kurup et al., 2017). Field
placements also play a pivotal role in determining the extent to which integrated STEM
lessons are planned and implemented. Preservice teachers rarely observe classrooms in
which teachers implement an integrated approach to teaching mathematics and science.
Rather, they experience lecture-based instruction with segregated mathematics and
science curricula. Schleigh et al. (2011) suggested the need for change in preservice
teachers’ field experiences in the elementary classroom to include exposure to integrated
instruction in order to support their future teaching using an integrated approach.

In an effort to advance integrated instruction, Adams et al. (2014) used place-
based learning to provide 50 elementary education preservice teachers with authentic and
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diverse experiences with elementary school students throughout two semesters of
mathematics, science, and social studies methods of instruction coursework. The outdoor
science classroom and the local reservation school provided the context for the preservice
teachers to design and implement STEM lessons. Results indicated that engaging
elementary preservice teachers in placed-based learning led to a more meaningful
understanding of place-based learning and its impact on teaching authentic STEM lessons
relevant to the community and environment. Preservice teacher’ attitudes toward
teaching STEM content were heightened throughout this experience, as well as their
intent to teach integrated STEM lessons using placed-based experiences in their future
classrooms. Exposing elementary preservice teachers to the abundant local resources that
can be utilized to teach authentic STEM lessons may lead to heightened attitudes toward
teaching integrated STEM content through the lens of place-based learning. These
authentic and diverse experiences may also engage preservice teachers in creating and
implementing student-centered, inquiry-based, hands-on lessons that lead to meaningful
learning of STEM content in an integrated framework. Is is suggested that teacher
preparation programs need to include STEM education in their coursework and offer
preservice teachers an opportunity to observe and implement effective and authentic
STEM practices in their field placements in classrooms with teachers who are committed
to curriculum integration in the STEM subjects and in which integrated STEM lessons
are prevalent (Barcelona, 2014; Kurup et al., 2017; Radloff & Guzey, 2017).
Conclusion

With an emphasis on the need for 21%-century skills, some researchers claim that

teacher preparation programs must be the starting point for future teachers to develop
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those skills within their students. By providing a safe environment of teaching and
learning where misconceptions can be addressed within teacher preparation programs,
preservice teachers have the opportunity to gain confidence in their understandings of
STEM content and pedagogy for the K-12 classroom. Embedded throughout a teacher
preparation program, experiences ensuring that explicit connections are made among the
STEM disciplines contribute to the preparation of preservice teachers to teach integrated
STEM lessons (Corlu et al., 2015; Epstein & Miller, 2011; Kurup et al., 2017; Murnane,
2016; Riegle-Crumb et al., 2015; Thanheiser, Browning, Moss, Watanabe, & Garza-
King, 2010; Watters & Ginns, 2000).

STEM integration can be successfully implemented and positively impact
education while increasing student interest in STEM disciplines. Integrated STEM
education encourages student learning and increases students’ confidence in learning
mathematics and science in a fun, innovative way using real-world problem solving
across disciplinary boundaries (Wang, Moore, Roehrig, & Park, 2011). Overall the
review of the literature supported the need for additional research into ways to improve
methodological coursework approaches at the elementary preservice teacher level as both
mastery of integrated STEM content and pedagogy remain a challenge within teacher

preparation programs.
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CHAPTER Ill - METHODOLOGY

The purpose of this study was to investigate the extent to which successful
completion of integrated mathematics and science methods of instruction courses related
to elementary preservice teachers’ attitudes toward and confidence in teaching integrated
STEM lessons, and the extent to which their attitudes and confidence correlated with
their proficiency in planning integrated STEM lessons. In particular, the researcher
proposed to provide a model for elementary integrated STEM teacher preparation. This
mixed-methods study was guided by the following questions:

Among elementary preservice teachers participating in integrated mathematics
and science methods of instruction courses:

RQI. ...to what extent do their experiences relate to their attitudes toward
teaching integrated STEM lessons?

Hi: Elementary preservice teachers’ attitudes toward teaching integrated STEM
lessons will be significantly higher after successful completion of integrated mathematics
and science methods of instruction courses.

RQ2. ... to what extent do their experiences relate to their confidence in
teaching integrated STEM lessons?

H2: Elementary preservice teachers’ confidence in teaching integrated STEM
lessons will be significantly higher after successful completion of integrated mathematics
and science methods of instruction courses.

RQ3. ... to what extent do their attitudes and confidence with regard to teaching
integrated STEM lessons correlate with their proficiency in planning integrated STEM
lessons?
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Hs: Elementary preservice teachers’ attitudes and confidence with regard to
teaching integrated STEM lessons will positively correlate with their proficiency in
planning integrated STEM lessons after successful completion of integrated mathematics
and science methods of instruction courses.

Research Design

The primary research goal of this study was to explore changes in elementary
preservice teachers’ attitudes and confidence with regard to teaching integrated STEM
lessons, and the correlation of those constructs with their proficiency in planning
integrated STEM lessons. To do this, a mixed-methods, sequential, explanatory design
was used (Creswell & Plano Clark, 2011). In a mixed-methods approach, the collection
and analysis of both quantitative and qualitative data are necessary to gain a better
understanding of the phenomena under investigation. In this mixed-methods, sequential,
explanatory design, strong pre-existing quantitative data were analyzed in the first phase,
followed by informative qualitative data collected and analyzed in the second phase. The
strength of this design is that it is straightforward, with qualitative data used to support
initial quantitative data, allowing the researcher to connect quantitative statistics with
personal experiences (Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). The
rationale for this approach was that the results from the quantitative data would provide
an overall measure of the impact of the preservice teachers’ successful completion of
integrated mathematics and science methods of instruction courses on their attitudes
toward, confidence in, and proficiency in planning integrated STEM lessons. The

qualitative data and subsequent analysis was used to provide an explanation of the
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quantitative results by exploring the elementary preservice teachers’ perceptions of
planning and teaching integrated STEM lessons in more depth.

Secondarily, a longitudinal research design was also used to make comparisons
across time (Johnson & Christensen, 2008). As illustrated in the research design (Figure
2), the researcher compared the changes in the preservice teachers’ attitudes and
confidence over their final two semesters in the K-6 Teacher Education Program,
culminating in the internship semester. Quantitative data from O and O, as well as data
from the qualitative phase were collected during Spring 2018 as part of a systematic
program review that included the newly designed and implemented integrated
mathematics and science methods of instruction courses. The final quantitative data from
O3 were collected during Fall 2018. Data were analyzed and triangulated to establish
corroboration of the quantitative and qualitative data (Bryman, 2006).

Figure 2. Design of the research study

01 X 0O, —» focusgroup —> O3

QUAN __y  Qua ___, QUAN

Figure 2. Oy included the first (pre-) administration of both questionnaires, O, included the second (post-) administration of both
questionnaires and the analysis of the learning segment, and O3 included the final (delayed post-) administration of both
questionnaires. The qualitative phase included responses to semi-structured interviews.

Participants
Participants in this study consisted of 24 elementary preservice teachers enrolled
in their final two semesters of the K-6 Teacher Education Program at a four-year public
university situated in an urban city in the southeastern U.S. As part of a program in which
all K-6 Teacher Education candidates have an opportunity for attaining an initial teaching
certificate in both K-6 Elementary Education and Collaborative K-6 Teacher Education

(Special Education), the participants completed the final two semesters of the program
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which included a Tier 3 methods of instruction block semester and a Tier 4 internship
semester. Participant data were obtained and analyzed from data collected by the Tier 3
faculty during the Spring 2018 semester as part of a systematic program review.
Additional data were collected and analyzed from the participants during the Fall 2018
internship semester.
Quantitative Phase

The elementary preservice teachers enrolled in the Spring 2018 Tier 3 coursework
were available and could easily be recruited for participation in the study. Furthermore,
the researcher was the Tier 3 elementary mathematics methods of instruction course
instructor, resulting in the use of a convenience sample for the quantitative phase
(Johnson & Christensen, 2008). A power analysis was conducted in G*Power to
determine the recommended sample size (Faul, Erdfelder, Buchner, & Lang, 2013).
Using standard power (B = 0.80), alpha level of 0.05, and a medium effect size (> = .25),
the recommended sample size was 28, which aligned with the suggested minimum
sample size requirement for a multivariate analysis of variance (MANOVA) of at least 20
cases (Hair, Black, Babin, & Anderson, 2010). All 24 elementary preservice teachers
were females ranging in ages 21-36, and were recruited and voluntarily agreed to
participate in the study. No incentives were offered to the preservice teachers.
Qualitative Phase

To provide further explanatory power to the quantitative results, a purposeful
sample of the participants in the quantitative phase was selected for the qualitative phase
of this study (Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). The Tier 3

faculty agreed upon the participants selected for the sample based on their active
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participation in class, course grades, and overall attitudes and effort they demonstrated
toward becoming an effective teacher. Upon completion of the Tier 3 coursework, the
researcher solicited 11 diverse participants to potentially participate in the focus group
(typically 6 to 12 purposefully selected participants and a moderator). These 11
participants represented unique voices in the methods of instruction courses. Four of the
11 agreed to participate in the focus group and provided responses to open-ended
questions used to provide useful information to complement and aid in the interpretation
of the previously collected quantitative data (Johnson & Christensen, 2008; Merriam,
2002). According to Merriam (2002), the researcher is the primary instrument for data
collection and analysis; thus, the researcher moderated the semi-structured interviews in
the focus group. No incentives were offered to the preservice teachers, but light snacks
were provided by the Tier 3 faculty.
Role of Researcher

The researcher had been the instructor of the elementary mathematics methods of
instruction course for over 15 years, as well as a university supervisor for K-6 preservice
teaching experiences in the elementary classroom. Using a constructivist, hands-on,
inquiry-based approach, the researcher provided opportunities for elementary preservice
teachers to develop the necessary mathematical PCK and identify effective strategies to
teach mathematics in the K-6 classroom. Aligned with research (NAE & NRC, 2014), the
researcher’s observations in local elementary classrooms had revealed an emphasis on
numeracy and literacy blocks, resulting in a decreased amount of time teaching STEM-
related disciplines. The goal of the researcher was to determine how best to prepare
elementary preservice teachers, through participation in an integrated approach to
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mathematics and science methods of instruction courses, to teach integrated STEM
lessons with authentic real-life connections in their future classrooms (Corlu et al., 2015).
Instrumentation

To address the research questions for this study, both quantitative and qualitative
data were collected at different time points within the study. Because the researcher
found no single instrument that would provide information to address all of the research
questions in the study, questionnaires, a learning segment rubric, and semi-structured
interviews were used to synthesize and triangulate the findings seeking corroboration of
the quantitative and qualitative data (Bryman, 2006). Based on the results of the Fall
2017 pilot study, in which each of the instruments were pre-tested, necessary
modifications to the instruments were completed. (Description of the pilot study can be
found in Chapter I1V.) During the initial and intermediate quantitative phases and the
qualitative phase, data from the instruments were collected by the Tier 3 faculty as part of
a systematic program review which included the newly designed and implemented
integrated mathematics and science methods of instruction courses. The data were
obtained by the researcher for use in the study (Appendix B). During the final
quantitative phase, additional open-ended questions were added to both questionnaires to
provide further explanation of the results from the data collected during Spring 2018.
Quantitative Phase

During the quantitative phase, data were collected at three time points. During the
first week of the Spring 2018 semester, the participants completed two questionnaires,
including demographics, which provided pre-treatment data (QUAN1). The
guestionnaires and the output data were generated using Qualtrics software, Copyright ©
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During the final week of the Spring 2018 semester, the participants completed the two
questionnaires which provided post-treatment data, and their integrated STEM learning
segment was scored using a rubric developed by the Tier 3 faculty (QUANZ2). During the
final quantitative phase, the participants completed the two questionnaires that included
additional open-ended questions which provided delayed post-treatment data (QUANS3).
Descriptions of each of the quantitative instruments are described in the following
subsections.

STEM Attitudes Questionnaire

In order to accurately measure elementary preservice teachers’ attitudes toward
teaching mathematics and science in an integrated STEM framework, the researcher
received permission to use and modify the Survey of Attitudes Toward Statistics-36
(SATS-36) instrument developed by Schau (2003a) to measure post-secondary students’
attitudes toward statistics (Appendix C). The SATS-36 instrument consists of items that
assess six components of attitudes that include Affect, Cognitive Competence, Value,
Difficulty, Interest, and Effort. Students respond to each item using a 7-point Likert-type
response scale (Likert, 1967) ranging from 1 = strongly disagree, to 7 = strongly agree,
with the middle represented by 4 = neither agree nor disagree. The composite and
individual component scores are formed by reverse scoring the negatively worded items
so that a higher numbered response corresponds to more positive attitudes. The
composite score is determined by calculating the mean of all of the item responses. To
determine each component score, the mean of the item responses within each component
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are calculated. The survey was validated by an expert panel of instructors and statistics
students determining significant positive correlation of the instrument with Wise’s
Attitudes Toward Statistics scale (Wise, 1985). Initial item analysis revealed a range of
reliability coefficients depending on the sample using the original SATS©28 instrument
which included the components of Affect (.81 to .85), Cognitive Competence (.77 to .83),
Value (.80 to .85), and Difficulty (.64 to .77) (Schau, Stevens, Dauphinee, & Del Vecchio,
1995).

In order to address RQ1 and RQ3, the participants completed the STEM Attitudes
Questionnaire (Appendix D), adapted from the SATS-36 instrument, at three different
time points within the study. Modifications were made to the original items to reflect a
focus on integrated STEM education rather than statistics. Items such as “I will have
trouble understanding statistics because of how I think” were rewritten as “I will have
trouble understanding how to integrate mathematics and science because of how I think.”
The structure, original scale and scoring method, and the general theme of the original
instrument were maintained. The composite attitudes score was determined by
calculating the mean of all of the item responses. Each component score was determined
by calculating the mean of the item responses within each component. Table 1 describes
each component and provides sample items from the STEM Attitudes Questionnaire.
During the Fall 2017 pilot study, the researcher pre-tested the modified instrument for
internal reliability and validity to determine if the revised instrument functioned as it

should (Creswell & Plano Clark, 2011; Johnson & Christensen, 2008).
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Table 1

STEM Attitudes Questionnaire: components, definitions, and sample items

Component Definition Sample ltem
Affect elementary preservice “I will like teaching
(6 items) teachers’ “feelings mathematics and science in

Cognitive Competence
(6 items)

Value
(9 items)

Difficulty

(7 items)

Interest
(4 items)

Effort
(4 items)

concerning” teaching
integrated STEM lessons

elementary preservice
teachers’ “attitudes about
their intellectual
knowledge and skills when
applied to” teaching
integrated STEM lessons

elementary preservice
teachers’ “attitudes about
the usefulness, relevance,
and worth” of teaching
integrated STEM lessons

elementary preservice

teachers’ “attitudes about
the difficulty” of teaching
integrated STEM lessons

elementary preservice
teachers’ “level of
individual interest” in
teaching integrated STEM
lessons

“amount of work™ the
elementary preservice
teacher devotes to teach
integrated STEM lessons

an integrated STEM
framework.”

“I am capable of learning
how to teach mathematics
and science in an integrated
STEM framework.”

“Teaching mathematics
and science lessons in an
integrated STEM
framework should be a
required part of my
professional teacher
preparation.”

“Integrating mathematics
and science ina STEM
framework is complicated.”

“I am interested in being
able to plan and teach
lessons that integrate
mathematics and science.”

“I plan to persevere in
planning and teaching
integrated mathematics and
science lessons.”

Note. Adapted from The Importance of Attitudes in Statistics Education by C. Ramirez, C. Schau, & E. Emmioglu, 2012, p. 61.

www.evaluationandstatistics.com
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The STEM Attitudes Questionnaire was administered as part of a systematic
program review including the design and implementation of the integrated mathematics
and science methods of instruction courses. The data that were obtained from the Tier 3
faculty were used and analyzed as part of the first two quantitative phases of the study
(QUAN1, QUAN 2).

STEM Confidence Questionnaire

In order to accurately measure elementary preservice teachers’ confidence to
teach mathematics and science in an integrated STEM framework, the researcher and the
elementary science professor received permission to use and modify the Self-Efficacy to
Teach Science in an Integrated STEM Framework (SETIS) Instrument (Appendix E),
developed to measure active K-12 science teachers’ confidence in their abilities (self-
efficacy) to teach science within an integrated STEM framework (Mobley, 2015). The
SETIS instrument consists of 30 self-report response items using a 1-4 Likert-type
response scale (Likert, 1967), 12 demographic items, and one open-ended response
question. According to Bandura (1978), items measuring self-efficacy should be worded
in terms of “can do”, representing the perception of ability. Thus, the option for neutral
responses when measuring what a person can do does not allow for the accurate
assessment of their ability to do something at that moment. The four-choice format was
chosen to intentionally omit the neutral response option with 1 representing “not
confident at all” and 4 representing “very confident I can do this” (Mobley, 2015).

The SETIS instrument identifies three factors that contribute to science teachers’
confidence (self-efficacy) to teach science in an integrated STEM framework. The Social
factor includes a teacher’s beliefs about how others may perceive or affect his or her
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ability; the Personal factor, a teacher’s individual beliefs about his or her ability; and the
Material factor, the technology-based resources and other constructs outside of a
teacher’s control. The survey was validated by an expert panel of college professors and
advanced graduate students with STEM backgrounds and teaching experience. Reliability
for each of the three factors was established through an item analysis using Cronbach’s
alpha (1951). The Social factor includes ten items and had the highest reliability
coefficient (r =.918). The Personal factor, comprised of five items, also had a high
reliability coefficient (r =.917). The Material factor had the lowest reliability coefficient
(r = .878) but was determined to have good reliability (r > .70) (Mobley, 2015).

In order to address RQ2 and RQ3, the participants completed the STEM
Confidence Questionnaire (Appendix F) at three different time points within the study.
Modifications were made to some of the SETIS items to reflect a more general focus on
integrated STEM by rewriting items such as “develop new knowledge and skills
necessary to teach science from within an integrated STEM framework” to be “develop
new knowledge and skills to teach science and mathematics within an integrated STEM
framework.” Table 2 describes each of the three factors and provides sample items from
the STEM Confidence Questionnaire (Appendix F). The structure, original scale and
scoring method, and the general theme of the SETIS instrument were maintained. The
overall confidence score was determined by calculating the mean of all of the item
responses. Each factor score was determined by calculating the mean of the item

responses within each factor.
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Table 2

STEM Confidence Questionnaire: factors, definitions, and sample items

Factor Definition Sample Item
Social elementary preservice Choose your level of
“others-oriented” teachers’ confidence in confidence in your ability
(10 items) their ability to teach to “Earn acceptable
mathematics and science in  teacher-
an integrated STEM evaluation/performance
framework “related to scores while teaching
aspects of self-efficacy that science and mathematics in
were not entirely within an integrated STEM
the teachers’ control” framework.”
Personal elementary preservice Choose your level of
“self-oriented” teachers’ confidence in confidence in your ability
(5 items) their ability to teach to “Use my understanding
mathematics and science in  of integrated STEM in a
an integrated STEM way that allows me to teach
framework “related to science and mathematics
aspects of self-efficacy that effectively.”
are within the control of
the individual and
theoretically immune from
outside influence”
Material elementary preservice Choose your level of

"peripherally-oriented"
(4 items)

teachers’ confidence in
their ability to teach
mathematics and science in
an integrated STEM
framework “related to
aspects of self-efficacy that
reside outside of individual
or social control”

confidence in your ability
to “Access technology to
teach science and
mathematics from within an
integrated STEM
framework.”

Note. Adapted from Development of the SETIS instrument to measure teachers’ self-efficacy to teach science in an integrated STEM
framework (Doctoral Dissertation) by M. Mobley, 2015, p. 99.

During the Fall 2017 pilot study, the STEM Confidence Questionnaire was pre-

tested for internal reliability and validity to determine if it functioned as intended
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(Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). During the Spring 2018
semester, the STEM Confidence Questionnaire was administered as part of a systematic
program review including the design and implementation of the integrated mathematics
and science methods of instruction courses. The data were obtained from the Tier 3
faculty and were used and analyzed as part of the first two quantitative phases of the
study (QUAN1, QUAN 2).

Additionally, open-ended questions were added to the STEM Attitudes
Questionnaire and the STEM Confidence Questionnaire that were administered in the
final quantitative phase (QUAN3) (Appendix G). These questions were added to give the
participants an opportunity to explain in greater depth how their attitudes toward and
confidence in teaching integrated STEM lessons had changed over their final two
semesters. Furthermore, these questions gave the participants the opportunity to share
their experiences with planning and teaching integrated STEM lessons throughout the
two semesters.

Integrated STEM Learning Segment

To address RQ3, the participants’ individual integrated STEM learning segments
were analyzed using the Integrated Science/Math Learning Segment Rubric (Appendix
H) developed by the researcher and the elementary science professor who co-taught the
integrated mathematics and science methods of instruction courses. The integrated STEM
learning segment included three to five consecutive days of integrated mathematics and
science lessons utilizing the SE model (Bybee et al., 2006). The framework of the rubric
was based on components of STEM teaching and learning including active, inquiry-based
learning; authentic, real-world problem solving; integration of mathematics and science
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concepts using a variety of mathematical and scientific practices; and appropriate use of
technology (Brown et al., 2011; Bybee, 2013; English, 2016).

The Integrated Science/Math Learning Segment Rubric was pre-tested in the Fall
2017 pilot study. After the pilot study, the Integrated Science/Math Learning Segment
Rubric was modified to make the integrated STEM lesson components more explicit and
more efficiently measured with specific allotted points to each component. During the
Spring 2018 semester, the Integrated Science/Math Learning Segment Rubric was used to
determine each participant’s proficiency in planning his or her integrated STEM learning
segment by providing a score out of a possible 170 points. The scores that were obtained
from the Tier 3 faculty were analyzed in the intermediate quantitative data phase of the
study.
Qualitative Phase

As part of the systematic program review, semi-structured interviews were
conducted within a focus group of four purposefully sampled preservice teachers.
Traditionally, focus group research is “a way of collecting qualitative data, which
essentially involves engaging a small number of people in an informal group discussion
(or discussions), ‘focused’ around a particular topic or set of issues” (Wilkinson &
Silverman, 2004, p. 177). The research-based questions in the interview protocol were
developed by the Tier 3 faculty which included the researcher, the elementary science
professor, and the special education professor who co-taught within the methods of
instruction courses (Appendix I). The protocol and the transcribed interviews were

obtained by the researcher and analyzed in the qualitative phase of the study.
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Procedures

This study was approved by the Institutional Review Board (IRB) at both the
university in which the researcher was enrolled as a graduate student and the university in
which the study was conducted (Appendices A-B). In order to pre-assess each instrument,
a pilot study was conducted during the Fall 2017 semester, and instruments were
modified based on the resulting data analyses.
Quantitative Phase

During the quantitative phase, the participants were surveyed at three different
time points throughout the Tier 3 and Tier 4 semesters. Procedures within each phase are
described in the following subsections.

Initial Quantitative Phase

The participants were introduced to the study during the first class meeting of the
Spring 2018 Tier 3 semester. A Tier 3 faculty member, other than the researcher,
described the goals of the study and administered paper copies of the long consent forms,
required by the institution in which the researcher was enrolled as a graduate student, to
the elementary preservice teachers enrolled in the methods of instruction courses. The
elementary preservice teachers were invited to ask questions and express concerns
regarding the study; however, there were no questions or concerns expressed by the
elementary preservice teachers. The consent forms were signed by those who agreed to
participate. The informed consent for the institution where the study was being conducted
was embedded in the STEM Attitudes Questionnaire and the STEM Confidence

Questionnaire that the participants completed online. The study was explained by the
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faculty member, and the participants agreed to participate by selecting "yes" to the first
question regarding the agreement to participate.

Using the Qualtrics (Qualtrics, Provo, UT) platform, the participants voluntarily
completed both questionnaires online using their own laptops, tablets, or smartphones
within 30 minutes in a classroom on the university campus. The participants used a 4-
digit identification code so the data could be organized and matched to address all
research questions. The researcher printed the electronically signed consent forms and
obtained the long consent forms from the Tier 3 faculty member and stored them in a
locked cabinet for one year after the dissertation defense. Both data sets were stored on
the researcher’s external hard drive for a period of one year after the dissertation defense.

Treatment

The mathematics and science methods of instruction courses were grounded in
constructivism, engaging elementary preservice teachers in active, inquiry-based
learning. Historically, the mathematics and science methods of instruction courses in the
K-6 Teacher Education Program focused on content-specific, standards-based curriculum
and pedagogy without emphasis on integration of the two STEM disciplines. Prior to the
Fall 2017 pilot study, the researcher and the elementary science professor revised each
course to include integrated mathematics and science pedagogy using a variety of co-
teaching strategies, as reflected in each course’s syllabus and schedule (Appendices J-K).
Whereas both methods of instruction courses continued to include many content-specific
learning activities and experiences, authentic and intentional integrated mathematics and
science learning activities were included to offer the elementary preservice teachers an
opportunity to experience integrated STEM education as learners and teachers.
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Throughout the integrated mathematics and science methods of instruction
courses, the preservice teachers participated in Team-Based Learning, working
collaboratively through real-life problem solving to develop conceptual understanding of
mathematical concepts, mathematical reasoning, and scientific literacy. The Standards for
Mathematical Practice (NGACPB, 2010), the Mathematics Teaching Practices (NCTM,
2014), and the Science and Engineering Practices (Achieve, 2012) guided student
engagement and learning, as well as the co-teaching strategies modeled by the instructors.
As the preservice teachers were enrolled in the K-6 collaborative teacher preparation
program (regular and special education), all preservice teachers engaged in multiple
integrated STEM lessons co-taught by the mathematics methods instructor, the science
methods professor, and the special education professor. To deepen their experience, the
preservice teachers were also required to collaboratively plan an integrated STEM lesson
utilizing Team-Based Learning. Each team of preservice teachers was assigned different
grade-level content standards for mathematics and science. Working with their teams,
they used the 5E model of instruction (Bybee et al., 2006) to guide the planning of the
integrated mathematics and science lesson. Implementation of active, inquiry-based
learning using a hands-on approach for both the mathematics and science content was a
required component of the lesson, as well as student engagement in real-world problem
solving. The mathematics and science and engineering practices were required to be
embedded throughout the instructional activities as well. Using the Mathematics/Science
Continuum model (Huntley, 1998) as the theoretical framework, the teams developed a
“mathematics and science” integrated lesson (p. 322). After the initial draft of the lesson
plan was completed, each team met with and received individual feedback from the
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mathematics methods instructor, the science methods professor, and the special education
professor using the stations co-teaching model. In order to share strategies and ideas, the
revised team lesson plans were presented to both the faculty and the preservice teachers
enrolled in the class, which provided an opportunity for the preservice teachers to receive
additional feedback and suggestions for further refining their integrated STEM lessons.
This lesson plan was not required to be implemented in an elementary classroom.
However, all team lesson plans were shared with each of the preservice teachers so they
could be used as future resources.

Following the team lesson planning, each preservice teacher was required to
individually design and implement a consecutive three- to five-day integrated STEM
learning segment in his or her elementary classroom teaching experience. Following the
requirements and guidelines of the team integrated STEM lesson, the preservice teachers
used both mathematics and science content standards aligned with their grade level
placements to design consecutive integrated STEM lessons. Using the same station model
of co-teaching, the preservice teachers received individual feedback from each of the
three Tier 3 faculty, with collaboration among the faculty to ensure the integration was
authentic. The individual three- to five-day integrated STEM learning segment was
submitted to be evaluated using the Integrated Science/Math Learning Segment Rubric.
Upon implementation of the learning segment in an assigned elementary school
placement, the preservice teachers submitted a written reflection. Each of the Spring 2018
Tier 3 preservice teachers completed all of the outlined course requirements and had

multiple opportunities to engage in integrated STEM education as a learner and a teacher.
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Intermediate Quantitative Phase

During the last week of the Spring 2018 semester, the participants submitted their
integrated STEM learning segments to the special education professor to be coded to
match the code used for the questionnaires (See Appendix L for sample STEM learning
segment). The names of the participants were removed to avoid any bias held by the
researcher. Each learning segment was scored out of a possible 170 points using the
Integrated Science/Math Learning Segment Rubric which reflected his or her proficiency
in planning integrated STEM lessons. Additionally, the preservice teachers completed the
STEM Attitudes Questionnaire and the STEM Confidence Questionnaire online during
the final class meeting in the special education course. The participants used the same 4-
digit code for both questionnaires as they did initially. All of the quantitative data was
obtained from the Tier 3 faculty and was stored on the researcher's external hard drive
until one year after the dissertation defense.

Final Quantitative Phase

The final quantitative phase data was collected during the final three weeks of the
participants’ Fall 2018 Tier 4 internship semester. The participants were enrolled in a full
semester student teaching internship in a local elementary school with a minimum of 5
weeks in both a regular education classroom and special education classroom. Unlike the
Tier 3 semester, the participants were not required to plan and implement integrated
STEM lessons during the Tier 4 internship semester. However, they were required to
teach all subjects in a regular education classroom for a minimum of 10 consecutive days,
with the opportunity to teach mathematics and science in an integrated STEM
framework.
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During the Fall 2018 orientation where attendance is required by all preservice
teachers who are entering their internship semester, the researcher presented and
explained the dissertation study. Consent forms were distributed to the elementary
preservice teachers seeking voluntary participation, collected by the researcher, and kept
in a locked cabinet until one year after completion of the dissertation defense. Former
elementary preservice teachers who were unable to attend the orientation were contacted
via email to explain the study and seek voluntary consent to participate (Appendix M).
Completed consent forms were emailed and collected by the researcher and stored in the
locked filing cabinet with the other completed consent forms. During the final three
weeks of the internship, links to both the STEM Attitudes Questionnaire and the STEM
Confidence Questionnaire were emailed to the participants. In addition to the items on the
original questionnaires, open-ended questions were added based on the analysis of the
data during the initial and intermediate quantitative phases and the qualitative phase of
the study.

Qualitative Phase

Following the quantitative data analysis, a sample of eleven diverse preservice
teachers was purposefully selected (Creswell & Plano Clark, 2011) to participate in the
focus group and represented the unique voices of the methods of instruction courses. The
preservice teachers for the qualitative data collection included those who responded to an
email sent to the purposeful sample soliciting volunteers for semi-structured interviews
following the completion of the Tier 3 coursework (Appendix N). The focus group
session lasted approximately one hour and included four participants, the researcher, and
the other two Tier 3 faculty members. Though research has shown six to twelve
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participants for a well-designed focus group, only four of the eleven who were selected
responded (Johnson & Christensen, 2008). This may have been due to ongoing final
exams during the week in which the focus group was conducted. However, according to
Krueger (1994), as the participants were able to contribute specialized knowledge and/or
experiences to the group conversation, “mini-focus groups” of three to four participants
are effective and desirable in addressing research questions (p. 17).

The semi-structured interviews involving the four participants were conducted by
the researcher and the other two Tier 3 faculty members. The purpose of the semi-
structured interviews was to elicit more in-depth explanations and insights into the
concerning quantitative data. The semi-structured protocol elicited conversation among
the participants that painted a picture of their combined perceptions of integrating
mathematics and science in the classroom and how the successful completion of the
integrated methods of instruction courses related to their attitudes toward and confidence
in teaching integrated STEM lessons. The semi-structured interviews were audio
recorded. No incentives were offered to the participants; however, light refreshments
were offered during the focus group session. The audio recording was obtained and
transcribed by the researcher. The transcriptions and the audio recording were stored on
the researcher’s external hard drive for one year after the dissertation defense. Qualitative
data collected in the focus group was followed by a second qualitative component
including additional open-ended questions on the questionnaires during the final

guantitative phase of the study.
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Data Analysis
To address the research questions in this study, quantitative and qualitative data
were analyzed from questionnaires, a learning segment rubric, and semi-structured
interviews. The combination of the quantitative and qualitative data analyses was used to
provide a more thorough answer to the research questions with the qualitative data used
to explain the quantitative data collected in the three phases. The planning matrix of the
study (Table 3) maps each of the research questions to the data sources and analysis

procedures that were employed in the study.
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Table 3

Planning Matrix of the Study

Research Question Sources of Data Cpllec_tlon Analysis
Timelines Procedures
1. Among elementary January 2018
preservice teachers : Repeated
participating in integrated gzgmoﬁ;t;il:ges April 2018 Measures
mathematics and science MANOVA
methods of instruction October 2018
courses, to what extent do
their experiences relate to
their attitudes toward Semi-structured
teaching integrated STEM dent i ) May 2018 Coding
lessons? student interviews
partici ating in integrated STEM Confidence April 2018 Measures
P pating g Questionnaire P MANOVA
mathematics and science
methods of instruction October 2018
courses, to what extent do
their experiences relate to
their confidence in . .
teaching integrated STEM Sergl-str_ucturgd May 2018 Coding
lessons? student interviews
3. Among elementary STEM Attitudes January 2018
preservice teachers Questionnaire and
participating in integrated =~ STEM Confidence
mathematics and science Questionnaire April 2018 .
. . Multiple

methods of instruction i

. Regression
courses, how do their Analvsis
attitudes and confidence Integrated y
correlate to their Science/Math
proficiency in planning Learning Segment  April 2018

integrated STEM lessons?

Rubric
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Quantitative data from questionnaires were downloaded from Qualtrics
(Quialtrics, Provo, UT) and analyzed using SPSS software (IBM Corp. Released 2013.
IBM SPSS Statistics for Macintosh, Version 22.0. Armonk, NY: IBM Corp.). Initial
analysis included exploratory data analysis to check for missing values or entry errors to
ensure the data accurately represented what was actually measured (Meyers, Gamst, &
Guarino, 2013). Descriptive statistics, including measures of central tendency, were used
to initially describe, summarize, and interpret the data noting any possible trends.

In order to inform the qualitative data collected through the Spring 2018 focus
group, paired-samples t tests for each quantitative data set were conducted to determine if
there were any overall statistically significant differences from pre-test to post-test in the
preservice teachers’ attitudes toward and confidence in teaching integrated STEM lessons
during the Spring 2018 semester. This analysis provided the researcher and the other Tier
3 faculty members with an opportunity to reflect upon the interview protocol and add
probing and follow-up questions to the protocol. During the Spring 2018 semester, the
integrated STEM learning segments were also analyzed using the Integrated
Science/Math Learning Segment Rubric to inform the researcher of each preservice
teacher’s overall proficiency in planning an integrated STEM learning segment. The
initial analysis of the quantitative data, coupled with the analysis of the qualitative data
collected in the focus group, was used to create the open-ended questions that were added
to the questionnaires in the final quantitative phase of the study. The formal data analysis

procedures that began at the conclusion of the final quantitative phase of data collection
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in Fall 2018 are described next, according to the research questions which guided the
study.
Attitudes Toward Teaching Integrated STEM Lessons

The first research question asked, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their experiences relate to their attitudes toward teaching integrated STEM
lessons?” To answer this question, both quantitative and qualitative data were analyzed in
an effort to synthesize and triangulate the data.

Quantitative Data

To determine the impact of participation in the integrated mathematics and
science methods of instruction courses on elementary preservice teachers’ improvement
in attitudes toward teaching integrated STEM lessons, a multivariate analysis of variance
(MANOVA) with repeated measures was employed. This omnibus test was chosen as
previous research suggested a relationship between teacher attitudes and confidence
(Berlin & White, 2010; Tschannen-Moran & Hoy, 2001). Based on the results of the
MANOVA, a repeated measures analysis of variance (ANOVA) was conducted to
determine if there was a statistically significant difference between pre-, post-, and
delayed post-scores of elementary preservice teachers’ attitudes with regard to teaching
integrated STEM lessons before and after their successful completion of the integrated
mathematics and science methods of instruction courses and internship semester.

Qualitative Data

As suggested by Merriam (2002), multiple cycles of coding were used to analyze
the qualitative data collected through the semi-structured interviews. Based on the results
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of the Fall 2017 pilot study, a priori codes emerged which included confidence, STEM
content knowledge, content integration, teaching strategies, challenges, support, and co-
teaching. The first coding cycle employed open-coding procedures to allow the
researcher to identify any additional patterns of response. As the researcher was
immersed in the data, additional codes were added as necessary. During the second
coding cycle, codes were organized and categorized to identify emerging themes and
patterns within the data. The responses to the open-ended questions were also analyzed
for possible emergent themes to provide clarity and explanation of the findings.
Confidence in Teaching Integrated STEM Lessons

The second research question asked, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their experiences relate to their confidence in teaching integrated STEM
lessons?” To synthesize and triangulate the data, both quantitative and qualitative
analyses were performed.

Quantitative Data

To determine the impact of participation in the integrated mathematics and
science methods of instruction courses on elementary preservice teachers’ gains in
confidence toward teaching integrated STEM lessons, a MANOVA with repeated
measures was employed. This omnibus test was chosen as previous research suggested a
relationship between teacher confidence and attitudes (Berlin & White, 2010; Tschannen-
Moran & Hoy, 2001). Based on the results of the MANOVA, a repeated measures
ANOVA was conducted to determine if there was a statistically significant difference
between pre-, post-, and delayed post-scores of the preservice teachers’ confidence in
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teaching integrated STEM lessons before and after their successful completion of the
integrated mathematics and science methods of instruction courses and internship.

Qualitative Data

As the qualitative data gathered from the semi-structured interviews were used to
address each research question, the transcription of the interviews was analyzed using
multiple cycles of coding to identify emerging themes and patterns within the data.
Further analysis of the responses to the open-ended questions, identifying emerging
themes, was used to provide clarity and explanation of the findings.
Relationship Between Affective Domain and Proficiency in Planning Integrated STEM
Lessons

The third research question asked, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their attitudes and confidence with regard to teaching integrated STEM
lessons correlate with their proficiency in planning integrated STEM lessons?”

Quantitative Data

Two multiple regression analyses were conducted to examine how elementary
preservice teachers’ attitudes and confidence (independent variables) related to their
proficiency in planning integrated STEM lessons (dependent variable). The first multiple
regression analysis included the pre-test composite attitudes scores and overall
confidence scores as the independent variables and the Integrated Science/Math Rubric
scores as the dependent variable. The second multiple regression analysis included the
post-test composite attitudes scores and overall confidence scores as the independent
variables and the Integrated Science/Math Rubric scores as the dependent variable. For
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both analyses, the overall model was evaluated for its effectiveness using the results from
the ANOVA. The significance of each of the independent variables (predictors) in the

model was determined using t tests.
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CHAPTER IV — DATA ANALYSIS AND RESULTS

This mixed-methods, longitudinal study sought to determine the extent to which
successful completion of integrated mathematics and science methods of instruction
courses related to elementary preservice teachers’ attitudes toward and confidence in
teaching integrated STEM lessons, and the extent to which their attitudes and confidence
correlated with their proficiency in planning integrated STEM lessons. The primary focus
of this chapter is to report answers to the following research questions using the results of
analyses of both quantitative and qualitative data:

Among elementary preservice teachers participating in integrated mathematics
and science methods of instruction courses:

RQI1. ...to what extent do their experiences relate to their attitudes toward teaching
integrated STEM lessons?

RQ2. ...to what extent do their experiences relate to their confidence in teaching
integrated STEM lessons?

RQ3. ...to what extent do their attitudes and confidence with regard to teaching
integrated STEM lessons correlate with their proficiency in planning integrated STEM
lessons?

This chapter is organized into three sections. The first section describes the
methodology, analysis, and results of the pilot study, which included pre-testing the
instruments used in the study. The second section describes the participant demographics
for both the quantitative and qualitative phases. The final section provides the data
analysis and results for each research question.
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Pilot Study

This dissertation research was informed by a pilot study that was conducted in the
Fall 2017 semester with a different cohort of 20 elementary preservice teachers. The pilot
study was designed to pre-test the modified and developed instruments and to provide an
initial assessment of the newly designed and implemented integrated mathematics and
science methods of instruction courses. Before the pilot study was conducted, content
validity was established for each of the three quantitative instruments by an expert panel
of university teacher education professors with STEM backgrounds who conduct research
on STEM integration. Upon review of the items for each of the two questionnaires and
suggestions from the panel, minor changes were made to the wording of certain items
that were unclear or confusing. The Integrated Science/Math Learning Segment Rubric
was also adjusted by making the integrated STEM lesson components more explicit and
more efficiently measured with specific allotted points to each component. During the
pilot study, both questionnaires were pre-tested and internal reliability was established
through the use of Cronbach’s alpha (1951). After the qualitative data were analyzed and
coded, additional questions were added to the original protocol and some wording was
altered to provide more clear and concise question prompts. A revised application was
submitted to the IRB to include the revised questionnaires, rubric, and interview protocol,
as well as the inclusion of new participants who would be part of the study.

The STEM Attitudes Questionnaire was administered during the Fall 2017 pilot
study to 20 elementary preservice teachers enrolled in Tier 3 coursework at the same
institution. Content validity was established through an expert panel of university teacher
education professors with STEM backgrounds who conduct research on STEM
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integration. The panel reviewed the items for relevance and made suggestions for
alternative wording of items that were unclear or confusing. Internal consistency and
reliability of the modified instrument was established using an item analysis to determine
Cronbach’s alpha (1951) for each of the six attitudes components: Affect (r = .83),
Cognitive Competence (r = .64), Value (r = .80), Difficulty (r = .62), Interest (r = .86), and
Effort (r = .78). The reliability analysis supported the prior analyses performed on the
original SATS-36 components with single administration (Nolan, Beran, & Hecker,
2012).

During the Fall 2017 pilot study, the STEM Confidence Questionnaire was pre-
tested for internal reliability and validity to determine if it functioned as intended
(Creswell & Plano Clark, 2011; Johnson & Christensen, 2008). The STEM Confidence
Questionnaire was administered to 20 elementary preservice teachers enrolled in Tier 3
coursework at the same institution. Content validity was established with an expert panel
of university teacher education professors with STEM backgrounds who conduct research
on STEM integration. The panel reviewed the items for relevance and made suggestions
for alternative wording of items that were unclear or confusing. Internal consistency
reliability for each of the three factors was established through an item analysis using
Cronbach’s alpha (1951). Factor 1, Social, defined by ten items had a reliability index of
.93; Factor 2, Personal, comprised of five items had a reliability index of .93; and Factor
3, Material, composed of the remaining four items had a reliability index of .93. For all
19 items, the reliability index was .97. The reliability analysis supported the prior
analyses of the factors in the development of the original SETIS instrument (Mobley,
2015).
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To establish the validity of the rubric, an expert panel of university teacher
education professors with STEM backgrounds reviewed the rubric to determine if it
served as a viable means of accurately assessing elementary preservice teachers’
proficiency in planning authentic integrated STEM lessons within a three- to five-day
learning segment. After the pilot study, the Integrated Science/Math Learning Segment
Rubric was modified to make the integrated STEM lesson components more explicit and
more efficiently measured with specific allotted points to each component.

A random number generator was used to select 5 of the 34 preservice teachers’
integrated STEM learning segments to evaluate using the Integrated Science/Math
Learning Segment Rubric designed by the researcher and the science education professor.
For each preservice teacher, the individual total score was recorded. After scoring the
documents separately, the researcher and the science education professor discussed the
scores and clarified the criteria on which the learning segments were to be assessed. For
example, a maximum of six points was awarded based on the preservice teachers’
description of the extent to which the K-6 students were engaged in active STEM
learning and inquiry throughout the learning segment. Upon agreement of the criteria, the
researcher evaluated each preservice teacher’s learning segment using the Integrated
Science/Math Learning Segment Rubric reflecting his or her proficiency in planning
integrated STEM lessons.

The focus group interview protocol was reviewed by experts in the field to
establish validity and provide suggestions for alternate wording to ensure the questions
were clear and concise. After pilot testing the protocol during the Fall 2017 semester,
additional questions were added to the protocol and the questions were re-ordered to
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provide the opportunity for a more coherent discussion. Furthermore, upon the Tier 3
faculty’s initial analysis of the quantitative data collected in Spring 2018, probes and
follow-up questions were added to the final interview protocol to encourage more in-
depth explanations. Based on the results of the Fall 2017 pilot study, a priori codes
emerged which included confidence, STEM content knowledge, content integration,
teaching strategies, challenges, support, and co-teaching.
Participant Demographics

Data were collected from 34 elementary preservice teachers enrolled in their final
two semesters of the K-6 Teacher Education program at a large university in the
southeast region of the U.S. at which the researcher was employed. As a result of data
cleaning, which will be discussed in the following section, usable data were analyzed
from 24 participants which included 24 female elementary preservice teachers (1 African
American and 23 Caucasian) with ages ranging from 21 to 36 (M = 23.88, SD = 4.397).
Non-traditional students who were older than 24 years of age (Kenner & Weinermann,
2011), represented 25% of the sample within this study. Similarly, of the four Caucasian
female participants in the focus group, one (25%) was a non-traditional student.

Data Analysis and Results

Data Screening and Cleaning

Using SPSS statistical software, initial analyses included exploratory data analysis
to check for missing values or entry errors to ensure the data accurately represented what
was actually measured (Meyers et al., 2013). Throughout the three phases of the study,
data were collected from 34 elementary preservice teachers. Of the 34, 94% (N = 32)
participated in the pre-test, 94% (N = 32) participated in the post-test, and 83% (N = 30)
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participated in the delayed post-test. All 34 successfully completed the integrated
mathematics and science methods of instruction courses and completed the Integrated
STEM Learning Segment. Incomplete data in the delayed post-test was attributed to lack
of enrollment in the Tier 4 Internship semester of four participants and lack of completion
of the questionnaires by two participants. The two preservice teachers who did not
participate in the pre-test were different from the two who did not participate in the post-
test, resulting in only 72.2% (N = 26) of the preservice teachers participating in all three
quantitative data collection time points. As a result of further data screening, two
participants were eliminated from the study due to pattern responses. Both participants
recorded the same score for each item despite the fact that both positively-worded and
negatively-worded items were included. Thus, data provided by a total of 24 participants
were used in this study.

Reliability for both questionnaires at each of the three time points was established
through item analysis using Cronbach’s alpha (1951). The STEM Attitudes Questionnaire
included both positively-worded and negatively-worded items within the four
components of Affect, Cognitive Competence, Value, and Difficulty. Thus, prior to data
analysis, the negatively-worded items indicated with an asterisk* (Appendix D) were
reverse-coded using SPSS. The initial reliability analysis for the attitudes factors revealed
r < 0.60 for both Effort in the pre-test and Difficulty in the post-test. One Difficulty item
was removed resulting in reliability coefficients that more closely compared to those
reported by Schau (2003a). This item “Teaching integrated STEM is a method of
instruction quickly learned by most people” focused more on the rate at which the
participants could learn how to teach integrated STEM content rather than the difficulty
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of teaching integrated STEM lessons. Upon removal of this item, the reliability for Effort
still remained low, thus results associated with this factor should be interpreted with
caution.

Table 4

Reliability Analysis for the STEM Attitudes Questionnaire (r)

Component Time 1 Time 2 Time 3
Affect .87 .84 .87
Cognitive 78 a1 79
Competence
Value .84 .70 .79
Difficulty .69 522 71
Interest .89 92 91
Effort 48 .79 74

Note: Reliability coefficients < .70 are in boldface.
2Before removal of the difficulty item, r = .46 for this component.

The reliability coefficients for the three factors within the STEM Confidence
Questionnaire (Social, Personal, and Material) were all above .80 for the pre-, post-, and
delayed post-tests.
Preliminary Quantitative Analysis

In order to inform the qualitative data collected in the Spring 2018 focus group,
paired-samples t tests using both pre- and post-questionnaire data sets were conducted to
determine if there were any overall statistically significant differences from pre-test to
post-test in the participants’ attitudes toward and confidence in teaching integrated STEM
lessons during the Spring 2018 semester. The paired samples t tests were conducted using
a two-tailed 95% confidence interval. Data analysis comparing the participants’ attitudes

towards teaching integrated STEM lessons before (M = 5.07) and after (M = 5.28) the
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completion of the integrated mathematics and science methods of instruction courses
approached significance, p =.076. Shown in Table 5, the findings also revealed a
statistically significant difference (p =.001) in the participants’ confidence in teaching
integrated STEM lessons from the beginning (M = 3.00) to the end (M = 3.37) of the Tier
3 semester.

Table 5

Growth in attitudes toward and confidence in teaching integrated STEM content (N=24)

Pre-test Post-test

M(SD) M (SD) : df Sig. E;f;:t
Attitudes 5.07 (0.66) 5.28(0.64)  -1.855 23 p=.076 r=.36
Confidence  3.00 (0.57) 3.37 (0.41) -3.655 23 p=.001 r=.37

This initial quantitative analysis provided the researcher with an opportunity to
reflect upon the interview protocol and add probing and follow-up questions to the
protocol to be used in the semi-structured focus group interviews. This quantitative
analysis, coupled with the qualitative data analysis from the focus group interviews,
further guided the creation of additional open-ended questions that were added to the
delayed post-questionnaires. Results of the formal data analysis for the study are
described for each research question according to the quantitative and qualitative data
analysis.

Research Question 1

To answer research question 1, “Among elementary preservice teachers

participating in integrated mathematics and science methods of instruction courses, to

what extent do their experiences relate to their attitudes toward teaching integrated STEM
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lessons?”, both quantitative and qualitative analyses were performed to synthesize and
triangulate the data. Qualitative data collected in the focus group was followed by a
second qualitative component including responses to additional open-ended questions
added to the questionnaires during the final quantitative phase of the study. The
qualitative findings were used to support and explain the quantitative findings.

Quantitative Analysis

Descriptive statistics, including measures of central tendency, were used to
initially describe, summarize, and interpret the data through which trends in the changes
of the participants’ attitudes toward teaching integrated STEM lessons over the two
semesters were noted (Appendix O). Participants were asked to rate their level of
agreement using a 7-point Likert-type response scale (Likert, 1967) (1 = strongly
disagree, 2 = disagree, 3 = somewhat disagree, 4 = neither agree nor disagree, 5 =
somewhat agree, 6 = agree, and 7 = strongly agree). Higher mean scores reflected more
positive attitudes, and lower mean scores indicated less positive attitudes. The results of
the analysis are provided in Table 6 according to the components of attitudes toward
teaching integrated STEM lessons including Affect (feelings), Cognitive Competence
(intellectual knowledge and skills), Value (usefulness, relevance, and worth in their
personal and professional life), Difficulty (difficulty planning and teaching), Interest
(individual interest), and Effort (amount of work expended), as well as the composite

attitudes scores.
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Table 6

STEM Attitudes Questionnaire Component Mean Analysis (N=24).

Time 1 Time 2 Time 3

Component M (SD) M (SD) M (SD)
Affect 4.53 (1.17) 5.13 (1.07) 5.15 (1.18)
gg?nnr;gt\é f}ce 4.96 (1.00) 5.17 (0.99) 5.39 (0.87)
Value 5.44 (0.92) 5.66 (0.71) 5.68 (0.89)
Difficulty 3.33(0.79) 3.49 (0.74) 3.57 (0.96)
Interest 5.85 (0.89) 6.03 (0.68) 5.93 (0.82)
Effort 6.28 (0.61) 6.21 (0.62) 5.70 (0.90)
Composite 5.07 (0.66) 5.28 (0.64) 5.21 (0.71)

Note. Adapted from The Importance of Attitudes in Statistics Education by C. Ramirez, C. Schau, & E. Emmioglu, 2012, p. 61.

www.evaluationandstatistics.com

Findings revealed positive changes in the participants’ attitudes in each of the

components except Effort over the two semesters. Preliminary data analysis comparing

the participants’ attitudes toward teaching integrated STEM lessons before (M = 5.07)

and after (M = 5.28) the completion of the integrated mathematics and science methods
of instruction courses approached significance, p = .08. However, while the data showed
an overall positive change in the participants’ attitudes over the two semesters, the scores

from post- to delayed post-test decreased throughout the Tier 4 internship semester. The

growth in the participants’ attitudes toward teaching integrated STEM lessons over the

two semesters is shown in Figure 3.
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Figure 3. Composite Attitudes Growth
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Figure 3. The three time points represent the composite attitudes pre-, post-, and delayed post-scores

A multivariate analysis of variance (MANOVA) with repeated measures was used
to identify statistically significant main and interaction effects of time (pre-, post-,
delayed post-test) for the scales associated with attitudes and confidence related to
teaching integrated STEM lessons. The composite attitudes scores and overall confidence
scores at each time point were used as the dependent variables and the time was the
independent variable. Using Wilks’ statistic, there was no statistically significant effect of
time on elementary preservice teachers’ attitudes towards or confidence in teaching
integrated STEM lessons, A = 0.68, F(4, 17) = 2.02, p =.14. Thus, there was no
statistically significant change in the participants’ attitudes toward teaching integrated

STEM lessons over the two semesters.
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Qualitative Analysis

The constant comparative method (Glasser & Strauss, 1967) was implemented to
analyze data obtained from the focus group interviews and the open-ended question
responses. The constant comparative method utilizes multiple sources of evidence to code
and categorize data, identifying patterns and emerging themes used to answer the
research question. The audio file from the focus group interviews was transcribed by the
researcher, and multiple cycles of coding were employed to identify emerging themes.
Written responses to the open-ended question, “How has your attitude toward teaching
integrated STEM lessons changed over the Tier 3 and 4 semesters?” were collected
during the final quantitative phase. Adhering to the constant comparative method, the
transcribed data and the written responses were analyzed using the qualitative software
Quirkos (Turner, 2016). Analysis of the qualitative data from both sources contextualized
and clarified the quantitative results.

A number of responses toward integrating STEM lessons reflected positive
attitudes. Some responses spoke to the influence on student learning, such as, “My
attitude towards STEM has improved greatly after witnessing the way it changes student
learning.” Others reflected on how integration of STEM concepts seems work intensive,
though worthwhile, with statements such as, “My attitude toward teaching STEM lessons
has changed over the Tier 3 and 4 semesters. | learned that it takes strong discipline to
understand concepts and the procedure on how | would teach the students. It is a lot of
work but very rewarding to student learning!” A sense of excitement in actualizing

STEM integration was also conveyed thematically in comments such as, “After being in
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my methods classes, seeing it taught, and teaching it myself, | feel excited about teaching
integrated STEM lessons.”

Information gathered from the focus group and open-ended question responses
revealed that while the participants’ attitudes were heightened (38%), they were generally
concerned about lack of resources, misalignment among mathematics and science content
standards, lack of support and autonomy from the cooperating teacher, and an emphasis
on preparation for and administration of statewide high-stakes tests. The participants
were also concerned about the time demands of implementing and incorporating STEM
instruction given the work load associated with other content areas. Sentiments such as,
“There is not a teacher at my school (that I am aware of) who is teaching any kind of
STEM or integrated lesson. | feel it would be very difficult to do this without getting
backlash from my fellow grade level teachers,” and “Not much has changed. There hasn’t
been much opportunity to teach STEM lessons,” and that a few, “sometimes found it
difficult to match the math and science together with the curriculum we had to teach that
week,” were indicative of the concerns expressed.

Research Question 2

To answer research question 2, “Among elementary preservice teachers
participating in integrated mathematics and science methods of instruction courses, to
what extent do their experiences relate to their confidence in teaching integrated STEM
lessons?”, both quantitative and qualitative analyses were performed to synthesize and
triangulate the data. Qualitative data collected in the focus group was followed by a

second qualitative component asking additional open-ended questions on the
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questionnaires during the final quantitative phase of the study. The qualitative findings
from both sources were used to support and explain the quantitative findings.

Quantitative Analysis

Descriptive statistics, including measures of central tendency, were used to
initially describe, summarize, and interpret the data through which possible trends were
noted (Appendix O). Using a 1-4 Likert-type response scale (Likert, 1967), each
participant was asked to rate his or her level of confidence in his or her abilities related to
teaching integrated STEM lessons (1 = cannot do at all, 2 = would have difficulty doing
this, 3 = mostly confident that | can do this, and 4 = very confident that I can do this). The
results of this analysis are shown in Table 7 by the factors of confidence in teaching
integrated STEM lessons including Social (beliefs of how others perceive or affect his or
her ability), Personal (one’s own beliefs about his or her ability), and Material (constructs
outside of one’s control).
Table 7

STEM Confidence Questionnaire Factor Mean Analysis (N=24)

Time 1 Time 2 Time 3

Factor M (SD) M (SD) M (SD)
Social 3.02 (0.57) 3.27 (0.39) 3.28 (0.48)
Personal 2.86 (0.57) 3.34 (0.50) 3.29 (0.48)
Material 3.14 (0.66) 3.49 (0.47) 3.41 (0.58)
Overall 3.00 (0.57) 3.37 (0.41) 3.30 (0.48)

Note. Adapted from Development of the SETIS instrument to measure teachers’ self-efficacy to teach science in an integrated STEM
framework (Doctoral Dissertation) by M. Mobley, 2015, p. 99.

Findings revealed positive changes in the participants’ confidence in only the Social
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factor over the two semesters. As reported in the preliminary analysis, findings revealed a
statistically significant difference (p =.001) in the participants’ confidence in teaching
integrated STEM lessons from the beginning (M = 3.00) to the end (M = 3.37) of the
integrated mathematics and science methods of instruction course. While the data showed
a positive change in the participants’ confidence over the two semesters, the overall
confidence scores from post- to delayed post-test decreased throughout the Tier 4
internship semester. The growth in the participants’ confidence in teaching integrated
STEM lessons over the two semesters is shown in Figure 4. This was similar to the

findings for overall attitudes scores.

Figure 4. Overall Confidence Growth
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Figure 4. The three time points represent the overall confidence pre-, post-, and delayed post-scores.
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A MANOVA with repeated measures was used to identify statistically significant
main and interaction effects of time (pre-, post-, delayed post-test) for the scales
associated with attitudes and confidence related to teaching integrated STEM lessons.
The overall scores for attitudes and confidence at each time point were used as the
dependent variables and time was the independent variable. Using Wilks’ statistic, N0
statistically significant effect of time on elementary preservice teachers’ attitudes towards
or confidence in teaching integrated STEM lessons was found, A = 0.68, F(4, 17) = 2.02,
p =.14. Thus, there was no statistically significant change in the participants’ confidence
in teaching integrated STEM lessons over the two semesters.

Qualitative Analysis

The constant comparative method (Glasser & Strauss, 1967) was implemented to
analyze data obtained from the focus group interviews and the open-ended question
responses. Rather than using just one source, the constant comparative method utilizes
multiple sources of evidence to code and categorize data, identifying patterns and
emerging themes in order to answer the research question. The audio recording of the
focus group interviews was transcribed by the researcher and emerging themes were
identified after multiple cycles of coding. Written responses to the open-ended question,
“How has your confidence in teaching integrated STEM lessons changed over the Tier 3
and 4 semesters?”” were collected during the final quantitative phase. In accord with the
constant comparative method, the transcriptions and the written responses were analyzed
using the qualitative software Quirkos (Turner, 2016). Analysis of the qualitative data

from both sources complemented and explained the quantitative results.
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Qualitative analysis of participant responses supported the quantitative results in
that 83% reported increases in overall confidence to teach integrated STEM lessons
throughout the Tier 3 and 4 semesters. As the opportunities to teach integrated STEM
lessons increased, the participants were able to gain more confidence stating, “I feel more
confident and excited to teach them (STEM lessons) in Tier 4 because | have observed
and taught more STEM lessons”, and “Tier 3 offered great teaching tips and information
regarding STEM but | didn’t feel as confident because we had minimal time in the
classroom/field experience. Tier 4 has given me so many more opportunities to apply
what I learned in Tier 3 and gain experience teaching and applying STEM.” Overall,
participants’ increase in their confidence to teach integrated STEM lessons was reflected
in responses such as, “It has changed tremendously. | am less intimidated by STEM,” and
“At the beginning, I was very intimidated by trying to pull in math, but now I am much
more confident. It was a lot easier now than it was at the beginning.”

Responses for confidence in teaching integrated STEM lessons were similar to
those regarding attitudes toward teaching integrated STEM lessons. While 83%
responded that their confidence increased over the two semesters, there were still
participants who had concerns. One such concern that was prevalent focused on lack of
resources. This concern included lack of supplies, technology, and class time to teach
integrated lessons given the demands of state high-stakes testing. Responses such as, “I
have been able to teach some integrated lessons but not many due to available and
affordable resources”, and “No access to supplies,” provided evidence of the material
barriers elementary preservice teachers face in teaching integrated STEM lessons. Other

responses such as, “I haven’t seen a lot of science being taught because it is put on the
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EDU 337: Teaching Science

Tentative Schedule: Monday and Wednesday

Date Due Class Topics
M1/ -Syllabus and Schedule
NO3 Tubes
-Srience Notebooks
W 110 Sakai Unit 1 -RAT #1
-Soience Literacy
=l nguiry
LS MALK DAY
WOz OMLINE ASSIGMNMENT
LAR 1 (Individual) Science Notebooks
i 1/22 Sakai Unit 2 -Science Standards
Ingquiry
W 1/24 -Ecosystems Lesson 4 and 5 (Aguarium Animals)
-Standards [continued)
-Reading in science
M 1729 -Co-Teaching Workshop: Standards and Learning
Progressions
W13l Sakai Unit 3 -RAT 842
-5E Instructional Cycle
M2/3 -Questioning
-5E Imstructional Cycle
W27 What is Technology?
IO OMLINE ASSIGMNMENT
-Srience Notebooks
W24 Sakai Unit 4 -RAT 43
-STEM and EDP
2719 Sakai Unit 5 -STEM and EDP
W21 -Co-Teaching Workshop: STEM
-LAR 2 (Team) Unpack tearn standards and create a
planning wheel
M 2726 Midterrmn {Online] -Co-Teaching Workshop: STEM
-LAB 3 (Team) Team Lesson Planning
W 228 Sakai Unit & -Assessment and Evaluation in Science
WS FIELD WEEK 1
Wt FIELD WEEK 1
n 3 12 -Central Focus—Objectives—Evaluation
W31 -Planning
M 2719 Team learning segment (3 -Co-Teaching Workshop: Lesson Planning Stations
hard copies) -LAR 4 (Team) Lesson Planning
W21 Teamn Learning Segment -Co-Teaching Workshop: Team Presentations

and Presentation
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APPENDI

X L — Sample Integrated STEM Learning Segment

Three-Day Integrated Science and Mathematics Lesson Plan Format Spring 2018

Vital Information — 3-5 Day Unit

Author Subject(s) Science and Math
Grade Level K Central Focus | Science: Weather Patterns
Math: Categories (Counting)
Standard(s) ALCOS Math
List the full standard with its number. 16. Classify objects into given categories; count the number of objects in each category, and

sort the categories by count. (Limit category counts to be less than or equal to 10.) [K-MD3]

Ctand

ds of Mathematical Practice

1. Make sense of problems and persevere in solving them.

3. Construct viable arguments and critique the reasoning of others.
4. Model with mathematics.

7. Look for and make use of structure.

ALCOS Science

9. Observe, record, and share findings of local weather patterns over a period of time (e.g.,
increase in daily temperature from morning to afternoon, typical rain and storm patterns
from season to season).

Scientific and Engineering Practices
Analyzing and interpreting data

Crosscutting Concepts

Patterns

Student Learning Objective(s)

List all objectives for the lesson.

Ohjectives must be measurable, observable, and
based on lesson content.

Science
Given a calendar with weather data, students will sort the weather types (sunny, cloudy,
partly cloudy, rainy) within the month into four categories on a chart.

Math
Given a calendar with weather data, students will sort the different weather types into four

categories, count how many are in each category, and add/subtract to find out how many
days had certain weather types.

Justification for Goals and Objectives — All 3 Days

Description of what the students already know abour the topic and their gaps in knowledge.

Prior Academic Knowledge and
Conceptions

What prior knowledge, skills, and concepts must
students already know to ke successful with this
lesson?

Science
® Students must know what sunny, cloudy, partly cloudy, and rainy weather is.

Math

e Students must know how to count in order from 1 to 10.

Common Errors
What are comman ervors or misunderstandings af
students related to the central focus af this lesson?

How will you address them for this growp af
students ?

Science Misconceptions

e Students may confuse partly cloudy weather with cloudy weather.
Address
e [ will explain that we have partly cloudy weather when we can see the sun along with

the clouds. I will show them a picture of what partly cloudy looks like.

Math Misconceptions

e Students may not know what a category is.
Address
e [ will give an explanation and an example related to the lesson.

Instructional Strategies and Learning Tasks — Day 1

Dezcription af”

what the teacher vou) will be doing and/or what the students will be doing.

Launch _ 5 Minutes

How will you assess prior knowledge?

How will you start the lesson 1o engage and
motivate students in learning?

State the ohjectives in student terms.

Engage

* “During our carpet time this moming, we noticed that it was sunny/cloudy/partly
cloudy/rainy today.”

“Will the helper of the day please stand up and come with me to see what the
weather looks like now?"

Start singing the weather song as a class while the helper checks the weather.
Student will announce the weather and go back to the carpet.

(If the weather is the same as it was in the morning, I will tell the students that
sometimes the weather stays mostly the same during the day. If the weather is
different than it was in the morning, I will tell the students that sometimes weather
changes throughout the day).

7
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transitions? {Academic and social
behaviors)

Positive Reinforcement of Expected
Behaviors

I will praise positive behavior.

Resources and Materials

Orver all three days
What materials are needed for this lesson?

Day 1:
e (Calendar with April’s weather data (big calendar with weather types and
temperatures)
e Big weather chart (on board)
e Weather and clothing cutouts

Day 2:
e (Calendar with April’s weather data (big calendar with weather types and
temperatures)
Big weather chart (on board)
Season items
Book- And Then It 's Spring
Map

=]

Day 3:
Calendars with weather data (big calendar with weather types and temperatures)
Big weather charts {on board)

Chart paper

Book-Seasons

21 assessment calendars

21 assessment charts

Assessments (Evaluation)- One Summative Evaluation for the Unit
Describe the tonls/procedures thar will be used in this lesson to monitor students learning af the lesson objectiveys). Arach a copy of the completed assessment 1o

this document.

Description of the Assessment

Describe the toolsprocedures that will be ured to
evaliuate whether students met the learning
abjective.

Make sure that both the science and math concepry
are assessed.

Students will be given a calendar of April 2017, This calendar will include weather data.
The students will just use the first three weeks of the month. The students will be given a
chart with weather types listed at the top (sunny, cloudy, partly cloudy, and rainy). Students
will count the types of weather in the month and place that number in the weather catepory
that it belongs in on the chart. There will be three questions for math that involve adding and
subtracting the types of weather in the month. [ will read the questions aloud to the whole

9

Daex the aszessment march the learning ohjective
ard central focus?

class.

Math questions-

How many more days were sunny than cloudy?

How many maore days were cloudy than partly cloudy?
How many days were sunny and partly cloudy?

Modifications to the Assessment

Haw can you modify the assessment for students
with identified learning reeds?

Students with identified leamning needs will be given a calendar with two types of weather
instead of four. They will only be required to count the two weather types.

Evaluation Criteria

How will you evaluate your grsgrgment?iditack a
completed assessment (with the answers filled in}
showing the criteria.)

Students will look at weather types for days of a month on a calendar. The students will
count the number of particular types (sunny, cloudy, partly cloudy, and rainy) and write the
number of days with this weather type in it's category on a chart. They should record that
there were ten sunny days, five cloudy days, three partly cloudy days, and three rainy days.
They will answer the math questions related to the number of days in the categories. After
the students complete this assessment, [ will know if they understand these concepts.
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APPENDIX M — Final Quantitative Phase Recruitment Email
Details w

EDU-335-701 Spring Semester 2018: My dissertation research questionnaires

Cc: Kelly Byrd,

Reply-To: Brannon®® Byrd
Hi everyone!

| want to thank you again for being an integral part of my dissertation study titled " Elementary Preservice Teacher Preparation to Teach Mathematics and Science
in an Integrated STEM Framework." Now that you have reached the halfway point in your internship semester, and as my study enters into the final data collection
phase, | would greatly appreciate you completing the guestionnaires and answering the open-ended guestions that have been added to the original questionnaires.
| know how busy you are, and | sincerely appreciate your time in helping me with my study. You have no idea how much this means to me. Thank you all so very
much!! The links to both guestionnaires are included.

Math love,

Ms. Byrd

STEM Attitude Questionnaire Tier 4

https:i/southalabama.az1.qualtrics.com/jfe/form/SV_4YCE5QImZHz7zxP

STEM Confidence Questionnaire Tier 4

https:i/southalabama.az1.qualtrics.com/jfeform/SV_9RKrwAzifooWAEX
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APPENDIX N — Focus Group Recruitment Email

Kelly Byrd (kbyrd@southalabama.edu) = Inbox - Google  April 24, 2018 at 1:53 PM R
EDU-335-701 Spring Semester 2018: Tier 3 focus group participationCe: Kelly Byrd, U
Reply-To: kbyrd@southalabama.edu

Good morning!

We would like to ask a professional favor. As you know, we've been conducting research this semester on integrated STEM and co-
teaching. We are trying to make Tier 3 the most meaningful experience it can be! We would like to talk to you in a focus group with your
peers to ask your opinions about this semester. We will talk about integrating mathematics and science in a STEM framework, co-
teaching, and anything else you want to share!

We would like to do this focus group next Wednesday from 11:00 - 12:00 (since you'll already be on campus for your exam).

We will have snacks and drinks for you!

Please respond back to this email and let us know if you can (or cannot) be a part of the focus group. We would be so appreciative if you
are able to help us with this process!

Thank you,

Dr. Allison, Dr. Johnson, and Ms. Byrd
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APPENDIX O — Questionnaire Mean Item Responses

Table Al. STEM Attitudes Questionnaire Mean Item Responses (N = 24)

Time 1 Time 2 Time 3
Item Number M (SD) M (SD) M (SD)
1 6.42 (1.02) 6.42 (0.72) 5.83 (1.37)
2 6.46 (0.59) 6.42 (0.65) 5.83 (1.20)
3 5.75 (0.94) 6.17 (0.82) 5.87 (1.26)
4 4.08 (1.82) 4.83 (1.93) 5.17 (1.62)
5 4.29 (1.71) 4.96 (1.65) 5.46 (1.47)
6 3.96 (1.08) 4.50 (1.29) 4.13 (1.39)
7 5.38 (1.31) 5.33 (1.63) 5.58 (1.56)
8 4.75 (1.19) 4.50 (1.62) 4.92 (1.64)
9 5.29 (1.33) 5.50 (1.22) 5.37 (1.14)
10 4.46 (1.53) 4.92 (1.53) 4.88 (1.48)
11 5.92 (0.88) 6.00 (0.83) 5.88 (0.95)
12 5.54 (1.44) 5.71 (1.49) 6.13 (1.30)
13 6.29 (0.86) 6.08 (0.72) 6.12 (0.80)
14 4.13 (1.80) 4.71 (1.52) 4.63 (1.77)
15 5.29 (1.57) 5.83 (0.87) 5.83 (1.34)
16 4.75 (1.45) 5.25 (1.36) 5.17 (1.20)
17 3.88 (1.45) 4.46 (1.38) 4.25 (1.65)
18 5.42 (1.14) 5.75 (1.07) 5.75 (1.19)
19 5.63 (1.10) 5.92 (0.78) 5.92 (1.02)
20 4.92 (1.35) 5.46 (1.22) 5.17 (1.90)
21 6.04 (0.90) 6.08 (0.72) 5.83 (0.92)
22 2.25 (1.11) 2.38 (1.01) 2.79 (1.50)
23 6.17 (1.17) 6.17 (0.70) 6.13 (1.15)
24 4.25 (1.60) 4.33 (1.69) 4.54 (1.72)
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25
26
27
28
29
30
31
32
33
34

5.96 (1.30)
3.96 (1.71)
5.83 (1.17)
2.75 (1.29)
6.25 (1.03)
5.83 (0.92)
6.21 (1.06)
3.16 (1.52)
4.67 (1.69)
3.13 (1.36)

5.92 (1.02)
4.83 (1.61)
6.12 (0.74)
2.83 (1.17)
6.17 (0.70)
6.08 (0.72)
6.00 (1.25)
2.79 (1.41)
4.58 (1.61)
3.92 (1.56)

5.00 (1.35)
5.25 (1.54)
6.08 (0.83)
3.38 (1.47)
6.29 (0.81)
6.13 (0.85)
6.04 (1.43)
3.04 (1.40)
5.04 (1.49)
3.17 (1.47)

Note. Adapted from The Importance of Attitudes in Statistics Education by C. Ramirez, C. Schau, & E. Emmioglu, 2012, p. 61.

www.evaluationandstatistics.com
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Table A2. STEM Confidence Questionnaire Mean Item Responses(N = 24)

Time 1 Time 2 Time 3
Item Number M (SD) M (SD) M (SD)
1 2.75 (0.61) 3.29 (0.55) 3.33(0.57)
2 2.92 (0.78) 3.17 (0.48) 3.21 (0.51)
3 2.79 (0.72) 2.92 (0.65) 3.21 (0.59)
4 2.96 (0.75) 3.00 (0.51) 3.21 (0.59)
5 2.92 (0.83) 3.17 (0.57) 3.17 (0.64)
6 3.17 (0.70) 3.46 (0.51) 3.38 (0.58)
7 3.04 (0.62) 3.38 (0.71) 3.30 (0.64)
8 3.33 (0.70) 3.54 (0.51) 3.50 (0.51)
9 3.17 (0.64) 3.42 (0.58) 3.25 (0.53)
10 3.12 (0.80) 3.33(0.57) 3.25 (0.61)
11 2.79 (0.72) 3.38 (0.58) 3.39 (0.58)
12 2.88 (0.61) 3.29 (0.62) 3.33(0.64)
13 2.75 (0.74) 3.33(0.57) 3.25 (0.53)
14 2.75 (0.68) 3.33 (0.48) 3.17 (0.57)
15 3.13(0.74) 3.38 (0.58) 3.29 (0.62)
16 3.25 (0.68) 3.54 (0.51) 3.50 (0.59)
17 3.08 (0.78) 3.50 (0.59) 3.33(0.64)
18 3.17 (0.76) 3.42 (0.58) 3.42 (0.65)
19 3.04 (0.62) 3.50 (0.51) 3.42 (0.65)

Note. Adapted from Development of the SETIS instrument to measure teachers’ self-efficacy to teach science in an integrated STEM
framework (Doctoral Dissertation) by M. Mobley, 2015, p. 99.
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