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ABSTRACT

IMPLEMENTING S.T.E.AM. —

ONE SCHOOL’S JOURNEY TOWARD IMPLEMENTATION

Jonathan DellaSperanza-Zaratin

The purpose of this multiple case study, grounded theory design is to describe and
document the process teachers go through when implementing a STEAM (Science,
Technology, Engineering, Arts, and Mathematics) curriculum and program at a K-4
elementary school. Throughout this process, elementary teachers’ beliefs and perceptions
of effective STEAM instruction will be analyzed to determine how teachers interpret and
implement this new initiative. The goal of this investigation will be to gain a deeper
understanding of teacher attitudes, beliefs, and mental models surrounding STEAM
instruction as well as their comfort with implementing the new Next Generation Science
Standards (“NGSS”). Prior studies have shown that elementary school teachers are limited
in STEAM content knowledge (CK), pedagogical content knowledge (PCK), and
confidence in teaching STEAM concepts, resulting in elementary teachers avoiding
teaching STEAM subjects altogether (Epstein & Miller, 2011). The sample for this
research will be 5 teachers (n=5), one from each grade level K- 4. These teachers have
taught in a Title 1 funded suburban school located in Long Island, New York. Data
collection and analysis will consist of a triangulation between lesson observations, lesson
plan review, and a focus group interview - which will examine teachers’ perspectives

regarding the overall effectiveness and implementation of the STEAM initiative. This
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study is significant to teacher leaders in understanding the challenges and experiences
teachers might face in integrating and implementing new STEAM curriculum in an
elementary school setting. The findings of the study seek to assist educators and leaders in
identifying strengths and weaknesses with respect to teachers’ pedagogical knowledge, CK

and PCK with respect to STEAM implementation.
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CHAPTER 1

Introduction

This research seeks to explore and document the process a school and its teachers
undergo as they embark on the journey to set up and implement a new Science,
Technology, Engineering, Arts, and Mathematics (“STEAM”) program and curriculum
aligned to the Next Generation Science Standards (“NGSS”). The concepts of STEAM
were developed from STEM (Science, Technology, Engineering, and Mathematics) with
the addition of the arts: humanities, language arts, dance, drama, music, visual arts, design
and new media. The main difference between STEM and STEAM is STEM explicitly
focuses on scientific concepts. STEAM investigates the same concepts but does this
through inquiry and problem-based learning methods used in the creative process. Chapter
two will provide further explanation and research outlining the distinct differences between
these concepts.

The NGSS are K—12 science content standards which set the expectations for what
students should know and be able to do. The NGSS enable teachers to offer all students
interactive science instruction that promotes critical thinking, problem solving, analysis
and interpretation of data, and connections across science disciplines—with a high set of
expectations for achievement in grades K—12. The Guide to Implementing the Next
Generation Science Standards (2015) can be utilized as a valuable resource to plan and
implement science changes at the elementary level. Students in kindergarten through fourth
grade can have educational opportunities strengthened by STEAM. The NGSS have
outlined grade level standards and curriculum content. This research seeks to examine how

teachers respond to this new curriculum, its effects on their instruction, and teachers’
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attitudes and perceptions to STEAM. This schoolwide initiative seeks to provide classroom
teachers with the tools they need in order to not only achieve the goal but to bring science
teaching and learning into the 21st century.
Background of the Problem

Kindergarten through fourth grade elementary school teachers are limited in subject
knowledge, pedagogical experiences, and confidence in teaching STEM concepts,
resulting in an avoidance by elementary teachers of teaching STEM subjects altogether
(Epstein & Miller, 2011). The way elementary teachers are currently trained is not aligned
with STEAM innovation. Current policies favor elementary teacher candidates without
expertise in STEM areas (Epstein & Miller, 2011). The potential of STEM curricula to
advance student learning in key areas cannot be realized if the individuals expected to
implement the curriculum do not have an adequate understanding of what STEM is or do
not have confidence in their abilities to implement the curriculum (Epstein & Miller, 2011).

To be fully successful, the introduction of STEM should be at the earliest age
possible and in process rather than in specific content (Roth & Eijck, 2010). Epstein and
Miller (2011) maintained that development of STEM-proficient students begins in
elementary schools. According to Sanders (2012), STEM is not a concentration of subject
areas but is a learning environment in which students learn to innovate, experience,
discover, debate, design, create, and build. STEM content is replete with activities that
allow students to experience project-based, experiential learning activities that lead to
higher-level thinking and engage them in real-world problems (Morrison & Bartlett, 2009).
STEM’s differentiated instructional strategies are effective when used to accommodate

students’ cognitive levels and multiple-learning styles (Sanders, 2009).
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Learning in a STEM environment helps students comprehend processes that lead
to innovative solutions by understanding issues and solving problems. The overarching
goals of STEAM are to increase K—12 students’ interest in STEAM fields and to help
students become 21 century learners. Previous researchers have addressed the perceptions
of teachers at the secondary level, but a literature gap exists in assessing the perceptions of
elementary teachers (Brown et al., 2011; Nadelson, Seifert, et al., 2012; Paulson, 2012;
Wang, 2012).

In 2016, about 45% of freshmen indicated they planned to major in a science and
engineering (“S&E”) field (up from about 8% in 2000): about 16% in the biological and
agricultural sciences; 11% in engineering; 10% in the social and behavioral sciences; 6%
in mathematics, statistics, or computer sciences; and 3% in the physical sciences (National
Science Board, 2018). However, few women in the United States are earning degrees in
STEM, except in the life sciences (National Science Board, 2015). Students’ futures are at
stake if schools do not prepare them for a global society (U.S. DOE, 2013). Helping
students make connections in STEAM fields while experiencing real-world problems
combined with the changing workforce may help spark interest in these fields (Brown, et
al.,2011). The general belief is that students will be better prepared for advanced education
and careers in STEAM fields with increased math and science requirements and greater
infusion of technology and engineering concepts in education (Brown et al., 2011).

A report from the United States Department of Education (“U.S. DOE”) set out a
federal strategy for the next five years based on a vision for a future where all Americans
will have lifelong access to high-quality STEM education and the United States will be the

global leader in STEM literacy, innovation, and employment (U.S. DOE, 2018).
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Problem Statement

In 2010, STEAM education became a goal for U.S. schools due to goals of global
competitiveness in both the public and private sectors. According to the U.S. DOE (2013),
the United States was falling behind other industrialized nations as it ranked 17th in science
and 25th in math. Current data from the U.S. DOE (2018) shows that the United States is
now ranked 25th in science and 39th in math. Inadequate STEAM education affects the
entire U.S. educational system, the economy, global stature, homeland security, and the
quality of life of students (Department of Defense [“DOD”’], 2012). If we want a nation
where our future leaders, neighbors, and workers have the ability to understand and solve
some of the complex challenges of today and tomorrow, and to meet the demands of the
dynamic and evolving workforce, building students’ skills, content knowledge, and fluency
in STEAM fields is essential (U.S. DOE, 2018).

Prior to May of 2013, no nationally developed standards or assessments existed for
STEAM (National Science and Technology Council, 2013). In August of 2013, the new
NGSS were released. These new standards were developed through a collaborative, state-
led process managed by an independent nonprofit education reform organization, Achieve.
They are rich in content and practice and arranged in a coherent manner across disciplines
and grades to provide all students an internationally benchmarked science education (NRC,
2013). The NGSS are based on the Framework for K-12 Science Education developed by
the National Research Council (NRC, 2013).

Twenty states and the District of Columbia (representing over 36% of U.S.
students) have adopted the Next Generation Science Standards (NGSS), and twenty-four

states, including New York, (representing 35% of U.S. students) have developed their own
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standards based on recommendations in the NRC Framework for K-12 Science Education
(National Science Teaching Association, 2010). New York State has given schools a
deadline of 2021 by which they must fully implement these new science standards.

The specific problem is that STEAM curriculum is new and therefore not currently
implemented into the curriculums of elementary schools. New York State DOE has given
schools a timeline to implementation before new state assessments are to be in effect. This
school has one year to fully implement the science standards and the district is in the
beginning phase of this process. The challenge will be to garner buy-in from teachers and
develop a unique STEAM curriculum for the target school and have full implementation
of the NGSS within the next two years. This research looks to document the process of
curriculum implementation and instructional practices during the first year and seeks to be
able to make the necessary recommendations and plans for the 2020- 2021 school year and
beyond.

Purpose of the Study

The purpose of this multiple case study, grounded theory research is to explore,
understand, and describe K-4 teachers’ perceptions and experiences with integrating and
implementing STEAM curricula. This research will look at elementary teachers’ role in the
program and will look to identify the qualities of effective STEAM instruction. This
research will examine one participant each from grades, kindergarten, first, second, third
and fourth grade. Therefore, for this research design each grade level and its participant
teacher will be considered a case.

Most K-4 teachers have not been taught disciplinary content using STEAM

contexts (Bursal & Paznokas, 2006; Cotabish et al., 2011). As such, teachers may integrate
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STEAM in the manner most comfortable to them correlated with their beliefs about the
value and purpose of STEAM integration (Wang et al., 2011). Paulson (2012) speculated
that teachers’ attitudes and perceptions can affect STEAM achievement, therefore, this
study is important as it seeks to provide a viewpoint for STEAM implementation in
education. Understanding teacher perceptions of STEAM education is critical for each
teacher’s success and for the success of the program (Nadelson, et al., 2012).

STEAM areas are not generally a part of K-4 education or elementary teacher
education programs. The way elementary school teachers are currently being trained does
not align with state and federal goals related to STEAM. Currently, there is no New York
State certification for an elementary teacher in the area of STEAM. Current policies favor
elementary teacher candidates without expertise in STEAM (Epstein & Miller, 2011), and
there are few programs designed at preparing teachers to teach STEAM. Instead, those with
strengths in reading and math tend to be hired more frequently (Quigley & Hero, 2016).

Throughout this investigation, the goal will be to gain a deeper understanding of
teacher perceptions. Teacher mental models consist of conceptions of science subject
matter and barriers related to teaching and learning. This study will prove to be extremely
useful as it highlights teacher understanding, as well as examines what may support or
hinder teachers’ adoption of this new STEAM initiative. To date, STEAM areas are not
generally a part of K-4 education or elementary teacher education programs.

Theoretical & Conceptual Framework

The theoretical framework for this study will focus on the interrelationship of

content knowledge (CK), pedagogical knowledge (PK), and pedagogical content

knowledge (PCK) and how these are essential for effective instruction. CK, PK, and PCK
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were introduced decades ago by Shulman (1986). CK represents teachers’ understanding
of the subject matter taught. According to Shulman (1986), “[t]he teacher need not only
understand that something is so, the teacher must further understand why it is so” (p. 9).
Shulman (1986) defines PK as knowledge about broad pedagogical principals and
strategies. This also includes strategies of classroom management as well as organizing
learning opportunities. Therefore, PK is the various instructional components or principles
used by teachers coming together.

Shulman (1986) defines PCK as an awareness of one’s difficulties in a particular
subject and the methods of representing and formulating the subject that make it
comprehensible to others (e.g., analogies, illustrations, examples, explanations, and
demonstrations). Shulman was credited with coining the phrase “pedagogical content
knowledge,” which he used to emphasize the need for teachers to integrate their knowledge
of subject matter with content-specific pedagogical strategies so as to produce successful
teaching outcomes. The importance of CK is not exclusive to any one content area. The
works by Ball ef al. (2008) focused on ways to define and improve the CK needed to teach
mathematics. This research seeks to use Shulman’s theory as a lens through which to
examine STEAM instruction.

While having well-developed CK is crucial in teaching a particular subject, PCK is
also necessary to effectively address student needs and help them learn (Ball et al., 2008).
Learners are not blank slates and come into a course with many preconceptions and varying
levels of preparation (Shulman, 1986). Thus, teachers need both the knowledge of student
difficulties and effective instructional strategies to help them overcome these difficulties.

With respect to this study, the researcher seeks to examine how Shulman’s theories of CK,
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PK and PCK impact an elementary teachers’ ability to instruct STEAM, since STEAM is
the instruction is the overlapping of multiple domains of learning. This theoretical
framework will be discussed in greater detail in the next chapter.

Significance of the Study

The United States has become a global leader in developing STEM fields, however
an inadequate number of teachers proficient in teaching these fields are in classrooms
(Cotabish, et al., 2013; U.S. DOE, 2018). In an effort to respond to the status of STEAM
education in the nation, schools continue to develop and implement programs and strategies
that have the potential to improve STEAM education. Conversely, little is known about the
challenges that teachers, particularly at the elementary level, face in implementing these
STEM programs (Scott, 2012).

As this district looks to act, the leaders must ask themselves how elementary
teachers can successfully implement these new science standards. What supports can be
put in place to build the passion of teachers and encourage the use of STEAM hands-on
methods? How can the school best provide its students with the opportunity to learn
STEAM? The goal of this research seeks to document this process of implementation and
provide the necessary recommendations should other schools find themselves in a similar
situation. This study is significant to understanding the challenges and experiences teachers
face when integrating and implementing a new curriculum and program. The findings of
the study seek to assist educators in the development of a K-4 NGSS-aligned curriculum
and to help guide the development of a STEAM program in order to provide students with
access to this content. Previous researchers addressed the parameters of the current study

in part for specific areas of math or science education at the secondary level, but a literature
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gap exists regarding assessing these parameters for elementary teachers (Brown et al.,
2011; Paulson, 2005; Wang, 2012). The objective is to ensure teachers are equipped with
the necessary skills, knowledge, and experiences which will help their students to compete
in a global and multicultural age.

The significance of this study to leadership is that understanding teachers’
perceptions about K-4 STEM integration may provide school district leaders insight into
developing effective programs for STEAM integration and effective professional
development opportunities while supporting the needs of teachers (Stansbury, 2011).
Teachers gain a personal sense of self-esteem and professional success when they feel safe,
secure, and confident with what they teach (Hoachlander & Yanofsky, 2011; Howell &
Costly, 2006; Stansbury, 2011). Learning about teachers’ perceptions of STEM and
addressing the insecurities and questions are important in order to empower teachers
(Harris et al., 2008; Morrison, 2006).

STEAM literacy may help students connect to the global world (NRC, 2007;
Tsupros, et al., 2009). Less than 8% of all graduate degrees in the United States are in
STEM, rendering moving forward into the 21st century very challenging for students in
the United States (Breiner, et al., 2012). Without STEAM, the United States could not
compete in a world-based economy, especially because its workforce would be inadequate,
and the United States would lose much ground to other nations in which STEAM
disciplines are more emphasized (Scott, 2012). Poor STEM preparation for students would
not only negatively affect the U.S. educational system, but also the economy, world
ranking, homeland security, and quality of life (DOD, 2012). STEM literacy may help

students gain creativity in learning and help the United States improve its position in the
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global marketplace and in the international ratings of school quality. The findings of this
study may assist educators in developing a defined description of STEM, help guide the
development of STEM programs, and create an interest among students to pursue STEM
areas in college and life (Breiner et al., 2012).
Research Questions

This multiple case study and grounded theory design will utilize a combination of
teacher observations, lesson plan evaluations, and interview data. Using these data points,
the researcher seeks to evaluate and understand the complex dynamic between curriculum
and teachers. The advantages of utilizing case study research is that it allows for the
exploration and understanding of complex issues (Yin, 2009). Case studies, in their true
essence, explore and investigate contemporary real-life phenomenon through detailed
contextual analysis of a limited number of events or conditions, and their relationships. The
evidence from multiple cases is often considered more compelling and the overall study is
therefore regarded as being more robust (Herriott & Firestone, 1983). Yin (2003) defines
the case study research method as “an empirical inquiry that investigates a contemporary
phenomenon within its real-life context; when the boundaries between phenomenon and
context are not clearly evident; and in which multiple sources of evidence are used.” (p.
13). The systematic design for grounded theory is widely used in educational research, and
it is associated with detailed, rigorous procedures that Strauss and Corbin identified in 1990
(Creswell, 2012).

This research will begin with a clear direction and set of questions with anticipation
that data will be collected throughout the process. One broad question will drive this

research: What is required for elementary teachers to effectively implement a STEAM
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curriculum within their classrooms? Several sublevel questions will be asked to draw out
the answer to this broad question. The sublevel questions include:

1. What are elementary teachers’ understandings of what STEAM education is at
the elementary level?
2. How do K-4 teachers feel about their ability to teach STEAM education and do
those feelings affect their willingness to integrate it into their classrooms?
3. What problems, if any, do teachers perceive in implementing and integrating
STEAM at the elementary level?
Definition of Terms
The following operational definitions for terms used in the study are provided to ensure a
common knowledge base:
21st century skills: Many skills other than just technology are involved in 21st century
learning. Skills include: communications, social, cross-cultural, information, collaboration,
creativity and innovation, initiative, problem-solving, self-direction, media and
technology, productivity and accountability, leadership and responsibility, and life and

career (Grunwald Associates, 2010).

Attribution theory: a theory which focuses on how internal perceptions of people’s
capabilities caused by an event affect their behavior (Weiner, 2010).

Content knowledge (CK): the knowledge one has for a specific discipline or topic.
Elementary school: schools that contain classroom grades K-4.

Innovators: those who creatively use the concepts and principles of science, mathematics,
and technology by applying them to the engineering design process (Dugger, 2012).

Inquiry-based teaching and learning: a standardized, scaffolded, structured, guided, and
open-inquiry form of teaching and learning (Dugger, 2012).

Interdisciplinary learning: refers to the integration of STEAM subjects with other
traditional subjects that thoroughly blends writing and reading (Morrison, 2006).

Integration: refers to the blending of technology and individual subjects together to build
a learning environment (Sanders, 2012).

Pedagogy: the art, science, and profession of teaching (Gredler, 2009).
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Pedagogical knowledge (PK): the various instructional components or principles used by
teachers coming together (Shulman, 1986).

Pedagogical content knowledge (PCK): a teacher’s ability to integrate his or her
knowledge of subject matter with content-specific pedagogical strategies so as to produce

successful teaching outcomes (Shulman, 1986).

Science: refers to seeing and understanding what is in the natural world using inquiry,
discovery, exploration, and scientific methods (Dugger, 2012).

STEAM: an acronym for the integration of science, technology, engineering, arts, and
mathematics (Wynn & Harris, 2012).

STEM: an acronym for the integration of science, technology, engineering, and
mathematics (Wynn & Harris, 2012).
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CHAPTER 2

Introduction

The purpose of this multiple case study design is to explore, understand, and
describe K-4 teachers’ perceptions and experiences integrating and implementing a new
STEAM curriculum and program. The findings of this study seek to assist educational
leaders in understanding teacher beliefs and perceptions surrounding the development of a
STE(A)M program. Previous research and studies have addressed the perceptions of
teachers at the secondary level and pre-service teachers, in part, but a literature gap exists
regarding assessing perceptions of elementary teachers (Paulson, 2012; Wang, 2012). This
chapter will further explore the theoretical framework of Shulman and review prior studies
in STE(A)M beginning with an introduction to the literature, followed by the history of
STEM, from STEM to STEAM, elementary STEAM, STEAM and instruction, STEAM
education, the NGSS Framework, STEAM and teachers, concluding with teacher
professional development (PD).
Theoretical Framework

As stated in chapter 1, the theoretical framework for this study will focus on the
interrelationship of CK, PK, and PCK. PCK is an awareness of a student’s difficulties in a
particular subject and the methods of representing and formulating the subject that make it
comprehensible to them (e.g., analogies, illustrations, examples, explanations, and
demonstrations). As previously stated, Shulman was credited with coining the phrase
“pedagogical content knowledge,” (1986) which he used to emphasize the need for teachers

to integrate their knowledge of subject matter with content specific pedagogical strategies

www.manaraa.com



14

so as to produce successful teaching outcomes. The various components of PCK tend to
interact, overlap, and vary in importance based upon the instructional environment.

Shulman (1986) initially classified teacher CK in three terms: subject matter
content knowledge, PCK, and curricular knowledge. Pedagogical knowledge is a
component of PCK and is addressed in detail below. CK is discipline specific and is defined
as “the amount and organization of knowledge per se in the mind of the teacher” (Shulman,
1986, p. 9). For example, the subject matter CK one needs to teach science would be
different then the CK needed to teach math. In the case of STEAM, CK would include the
ability for teachers to concurrently teach interconnected disciplines since CK is the
knowledge one has for a specific discipline or topic (Shulman, 1986)

The definition of PK can be expressed as the various components or principles
coming together, mitigated by the relational qualities of these interactions. Shulman (1986)
defined it as “...the ways of representing and formulating the subject that makes it
comprehensible to others” (p. 9). Other scholars have similar definitions for PK. Van
Manen (1994) proposed that pedagogy is more than the act of teaching; it entails
“distinguishing between what is appropriate and inappropriate, good or bad, right or wrong,
suitable or less suitable for children” (p. 139). He continues by addressing the many

constructs that make up effective instruction.

Teaching, as a pedagogical interaction with children, requires not only a
complex knowledge base but also an improvisational immediacy, a
virtuelike normativity, and a pedagogical thoughtfulness that differs from

the reflective wisdom (phronesis) of other practitioners. The classroom life
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of teachers is difficult especially because it is virtuelike, improvisational,

and pedagogical. (Van Manen, 1994, p. 139)

While Shulman (1987) considered PCK a subcomponent of CK, other researchers
provide different concepts of PCK. Grossman (1990) proposed four components of PCK:
(1) concepts and purposes for teaching subject matter, (2) knowledge of students’
understanding, (3) curricular knowledge, and (4) knowledge of instructional strategies.

While having well-developed CK is crucial in teaching a particular subject, PCK is
also necessary to effectively address student needs and help them learn (Ball et al., 2008).
Learners are not blank slates and, in reality, come into a course with many preconceptions
and varying levels of preparation (Shulman, 1986). Although teacher expertise is not
identified as a component of PCK, defining teacher expertise is a challenging concept
(Berlinger, 1986). However, the role of experience in developing expertise in teaching has
been conservatively estimated as 5-7 years (Berlinger, 2000). Marks (1990) stated that
PCK comes from both subject matter knowledge (e.g. CK) and general pedagogical
knowledge. Thus, a definition of PCK involves three concepts: knowing what to teach,
how to teach, and how students learn in a variety of conditions. The ability to discern
student knowledge, learning preferences, and provide accurate assessment with appropriate
remediation of task representations would also be represented by teacher PCK.

Researchers have sought to define PCK both in terms of an educationally generic
concept (Grossman, 1990; Shulman, 1986) as well as a discipline specific concept
(Rovegno, 2008). PCK encompasses many qualities and attributes, including a perception
of what makes the learning of certain topics easy or difficult, and an intuitive sense of what

background the students bring with them to the various instructiona