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Abstract of Dissertation
Perceptions of K-8 Building Administrators and Classroom Teachers of STEM
Implementation with a Catholic Diocese in the Southeastern Region of the U.S.

Contemporary research has suggested for students in the U.S. to remain globally
competitive in the 215 workforce, educators must shift from teaching subjects in isolation
to integrating science, technology, engineering, and mathematics (STEM). Incorporating
core subjects helps students make connections through content areas while engaging in
hands-on activities and real-world problems (Moore, Stohlmann, Wang, Tank, Glancy, &
Roehrig, 2014). STEM proficient students apply the rigor of the subjects to answer
complex problems, investigate global issues, and develop new solutions.

The purpose of this quantitative, nonexperimental study was to examine the
perceptions of K-8 building administrators and classroom teachers within a Catholic
diocese in the Southeastern region of the U.S. regarding the integration of STEM.
Through STEM implementation, classrooms and schools across the diocese will be able
to provide today’s students with the skills and abilities necessary to compete with other
21% century learners across the globe. The potential impact of perceptions and
understanding of STEM programming can influence program implementation and guide
future instructional teaching practices.

This study used an online survey administered through SurveyMonkey via email
to all K-8 teachers and administrators within the diocese. The response rate for the survey
was 40.9%. Percentages of response rates were displayed to describe the data that used a
rating scale. The study produced rich data that helped answer three research questions.

Findings revealed STEM is both a topic and a need within the diocese. A majority of

vi



respondents stated they are not currently receiving appropriate training or needed
resources for STEM to occur in their schools. Additionally, most STEM opportunities
are occurring after school hours or in isolated events. A clear vision and definition of
STEM implementation is needed. Such findings indicate there is a need to further

research the perceptions of STEM implementation within this diocese.
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Chapter 1: Introduction

The United States competes on a global scale for economic prosperity and
security. To remain competitive, those engaged in global economies have increased
efforts towards science, technology, engineering, and mathematics (STEM) (National
Science Foundation, 2010; PCAST, 2010). Educational leaders in schools around the
United States are integrating STEM disciplines to meet the needs of 21 century learners
(Nathan, Srisurichan, Walkington, Walfgram, Williams, & Alibali, 2013; Reeve, 2015;
Smith & Karr-Kidwell, 2000).

The decline in the number of undergraduate degrees earned in STEM fields since
2000 has caused concern for policy leaders and industry makers regarding the ability of
the U.S. to remain competitive on a global scale (Bybee, 2010, 2013; Library of
Congress, 2006). Maintaining strong foundational knowledge in the STEM fields is a
critical component to our nation (Hossain & Robinson, 2012; National Science
Foundation, 2013). Therefore, developing an educational workforce proficient in STEM
disciplines is needed.

School personnel continue to develop and implement strategies to improve STEM
education across the nation. One goal of STEM programs is to prepare students for the
technology-driven society in which a significant number of career options include
STEM-related fields (NRC, 2013; Reeve, 2013; Sanders, 2009; Stohlmann, Moore,
McClelland, & Roehrig, 2011). STEM implementation is a topic in both public and
private schools and systems across the nation (Bybee, 2010, 2013; Wang, Moore,

Roehrig, & Park, 2011; Zubrzycki, 2015). In teaching students 215 century skills, the



National Catholic Education Association (NCEA) held its first symposium on STEM
education in 2014 to help differentiate themselves by including faith (Zubrzycki, 2015).

Private schools are defined “as those controlled by a non-governmental entity and
financed from sources other than public taxation” to include Catholic schools (NCEA,
2016, p. 4). The U.S. Conference of Catholic Bishops stated that Catholic schools are
important to both the Church and the nation as Catholic schools educate the “whole
person” spiritually, academically, and in physical formation while being continuously
inspired and guided by the Gospel (U.S. Conference of Catholic Bishops, 2005).
According to the National Center for Educational Statistics (NCES, 2016), 36% of all
private school students were enrolled in Catholic Schools in 2015. During the 2017-2018
academic school year, Catholic school enrollment was at 1,835,376 students according to
the NCEA report (McDonald & Schultz, 2018). Within the private sector, the Catholic
Church currently operates the largest network of private schools in the U.S. (NCEA,
2016).

Teachers in both public and private schools promote academic excellence to meet
lifelong challenges within our global society. In today’s global world, educators must
complement core subjects with critical thinking, communication, collaboration, and
creativity through STEM education (Bybee & Fuchs, 2006; Fensham, 2007). The focus
of STEM education is on real-world problems while students learn to reflect on the
problem-solving process (Bybee, 2013; Ejiwale, 2013; National Science Foundation,
2015). “Outside of schools, designs and scientific inquiry are routinely employed
concurrently in the engineering of solutions to real-world problems” (Sanders, 2009, p.

21). Supporting 21 century teaching and learning meets the needs of today’s learners



for both public and private schools (Bybee 2013; Carroll, 2007; Reeve, 2013; Sanders,
2009).
Statement of the Problem

The success of any educational initiative is dependent on the quality and support
of those in leadership roles (Rogers, 2007; Scott, 2012). Educational leaders play an
essential role in implementing STEM education through program implementation and
maintenance (Sanders, 2009; Scott, 2012). According to Leithwood, Louis, Anderson,
and Wahlstrom (2004), successful reforms depend on the motivations and capacities of
local leadership, and leaders must agree with the purpose and appreciate the steps needed
to make the reform successful. Furthermore, they emphasize that the principal’s role is
second only to the teacher’s role in school level variables that impact student
achievement. According to Lieberman (1995), reform plans that have a chance to
succeed do so by creating a culture of inquiry which is an ongoing part of teaching and
school life. To remain academically competitive and respond to the changing landscape
in education while maintaining its Catholic identity, administrators and teachers within a
Catholic diocese in the Southeastern region of the U.S. are implementing STEM
programs (Anderson, 2013; National Science Foundation, 2010; NCEA, 2016b).

School leaders continually strive to create and foster programs that prepare
students for global interactions. In developing a 21 century workforce, STEM
disciplines are perceived as fundamental for technological innovation and economic
prosperity (Bybee, 2013; National Science Foundation, 2010). Researchers have
included recommendations on ways to improve the understanding of, and participation in,

STEM education (Lynch et al., 2014; National Research Council, 2011; Wang et al.,



2011). Learning the perceptions regarding the need and importance of STEM with
building administrators and teachers will clarify the form and function of STEM
education and how it may be implemented throughout the Catholic diocese. The findings
of this research could be important for guiding future instructional leadership practices
relevant to STEM implementation within the Catholic diocese.
Purpose

The purpose of this research was to examine perceptions of STEM education of
K-8 building administrators and classroom teachers in a Catholic diocese in the
Southeastern region of the U.S. In viewing the diocese as the system, each school is an
individual part of the whole. As instructional leaders of their schools, these educators are
essential in supporting STEM education (Rogers, 2007; Scott, 2012). Through STEM
implementation, classrooms, schools, and district personnel across the state will be able
to provide today’s students with the skills and abilities necessary to compete with other
21% century learners across the globe.

The Congregation for Catholic Education (2013) explained Catholic schools have
a responsibility to today’s society and must remain faithful to deepen the principles of
Catholic education. National Standards and Benchmarks for Catholic Schools (2012)
stated that Catholic schools must provide academically rigorous and doctrinally sound
programs of education infused with Catholic faith and traditions. Essential elements for
the design, implementation, and assessment of authentic Catholic education include
having rigorous curriculum aligned with relevant standards, 21% century skills, and
Gospel values, which are implemented through effective instruction (Center for Catholic

School Effectiveness, 2012). Additionally, Catholic schools must address the rapid



social, economic, and cultural changes to remain academically competitive (Center for
Catholic Effectiveness, 2012). STEM implementation within the diocese addresses these
challenges while keeping the integral formation of faith at the forefront. The
implementation of successful, long-term change requires the understanding of educators’
perceptions and beliefs (Nathan et al., 2010). Therefore, understanding the perceptions of
Catholic principals and teachers is important to the success of STEM education due to the
potential impact it may have on the educational experiences and learning outcomes for

students.

Research Questions

This study involved a descriptive survey to investigate the perceptions of STEM
implementation with building administrators and classroom teachers within a Catholic
diocese in the Southeastern region of the U.S. The research questions below guided the
study.

1. To what degree do K-8 building administrators and classroom teachers of a
Catholic diocese in the Southeastern region perceive a need for STEM
implementation?

2. What are the perceptions of K-8 building administrators and classroom teachers
of a Catholic diocese in the Southeastern region regarding accessibility to
appropriate resources for implementation of STEM education?

3. To what extent do K-8 building administrators and classroom teachers of a
Catholic diocese in the Southeastern region perceive their current condition of

STEM education in meeting the needs of 21 Century learners?



Significance of Study

The need to strengthen the STEM pipeline in K-12 education have been discussed
in multiple reports and studies (Bybee, 2011; National Science Foundation, 2015;
Sanders, 2009). This pipeline refers to STEM education in the elementary and secondary
levels which serve as the pathway for students as they move forward in their studies in
the field of STEM (Reeve, 2015; Stearns, Morgan, Capraro, & Capraro, 2012).
Researchers monitor this pipeline movement from precollegiate levels to more advanced
postgraduate levels (Allen-Ramdial & Campbell, 2014). To strengthen the STEM
pipeline, researchers noted increased efforts to address groups in STEM occupations that
are underrepresented, increase institutional partnerships, and maximize faculty
involvement (Allen-Ramdial & Campbell, 2014; McGee & Krulwich, 2012; Mervis,
2005).

This STEM pipeline must be improved to feed into the higher education system to
develop the skills and knowledge needed for STEM-related careers (Sanders, 2009). To
implement long-term change, Nathan et al., (2010) explained that educators’ beliefs,
perceptions, and expectations must be fully understood. STEM leaders must understand
the interdisciplinary connections of STEM subjects and the roles of teachers within the
classroom setting (Berlin & White, 2012; Dugger, 2010; Sanders, 2009). The
examination of building administrators’ and teachers’ perceptions regarding STEM is
important to the implementation of instructional change as it is influenced by the
administrators and teachers who implement such instruction (Rogers, 2007).

This research contributed to the body of scholarly knowledge regarding the

perceptions of building administrators and teachers within a Catholic diocese on STEM



implementation. This descriptive study has the potential to inform academic literature,
influence policy development at the administrative level for the Catholic diocese and
strengthen STEM implementation within that diocese. Additionally, the findings could
guide future instructional leadership practices towards STEM education.
Conceptual Framework

This research was grounded in systems thinking. Examining how the parts of a
system interact collectively within a system, rather than isolating parts and studying them
individually is the focus of systems thinking (National Assessment Governing Board,
n.d.; Reeve, 2015; Senge, 2006), just as STEM education is about breaking down the
silos of teaching and enabling the understanding of relationships between subject areas.
As Senge (2006) explained, systems thinking characterizes one’s view to consider the big
picture. It provides a lens to view the web of relationships and established patterns rather
than focusing solely on the detail of an event. Students are equipped with an effective
way of interpreting the complexities of our global world as they learn to see how subjects
relate and help make connections through content (Reeve, 2015; Thorton, Peltier,
Perrault, 2004). STEM education helps make connections between subject areas by
examining each of its subjects individually, the relationships among the subjects, and the
contribution on how they are connected globally so students develop higher-order
thinking skills.

The Catholic diocese is a system which is made up of numerous parts to include
the 22 K-8 diocesan schools (Appendix A). The governance of Catholic schools consists
of the appointed Bishop for the diocese, the Superintendent of the diocese, the priest

assigned to each school, as well as the principal for each school. School boards work in



tandem with the principal and priest for each school. Appendix A provides more detail
on the governance and structure of Catholic schools. STEM was another system within
the diocese. As Senge (2006) explained, various departments and divisions of a school
system are interdependent which fosters a learning organization with dialogue and
discussion. Through dialogue and discussion, relationships are formed between
stakeholders to include teachers and administrators. Support between and among teachers
when implementing a STEM program fosters professional relationships as they must
work collaboratively (Myers & Berkowicz, 2015; Smith & Karr-Kidwell, 2000). Senge
cited these relationships as “the cure” in creating and maintaining a learning organization.
Furthermore, Senge (2006) explained a growing institution is one that “is
continually expanding its capacity to create its future” (p.14) and stated it is not enough
to have smart individuals, rather collective intelligence is needed:
We all have probably spent too much time thinking about ‘smart individuals.’
That’s one of the problems with schools. They are very individualistic, very
much about ‘the smart kids and the dumb kids’. That’s not the kind of smartness
we need. The smartness we need is collective. We need cities that work
differently. We need industrial sectors that work differently. We need value
change and supply change that is managed from the beginning until the end to
purely produce social, ecological, and economic well-being. That is the concept
of intelligence we need, and it will never be achieved by a handful of smart
individuals. (Senge, 2012, p. 14)
Instruction then becomes participatory and collaborative and leads stakeholders to
consider how the components of a program are interrelated (NSF, 2013). Leadership
becomes a collective commitment from the administration and teachers (NSF, 2013;
Senge, 2012). Education “is about how the content and process of education can be

interwoven with real-life contexts to create opportunities for young people to lead in

building sustainable communities and societies” (Senge, 2012, p. 47). Such



environments foster STEM implementation while students are helped to see the
connectedness of their studies and how they relate to a worldview.

To that end, educating students in the 21 century must include advanced skills
such as reasoning, creative thinking, decision making, and problem solving (Bybee &
Fuch, 2006; DeJarnette, 2002; Fensham, 2007; Reeve, 2015). Instruction that
characterizes systems thinking incorporates this type of active learning to combine some
or all four disciplines so that learning becomes connected and relevant (Smith & Karr-
Kidwell, 2000). “Students learn concepts related to the purpose of the system, subsystem
interactions, and system processes that include inputs, outputs, feedback, and control”
(Reeve, 2015, p. 3). STEM education integrates subject areas where students work
through real-world problems which require them to examine complex systems to identify
all the components while understanding how they interact with each other to create a
system. Once that synthesis occurs, students can then begin to consider solutions to
related problems (Duschl & Bismack, 2016). Unfortunately, as Thornton, Peltier, and
Perreault (2004) explained, higher-order thinking skills associated with systems thinking
and other forms of scientific reasoning are not always expected outcomes of education.
As Ackoff explained, one part of a system cannot perform the function of a whole
(Detrick, 2002), just as educators must collaborate and work as a system to ensure
students are prepared for today’s challenges. Within the diocese of study, STEM training
was offered to K-8 educators throughout the diocese creating a system of STEM within
the diocese as a whole.

New global trends in contemporary societies include economic, cultural,

technological, and environmental aspects (CCSSO, 2011). As STEM programs around



the country have broadened in scope from the core of STEM, their focus has also
expanded. Some programs have added the letter A to the acronym to become STEAM to
include both liberal arts and fine arts (Reeve, 2015; Reitenbach, 2015). Incorporating the
arts into STEM-related content areas infuses creativity, innovation, and design with an
artistic approach (Land, 2013; Reeve, 2015). Additionally, adding R to the acronym
becomes STREAM. STREAM refers to the integration of religion. Creating
interdisciplinary connections with religion into school programs help maintain a religious
identity (Dickstein, 2016; NCEA, 2016; Padovan, 2015; Wallace, 2014). For the purpose
of this analysis, the discussion of STEM will not include the added acronyms unless
specifically noted as adding additional acronyms does not change the overall focus or
goals of STEM.

In focusing on Catholic schools, the U.S. Conference of Catholic Bishops (2005)
called for Catholic schools to have teachers that are prepared to deliver high academic
experiences for their students while remaining Catholic in their identity. This connection
of religion and academic aspects for Catholic schools is what the National Conference of
Catholic Bishops (1973) explained makes them unique. With the advancement of
technologies, educators must integrate technology, use alternative assessments, continue
to develop teaching strategies, and become lifelong learners, all while staying in touch
with the social realities of today (Jacobs, 2002; Shimabukuro, 1998). Canon 806 states
academic instruction in Catholic schools must be as good as the surrounding schools in
addition to teaching their faith (Baxter, 2011). As the educational landscape changes, the

commitment to meet the needs of 215 century learners exist both in the public and private
y p p
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sector. In viewing the diocese as the system, STEM was viewed as a system within the

diocese as can be seen in Figure 1.

Diocesan System

Parish School
Leadership

Diocesan
School
Leadership

STEM

Collaboration
Professional Learning
Real World Application
Access to Resources
STEM Careers & Pipeline

Integration

Infrastructure .
Parish

Schools
N=22

Leadership

Curriculum &
Instruction Religious
Identity

Figure 1. The system of STEM within the diocese
Assumptions

Patton (2002) stated that assumptions provide a starting point for making
statements regarding the nature of things. Lortie (2002) discussed egg crate isolation

which refers to the physical separateness of classrooms where teachers have little contact
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with colleagues thus perpetuating teacher isolation. Lortie argued that teaching behind
closed doors inhibits the collaboration with colleagues, limits the enhancement of
teaching practices, and limits professional collaboration in examining student work.
Furthermore, such barriers prohibit the implementation of curriculum and opportunity to
enrich the teaching experience and support students’ overall learning (Bybee, 2010).
STEM implementation encourages teachers to work together, creating change “in
relationships among subject areas, teachers, students, and communities” (Myers &
Berkowicz, 2015, p. 24).

Limitations and Delimitations

Limitations for this study included that the survey was completed on a voluntary
basis, which may have affected response rates, though procedures were followed to
maximize returns. Secondly, issuing a voluntary survey relies on self-reported data,
which is also a limitation because it relied on participants’ honesty. Additionally, Cook
and Campbell (1979) have pointed out that participants tend to report what they believe
the researcher expects to see, or reports positivity on their own abilities, knowledge,
opinions, or beliefs. To address socially desirable responses, confidentiality, anonymity,
and the careful wording of survey questions was explained.

The perspectives of the participants may vary considerably due to the ways in
which each school’s STEM program has been implemented (Shaughnessy, 2012) which
would be a delimitation to the study. Another delimitation could be the timing of when
the survey was issued. The questionnaire was e-mailed to participants in October of 2017
and closed 4 weeks later. If there were new teachers, they may have limited exposure to

STEM implementation or professional development on STEM. October is also the
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month when the first semester ends, so teachers may not have as much time to complete
the survey. This was also the time when teachers and administrators were learning the
new management system the diocese adopted called RenWeb, which is an integrated
suite of school management products and services.
Summary of the Methodology
This descriptive study of building administrators and teachers’ perception of

STEM implementation in K-8 schools was conducted within a Catholic diocese in the
Southeastern region of the U.S. A survey instrument was created to collect data to
answer the proposed research questions. The survey instrument was developed to elicit
information indicative of the perceptions held by principals and teachers within the
diocese. The survey was based in part on previous surveys conducted to gather
information about STEM perceptions. An online survey was approved through the
Superintendent’s Office of the Catholic diocese and was open for a four-week period.
Definition of Terms

For this study, the following definitions were used to promote contextual
understanding.
STEM. STEM is an acronym for science, technology, engineering, and mathematics at
the elementary, secondary, post-secondary, graduate, and postgraduate levels (United
States Department of Education, 2009). STEAM incorporates art into the overall design
and STREAM incorporates both art and religion. Teaching across the curriculum while
integrating subjects with collaborative instruction is fundamental.
STEM Implementation. An interdisciplinary approach to learning with two or more

core subjects where all teachers present academic concepts that are coupled with real-
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world lessons as students apply science, technology, engineering, and mathematics in
contexts that make connections between school, community, work, and the global
environment (Tsupros, Kohler, & Hallinen, 2009).

STEM Pipeline. An analogy representing the long-standing logical framework
describing how students advance through the scientific educational process with success
measured by movement from a precollegiate level to the more advanced postgraduate
level (Annen-Ramdial & Campbell, 2014).

Technology. Technology refers to the entire system of people and organizations,
knowledge, processes, and devices that go into creating and operating technological
artifacts, as well as the artifacts themselves (National Research Council, 2011).
Engineering. The body of knowledge about the design and creation of products and a
process for solving problems defines engineering. Engineering utilizes concepts in
science and mathematics and technological tools (National Research Council, 2011).
Mathematics. Math is the study of patterns and relationships among quantities, numbers,
and shapes (National Research Council, 2011).

PISA. Program for International Student Assessments is an international assessment
given every three years that measures 15-year-old students’ reading, math, and science
literacy on a 1000-point scale. In 2015, the results of approximately 540,000 students in
72 countries and economies participated in the two-hour assessment.

TIMMS. Trends in International Mathematics and Science Study collects data on
students in the U.S. and other countries in grades 4 and 8 in math and science every four

years since 1995. The most recent TIMMS data collection was in 2015 with more than
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60 countries and other educational systems (countries or regional jurisdictions of
countries) which include non-national entities.

21st Century Learner. Students that can master more than the core curriculum which
include the three R’s with the four C’s: critical thinking, creativity, communication, and
collaboration while effectively applying these vital skills in today’s technology-infused

learning environment (Blair, 2012).
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Chapter 2: Review of the Literature

Introduction

This review of literature includes five major domains of knowledge from which to
build an understanding of STEM education in the United States. The five major domains
include examining what STEM means and whom it serves, the history and purpose of
STEM education, a global comparison of math and science scores, followed by its

importance and support, and finally, the monitoring of program success.

The Literature Search Process

The review of literature began with an exploration of topics that discussed STEM
education in some capacity. I began with a series of reports from the National Science
Foundation, the National Science and Technology Council, and Congressional Reports
that provided insight on policy, direction, and need for STEM education. Next, I
examined peer-reviewed research studies that focused on STEM education. Using these
resources, additional articles, studies, and books were referenced. A collection emerged
that eventually fit into my categories.

While researching STEM education, various combinations of keywords emerged
that helped develop each domain. Databases from the Gelman Library System included
ERIC (ESBCO), JSTOR, and PROQUEST from which I organized and saved in
RefWorks. Key terms included STEM education, history of STEM education, STEM
initiatives, teacher perceptions, organizational change, and 21 century learners. After
reading each book, report, or peer-reviewed article, I then printed, saved, and categorized
into different folders and was able to synthesized information and research from a variety

of sources.
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There were more models of STEM education and program implementation that
focused on high schools than at other educational levels (Ejiwale, 2013; Hansen, 2013;
Murphy & Mancini-Samuelson, 2016), and as Hansen (2013) noted, STEM education at
the primary levels are often in a single classroom without specialization. There was a gap
in the literature when it came to information on STEM education at the elementary level
or K-8 level for both public and private schools (DeJarnette, 2012; Yaser, Baker,
Robinson-Kurpius, Krause, & Roberts, 2006). In fact, literature from the National
Catholic Educational Association (NCEA) indicates a lack of research on Catholic
schools overall. This may be due to different funding sources for public and private
schools as well as public schools being more affected by local politics. The monitoring
of public funds may cause an increase in research. In exploring the need to provide
integrated STEM education, it is helpful to understand what STEM means as well as its
history.

Defining STEM Education

Not until the National Security Agency (NSA) created the acronym STEM, did
the country have a universal term. As the language has changed in reference to the four
core subjects of science, technology, engineering, and mathematics, new meanings have
emerged. On a large scale, this reform is aimed to prepare 21 century learners to be
competitive in today’s global market (Bybee, 2010; Rosefsky & Opfer, 2012); however,
the acronym STEM is used in a variety of ways. As the acronym becomes a universal
term, the need for clarification increases. Presidential policies, conferences, curricula,
camps, clubs, and school programs are just a few venues that use the term, but the

definition and delivery of STEM programs vary.

17



Traditionally, the four core subjects of STEM have been taught in isolation as the
disciplines are viewed as self-contained knowledge paradigms. Delivery of instruction in
this manner is known as the silo effect (Austin & Duncan-Hewitt, 2005; Linton, 2009;
Reeve, 2015) or working in independent cells (Lortie, 2002). With STEM education,
teaching across the curriculum with collaborative instruction is fundamental as
disciplinary diversity is integrated.

Researchers stated for STEM education to be successfully implemented, certain
design features must emerge such as problem-based learning, integrated curriculum, and
small class size (Bybee & Fuchs, 2006; Hanover Research, 2011). Furthermore, common
planning time for teachers supports both professional development and increases
interdisciplinary learning opportunities for students (Hanover Research, 2011) as well as
early and repeated exposure to STEM subjects. Teachers with a strong capacity to teach
in their discipline are also essential for successful STEM implementation. Creating high-
impact partnerships with organizations to offer expertise, providing STEM professional
development opportunities, and offering extracurricular activities to students such as
science fairs, summer programs, math and science Olympiads, and other competitions are
also essential (Hanover Research, 2011).

To date, there is no national definition of STEM (Breiner, Johnson, Harkness, &
Koehler, 2012; Bybee, 2010; National Academy of Engineering and National Research
Council, 2014; Sanders, 2009). Goals are provided in numerous documents and
conversations but differ in what constitutes a STEM curriculum. Breiner et al. (2012)
stated that professionals in STEM and non-STEM fields had difficulty defining what

integrated STEM was due to differences in individual disciplines and multiple
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perspectives. They went on to suggest that due to the numerous perspectives, it would be
most beneficial to focus on the goals of STEM education rather than the definition “as
most stakeholders seems to agree that STEM is about creating better teachers, students,
and workforce in order for the United States to better compete globally” (Breiner et al,
2012, p. 10). That differs from the Chair of the Science Forum and Science Expert
Group who stated “if STEM education is going to advance beyond a slogan, educators in
the STEM community must clarify what the acronym means for educational policies,
programs, and practices” (Bybee, 2010, p. 30). In a survey of over 200 public school
teachers and administrators, researchers found a lack of understanding of STEM despite
the national movement for support and implementation (Brown, Brown, Reardon, &
Merrill, 2011). Merrill provided a definition of STEM as:

a standards-based, meta-discipline residing at the school level where all teachers

especially science, technology, engineering, and mathematics (STEM) teachers,

teach an integrated approach to teaching and learning, where discipline-specific
content is not divided, but addressed and treated as one dynamic, fluid study.

(2009, p.7)

Using Merrill’s definition, teachers of varying levels of expertise must work
collaboratively to deliver lessons that allow integration of content areas. To further
define STEM, others have stated that when two or more STEM fields are equally applied,
integration occurs (Glancy & Moore, 2013; Laboy-Rush, n.d.). Therefore, teachers must
have a common commitment, definition, and perspective of the integration of individual
content areas may be more difficult than originally thought (Breiner et al., 2012; Brown
et al., 2011). For the purpose for this study, STEM integration is defined as an

interdisciplinary approach to learning where teachers present academic concepts coupled

with real-world lessons as students apply at least two of the academic subjects of STEM

19



in contexts that make connections between school, community, work, and the global
environment.
Historical Overview and Purpose of STEM Education

Looking back at math and science in the 1950s and 1960s, the “new math”
movement began in the early 1950s. Beberman, a University of Illinois mathematician,
initiated a reform for secondary math curriculum in 1951 at the University of Illinois and
Jerrold Zacharias, a Massachusetts Institute of Technology physicist, began the Physical
Science Study Committee in 1956 (Bybee, 2013; Herrera & Owens, 2001). These
reforms challenged the way the U.S. educated its students. However, the Soviet Union’s
launch of Sputnik highlighted the need for the U.S. to advance student achievement
specifically in these two areas with large-scale reforms and resulted in national attention
that reached far beyond the educational community (Bybee, 2013; Fullan, 2007; Herrera
& Owens, 2001; NASA, n.d.). The Soviet Union’s ability to launch the first successful
satellite caused the U.S. to perceive “itself as scientifically, technologically, militarily,
and economically weak” (Bybee, 2013, p. 14).

The Sputnik launch was significant on multiple levels as the U.S. found itself in a
crisis it had not anticipated. Not only did Sputnik “serve to intensify the arms race and
raise Cold War tensions” (U.S. Dept. of State: Office of Historian, n.d., para.l), it
initiated national dialogue on how to improve the educational landscape to regain global
leadership. Resources were increased in the field of education and scientific growth
through The National Defense Education Act (NDEA) as well through the establishment

of the National Aeronautical and Space Administration (NASA). The Soviet Union
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realized it took a leading position in the ‘space race’ and to stay in this leading position,
more highly-qualified scientists, mathematicians and engineers were needed. Moreover,
both opposing superpowers were aware of the role of education of the new generation in
their prospects of winning the Cold War and ‘outdoing’ each other in military and
scientific fields.” (Boyko, 2013, para. 9)

American Admiral H.G. Rickover stated, “that trained manpower has become a
weapon in [the] cold war and made the nation aware that the shortage of scientists and
engineers could leave the country defenseless” (Boyko, 2013, para. 9). With global
leadership in question, spending for education and research began, and the U.S.
ultimately prevailed with the first manned spaced mission on the moon (DeJarnette,
2012).

While educational dialogue was ongoing, political and economic support for
educational improvement continued to gain momentum during President Kennedy’s
administration. In his speech to Congress on May 25, 1961, President Kennedy
challenged all Americans to be committed to the space program so the U.S. could be the
first to land a man on the moon. He had a vision for the country and asked for an
increase in spending to meet his vision. He stated that if we are “to stroll on the Moon
one day... then we’re going to need a copious amount of scientists, technologists,
engineers, and mathematicians” (Kennedy, 1961. p. 1).

During the next four presidential administrations, educational initiatives competed
with other interests that sidelined the conversation. The impetus that brought it back to
center stage was a report issued by the U.S. Department of Education in 1983 titled A

Nation at Risk: The Imperative for Educational Reform. This report’s importance
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paralleled that of Sputnik. The urgency to improve educational reforms at home was
clearly stated (Gardner, Larsen, Baker, Campbell, & Crosby, 1983; U.S. Department of
Education, 1983, 2008). This report provided global comparisons in student achievement
and stated the U.S. was not meeting the level of academic performance compared to other
countries as measured by high school student performance. It went on to say “the
educational foundations of our society are presently being eroded by a rising tide of
mediocrity that threatens our very future as a Nation and a people” (U.S. Department of
Education, 1983, p. 7).

A Nation at Risk prompted an increased interest in improving the education
system. The creation of new foundations such as the National Consortium for
Specialized Secondary Schools of Math, Science, and Technology (NCSSSM) and the
National Science Foundation (NSF) emerged. Despite the increased efforts, the U.S.
appeared “to be running in place” compared to other countries (U.S. Department of
Education, A Nation Accountable, 2008, p.9). Reports prior to this did not receive
national attention nor have a lasting effect. The attention this report received, as
Johanningmeier (2010) explained, “is because it benefited from a well-executed, well
designed marketing campaign and because it was a masterful synthesis of claims,
criticism, and proposals that had been continually made since the end of World War II”’
(p. 353).

A Nation at Risk (1983) was one of the first reports that promoted stronger teacher
preparation and stated the need to integrate STEM into the educational system. Before
It’s Too Late (2000) and Rising Above the Gathering Storm (2007) were two additional

reports that also advocated for a STEM framework. By 2007, President Bush signed and
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Congress passed No Child Left Behind Act (NCLB) which ESCA reauthorized where
accountability was a central focus. Meeting new standards across the nation continued
with the conversation on how STEM implementation can improve educational
opportunities and performance. This administration also became involved in America
COMPETES Act (2007) to increase the number of college graduates with STEM
proficiency.

The launch of Sputnik initiated the STEM movement under President Eisenhower
in 1957, and President Obama’s administration initiated, supported, and provided the
largest amounts of funds towards STEM education to date. “Frameworks included
reading, writing, and arithmetic (3 R’s), but also included critical thinking, problem
solving, collaboration, creativity, and communication (4 C’s)” (DeJarnette, 2012, p. 78).
In his State of Union President Obama stated:

This is our generation’s Sputnik moment. Two years ago, I said that we needed to

reach a level of research and development we haven’t seen since the height of the

Space Race. And in a few weeks, I will be sending a budget to Congress that

helps us meet that goal. We’ll invest in biomedical research, information

technology, and especially clean energy technology — an investment that will
strengthen our security, protect our planet, and create countless new jobs for our

people. (Obama, 2011)

The federal government made STEM education a top priority under President
Obama (Breiner et al., 2012; U.S. Department of Education, n.d.). Not only has President
Obama’s administration supported past STEM initiatives through reauthorization,
Congress continued to support STEM education with new reforms such as Race to the

Top (RTT), Educate to Innovate, and 100Kin10 (White House, 2015). Their focus on

STEM education included public and private support through companies, foundations,
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and individuals to include the Carnegie Corporation of New York and the Rockefeller
Brothers Fund (Bybee, 2013). President Obama (2013) stated:

We want to make sure that we are exciting young people around math and science

and technology and computer science. We don’t want our kids just to be

consumers of the amazing things that science generates; we want them to be
producers as well. And we want to make sure that those who historically have not
participated in the sciences as robustly— girls, members of minority groups here
in this country— that they are encouraged as well. We’ve got to make sure that
we’re training great calculus and biology teachers and encouraging students to
keep up with their physics and chemistry classes...It means teaching proper
research methods and encouraging young people to challenge accepted

knowledge. (National Academy of Sciences, 2013, p. 1)

Despite numerous reform efforts dating back as far as the 1950s, the U.S. has not
improved its standing based on reports that looked at scores both nationally and
internationally (Fullan, 2007; Herrera & Owens, 2001). The reasons for educational
reform are clear and nations around the world are implementing their own STEM
initiatives to compete in the increasingly interconnected, global society. “The ideas of
multidisciplinary problem-solving, teamwork and collaboration, connecting learning to
personal experience, multiple embodiments, and representational fluency provide the
theoretical foundations for effective STEM learning environments” and are recognized
worldwide (Glancy & Moore, 2013, p. 20). As a global society, looking at an overall

snapshot is necessary and international studies provide one lens to assess U.S. standings
in regards to academic performance.
A Global Comparison

Reports on academic performance have been issued to individuals, states, and
nations for decades. As previously mentioned, A Nation at Risk, written by the National
Commission on Excellence in Education (NCEE) started a national dialogue about the

inadequacies of the U.S. educational system. Global comparisons of student performance
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reported that American students were outperformed in every subject (U.S. Department of
Education, 1983). This report, written under Secretary of Education Bell, examined the
quality of education in the U.S. and began by stating our nation was at risk. In examining
the educational system of the U.S., the commission noted a decline in SAT scores and a
decline in scores on international tests. The commission also cited a 13% illiteracy rate
among 17-year-olds, falling scores on standardized tests, and an increase in the need for
remedial education in colleges (4 Nation Accountable, p. 3). The focus on scores alone
to measure the nation’s strength without taking into account social, economic or political
factors provided a dismal view of public education as a failing system. The report failed
to cite that more students were graduating from high school and attending college at that
time as well as other positive educational trends.

To improve the education system following this report, educational leaders within
each state implemented standards-based education systems and began collecting data on
grade-level achievements as well as state comparisons (4 Nation Accountable, 2008). In
addition, the U.S. along with other countries around the world began providing integrated
STEM curriculum. The knowledge collected from various studies was a part of the
comprehensive picture to increase the U.S. standing as a nation to strengthen the nation’s
workforce and educational level overall.

Twenty-five years later, the U.S. Department of Education (2008) published a
follow-up report called 4 Nation Accountable: Twenty-Five Years After a Nation at Risk
(U.S. Department of Education, 2008) and stated, “...we are at even greater risk now”
(p.1) but went on to explain that the U.S. is more informed and accountable with data to

help evaluate and guide future endeavors. This report reiterated some of the same results
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as in 1983, citing that our educational system is not keeping up with the growing
demands of global, economic, and demographic shifts. Furthermore, the authors stated
we need to educate more students at higher levels than they are currently being taught.
Issues of teacher quality were addressed as well as a comparison of per-student spending.
From 1983 to 2005, total spending on K-12 public education almost doubled, but the
increase in resources did not result in improvements in student performance (U.S.
Department of Education, 2008, A Nation Accountable, p. 7). In 1983, total spending on
public education in the U.S. was $118.4 billion and rose to $499 billion in 2005. After
adjusting for inflation, per-student spending grew from $5,691 to $9,266. Reports
continue to highlight the areas of academic performance of the U.S. in comparison to
nations around the world particularly at the middle and high school level. There is a gap
in the literature on students at the elementary level.

The National Assessment of Educational Progress (NAEP) also referred to as the
“Nation’s Report Card”, reported student achievement in science and mathematics using
the rating system of: Below Basic, Basic, Proficient, and Advanced. “Despite some
improvements in NAEP mathematics scores since the 1970s, our students’ performance
in science and mathematics has remained at disappointing levels for nearly 30 years”
(Before It’s Too Late, 2000, p.11). With the emphasis on standardized testing, growth of
scientific pedagogy was still hindered, particularly at the elementary level where they
often lack experience in problem-based learning that resembles the workplace
(DeJarnette, 2012).

NAEP was established in 1969 to systematically measure the progress of

students’ education across the country using the same questions in every state to
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make comparisons. As the National Center for Education Statistics explains:

Federal law specifies that NAEP is voluntary for every student, school, school

district, and state. However, federal law also requires all states that receive Title |

funds to participate in NAEP reading and mathematics assessments at fourth and

eighth grades. Similarly, school districts that receive Title I funds and are selected

for the NAEP sample are also required to participate in NAEP reading and

mathematics assessments at fourth and eighth grades. (National Center for

Educational Statistics, n.d., p.1)

Caution is given in looking solely at test scores. A report issued by the Horace
Mann League at the National Superintendents Roundtable (2015) titled The Iceberg
Effect, examined multiple factors, and stressed that academic results are just the
beginning of how to fully evaluate a country. Nine nations were examined to include
Canada, China, Finland, France, Italy, Japan, United Kingdom, Germany, and the U.S.
They reviewed economic equity, social stress, support for young families, support for
schools, student outcomes, and system outcomes by nation and stated that student
outcomes and system outcomes were just the “tip of the iceberg” (Harvey, 2015). They
stated, “...the United States has a more dubious distinction with regard to economic
inequity, social stress, and support for young families — all correlated with school
performance. The results leave a great deal to be desired” (Harvey, 2015, p. 4). As focus
is given on academic progress, we need to review scores on international rankings
keeping in mind the overall picture.

It is important to note that A Nation Accountable recognized that the public
education system in the U.S. welcomes all children and educates all children.
Furthermore, the U.S. sets a standard that all children will be able to graduate high school

(p-10). Such goals may not be the same in other countries and we need to be aware of

differing standards. According to the Organization for Economic Co-operation and
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Development (OECD), in China, only students from what is referred to as their “first-
level” entities of governance are reported (OECD, 2015). The OECD also discussed the
equity in the context of performance and notes that in the U.S. alone, two students from
different socio-economic backgrounds “vary much more in their learning outcomes than
is normally the case in other countries/economies” (OECD, United States Key Findings,
p. 4).

Disputing the data. Rising Above the Gathering Storm (2007) demonstrated that
the U.S. still leads in performance of basic and applied research and is a leader in
applying research and innovation to improve the country’s economic performance.
Additionally, this report cited the U.S. ranked first in economic competitiveness,
followed by Hong Kong and Singapore according to the International World
Competitiveness Yearbook (p. 68). As K-12 education is cited as needing improvement
in numerous reports, the U.S. excels in educating at the collegiate level. “A recent
comparison concluded that 38 of the world’s 50 leading research institutes —those that
draw the greatest interest of science and technology studies are in the United States”
(Rising Above the Gathering Storm, 2007, p. 70).

Global Assessments Highlight the Need to Improve Academic Achievement in U.S.

Two assessments that continue to receive international attention are the
Programme for International Student Assessment (PISA) and the Trends in International
Mathematics and Science Study (TIMSS). PISA conducts survey every three years to
assess 15-year-old students’ abilities to use their knowledge and skills to handle real-life
challenges in the areas of math, science, and reading. PISA is administered by the

Organization for Economic Co-operation and Development (OECD) and the most recent
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results are from 2015. TIMMS conducts surveys every four years to 4th and 8th grade
students to assess students’ abilities in factual and procedural knowledge in math and
science, with the most recent assessment administered in 2015.

PISA. The most recent PISA results are from 2015. According to the report, “29
educational systems had higher average scores than the U.S. in mathematics literacy, 22
had higher average scores in science literacy, and 19 had higher average scores in reading
literacy” (NCES, 2016, p. xxxiv). As cited in the 2012 report, the U.S. was not making
the gains it would like. In fact, significant changes did not occur in the average
performance over time in math, reading, or science from 2003, 2006, 2009, and 2012,
similar to the NAEP findings (OECD, n.d.).

Researchers from the Stanford Graduate School of Education and the Economic
Policy Institute reported that socioeconomic inequality among U.S. students skew
comparison scores.

If U.S. adolescents had a social distribution in countries to which the United

States is frequently compared, average reading scores in the U.S. would be higher

than average reading scores in similar post-industrial countries we examined

(France, Germany, and the United Kingdom), and the average math scores in the

United States would be about the same as average math scores in similar post-

industrial countries. (Carnoy & Rothstein, 2013, p. 3)

“You can’t compare nations’ test scores without looking at the social characteristics of
students who take the test in different countries,” explained Carnoy and Rothstein (2013,
p. 82). Carnoy and Rothstein (2013) stated that nations with lower social classes have
lower overall scores therefore it is necessary to look at the whole picture of each group as
opposed to comparing scores evenly across the board. “Policymakers should understand

how our lower and higher social class students perform in comparison to similar students

in other countries before recommending sweeping school reforms” (Carnoy & Rothstein,
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2013, p.82). The authors examined test results from the U.S. and six other nations and
concluded that scores on different tests are inconsistent. An example of inconsistency is
the average PISA math scores show a declining trend in U.S. as opposed with trends in
TIMSS and NAEP, which showed substantial math improvements for all U.S. social
classes (Carnoy & Rothstein, 2013).

TIMSS. The Trends in International Mathematics and Science Study (TIMSS)
has collect data on math and science achievement of U.S. students compared to that of
students in 60 counties since 1995. The administration of TIMSS has been carried out by
the International Association for the Evaluation of Educational Achievement (IEA),
which is an international organization of national research institutions and governmental
research agencies. TIMSS data is collected every four years from students in fourth and
eighth grade in respect to both content dimension and cognitive dimension (TIMSS,
2011; TIMMS, 2015). “Specialized mathematics and science knowledge will be crucial
in protecting our planet Earth for future generations” (TIMMS, 2015, p.3). In 2011, over
60 countries and other educational systems administered the assessment. Slightly
different results were reported compared to PISA, but the overall results still reported the
U.S. below many countries (PISA, 2015; TIMSS, 2015).

In 2015, the countries with the highest scores in mathematics included Singapore,
Korea, Japan, Chinese Taipei, and Hong Kong (see Appendix B). Although the U.S.
scored above average in both 4™ and 8™ grade, U.S. students did not score high enough to
be included in the top tier. In 2011, the U.S. average score for 4" graders in mathematics
was 541 with the international average of 500, and a score of 509 for 8" graders with an

international score of 500. In science, 4" graders had an average score of 546 with the
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international average of 500, and 8" grade’s average score was 525 with the international
average of 500 (NCES, 2016). This test is scored on a 0-1000 scale with a mean of 500
and a standard deviation of 100.

In 2015, 4" graders had an average score of 539 (Table 1) which was lower than
in 2011, but 8" graders average increased to 518 in mathematics (Table 2). For science,
both 4" and 8" graders average score increased. The average score for 4™ graders was
546 and 8" grade at 530. In review of scores, the Brown Center Report on American
Education stated the U.S. continues to struggle to lead the world in math and science

(Loveless, 2012, p. 8).
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Table 1
4" Grade Trends in International Mathematics Science Study (TIMMS) Scores
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Note: Adapted from https://nces.ed.gov/timss/

Table 2
8" Grade Trends in International Mathematics Science Study (TIMMS) Scores
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Note: Adapted from https://nces.ed.gov/timss/
Such findings have made educators, politicians, parents, businesses, and policy
makers notice that past efforts are not helping the U.S. students increase in ability

compared to other 21 century learners. The goal is to improve our education system
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with integrated STEM curricula where students develop a strong awareness of each of the
components of STEM (National Research Council, 2013; National Science Foundation,
2008; Reeve, 2015). “STEM professionals working together will be needed to solve
many of the global issues and problems the world faces today (e.g., global warming, air
and water pollution, clean drinking water, and food security)” (Reeve, 2013, p. 2-3).
International competition for jobs, an ability to safeguard our national security, improve
technology, and advance health care are just a few of the goals which the U.S. strives to
provide through integrated STEM education (Bybee, 2013; NGA, 2011; Reeve, 2015).
The Importance of STEM Education

Children soak up knowledge and retain it for use when they are spontaneously

induced to look into matters of compelling interest to themselves. They progress

fastest in learning, not through being mechanically drilled in prefabricated
material, but by doing work, experimenting with things, changing them in

purposive ways. (Dewey, as cited in Warde, 1960, para. 41)

Dewey’s sentiments parallel the foundational belief of integrating teaching and
learning. Research tells us that students learn best when encouraged to use their own
knowledge of the world around them and STEM programs enable this learning to occur
(Glancy & Moore, 2012; Lawson, Abraham & Renner, 1989). Keeping each subject as
separate disciplines creates artificial divides, which is not a function of real-life
experiences (Glancy & Moore, 2013). Integrating subjects and making connections
between subject areas through STEM education creates change “in relationships among
subject areas, teachers, students, and communities” (Myers & Berkowicz, 2015, p. 24).

Through subject integration, teaching in silos is eliminated. Workforce

projections by the U.S. Department of Labor cited 9 of the 10 fastest growing

occupations by 2018 will require significant mathematical, engineering, and scientific
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training. In 2013, approximately 21.1 million individuals in the U.S. held a bachelor’s
degree or higher in science or engineering to include computer sciences, mathematical
sciences, life sciences and physical sciences (NSF, 2016). Interestingly, not all science
and engineering degree holders work in jobs formally designated as science and
engineering occupations. This suggests that science and engineering skills are
widespread and not limited to jobs in their specific classification.

Four important reasons the U.S. must pay attention to students achieving
competency in math and science include:

1. the demands of our changing economy and workplace

2. our democracy’s continuing need for a highly-educated citizenry

3. the vital links of mathematics and science to the nation’s national security

interests

4. the deeper value of mathematical and scientific knowledge (Before It’s Too

Late, 2008, p. 11-12).

Researchers cited that high-tech jobs go unfilled by U.S. citizens because the U.S.
is not able to produce and educate enough qualified STEM workers to meet such
employment demands (ITEA, 2009; Lantz, 2009). International students are being
educated in our higher education system, thereby out-competing U.S. students for seats at
universities (FAIR, 2017). “NSF data reveal that in 2006, foreign student population
earned approximately 36.2% of the doctorate degrees in the sciences and approximately
63.6% in engineering” (Matthews, 2010). As Reeve (2015) has stated, students in the

U.S. are often “U.S.-centric”, whereas STEM implementation provides students with a
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global perspective, which helps them make connections to the numerous cultures, norms,
and practices that differ from their own.

STEM exposure. STEM education provides exposure that allows students to be
more informed before they decide whether to pursue a STEM degree in college.
Researchers conducted two longitudinal studies that examined the relationship between
pre-collegiate enriched educational opportunities and adult accomplishments in STEM
over a 25-year span. The researchers had two questions: Within this population, what is
the relationship between educational dose and accomplishment much later in life? Is there
a pay-off for experiencing a higher educational dose? (Wai, Lubinski, Benbow, & Steger,
2010, p. 861). Educational dose was defined as “the density of advanced and enriching
precollegiate learning opportunities beyond the norm that students have participated in”
(Wai et al., 2010, p. 861). Wai, Lubinski, Benbow, and Steger (2010) hypothesized “that
mathematically talented adolescents with a higher dose of STEM educational
opportunities would achieve more STEM accomplishments later in life in comparison to
their intellectual peers with relatively fewer of these opportunities” (p. 861).

The first study included 1,467 13-year old students identified as mathematically
talented based on their Scholastic Assessment Test in mathematics by the age of 13
drawn from the Study of Mathematically Precocious Youth (SMPY). Participants were
placed into one of three cohorts based on birth year (Cohort 1: 1972-1974, Cohort 2:
1976-1978, and Cohort 3: 1980-1983).

Participants’ STEM accomplishments as a function of dosage were examined per

advanced pre-collegiate educational experiences in STEM. The participants’ STEM
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accomplishments over 20 years suggested the number of pre-collegiate STEM
opportunities was related to their STEM accomplishments later in life (Wai et al., 2010).

For each cohort, high and low STEM dose groups were established using a
median split. Researchers then plotted the high-dose group versus the low-dose groups
on the following five accomplishment criteria: STEM PhDs, STEM publications, STEM
tenure, STEM patents, and STEM occupations. Independent ¢ tests were used to test if
there was a significant difference between groups. The high-dose group earned a higher
percentage of outcomes except for the STEM patents for Cohort 1 and 3.

In the second study, researchers used the same hypothesis for top STEM graduate
students in STEM programs but examined them from retrospective reports. A sample of
714 top STEM 1st and 2nd year graduate students was identified for this study. Again,
the findings suggested the importance of STEM exposure for students in relation with
notable STEM accomplishments.

Positive results in STEM accomplishments were reported in both studies with
individuals exposed to STEM experiences early in life. STEM experiences “beyond the
typical fare were weighted equally” (Wai et al., 2010, p. 862) and the number of different
STEM experiences was tabulated to determine a dose level. Examples of STEM
experiences included the participation in STEM college courses while in high school,
STEM competitions, STEM research, STEM inventions and Projects, STEM special
academic training, and STEM writing opportunities. Such findings suggest that early
exposure has an impact on career choice later in life.

The findings of both studies also suggested that providing “a rich mix” (Wai et

al., 2010, p. 870) of opportunities appears to be uniformly important with notable STEM
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accomplishments. As such, students with higher exposure to STEM opportunities
“beyond the norm” (Wai et al., 2010, p. 870) such as having math and science fairs, AP
courses, and academic clubs had more STEM accomplishments than their peers who did
not have a high STEM dose (Wai et al., 2010). Accomplishments included STEM
occupations, academic tenure, publications, and patents. Furthermore, they stated the
importance of participation at an early age (Wai et al., 2010).

STEM opportunities. Another study that supports STEM opportunities was
conducted with grades 4-6 regarding attitudes towards STEM and STEM integration
from comprehensive and inclusive schools. Researchers supported earlier findings which
indicated students from STEM-focused schools have more positive attitudes toward
STEM education. “This result implied that an integrated STEM education approach could
have positive influences on students’ attitude toward STEM” (Guzey, Harwell, & Moore,
2014, p.7). As Tai, Liu, Maltese, and Fan (2006) noted, students who have positive
attitudes towards science at the middle school are most likely to pursue a STEM career.
Therefore, it is imperative to provide students with quality STEM experiences so they can
grasp and maintain positive attitudes towards obtaining a STEM career.

Using longitudinal data from the National Education Longitudinal Study of 1988
(NELS:88), Maltese and Tai (2011) examined STEM persistence with 4,700 students in
grades 8, 10, and 12 and then followed up with them 6 and 12 years following their 8%
grade survey. Students included in the analysis completed five sets of responses and
provide transcripts from 8" grade through their mid-twenties. They examined how likely
students would stay with a STEM field once they started. This was completed through

the use of a progression of logistic regression models. The researchers found correlations
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between a student’s STEM persistence and their 8™ grade interest in science as well as
their 12 grade major of interest in what they anticipated to study in college. Results
indicate “the majority of students who concentrate in STEM make that choice during
high school, and that choice is related to a growing interest in mathematics and science
rather than enrollment or achievement” (Maltese & Tai, 2009, p.877). Researchers also
found positive correlations between increased interest in science between 8" and 12
grade and how teachers presented the material. Students reported their teachers
emphasized science careers, future study in science, and used inquiry-based teaching.
Suggestions by the researches included making math and science courses more “personal,
local, and relevant” (p. 900), as demonstrating how science and math are important has
been shown to increase engagement (Marks, 2000).
Meeting the Needs of All Students

In STEM education, there are groups of students who are underserved to include
females and minorities (Brown, 2011; PCAST, 2010). The underrepresented minority
groups include African American, Hispanics, and Native American (Brown, 2011). In
looking back at the number of bachelor degrees awarded in 2009, women made up nearly
51% of degree holders. The enrollment was almost equal. Men held 87% of the degrees
in engineering fields and women held 76% of the degrees in the fields of education.
Research has indicated that females are less likely to participate in engineering
disciplines because they view them as being too narrowly focused on the technical side
such as electrical engineering (Dickstein, 2010). As Dickstein (2010) suggested, silo
instruction isolates prospective STEM contributors where integrating subjects and

providing cross disciplinary collaboration enhances students’ learning to make
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connections with other content areas and world view. STEM integration has the potential
to increase female participation which could enhance STEM related fields by providing a
female perspective (Bour, Bursuc, & Konstantinidis, 2011; U.S. Chamber of Congress
Foundation, n.d.). Although women remain underrepresented in the science and
engineering workforce, it is to a lesser degree than years past (NSF, 2016). In 2009, 29%
of women were reported to work in the science and engineering field, which shows an
increase in participation. This increase includes all racial and ethnic groups. According
to NSF (2016), the science and engineering field has become more diverse, but several
racial and ethnic minority groups continue to be significantly underrepresented.

According to the U.S. Department of Education, Hispanic students are currently
the largest minority group in the public-school system and are underrepresented in STEM
programs in both undergraduate and graduate programs. As the U.S. Department of
Education (2012) explained, this minority group is not sufficiently exposed to STEM
subjects at the K-12 levels. Furthermore, less than 2% of the STEM workforce is
Hispanic yet almost 20% of the country’s youth is Hispanic. The U.S. Department of
Education (2012) cited STEM as one of its top priorities to increase Hispanic
participation in STEM fields. From 1996 to 2004, the percentage of Hispanic students
enrolled in STEM fields increased by 33%.

The Department of Education (2016) cited that African Americans received just
7.6% of all STEM bachelor degrees and 4.5% doctorates in STEM. Enrollment in
college has increased since 2008 for African Americans, and efforts are being made to
ensure educational resources are offered at all schools. Only one-third of public high

schools which are predominately African-American offer calculus and approximately
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40% offer physics. According to the Department of Education, the lack of access to
foundational STEM skills places African-American students at a disadvantage (2016).
This lack of access is also found in Native American communities.

Fewer than half of all Native American or Alaskan high school students have a
full range of science and math courses and only 1% of Native American students enroll in
and pass algebra in ninth grade. Compared to their peers, the number of American
Indians and Alaska Natives earning an engineering degree is minimal (Adelman, 2006).
In 2009, 455 degrees were awarded in engineering to American Indians/Alaska Natives
compared to 7,047 for Latino students and 4,206 for African American students. The
National Council on Minorities in Engineering stated, “The challenges facing American
Indian representation in STEM fields occur in part because of issues along the
educational pathway” (2012, p.2).

In addition to underserved populations of students not choosing STEM careers,
teachers of non-STEM disciplines also differ in views on importance regarding STEM
education. In a qualitative study at a university where they were in the middle of a
STEM movement, researchers surveyed faculty regarding STEM. The researchers asked
two open-ended questions to the university faculty members: “What is STEM?” and
“How does STEM influence and/or impact your life?”” (Breiner et al., 2012, p. 6).

A total of 222 responses were collected from their online survey and inductive
analysis was completed. The survey was sent to faculty members in both STEM and
non-STEM disciplines from the various colleges across the University of Cincinnati.
After coding, constant comparative analysis was used to reduce bias. Researchers found

that STEM faculty members had neutral to positive thoughts on STEM, whereas non-
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STEM faculty members often had negative feelings. This was even though the university
was participating in a regional STEM partnership, was working with two STEM public
schools, and was starting a STEM education center with the college (Breiner et al., 2012).

For research question 1, What is STEM? 72.5% (n=161) of respondents described
STEM as it relates to science, technology, engineering, or mathematics. The remaining
27.5% stated they did not know or understand STEM. After coding for research question
2, three themes emerged to include a null relationship to STEM, personal reasons, and
societal issues. There were 36% (n=84) that cited they did not know what STEM is or it
did not have an impact on their lives, while 50% (n=113) of the respondents stated STEM
has impacted their lives and provided examples with their own careers or with their
children. An example response from this category included, “My son is a high school
senior and a probable math major. Some of the state universities we have been looking at
are offering STEM-funded scholarships” (p.8). “Responses for the third category was
societal issues, where 21% (n=45) were grouped into this category. “Researchers created
this category with broad descriptions that included (1) the university community, (2) the
state in which the university is located, (3) the U.S. government, and (4) the global
issues” (Breiner, et al., 2012, p. 9). An example response for this category included, “If
we do not get some math-oriented US citizens in the pipeline, we might as well give up”
(p. 9).

As stated in the conclusion of the research, “It is probably best to focus on shared
outcomes of STEM as most stakeholders seem to agree that STEM is about creating
better teachers, students, and workforce for the United States to better compete globally”

(Breiner et al., 2012, p. 10). Working with legislators, parents, teachers, and school
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leaders, researchers stated the need for all stakeholders to see the connections between
subjects and become familiar with the interrelationships within the STEM disciplines.
Classroom Implications for School Leaders

Within the classroom, K-12 teachers have faced numerous reform efforts over the
years with teachers being the integral component to their success or failure. Studies
report some teachers are reluctant to engage in new activities and reforms and hold
cynicism towards new paradigms (Greenberg & Baron, 2000; Hess, 1999). As
Leithwood, Menzies, and Jantzi (1994) explained, “Teachers’ commitment to change
includes their identification with and desire to be involved in efforts to implement
changes in school and classroom structures and processes” (p. 42). Therefore, a
principal’s effectiveness plays an integral part in effective change by including its
teachers (Leithwood & Riehl, 2003). As principals and teachers recognize the urgency to
develop 21% century skills and knowledge, learn new instructional strategies, plan for
implementation, create professional learning communities (PLCs) and provide
professional development (PD) to engage in educational change, successful STEM
implementation can occur.

Professional development. The U.S. Department of Education has allocated
over $70 million between 2003 and 2013 in support of PD towards STEM (Foster, Toma,
& Troske, 2013). In 2002, the NSF created math and science partnerships with higher
education and K-12 schools to increase the quality of teaching in addition to allocating
over $800 million to operate programs in 39 states. Additionally, in 2012, the
Government Accountability Office stated other agencies are involved in efforts to

improve math and science education with over $3 billion (Foster, et al., 2013).
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Improvement in student outcomes in achievement and career interest in STEM subject
areas was the goal.

Principal support for STEM education as well as teacher buy-in has an impact on
school success (Bryk, Sebring, Allensworth, Luppescu, & Easton, 2010; Leithwood &
Riehl, 2003). Teachers’ perceptions of having buy-in involve learning new processes to
change or improve current classroom practices. Effective PD supports this end (Fullan &
Hargreaves, 1996). Supovitz and Turner (2000) explored the characteristics of PD with
science teachers that led to changes in classroom practices to improve science
achievement for students.

Their study on PD was based upon survey data collected from teachers and
principals as part of a core evaluation of a Local Systemic Change initiative funded by
the NSF (Supovitz & Turner, 2000), and the randomly sampled participants represented
24 communities across the U.S ranging from large urban areas such as Chicago to smaller
cities and towns to include Mesa, Arizona and Elizabeth City, North Carolina. After
removing invalid responses, a total of 3,464 K-8 teachers and 666 principal surveys were
used in the analyses. The survey included questions about beliefs, attitudes, and teaching
practices, as well as personal demographic information. Hierarchical linear modeling
was employed “to examine the relationship between professional development and the
reformers’ vision of teaching practice” (p. 963).

The authors cited that increasing the number of hours of PD significantly
increased use of the desired skills. Questions regarding teachers’ inquiry-based teaching
practices were posed with a five-point frequency scale used for responses from Never to

Almost Daily. Questions were also asked regarding teachers’ attitudes, beliefs, and
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teaching practices as well as professional development. The questions on teachers’
investigative practices included a series of questions about the frequency of use with
reform-based teaching practices including the use of hands-on activities, students design
or implementation of their own investigation, or working on extended science
investigative projects. The reliability was .82, computed by using Cronbach’s internal
consistency measure coefficient alpha which suggests they had a high internal
consistency.

Participants who accrued over 80 hours of PD reported the highest use of inquiry-
based practice compared to those who had less than 40 hours and used more traditional
approaches. This 80-hour approach is often cited as the amount of time it takes to lead to
new development (Corcoran, McVay & Riordan, 2003). Such findings support a strong
relationship between PD and teachers’ practices in the classroom. Findings suggest more
research is needed to establish a specific threshold, as other studies have cited anywhere
from 20 to 100 hours of PD over time may be needed to affect teacher practice in the
classroom (Blank & de las Alas, 2009; Desimone & Garet, 2015; NCES, 2016).

Teacher receptivity. Similar findings were reported in a study conducted in
Western Australia regarding teachers’ attitudes on a system-wide educational change
during its implementation stage (Punch & Waugh, 2000). The new method was used to
certify student achievement using teacher assessments. The focus was on the use of
Student Outcome Statements designed to help teachers’ classroom planning, student
learning, and student assessment. The dependent variable was teacher receptivity
towards the new educational system which was measured in four areas to include overall

feelings, attitudes, behavior intentions, and behavior.
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Data were collected using a questionnaire with Likert type items from a sample of
899 participants with a response rate of 80%. Correlation and regression techniques were
used for analysis. The independent variables accounted for 59% of the variance in
overall feelings to “applaud the system”, 11% in attitudes gave a high positive evaluation,
and 53% in behavior intentions with a “highly praiseworthy manner towards the system”
(p. 118). In their findings, researchers noted principals should include teachers in the
decision-making as well as opportunities to improve their learning. These actions by
administrators would maximize teacher receptivity to the implemented change (Punch &
Waugh, 2000). The results suggested that when implementing educational change, the
attitudes of teachers towards the desired change are significant determinants of reaching
success (Punch & Waugh, 2000).

Wagner explained “it is more than buy-in for teachers, it is ownership” (2012, p.
380). When teachers can construct a new understanding of the world, they can then work
to create new conditions to allow students to find greater success. Gaining teacher
“ownership” then leads to stronger community commitment. ‘“Today’s successful
educational leaders understand that they cannot make change alone or by edict. They
motivate groups to learn and solve problems together” (Wagner, 2001, p. 383). Having a
school wide vision, ownership from teachers, on-going PD, and effective leadership
promotes STEM implementation within schools. These distinct elements then interact
with other elements and become a system. “Each element can function apart from the
others, but when the parts are working together as a thriving whole under the direction of
a skilled school leader, the school district becomes more effective” (Sutton, 2008, para.

7).
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As we continue with global competition, countries around the world are providing
STEM-oriented training and innovation (European Commission, 2002, 2003). To
increase STEM implementation, continuous learning must occur on an individual level,
as a social unit with a learning community, and globally (Fullan, 2007) so that we can
provide a robust STEM-skilled workforce in the U.S. (PhRMA, 2014). STEM education
supports the entire school and its community (Chiu, Price, & Ovrahim, 2015). Priority
has been on creating programs that provide early exposure beginning in the elementary
schools to help capture students’ interest in STEM content to support initiatives
(DeJarnette, 2012).

Monitoring STEM Programs

Congress requested the National Research Council (NRC) develop indicators to
monitor progress towards K-12 STEM discipline to provide a framework for a national
monitoring and reporting system. There are 14 indicators that reflect current national
priorities for relevant federal agencies invested in STEM education. These indicators are
paired then matched with recommendations for successful K-12 STEM Education
(Appendix B). Data on indicators 1-8 provide “an understanding of variation among
different student populations and socioeconomic contexts”, indicators 9-12 focus on
science and math, and the final two indicators deal with expenditures and funding (NRC,
2013, p. 13). The 14 indicators include (Appendix B):

1. Number of, and enrollment in, different types of STEM schools and programs

in each district.

2. Time allocated to teach science in grade K-5.

3. Science-related learning opportunities in elementary schools.
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4. Adoption of instructional materials in grades K-12 that embody the Common
Core State Standards for Mathematics and A Framework for K-12 Science
Education.

5. Classroom coverage of content and practices in the Common Core State
Standards and A Framework for K-12 Science Education.

6. Teachers’ science and mathematics content knowledge for teaching.

7. Teachers’ participation in STEM-specific professional development activities.

8. Instructional leaders’ participation in professional development on creating

conditions that support STEM learning.

9. Inclusion of science in federal and state accountability systems.

10. Inclusion of science in major federal K-12 education initiatives.

11. State and district staff dedicated to supporting science instruction.

12. States’ use of assessments that measure the core concepts and practices of

science and mathematics discipline.

13. State and federal expenditures dedicated to improving the K-12 STEM

teaching workforce.

14. Federal funding for the research identified in Successful K-12 STEM

Education.

In the past, federal data collected information regarding schools such as the
number of teachers or the number of students taking advanced courses, not “schooling”
where they collect data on the process by which students learn to include problem-based
learning (NRC, 2013). The committee recognizes that full implementation of monitoring

may not be available due to resources, so they identified six high priority indicators (2, 4,
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5, 6,9, and 14) that are “nearest to the core of student learning” (p. 51) with the exception
of number 14 which addressed filling in gaps of knowledge concerning practices and
programs that achieve the goals of STEM education. The committee cited that these six
indicators have the most leverage to improve student achievement in STEM disciplines
based on available data sources to include the U.S. Department of Education surveys,
survey data from the National Center for Education Statistics, and reports from the
National Research Council. As the committee explained, the challenge is “that these data
are not collected or analyzed expressly for (NRC, 2013, p.15)” providing indicators for
STEM. Recommendations were made to revise existing survey questions or to add new
questions to existing surveys so that data can be regularly analyzed and compiled in a
report specifically focusing on K-12 education in the STEM disciplines.

As schools across the nation address STEM implementation through system-wide
changes, research suggests administrators need to sell the change to teachers for buy-in.
Waugh and Godfrey (1995) identified six variables that must be addressed to include cost
benefit, practicality in the classroom, alleviation of fears and concerns, teacher
participation in decision making, perceived support from senior staff, and feelings
compared to the previous system (p. 50-51). Researchers suggest with full support,
STEM implementation can succeed (Lynch, Peters-Burton, & Ford, 2014; Waugh &
Godfrey, 1995).

In addition to the six variables listed above, researchers completed a study of 8
inclusive STEM high schools across the country and cited 10 critical components that
must be met to be an effective STEM school (Lynch et al., 2014). These schools were

exemplar schools across the nation that had “established reputations and strong evidence
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on measures of student success” (Lynch et al., 2014, p. 56). The ten components for
establishing a basis for the design, implementation, and evaluation of a STEM school
included:

1. A STEM-focused, curriculum

2. Reform-based instructional strategies and project-based learning

3. Integrated and innovative technology use

4. Blended formal and informal extended learning opportunities

5. Real-world STEM Partnerships

6. Early college-level coursework

7. Well-prepared STEM teaching staff

8. Inclusive STEM mission

9. Responsive administrative structure

10. Supports for underrepresented students (Lynch et al., p. 59).

In examining inclusive STEM high schools, or schools that provide STEM
programs based on interest rather than aptitude, researchers found these schools provide a
greater depth of experience in STEM fields of study. The researchers believe that with
the right supports in place, successful STEM schools are possible for all students. Of the
ten components listed above, having a STEM-focused curriculum, a responsive
administrative structure, a well-prepared STEM teaching staff, and supports for
underrepresented students have special prominence as noted by the researchers.
Transforming the traditional classroom to make relevant real-world experiences may
reach students who fail in a traditional setting. Furthermore, as schools across the U.S.

continue to implement STEM education, the number of STEM capable students increase

49



in communities across the nation (Lynch et al., 2014). The researchers, however, did not
address the impact of STEM exposure at the elementary or middle school level and how
this impacts students’ interests when entering high school and considering STEM focused
schools.

Evaluations. As school systems throughout the country implement STEM
programs, the characteristics and delivery methods may differ, as well as the evaluations
being implemented (Weld, Heiden, & Kemis, 2015). The Education Commission of
States (ECS, 2011) maintains a database of programs that have implemented STEM
efforts with a focus on high schools. For example, lowa uses an external university
evaluation consortium to measure the annual progress of their initiative through the Iowa
STEM Monitoring Project. Iowa implemented a statewide STEM program five years ago
and has reported an increase in awareness and support of STEM education, an increase of
student interest in STEM, and an increase in knowledge and confidence with their
teachers for STEM subjects. “The evaluation is a multi-faceted and a collaborative effort
among three independent evaluation and research centers” (Weld et al., 2015, p. 173).
Systematic observations on a series of defined metrics and sources are used to examine
changes such as examining 18 lowa STEM Indicators, a statewide survey of public
attitudes toward STEM, a statewide student interest inventory, and monitoring of a
STEM Scale-Up program (Weld et al., p. 173).

ACT, an independent, nonprofit organization also conducts evaluations,
assessment, research, information, and program management services, and releases an
annual report on the condition of college and career readiness. This report provides a

national picture of students who took the ACT test as well as by individual states (see
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Appendix C). This annual report is based on answers from the research-based ACT
Interest Inventory and responses to the Student Profile Section of the ACT to review “in
the context of STEM-related fields” (The Condition of STEM 2016, p. 2). Students are
considered to have an expressed STEM interest if they choose a major or occupation
when registering for the ACT such as statistics, computer science, ecology, or
architecture.

Some key findings include over 1 million ACT-tested students demonstrated an
interest in STEM in the 2016 graduating class, but of those, less than 1% of the total had
an expressed and measured interest in teaching math or science. Additionally, students
with a STEM interest continue to report higher levels of college readiness as compared to
ACT-tested students with the level of interest remaining at approximately 48% for the
last five years (The Condition of STEM 2016, p. 3).

Measuring early competency. In measuring early math and science knowledge,
Clements and Sarama (2016) explained assessments should vary from quick screeners
and diagnostic tests, to solving word problems. They noted that gaining a broad range of
evidence for young learners is important to include observations, documenting
discussions, conducting individual interviews with children, as well as assessing strengths
and needs from curriculum-based assessment. “Early childhood teachers often hold
negative dispositions and beliefs about math and science, including dislike, trepidation,
fear, and a doubt in their own efficacy” (Clements & Sarama, 2016, p. 87). This
statement is supported in other research to include findings from the Center for the Study
of Child Care Employment that stated faculty members considered it less important to

include early mathematics over other domains in the training of early childhood teachers
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(McClure, Guernsey, Clements, Bales, Nichols, Kendall-Taylor & Levine, 2017). Arnie
Duncan, former Secretary of Education, mirrored these findings by stating the importance
of ensuring schools have teachers who are comfortable and competent teaching math and
science begins in elementary school so that the STEM pipeline can be strengthened
(Fletcher, 2012).

The National Math Advisory Panel stated that curriculum must simultaneously
develop conceptual understanding, computational fluency, and problem-solving skills
(U.S. Department of Education, 2008). One study that emphasizes those results was with
second graders. In a study of 10 second-grade classrooms in the Netherlands consisting
of 206 students, students were randomly assigned into one of two instructional programs
(Blote, Van der Burg, & Klein, 2001). One group was taught math objects with a skills-
only approach, and the other group was instructed with a conceptual understanding to
include how to flexibly apply multiple strategies to solve problems. Instruction began at
the beginning of the school year with specially designed materials instead of textbooks.
Teachers’ instructions and students’ learning processes were closely monitored
throughout the year.

When the study began, there was no significant difference in scores between the
two groups on the National Arithmetic Test which was administered at the end of first
grade (Blote, et al., 2001). Teachers and students used specially designed materials and
the instruction and learning processes were closely monitored. For the study,
measurements were taken in April and June of the same school year using the Arithmetic

Scratch Paper Test (ASPT) and the Procedure Valuing List (PVL). MANOVAs were
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used to test for significance and all results were reported at a p < .01 level of
significance.

Findings suggest that the type of instruction made a difference in procedural
flexibility when solving 2-digit addition and subtraction problems. Furthermore, the
findings suggest students’ conceptual understanding of numbers and procedures is
superior to the standard program. This study supports Rittle-Johnson and Alibali’s
(1999) findings that the benefits of instructing multiple procedures for conceptual
understanding is superior to single-procedure instruction.

After-School activities. To increase students’ interest in STEM subjects and
careers, many initiatives have been implemented. Having students participate in after-
school STEM activities is considered one way to increase STEM interest and literacy
(Kauffmann, Hall, Batt, Bosse, & Moses, 2009; Sullivan, 2008). After-school programs
with a STEM focus have become a way for students to better understand the scientific
process and enables collaborating with their peers and teachers in a more relaxed
environment (Sahin, Ayar, & Adiguzel, 2014). In a qualitative case study at a charter
school in Texas, researchers examined students’ views towards their after-school STEM
activities in terms of their learning progress, competence, and interest in STEM careers.

Six STEM activities were offered as after-school programs for 146 students
between the ages of 4 to 12. Offered programs included Robotics, MATHCOUNTS,
American Mathematics Contest, Science Olympiad, Science Fair, and University
Interscholastic League. Data collected through formal and informal observations, semi-
structured interviews, and field notes for 10 purposively selected students. After the

interviews were recorded and transcribed, they were triangulated with observations and
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field notes. After coding responses, four themes emerged from the researchers’ data
analysis: the importance of collaborative learning groups, the popularity of after-school
activities, the increased interested in STEM fields, and activities’ contribution to
developing 21% century skills.

Participants’ evaluations from this study support findings from other studies that
cite after-school STEM programs enhance communication skills, collaboration skills, and
scientific inquiry (Levy & Murane, 2004; NCR, 2009; Partnership for 215 Century Skills,
2011). The researchers cited the importance of collaborative learning groups to
accomplish the goals of the after-school programs. Students “believed that learning
occurred as a result of their mutual collaboration” (Sahin, Ayar, Adiguzel, 2014, p. 315).
Through interviews and observations, the researchers also noted students gained a sense
of ownership toward their projects as well as stating the activities were more appealing
than regular school activities. Overall, “these activities played an important role in
cultivating their interest in STEM” (p.318).

Conclusion of Literature Review

International assessments consistently cite that the U.S. is not competing at the
top levels in academic achievement compared to other nations. These reports, however,
offer mixed evaluations and often neglect to discuss factors beyond achievement. To
improve the academic profile and provide students with the skills needed to adapt to a
global work force, STEM implementation has been funded at the local, state, and federal
levels. Communities and businesses have also partnered with public and private schools
to stimulate STEM implementation. Full STEM implementation from K-12 requires

sustained support from school administration, principals, and teachers at all levels of
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education for public and private schools. A working definition of what STEM education
means, as well as how it is implemented is essential. In reviewing STEM education, data
suggest “further research is needed to determine the effectiveness of STEM educational
initiatives in classroom settings, including performance data for students and teacher
reflections of STEM teaching and learning” (Brown, 2012, p. 10). Research on STEM
implementation within the Catholic diocese will assess current perceptions and add to the
body of knowledge regarding STEM education.

In some of the studies described above, teacher PD emerged as contributing to
enhancing the effectiveness of STEM instruction. Supovitz and Turner (2000) examined
characteristics of PD that led to change in classroom practices. Their study
recommended 80 hours of professional development as the point for successful PD
experiences. In addition to classroom experiences, offering opportunities beyond the
classroom to include after-school programs and activities support STEM through
enhanced scientific inquiry, collaboration, and communication skills. Such opportunities
in working with outside sources help students make connections to real-world problems.
Reports also focus on attrition from the STEM pipeline and support exposure at an early
age (Maltese & Tai, 2010; Tai et al. 2006). Such collaboration between teachers,
administrators, and outside support provide a system working to create an integrated

learning environment.
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Chapter 3: Research Methodology

Statement of the Problem

Making sense of the world through science, technology, engineering, and
mathematics (STEM) implementation is designed to provide students with the necessary
tools to compete in today’s global workforce. President Obama’s administration issued
new reforms and initiatives to move America’s 21% century students to the top in
international assessments in mathematics and science. This federal campaign included
creating collaborative efforts through state initiatives, policy, business partnerships,
educational societies, philanthropies, and individuals alike (Breiner et al., 2012; Bybee,
2013; Delarnette, 2012). Collectively, federal and state initiatives, local businesses, and
individuals are striving to expand STEM programs across the country.

To expand programs across the country, educators must teach with an
interdisciplinary approach, with rigorous academic concepts, and apply real-world
lessons using STEM (Bybee, 2013). Learners must experience hands-on, problem-based
learning. This type of integration creates connections between school, community, work,
and ultimately the global society (Bybee, 2013; Tsupros, Kohler, & Hallinen, 2009).
STEM education can include domains that reach beyond science, technology,
engineering, and mathematics to include social studies, English, language arts, arts,
religion, and more (Bybee, 2010; Sanders, 2009).

The purpose of this descriptive study was to investigate perceptions of STEM
implementation within a Catholic diocese. Through systems theory, the Catholic diocese
was viewed as the system and the 22 schools were the individual parts that collectively

made the diocese a whole. An online survey was issued to all K-8 building
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administrators and classroom teachers in 22 K-8 schools to measure receptivity to
implemented STEM education. This population was selected due to the gap in literature
for K-8 STEM education, as “STEM schools research, to date, has focused principally on
secondary schools” (Judson, 2014, p. 257) as well as a gap in the literature for Catholic
schools and STEM implementation. Additionally, the Catholic diocese of focus was
chosen because they participated in a year-long STEM PD offered to teachers in each K-8
school who taught one of the core subjects of STEM. Finally, my knowledge of Catholic
schools and accessibility to the superintendent of the diocese who gave permission to
conduct the study was another reason why it was chosen.

Educational leaders must understand the current state of their administrators’ and
teachers’ perceptions to successfully implement STEM education. Such understanding
provides a roadmap for future in-service training, professional development, or
refinement of fostering Professional Learning Communities (PLCs), and a basis on where
the level of understanding lies in regards to STEM. In gaining such perceptions, a
stronger STEM focus may be achieved and the findings will add to the body of

knowledge on STEM implementation.

Research Questions

This study provided insight as to how K-8 building administrators and classroom
teachers within a Catholic diocese in the Southeastern region of the U.S. perceive the
implementation of STEM education in their school. For purposes of the survey, STEM
implementation is defined as an interdisciplinary approach to learning with two or more
core subjects where all teachers present academic concepts that are coupled with real-

world lessons as students apply science, technology, engineering, and mathematics in
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contexts that make connections between school, community, work, and the global
environment (Tsupros, Kohler, & Hallinen, 2009). The authors used a quantitative,
nonexperimental research design to answer the following research questions:

1. To what degree do K-8 building administrators and classroom teachers in a
Catholic diocese in the Southeastern region perceive a need for integrated STEM
education?

2. What are the perceptions of K-8 building administrators and classroom teachers of
a Catholic diocese in the Southeastern region regarding accessibility to appropriate
resources for implementation of STEM education?

3. To what extent do K-8 building administrators and classroom teachers of a
Catholic diocese in the Southeastern region perceive their current condition of
STEM education in meeting the needs of 21 Century learners?

Methodology

Research Design. Descriptive studies are used to describe the attitudes and
beliefs of the population being studied (Babbie, 2001). A survey instrument was used
which included items on a 5-point Likert scale that ranged from “Strongly Agree” to
“Strongly Disagree”. The survey was cross-sectional, as a single respondent completed
the survey at a single point in time. The responses were used to ascertain individual
perceptions of STEM implementation within their school. “Survey research is probably
the best method to use when one hopes to gain a representative picture of the attitudes
and characteristics of a large group” (Blackstone, 2012, p. 194).

Online surveys have strengths and limitations. One limitation included an

unpredictable return rate because it was voluntary. To address this issue, a drawing of
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two $50.00 gift cards were offered for participants who completed the survey.
Researchers found that the promised lottery was the most effective incentive for
increasing response rates compared with no incentive (Bosnjak & Tuten, 2003; Porter, &
Whitcomb, 2003). Additionally, because the survey was directed to a specific
geographical region and one specific Catholic diocese, the results may not be
generalizable.

The strengths of conducting an online survey include providing the collection of a
large amount of information from a large pool of people. This was helpful as the selected
schools cover a large territory. Another strength was cost effectiveness and prompt
feedback due to online use. SurveyMonkey provided the data only. Finally, a well-
constructed questionnaire provided the potential to produce reliable results.

Participants. There were 22 K-8 schools that participated in the survey and
ranged in student population from 125 students to 660 students. All teachers and
building administrators from the K-8 schools were invited to participate in the survey
with a total of 631 potential participants. Within each K-8 school, there are educators
who are licensed to teach K-5 (elementary students), 6-8 (middle school students), or K-8
(both elementary and middle school). As the schools are comprised of K-8 classes, there
are teachers who teach multiple groups. Every school also has at least one principal who
reports to the Superintendent (see Appendix A). Depending on student population,
schools may also have one or two assistant principals.

Survey instrument. In working with the Office of the Catholic Diocese,

participants’ work emails were obtained for all K-8 teachers and administrators.
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Participants were asked to complete an online survey by selecting an answer to each
survey question that best fit their beliefs (see Appendix D). The answers were formatted
using a 5-point Likert scale to indicate their agreement or disagreement with the
statements presented. This closed-ended survey method provided a quantitative
statistical explanation of attitudes, tendencies, or opinions of a sample of the studied
population (Creswell, 2009). Questions 25-31captured demographic information using
multiple-choice answers where one response was needed. This demographic information
was collected and sorted into categories to include employment status (classroom teacher,
school administrator, or both), the designation of school (elementary [K-5], middle [6-8],
or both), years of teaching experience, and highest level of education. The demographic
questions accessed personal characteristics of the population. There were also two open-
ended questions in the survey. These questions were asked so participants could include
pertinent information that may provide insight or elaborate on a survey question. The

research questions and their corresponding survey questions are as follows in Table 3:

Table 3
Alignment of Research Questions

Survey Item 2, 3, 4,7, 8,9,
RQ 1. To what degree do K-8 building
administrations and classroom teachers and 10
perceive a need for integrated STEM
education?

Survey Item 5, 6, 11, 12,
RQ 2. What are the perceptions of K-8
building administrators and classroom 13, 20, 21, and 22
teachers regarding accessibility to
appropriate resources for implementation of
STEM education?
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Survey Item 14, 15, 16, 17,
RQ 3. To what extent do K-8 building
administrators and classroom teachers 18, 19, 23, and 24
perceive the current condition of STEM
education in meeting the needs of 21%
Century learners?

Demographic information Survey Item 1, and 25-31
Open-ended question (Optional) Survey Item 18 and 32

Data collection. Permission to conduct the study was obtained from the
Superintendent (Appendix C). A timeframe was established in which to issue the survey
once The George Washington University Institutional Review Board approved the study.
Then, the Superintendent of the diocese informed all principals of the upcoming survey at
their monthly meeting and encouraged participation.

The survey was electronically mailed to all K-8 school administrators and all
classroom teachers from each of the 22 schools (Appendix F). A total of three follow-up
surveys were sent for those who did not respond through SurveyMonkey.

As de Leeux, Hox, and Dillman (2008) explained, offering clear instructions and
having the survey clutter free provides a more effective response. Survey questionnaires
should also be attractive, interesting, and not too demanding (de Leeux et al., 2008).
SurveyMonkey offered such a format. Finally, a drawing for one of two $50.00 VISA
gift cards was offered to each respondent if chosen to participate. To maintain
anonymity, at the end of the survey, respondents who chose to enroll for the drawing
were redirected to a URL where they provided needed contact information. Two gift
cards were sent out.

The survey included an estimate of ten minutes for participants to complete and

assured that all information would remain confidential. The survey response time
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spanned four weeks with three follow-up emails encouraging participants to complete the
survey, though not required. Follow-up emails were sent from SurveyMonkey to
preserve anonymity. Quantitative data was gathered to support understanding of
individual perceptions from principals and classroom teachers within the diocese. Data
collection on current attitudes, opinions, and beliefs can help determine “community
needs for educational services as it relates to programs” (Creswell, 2005, p. 365).

To maximize response rates of participants, response-enhancing techniques were
implemented. The first two techniques included making the potential respondents aware
of the forthcoming survey and informing participants up front on the amount of time it
would take for completion (Anseel, Lievens, Schollaert, & Choragwicka, 2010; de Leeuw
et al., 2008). Pre-contact prior to distribution occurred at a monthly principals’ meeting
held by the Superintendent. The Superintendent made an announcement regarding the
survey and encouraged all K-8 administrators and teachers to participate in the study. As
schools are hierarchical systems, motivation and cooperation from the administration was
important (de Leeux et al., 2008), with reassurance that this was a voluntary and
confidential survey as stated in the informed consent.

Three follow-up emails were sent to address nonresponse rates (Appendix H). De
Leeux et al. (2008) recommended up to three contacts, to include reminders. Three
reminders were sent, with the first one going out a week following the initial email.
Cook, Heath, and Thompson (2000) found that reminders have a positive effect on
response rates compared to no reminders. SurveyMonkey sent out reminders only to
nonrespondents.

Cook et al. (2000) completed a meta-analysis on 68 web surveys and reported an
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average response of 39.6% (SD=19.6%). Strategies used to enhance response rates
included making the potential respondents aware of the forthcoming survey and
informing them up front on the amount of time it will take for completion (Ansell,
Lievens, Schollaert, & Choragwicka, 2010; de Leeux et al., 2008). An explanation was
also provided about how this survey may enhance future professional development,
awareness, and future dialogue regarding STEM education. Assurance of anonymity as
well as explaining that participation was voluntary was given. Finally, an incentive was
offered to all participants once they completed the survey.

This incentive was explained in the initial email, at the top of the survey, and
again at the completion of the survey. A link was provided where participants had the
option to enter their name and contact information for a drawing. This contact
information was not linked to their original responses in the survey, which was clearly
stated. The drawing was for one of two $50.00 VISA gift cards. Such incentives may
have enticed participants who were less inclined to participate. The researcher used on
online number generator to select the two winners from the list of participants. Both gift
cards were sent.

Handling and storing of data. Procedures to log in and store responses followed
protocol issued through The George Washington University Institutional Review Board
and SurveyMonkey. Access to data was protected with username, password, and account
information. This ensured restricted access, only allowing the primary investigator
access. After downloading data, information was protected on a personal computer with
username and password, and was routinely saved on an external hard drive, which was

also protected by a password.
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At the beginning of the study, 631 surveys were sent. Of the 313 respondents, 55
respondents were automatically disqualified because they stated they were not a K-8
teacher or administrator in Item 1. Additionally, any survey with 50% or more of the
responses missing was excluded from data analysis. There were 6 surveys eliminated for
having over 50% of the items incomplete. The remaining 258 were included in the data
analysis using Excel.

Data Analysis. Data analysis began with reporting response rates from the
survey and involved analyzing data per question (Creswell, 2005). Descriptive statistics
were calculated for each response to determine the frequency of response selection. The
data analysis was used to answer the overarching research questions. Descriptive
statistics were also calculated to present demographic information to include: educational
setting, years of experience, and highest level of advanced degree held.

Two open-ended questions were analyzed to discover themes. An analysis of
word frequency was completed by generating a list of words, combining similar works,
and counting the number of times each occurred (Merriam, 2009). Once recurring

pattern were discovered, themes were listed and discussed.

Human Participants and Ethics Precautions

Prior to issuing the survey, approval to complete the study was obtained from The
George Washington University Institutional Review Board. Research participation was
voluntary and any participant could choose to withdraw from the study at any time. The
survey included an ethical statement that provides information about procedures to

complete the study. Furthermore, data was securely stored with no identifying
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information. As online surveys pose privacy concerns, guidelines and polices were
explained to each participant to maximize response rates.
Summary

The purpose of this study was to determine the perceptions of K-8 building
administrators and classroom teachers regarding STEM implementation in a Catholic
diocese in the Southeastern region. Chapter 3 presented the methodology for the
descriptive study using an online survey. The survey instrument served as the primary
data source to answer the study’s research questions pertaining to the perceptions of
STEM implementation. To fill the gap in the literature, the following research questions
were posed:

1. To what degree do K-8 building administrators and classroom teachers in a
Catholic diocese in the Southeastern region perceive a need for integrated STEM
education?

2. What are the perceptions of K-8 building administrators and classroom teachers of
a Catholic diocese in the Southeastern region regarding accessibility to appropriate
resources for implementation of STEM education?

3. To what extent do K-8 building administrators and classroom teachers of a
Catholic diocese in the Southeastern region perceive their current condition of
STEM education in meeting the needs of 21 Century learners?

This study used an online survey issued through SurveyMonkey. This
nonexperimental descriptive study used a 5-point Likert scale for the majority of the
survey questions. The number of responses and percentages were computed and graphs

were created. The open-ended questions were analyzed for common themes and
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discussed. Chapter 4 will present the results of the specific analyses that describe the

sample and address the research questions.
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Chapter 4: Results

Introduction

The purpose of this study was to examine K-8 administrator and teacher
perceptions of STEM implementation within a Catholic diocese in the Southeastern
region of the U.S. I used an online survey administered through SurveyMonkey emailed
to all teachers, assistant principals, and principals throughout the diocese. The findings
based on the data collected are presented in this chapter. The diocese was viewed as the
system and the 22 schools were examined because they are a part of the diocese.

Response Rates. The survey was sent to all 631 educators who teach
Kindergarten through 8" grade to include assistant principals and principals from 22 K-8
schools. Permission was requested and granted to survey all educators in this diocese
from the Superintendent who oversees 29 schools to include 2 high schools, 5 private
schools which are sponsored by a religious order or private corporation, and 22 parish
schools which are sponsored by a single parish or church community. The overall
response rate from the 22 parish schools was 40.9% with a total of 258 responses.

After the initial survey was issued, three reminder emails were sent. During the
first week, there were 225 responses. To receive the best response rate, follow-up
reminders were sent the next three weeks. After the second reminder, 34 additional
responses were received. Following the third reminder, 40 more participants completed
the survey. After the final reminder, 14 additional responses were received.

At least one respondent from each of the 22 schools surveyed was included as
assessed by survey Item 28 which asked respondents to select the school where they were

employed. Five recipients were unable to be reached by email. Emails sent to these
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individuals resulted in a hard bounce, whereby one of several factors may have occurred:
the participant no longer worked in the school due to retirement or positional changes or
there was an incorrect address which resulted in 626 actual respondents. There were also
five participants who opted out from receiving SurveyMonkey email which resulted in
621 potential participants.

Of the 621 potential participants, 313 responded. Of the 313 respondents, 55
were automatically disqualified because they identified themselves other than a K-8
teacher or administrator which was determined on Item 1 in the survey. Six teachers
were also removed because they answered less than half of the survey, which left a total
of 258 respondents from the original 631 potential respondents. The breakdown of
respondents by grade level or position in which they are currently employed can be seen
in Table 4.

Table 4
The Number of Participating Teachers and Administrators

Grade Level # of Respondents (V)
K-5 Elementary Teacher 130

6-8 Middle School Teacher 62

K-8 Teacher 41

Both Teacher and Administrator 5

Administrator 20

Total 258

Findings for Research Question One

Three research questions were used to guide the study with K-8 schools within a
Catholic diocese. Research Question 1: To what degree do K-8 building administrators
and classroom teachers perceive a need for integrated STEM education? A combined

total of 86 % (f=222) strongly agreed or agreed to the statement that there is a need for
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STEM implementation. There were 11.7% (f=30) who answered neutral and 2% (f=5)
disagreed or strongly disagreed. A summary of the quantitative data used for Research
Question 1 can be found in Table 5.

When asked if STEM was a topic of discussion at their school, a combined 75.8%
(=194) strongly agreed or agreed. There were 14.5% (f=37) who answered neutral, and
9.8% (f=25) either disagreed or strongly disagreed.

More than half of all participants 62% (f=160) strongly agreed or agreed their
school implements STEM education where two or more subjects are integrated. There
were 18% (f=46) who were neutral, and 12% (/=32) disagreed or strongly disagreed.
There were 8% (f=20) of teachers and educators who did not know if their school
implemented STEM.

When asked about participating in training, 88% (=22) of administrators strongly
agreed or agreed it is important to be trained and 78.2% (f=186) of teachers strongly
agreed or agreed. Both administrators and teachers believe it is important to be trained in

STEM, yet approximately 60% have not participated in any training.
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Table 5

Frequencies and Percentages for Survey Items Related to Research Question 1

Strongly Agree Neutral Disagree Strongly
Agree Disagree
) % ) % ) % ) % () %
Item 2. There is a need for 103 40.08% 119 46.30% 30 11.67% 3 1.17% 2 0.78%
STEM...
Item 3. STEM Education is a 80  31.25% 114 4453% 37 14.45% 24 9.38% 1 0.39%
topic of discussion...
Item 7. As a teacher, it is 88  3697% 98  41.18% 36 15.13% 15 6.30% 1 0.42%
important to be ....
Item 8. As a teacher, it is 90  3797% 112 47.26% 30 12.66% 3 1.27% 2 0.84%
important for admin....
Item 9. As an administrator, it 17 68.00% 5 20.00% 2 8.00% 1 4.00% 0 0.00%
is important to be...
Item  As an administrator, it 17 68.00% 5 20.00% 2 8.00% 1 4.00% 0 0.00%
10.  is important for...
Strongly Agree Neutral Disagree Strongly
Agree Disagree
) % ) % ) % ) % ) %
ltem 4. My schoolimplements 5 19 770, 109 4225% 46 17.83% 27 1047% 5 1.94%

STEM....

Note. There were 20 respondents that answered Do Not Know to Item 4. One respondent did not answer the question for Item 2 and

two respondents did not answer the question for Item 3.
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Findings for Research Question Two

Solving problems, gathering evidence, and making sense of information through
the collective integration of science, technology, engineering, and math is the goal of
STEM programs. In providing an integration of courses, resources are needed. In
research question 2, I asked the following: What are the perceptions of K-8 building
administrators and classroom teachers regarding accessibility to appropriate resources for
implementation of STEM education? A summary of data used for research question 2
can be seen in Table 6.

When asked if their school implements STEM where two or more subjects are
integrated, a combined 62% (f=160) strongly agreed or agreed. There were 17.8% (=46)
who responded neutral, and a combined 12.4% (f=32) disagreed or strongly disagreed.
Twenty respondents (7.8%) did not know if their school implements STEM.

When asked if participants would like more training, 81.4% (/=210) strongly
agreed or agreed to the statement. This statement is further reflected in the responses
about whether they feel prepared for STEM instruction in their classroom/school, to
which less than 50% stated they were. The breakdown was as follows: 47.1% (f~=121)
strongly agreed or agreed they were prepared for the integration of STEM within their
classroom/school. The remaining 28.8% (f=74) answered neutral and 24.1% (/=62)
answered they disagreed or strongly disagreed that they felt prepared for the integration
of STEM instruction in their classroom/school.

When examining educators’ time spent on inquiry-based, problem-solving
activities in a classroom setting, 68.1% (f=175) strongly agreed or agreed that students in

their school were engaged in problem-solving through STEM integration, 16% (f=41)
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were neutral, and 9.7% (f=25) either disagreed or strongly disagreed. There were 6.2%
(=16) who stated they did not know if students were engaged in problem-solving through
STEM implementation at their school.

The majority of respondents at 81.4% (=210) stated they would like more
training in STEM. For respondents who did receive training, 15.9% (f=41) received
training through the diocese, 7.3% (/=19) obtained training through online courses, and
29.6% (f=77) were through other sources as shown in Figure 2. Twenty-four respondents
received training through more than one source and selected more than one response,

therefore, the total exceeds 100%.

STEM PARTICIPATION

H Yes, through the diocese. H Yes, through online courses.

M Yes, through other sources. ®No STEM training

Figure 2. Responses to “I have participated in STEM training through the diocese, online
courses, other sources, or no training” (f=258).

When assessing if educators believed they had accessibility to appropriate
resources, 59.3% (f=150) cited their school does not offer professional learning to support
STEM education. When asked if their school provides adequate access to STEM
resources to include libraries, agencies, professionals, museums, materials, technology,
partners in industry, laboratory space, etc., 31.7% (= 80) strongly agreed or agreed, and

40.9% (/~=103) answered neutral. Collectively, 27.4% (f= 69) disagreed or strongly
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disagreed as seen in Figure 3. The majority of responses to both time and access to

resources were neutral to strongly disagree.

Adequate Resources

50.0%

40.87%
37.15% 35.970,

uuuuu

40.0%

23.41%

N w
S S
2 3
==

Percentage

10.0%

0.0% -

Strongly Agree Agree Nuetral Disagree Strongly Disagree

® [ have adequate access to STEM resoures  ® I have time to access resources

Figure 3. Responses to “My school provides adequate access to STEM resources,”
(/=252) and “I have adequate time to access available resources” (f=253).

To further understand access to resources, respondents were asked if they have
adequate time to access available resources. Again, the highest combined percentage of
45.9% (f=116) disagreed or strongly disagreed to having adequate time to access the
resources and 37.2% were neutral (=94). A total of 17% responded with agree or

strongly agree to having adequate time to access available resources (f=43).
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Table 6

Frequencies and Percentages for Survey Items Related to Research Question 2

Item 11.

Item 13.

Item 20.

Item 21.

Item 5.

Item 22.

Item 12.

My school offers time
for collaboration...
I would like more

training. ..

My school provides
adequate access..
I have time to access

resources. ..

Students are engaged
in problem solving...
I believe appropriate
resources are...

My school offers PL...

Strongly Agree Neutral Disagree Strongly
Agree Disagree
) % ) % ) % ) % ) %
19 7.39% 77 29.96% 72 28.02% 69 26.85% 20 7.78%
95 36.82% 115 4457% 29 11.24% 16 620% 3 1.16%
21 8.33% 59  2341% 103 40.87% 60 23.81% 9 3.57%
1 0.40% 42 16.60% 94 37.15% 91 3597% 25 9.88%
Strongly Agree Neutral Disagree Strongly
Agree Disagree
) % ) % ) % ) % ) %
47 1829% 128 49.81% 41 1595% 22 856% 3 1.17%
12 4.82% 64  25.70% 0 0.00% 81 32.53% 21 8.43%
Yes No
) % ) %

103 40.71%

150  59.29%

Note. Sixteen respondents answered Do Not Know for Item 5 and 71 respondents answered Do Not Know for Item 22.
There were missing responses for items 11, 12, 20, 21, and 22.
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Findings for Research Question Three

Students who can master STEM subjects while applying critical thinking, creativity,
communication, and collaboration in today’s technology-infused learning environment
are meeting the challenges of 21 century learners (Land, 2013; Reeve, 2015). In
research question 3, I asked: To what extent do K-8 building administrators and
classroom teachers perceive the current condition of STEM education in meeting the
needs of 21 century learners in their school? A summary of data used for research
question 3 is provided in Table 7.

The majority of respondents stated they are prepared for STEM integration with a
strongly agree or agree at 47% (f~=121). In further exploration of STEM implementation,
respondents were asked if STEM careers are a topic of discussion. A combined 39.4%
(7799) strongly agreed or agreed, 39.8% (/~100) answered neutral, and a combined
20.7% (f=52) answered with disagree or strongly disagree that STEM careers are a topic
at their school. When asked if they were meeting the current needs of 21 century
learners, the majority of respondents answered neutral with a 46.6% (=117) response.

In regards to offering after-school activities, 52.3% (~=134) responded yes and
24.6% (f=63) responded no. There were 23% (f=59) that did not know if their school
offered after-school activities. This was further explored in an open-ended item that
invited respondents to share experiences regarding school partnerships. A summary of
items with Likert-responses for research question 3 can be found in Table 7.

Barriers. Participants were asked to select one barrier from a list that prohibited
participation in STEM professional learning activities. Cost barriers were reported with a

response rate of 31.8% (/=82) followed by a lack of awareness with 28.7% (f=74). Other
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factors included family obligations 8.9% (/=23), lack of programs in the region with a 5.4
% (f=14), lack of support from colleagues 0.8% (f=2), and lack of support from

administration at 1.9% (f=5) which is demonstrated in Figure 4.

Barriers to STEM Professional Learning

Distance

Lack of support from collegues
Lack of support from admin
Family obligation

Length of program

Cost

Lack of program in my region
Lack of awareness of programs

No barriers prohibit my..
10.00% 20.00% 30.00% 40.00%

Figure 4. Respondents reporting specific barriers to participation in STEM
professional learning based on percent.
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Table 7

Frequencies and Percentages of Survey Items Related to Research Question 3

Item 14.

Item 23.

Item 24.

Item 16.

Item 12.

I am prepared for STEM
integration...

STEM careers are a topic
of discussion...

Current needs of 21st
century learners...

After-school activities are
offered...

My school offers PL...

Strongly Agree Nuetral Disagree Strongly
Agree Disagree
) % ) % ) % ) % ) %
29 11.28% 92 35.80% 74 28.79% 54 21.01% 8 3.11%
16 6.37% 83 33.07% 100 39.84% 48 19.12% 4 1.59%
15 5.98% 66 26.29% 117 46.61% 42 16.73% 11 4.38%
Yes No Do Not
Know
/] % /] % /] %
134 52.34% 63 24.61% 59 23.0%
Yes No
@ % @ %
103 40.71% 150 59.29%

Note. There were five missing responses for item 12, one missing response for item 14, two missing responses for item 16, and seven

missing responses for item 23 and 24.
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Demographic Information

I requested the following demographic information of all participants including:
educational setting, years of experience, and highest level of advanced degree held.
Descriptive statistics were used to summarize the following data in Table 8. The
majority of respondents identified as Catholic at 79.6% (/=195) and have 10-19 years’
experience (40%). When examining the highest level of degree held, the majority hold a
master’s degree at 48% (/~=118). Furthermore, the majority of teachers who participated
in this survey identified themselves as math teachers at 62% (f=134), followed by science
at 57.4% (f=124) and language arts teachers at 57.4% (f=124) as can be seen in Table 8.
Important to note is the majority of respondents were elementary teachers who teach
more than one subject (=139) which is why the percentage totals more than 100%.
Overall, the majority of respondents held Masters degrees, and had over 10 years of
experience, and taught math, science, or language arts.

Table 8
Descriptive Statistics of Participant Demographics

Item Frequency %

Level of education (f=245)

Bachelor’s degree 115 47
Master’s degree 118 49
Educational Specialist 6 2
Doctoral Degree 6 2
Years of teaching experience (/=248)
0-4 24 10
5-9 43 17
10-19 99 40
20+ 82 33

Program discipline (/=216)
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Mathematics 134 62

Science 124 57
Language Arts 124 57
Social Studies 114 53
Foreign Language 16 7
Religion/Theology 97 45
Music 10 5
Arts 5 2
Physical education/Health 7 3
Technology 35 16

Note: The % totals for program discipline is more than 100 because teachers instruct more
than one subject.

Open Response Questions

Respondents were provided an opportunity to share a more detailed description of
the STEM program they have implemented or are currently implementing within their
respective schools through two open ended questions. Participants were provided the
opportunity to share personal experiences and thoughts. The first open response question
asked for participants to share stories of partnerships that worked well at their school.
The second open response question offered participants an opportunity to share their
thoughts regarding STEM implementation.

Partnerships that worked well. Out of 27 respondents, 7 listed more than one
response. Three themes emerged when coding for partnerships to include
NASA/Military, local universities, and after school programs. NASA/Military was
mentioned 6 times, college partnerships were mentioned 7 times, and after-school
programs were mentioned 16 times.

Overall, schools partnered with local organizations for after-school programs and
were mentioned the most. The military/NASA was mentioned as important partnerships

between schools and organizations for in school and after-school programs. Other
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partnerships mentioned were offered as summer and after-school programs to include
Lego Club, Mad Science, Engineering for Kids, Lego Robotics, 4-H STEM, an aquarium,
Farm Bureau, and Horizons. Some specific comments made in regards to partnerships
that worked well included:

Parents sponsor Lego Robotics as one means of an after-school STEM
experience.

We had some students see how personnel at a local military base are using
Xboxes to train troops for combat. They also visited us to show how the Oculus
Rift was being used to train students. A local 3D printing company has let us
come by several times to see how they are using the technology locally.

Note. Name of military base redacted to protect privacy.

NASA is a great help to our school in implementing STEM and STREAM, as are
parents, who are very involved in projects, design challenges, and robotics.

We have had after school programs with Robotics and Legos that are supportive
of STEM Education. We had STEM for K-5 in our school for 1 yr. but then that
teacher taught Math in 6-8 grade so we no long have STEM as a subject area.
Thoughts regarding STEM education. Fifty-eight participants shared thoughts
regarding STEM. When coded, the most frequent responses were in regards to lack of
knowledge or training, that STEM implementation is currently limited to a single

program and/or taught in isolation as a class, to stating it was promising or working well.

Coding of the open responses regarding STEM can be seen in Table 9.

Table 9
Responses Regarding STEM Implementation
Theme # of Times Mentioned
Lack of Knowledge/Training 16
Cost Barrier/Limited Resources 7
Not happening at our school 4
Don’t believe in it/Don’t want it 5
Promising Program/Working Well 15
Offered as a course or isolated program 19
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Responses included:

I would like to see more time for training and collaboration.

As an older teacher, it is difficult for me to switch my thinking from traditional
teacher to more content-based activities. My lack of training in this hinders me.
There is little to no technology due to budget constraints.

I think it is non-existent in the elementary level.

We are putting forth great effort. Cost is a barrier. Also, buy in from all teachers
can be an issue. This is a high priority for us, but we have limited resources.

Four years ago, our school had a wonderful initiative led by one middle school
teacher. She no longer is at our school and our STEM education was significantly
halted. My thought is that STEM education needs to be a team effort so that the
program grows and is not dependent on one person. When this teacher left there
was no one able to step in to continue to the good work in place. Teachers also
need time, training and resources to provide a quality meaningful experience in
their school.

The lack of knowledge or training was mentioned 16 times. Other comments
cited a desire to find equitable distribution of funds for resources for all diocesan students
across the board, rather than for individual schools; “I would love to have diocesan
support for a system-wide Chromebook initiative ... and see STREAM training initiated
again”. Training suggestions included having ongoing professional development brought
back system-wide.

Support was also shared by respondents to include:

I want to work toward true STEM integration; my school is taking steps e.g.,

Lego Robotics, Lego Build Club, and Middle School Science Fair will all be

STEM projects.

Awesome! Always thirsting for more. Love collaborative spirit for STREAM in
middle school as teachers integrate Religion and art as well.

So far, our administrators are excited about it. There is a promising energy about

it at my school. I'm removed from some of the information, so I'm not completely
sure how it works or how it's being implemented.
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The views provided a wide range of beliefs on STEM implementation within individual
classrooms or school settings from teachers and administrators.

Additional Data Analysis and Findings
School Matters. The data were disaggregated by individual schools to examine how
participants responded to various questions. Conclusions are based only on those who
responded and cannot be generalized to the diocese as a whole. When examining
individual schools for this sample, respondents were consistent within each building, as
can be seen in Figure 5. Two schools with a response rate above 20 and two with a
response below 20 were selected for further examination. The focus of the five questions
examined resources, readiness, and the current condition of meeting the needs of 21%
century learners at their individual schools. Findings of the sample of respondents differs

when examining the respondents as a whole as can be seen in Figure 5.

Individual School Responses
90% B6%.

80% |76'/°

70% 0 0
o 62% 62% 57%
60% 50%
20% 36% o 369869
40% 0 %
309, 30/ 24% 27% o0
0% 17% 17% 18%
100/0 8% 8% mmm 8%
(1]
0% - (1 1|

School A (n=22) School B (n=21) School C (n=12) School D (n=10)

m My school provides adquate access to STEM Resouces. Strongly Agree/Agree

m My school offers time for collaboration to ensure STEM implementation. Strongly Agree/Agree
m Yes, my school offers PL to support STEM implementation

m Yes, [ have had STEM training.

® My school's current condition of STEM is meeting the needs of 21st century learners.

Figure 5. Individual school responses
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Disaggregated by Region. This diocese categorizes schools into three distinct
regions as it encompasses 116 of the 142 counties within the state. When examining
trends within each region for this sample, all three regions cited cost as their top barrier to
STEM implementation followed by lack of awareness for both Region 2 and Region 3.
Of those who responded, Region 1 cited there were no barriers preventing them from
training after listing cost as their first.

Survey questions regarding participation in STEM training and whether their
schools offered professional learning to support STEM implementation are also
compatible in response as can been seen in Figure 6. Region 1 respondents cited 26%
(f=47) participated in STEM training, and Region 2 (/=28) and Region 3 (=114) reported
43% and 45% respectively. For this sample, Region 1 respondents they cited 28% of
schools offered PL to support STEM integration, and Regions 2 and 3 reported 45% and
46% respectively. Such findings are limited to this particular sample of respondents.

Regional Comparison

60%
50%

52%

40% 45% 46%

43%

30%
20%
10%

0%

Region 1 Region 2 Region 3
u [ have participated in STEM training.

u My school offers professional learning to support STEM integration.

Figure 6. Regional comparisons within diocese
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Disaggregated by Employee Category. When disaggregating data by employee
category, respondents were examined by the following groups; K-5 teachers, 6-8
teachers, and administrators. For this sample, administrators consistently had the highest
percentage when answering the questions, followed by K-5 teachers, with 6-8 teachers
having the lowest percentage of Strongly Agree/Agree per question. The first question
asked if there was a need for STEM implementation, the second question asked if their
school implements STEM, and the third question asked if they have participated in
STEM training. For those who responded, administrators had the highest percentage for
the three responses as can be seen in Figure 7.

Trends by Administrators, K-5 Teachers, & 6-8 Teachers
100%

90%

92%
88%
85% 84%
80%
2% 68%
9
62% 0%
60%
50%
39%
40%
29%

30%

20%

10%

0%

Item 2 There is a need for STEM Item 4 My school implements STEM Item 6 I have participated in
Strongly Agree / Agree Strongly Agree / Agree STEM training  Yes

8

8

8

8

8

8

B Principals ®K-5 ® Grades 6-8

Figure 7. Responses to “There is a need for STEM implementation,” “My school
implements STEM” and “I have participated in STEM training” disaggregated by
Principals (f=25), K-5 educators (/~=130), and 6-8 educators (/=62).
Summary
The findings regarding the perceptions of STEM implementation using an online
survey were described in this chapter. Results of the overall analyses indicated a

perceived need for STEM education with 85.6% in strong agreement or agreement.
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Respondents cited they would like training yet barriers were cited that currently inhibit
their professional learning opportunities and ability to implement STEM at their school.
Teachers and administrators described programs that were currently being implemented
in their schools as well as overall thoughts on STEM implementation. There were a
variety of opportunities available to students both in and outside of school. There was
also an array of mixed feelings in regards to STEM implementation for those who chose

to share opinions. In Chapter 5, further analysis is given to the results of this study.
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Chapter 5: Interpretations, Conclusions, and Recommendations

This quantitative, nonexperimental research study examined perceptions of K-8
administrators and teachers regarding STEM implementation within a Catholic diocese.
This study included background data that provided information regarding the perceptions
of teachers and administrators in the chosen diocese. The survey was sent to all K-8
educators and administrators in 22 schools within the diocese. Descriptive statistics were
completed to analyze respondents’ perceptions of STEM implementation as the diocese
was examined as a system and then viewed by individual schools and participants that
make up the system.

A summary of the data is presented in Chapter 4 and an interpretation of the
research findings in the context of three research questions and relevant literature are
provided in Chapter 5. Recommendations for further study relating to the research topic
are offered as well as recommendations for the diocese of study. The following research
questions were used to guide the study.

Research Question 1: “To what degree do K-8 building administrators and
classroom teachers perceive a need for integrated STEM education?” The findings
suggest that teachers and administrators desire continued implementation within the field
of STEM to enhance opportunities for all students. A majority of respondents stated it
was both a topic and a need, yet 59.3% reported they have never received training. Such
a disconnect demonstrates a need for future professional learning opportunities. In fact,
86.3% strongly agreed or agreed to a perceived need for STEM instruction. Coupled
with a perceived need for STEM, a response rate of 81.3% responded they strongly

agreed or agreed they would like more training.
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Interestingly, a majority of respondents reported they implement STEM where
two or more subjects are integrated, yet over half have not been trained. Such
discrepancy may reflect back to how each individual is defining STEM integration. The
top of each survey page included the following definition:

STEM integration is defined as an interdisciplinary approach to learning where all

teachers present academic concepts that are coupled with real-world lessons as

students apply at least two of the following subjects of science, technology,
engineering, and mathematics in contexts that make connections between school,
community, work, and the global environment. (Tsupros, Kohler & Hallinen,

2009)

As STEM education offers students an opportunity to understand the four disciplines
holistically through an interdisciplinary approach to learning, programs and training are
needed to develop teacher and administrators’ awareness and understanding of the
importance of STEM skills as well as ways to integrate STEM into the classroom.

STEM careers are a topic with 39.4% of the respondents citing a strongly agree or
agree. As discussed in Chapter 2, career topics are a focus for STEM programs, as
students often view them as too difficult or hold negative stereotypes of STEM
professions (Masnick, Valenti, Cox, & Osman, 2010). By 2022, Occupational Outreach
Quarterly (2014) reported the number of STEM career opportunities is expected to grow
by 12% or 1 million jobs. Career awareness provides students the exposure and
increased awareness of available opportunities and helps students learn how STEM
competencies can be directly applied in the workforce and can be increased through
partnerships with their outside stakeholders. The need to increase awareness matches

with respondents’ need for STEM implementation. As the National Research Council

(2011) stated:
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The primary driver of the future economy and concomitant creation of jobs will
be innovation, largely derived from advancement in science and engineering...4%
of the nation’s workforce is composed of scientists and engineers; this group
disproportionately creates jobs for the other 96%. (NRC, 2011, p.3)
Studies continue to cite the need to remain competitive in the area of research, innovation
and technology through the momentum of STEM education.

Research Question 2. “What are the perceptions of K-8 building administrators
and classroom teachers regarding accessibility to appropriate resources for
implementation of STEM education?” The findings in this study indicate more training
is desired to provide opportunities to collaborate between subject areas for full STEM
implementation. There is a disconnect in respondents’ desire to become trained in STEM
education at an 81.4% strongly agree or agree and current availability within the diocese
when offering professional learning with a negative response rate of 59.3%.

In looking at community partnerships, respondents reported opportunity is
supported with a variety of after-school programs, university partnerships, military
partnerships, as well as with local industry. The responses helped illustrate the diversity
and manner by which each school is addressing the implementation of STEM. The
diversity and importance in becoming a part of a larger community and developing a
shared vision beyond school walls exemplifies system theory (Senge, 2006). Studies cite
after-school STEM programs enhance communication skills, collaboration skills, and
scientific inquiry (Levy & Murane, 2004; NCR, 2009; Partnership for 215 Century Skills,
2011). In fact, 52.3% reported their school offers after-school activities that integrate

STEM. How a school defines community partnerships, however, may need to be

addressed in conjunction with their definition of STEM.
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When asked if respondents were provided adequate access to STEM resources to
include professionals in STEM fields, museums, materials, technology, partners in
industry, and laboratory space, the majority of respondents answered neutral with 40.9%.
Only 31.7% strongly agreed or agreed they had access to adequate resources. The lack of
adequate resources matched in perception with the lack of adequate time to access
available resources with a combined 45.9% of respondents disagreeing or strongly
disagreeing with having enough time. While school resources, both as a diocese and
individually per school, were not examined in this study, respondents cited a need for an
increase in adequate resources as well as highlighting what is currently available for
those who may be unaware of current resources. Based on the perceptions of the
respondents, more time, training, and resources are needed to meet the needs of the
diocese. Expenses associated with equipment, technology, and training match this
challenge as funding and availability of high-quality programming continues to be a
concern (U.S. Department of Education, 2016).

Research Question 3. “To what extent do K-8 building administrators and
classroom teachers perceive the current condition of STEM education in meeting the
needs of 21 century learners in their school?” Twenty-first century learners have quick
access to new knowledge and information, and they are also capable of engaging in
learning at a new level which allows engagement in problem-solving and decision-
making activities (Blair, 2012). These learners are also those students who can master
STEM subjects while applying critical thinking, creativity, communication, and

collaboration in today’s technology-infused learning environment (Land, 2013; Reeve,
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2015). The findings in this study indicated that the majority of respondents answered
neutral (46.6%) to meeting the needs of 215 century learners.

Currently, the opportunities mentioned by respondents support the belief that
learning occurs beyond the classroom walls with stakeholders who enhance learning
opportunities with after-school programs. In fact, after-school activities that support
STEM education were offered at a 52.3% response rate. Diversity and opportunity are
present and support that learning engagement is multi-layered. Such responses also
reflect the need for implementing STEM. Over 50% of offered events are from after-
school activities and are isolated opportunities for groups rather than a program of daily
instruction for all students.

The views from participants provided a wide range of beliefs on STEM
implementation within individual classrooms or school settings from teachers,
administrators, and after-school programs. Based on the responses, factors to be
considered include cost, training, and diocesan wide implementation. There is a
perceived need of wanting more STEM training within the classroom setting, but the lack
of resources and opportunities currently exist as cited by respondents.

Additional Findings. Interesting trends emerged when disaggregating data for
this particular sample of respondents. Schools tended to answer with similar responses
within a building but varied throughout the diocese, so schools matter. The difference
may be with the leadership and their perceived importance or lack of importance for
STEM implementation.

When examined by regions for those who responded, the three regions tended to

answer similarly as well. When looking at administrators as a group, they responded

90



more favorably for participation in STEM training, for stating there is a need for STEM,
as well as stating their school implements STEM. In viewing the diocese as a whole,
these findings lead to an inconsistency in what they say they believe and what is currently
being offered.

Reports and studies cite STEM implementation is both a topic and need, therefore
it will be important for educational leaders of the diocese to re-examine where the
diocese is a whole as well as where their schools are individually. Some questions that
may need to be asked include: Due to new leadership both at a diocesan level and at a
school level, how does this affect the overall success of STEM implementation? What
steps has each school taken towards STEM implementation? And finally, is STEM still a
priority at a diocesan level or is it a decision left for school leaders?

Recommendations for the Diocese of Study

As the diocese was examined through systems theory, each of the 22 diocesan
schools was seen as an individual part that collectively makes up the diocese as a whole.
STEM was viewed as a system within the Catholic diocese as the diocese provided
training for K-8 schools. In examining the system as a whole, STEM is not functioning
effectively as a system because not all of the schools responded favorably to STEM
implementation. Schools appear to be at different stages within the implementation. The
system, therefore, appears to function ineffectively because each school is working
independently. Recognizing that the diocese as a whole is slowly moving in the desired
direction allows leadership to adjust the process and provide needed support.

One of the emerging themes was that STEM was offered in isolated opportunities

such as a separate class or an after-school activity. The first recommendation is for
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diocesan wide training on the integration of subjects between classes as well as how they
define STEM. Bringing STEM into the classrooms will require collaboration between
teachers of different disciplines (Bybee, 2010; Lortie, 2002). When educators integrate
knowledge and methods from differing disciplines to solve problems, create products,
and provide explanations in ways that would not be feasible through one lens, the
interdisciplinary understanding of STEM implementation occurs (Wang, Moore, Roehrig,
& Park, 2011). Therefore, further training on STEM education is needed diocesan wide.
One suggestion is to combine resources through Title II funds by region to provide
ongoing training.

Overall, the responses regarding perceptions of STEM implementation reveal a
picture where K-8 administrators and teachers believe there is a need, but the current
state is not where it should be in terms of available resources or meeting the needs of 21
century students at their schools. “We are integrating it more and more each year”, “We
are just at the beginning of our STEM journey”, and “I would like to see a STEM
program at our school but at the present time our schedules do not allow time to do this”.
Another respondent wrote, “I took my son out of the high school here because there is no
STEM happening”. Some of the perceived challenges indicate a lack of knowledge,
understanding, and/or training at individual schools as well as a diocese as a whole.

As a part of diocesan-wide training, it is recommended that diocesan leaders
examine if STEM is still a priority. If STEM is still a priority, one recommendation is for
school leaders and stakeholders of each school to visit schools that identify themselves as
STEM schools. Visitation to schools who have a fully integrated STEM program can

create discussion among faculty, provide buy-in for educators and stakeholders, and
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promote excitement for continued learning and growth. Observations with a clear
purpose and mutual goal provide collaborative professional development when used to
share techniques and exchange ideologies between colleagues (Flom, 2014).

Another recommendation is to create STEM professional learning communities to
support schools as they work towards various stages of implementation. As stated in
Chapter 2, PLC’s provide various groups to work together to include interdisciplinary
teams, grade level groups, subject specific departments, district level personnel, and
outside partnerships to ensure all levels are being reached (Teague & Anafara, 2012). I
also recommend an increase use of businesses and other outside professionals and
universities and to build on established partnerships to enhance STEM programs in
tandem with teachers implementing STEM rather than in isolation. Such partnerships
will further support educating our youth on STEM careers and opportunities and continue
to build on community partnerships and vision. The idea of a shared vision and purpose
between all stakeholders is embedded in Senge’s learning communities.

Partnerships with STEM professionals and other outside stakeholders are an
important component of STEM education as well as increasing the awareness of possible
STEM careers to support the STEM pipeline (National Research Council, 2011).
Increasing the interconnectivity between schools, communities, businesses, and
universities requires a multi-faceted strategy to address the many layers of the system that
interplay in students’ learning. Through a systems lens, a network of stakeholders will be
able to collectively accomplish what they could not complete alone (Bryson, Crosby, &
Stone, 2006). Strengthening the STEM pipeline is cited throughout the literature as an

area of concern that needs to be addressed at the K-12 level (Bybee, 2011; National
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Science Foundation, 2015; Sanders, 2009). All stakeholders, therefore, need to be on
board to further support the integration of STEM as educators engage students in learning
that is relevant and current (Lip & McNeill, 2009).

To the degree that the sample of disaggregated data represents the diocese, the
stories were not consistent across the diocese, but participants were consistent within
each school. Therefore, school level matters so priorities of stakeholders from each
school need to be examined. Caution with findings should be used because these
conclusions can only be reflected back to those who responded, not to the diocese as a
whole.

Recommendations for Future Research

Recommendations to enhance future research include a replication of this study
within a larger population. Expanding the survey to include more dioceses could be
beneficial as this study was limited to a single Catholic diocese. Additionally, including
leaders in the survey such as the Superintendent, Associate Superintendents, and
curriculum leaders throughout the diocese would increase the range of perceptions and
understanding. Another consideration to increase the population of study would be to
include the high schools within each diocese.

A second recommendation would be to explore stakeholders’ perceptions within a
school community to include educators, community businesses, local universities, and
industry leaders to help broaden awareness and experiences of STEM implementation
within each school community. As there are a number of STEM opportunities offered as
extra-curricular activities, the examination of attitudes of community partnerships that

work in tandem with the schools would be useful. Community engagement could help
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schools understand their strengths and areas of improvement as the action in one part of a
system can have effects across the rest of the system (Senge, 1990). As systems theory
explains, this interconnectedness can affect all the groups who advocate for students’
engagement in STEM education.

Recommendations for Survey Modification

Based on my experience, the survey should be modified. The first
recommendation would be to re-word the question regarding subject taught (survey Item
27) as the majority of my respondents were elementary teachers who teach multiple
subject areas. As it is currently written, it may be better suited for middle school or high
school surveys. I would also reword the question regarding collaboration. Rather than
asking if it is happening, I would ask how many minutes each week was provided for
collaboration which would provide a continuous variable. I would also change the survey
format and make each question a forced choice versus optional.

Although I provided a definition for STEM at the top of each page, a
consideration for future surveys would be to ask respondents to define what STEM
means to them. Finally, in discussion with career education, I would include the option
on how they provide these activities to include Career Days, College Fairs, Career
Aptitude Tests and Programs, Guest Speakers, and Job Shadowing.

Lessons learned. When reviewing the findings, it became clear that partnerships
needed to be defined. The complexity of how a partnership versus a program is viewed is
worth further exploration. Ambiguity arose regarding the delivery model as it can vary
greatly; paid versus not paid, ongoing versus a one-time delivery model, as well as

formal, informal, or even unspoken delivery models. Families, professionals, and the

95



broader educational community to include businesses and universities provide different
types of programs or partnerships, however, this was not clearly stated in my survey.

As school partnerships vary, programs may include volunteer time, in-kind
donations, or even financial resources to help meet specific needs for each school.
Furthermore, diversity of individuals and groups may include principals, teachers,
community-based organizations, parents and other community leaders working with
students to expand learning opportunities. As cited in Chapter 4, there were a wide
variety of opportunities for students to engage in STEM activities to include Lego Club,
Mad Science, visits to military instillations, and NASA.

Structurally, they vary greatly. Some are paid programs were specialists come in
weekly for an after-school program for a designated period of time such as Mad Science.
Lego Club is sometimes staffed by parent volunteers on a weekly basis to provide
learning and building challenges for students. An example of a partnership where
professionals visit schools or have students visit on-site for demonstrations include
military partnerships. Often times local universities partner with individual schools and
may bring in staff and guest speakers for a STEM Expo for the students and local
community. There appears to be rich and diverse partnerships throughout the diocese.

Finally, while religious identity is an integral part of the daily curriculum within a
Catholic school, religion itself was not addressed. This was a missed opportunity to
inquire how religion is implemented within STEM and would be worthy of further

exploration.
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Conclusion

This study provided an examination of the perceptions of K-8 teachers and
administrators regarding STEM implementation within a Catholic diocese. The results
add to the current field of research on STEM implementation. A perceived need for
STEM integration by K-8 teachers and administrators was a topic of discussion; however,
only 32.3% agree or strongly agree that the current condition of STEM implementation is
meeting the needs of 21% century learners within the diocese of study. Challenges this
diocese face include training, continued professional development, and the ability to
provide opportunities within the classroom. Therefore, educators at all levels must
contribute to the preparation of STEM literate citizens.

Catholic schools are experiencing a time of transition and challenge to include
maintaining enrollment, increased tuition costs, and competition for students as parents
“shop” for the school that provides the best investment for their tuition dollars (Baxter,
2011). Canon 806 states that academic instruction in a Catholic school must be as good
as the surrounding schools; therefore, schools are obligated to offer a strong, quality
education in addition to teaching the faith (Baxter, 2011). For schools to survive this
changing educational landscape, they must continue to offer programs that focus on
innovation, creativity, and a curriculum that meets the needs of 21 century skills. As
Senge (1990) explained, “A learning organization is an organization where people
continually expand their capacity to create the results they truly desire” (p. 3). To meet
those needs, strengthening STEM implementation throughout the diocese is needed. This
desire is mirrored by state and local policy makers, mayors, and community leaders (U.S.

Department of Education, 2016). Remaining relevant and competitive while continually
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evolving to meet the needs of families, the Church, and the ever-changing society is a

challenge Catholic schools continue to face.
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Appendix A
Governance, Operation, and Structure of Catholic Schools

Under the diocese of study, there are three types of schools to include Parish
schools, Regional schools, and Private schools. Parish schools serve one parish and are
under the supervision of the Pastor, Principal, and the Office of Catholic Schools. This
study’s population consisted of teachers and administrators from the 22 K-8 Parish
schools that range in student population from 125 students to 660 students.

While Catholic schools rely on tuition for a majority of their operating budget, they
are also eligible for ESEA funding. Funding that can be used for professional
development and improving teachers’ knowledge on effective instructional strategies
include Title I, Part A funds. All funding requests must go through an approval process
and are then managed through the local public-school system’s Department of Teaching
and Learning. District personnel meet twice a year with representatives from every
private school that qualifies for funding. Each diocesan school is notified from the
Department of Teaching and Learning regarding the amount allocated yearly to their
particular school. Principals of each parish school are in control of how those funds are
spent.

Advisory Boards. The diocese mandates that Parish schools have an Advisory
Board also known as a School Board. The purpose of the Advisory Board is to
recommend policy and assist with the implementation of goals while maintaining and
promoting the school’s Catholic identity. All recommended policy must be consistent
with diocesan policy, state guidelines, and directives. This board assists in providing a

Christ-centered learning environment for all students. Every board has designated areas
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of responsibility to include finance, facilities, legislature, planning, and
development/recruitment/marketing and has 7-13 board members. Their overall mission
is focused on the future growth and development of Catholic schools.

In viewing the diocese as a system, there are four types of school boards to include
a Diocesan School Board, Parish School Boards, Regional School Boards, and Private
School Boards that make up the diocesan system. As explained in the National Standards
and Benchmarks for Effective Catholic Elementary and Secondary Schools (2012), the
Bishop has final authority over all schools according to Canon Law. The Bishop relies
on the staff of the Office of Catholic Schools to exercise administrative jurisdiction in
accord with diocesan policies, state accreditation standards, as well as the laws of the
state. The Superintendent runs the Office of Catholic Schools and works closely with the
Bishop in operation of all schools.

Figure 8. K-8 Parish school organizational chart

Bishop
l
Office of Catholic Schools Pastor
Superintendent I
\ L
Principal | School
Advisory
Board
Parish School

School Assessments. Two assessments are given throughout the diocese of study to

include the ACRE test which is provided by the National Catholic Education Association
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(NCEA), the Scantron Performance Series Assessment. The ARCE test assesses the
effectiveness of religious education programs to ensure students have comprehended the
basic teachings of the Catholic church. This test is administered in Grades 5, 8, and 11.
Scantron Performance Series is a computer-adaptive assessment administered to students
in Grades 2-8 to measure growth in reading and mathematics. These assessments are
administered in the fall, winter, and spring and provide teachers with data that enables
them to customize and modify instruction based on the individual needs of each student.
Accreditation. All diocesan schools are accredited through AdvancEd with state
licensed teachers and administrators. AdvancEd is an organization working with school

systems worldwide.
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TIMMS average math and science scores of Grade 4 and Grade 8 students from 2011 and

2015.

Appendix B

(NCES, 2015)

Z/tlhaglr:(clte)res for Math Scores
for 8™ Grade
2011 | 2015
- 2011 | 2015
S 606 618
Ineapore Singapore 611 621
Hong Kong 602|615 Republic of 613 | 606
Republic of Korea | 605 608 Korea
Chinese Taipei 591 597 Chinese Taipei | 609 299
Hong Kong 586 594
Japan 585 593 Japan 570 586
United States 541 539 United States | 509 | 518
Science Scores for Science
4t Grade Scores for
2011 2015 8th Grade
- 2011 | 2015
Singapore 583 590 Singapore 590 | 597
Republic of Korea | 587 589 Republic of 560 | 556
Japan 559 569 Korea
- — Japan 558 | 571
Chinese Taipel 552 | 595 Chinese Taipei | 564_| 569
United States 544 546 United States | 525 | 530
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Appendix C

(NRC, 2013, p.2)

Recommendations from

Successful K-12 STEM Education (2011)

Indicators

Districts Should Consider All Three Models of STEM-
Focused Schools

Districts Should Devote Adequate Instructional Time and
Resources to Science in Grades K-5

Districts Should Ensure That Their STEM Curricula Are
Focused on the Most Important Topics in Each Discipline,
Are Rigorous, and Are Articulated as a Sequence of
Topics and Performances

Districts Need to Enhance the Capacity of K-12 Teachers

Districts Should Provide Instructional Leaders with
Professional Development That Helps Them to Create
the School Conditions That Appear to Support Student
Achievement

Policy Makers at the National, State, and Local Levels
Should Elevate Science to the Same Level of Importance
as Reading and Mathematics

States and National Organizations Should Develop
Effective Systems of Assessment That Are Aligned with A
Framework for K-12 Science Education and That Emphasize
Science Practices Rather Than Mere Factual Recall

National and State Policy Makers Should Invest in a
Coherent, Focused, and Sustained Set of Supports for
STEM Teachers

Federal Agencies Should Support Research That
Disentangles the Effects of School Practice from Student
Selection, Recognizes the Importance of Contextual
Variables, and Allows for Longitudinal Assessments of
Student Outcomes

1. Number of, and enroliment in, different types of STEM
schools and programs in each district.

2. Time allocated to teach science in grades K-5.

3. Science-related learning opportunities in elementary
schools.

4. Adoption of instructional materials in grades K-12 that
embody the Common Core State Standards for Math-
ematics and A Framework for K-12 Science Education.*

5. Classroom coverage of content and practices in the
Common Core State Standards and A Framework for
K-12 Science Education.

6. Teachers’ science and mathematics content knowl-
edge for teaching.

7. Teachers’ participation in STEM-specific professional
development activities.

8. Instructional leaders’ participation in professional
development on creating conditions that support STEM
learning.

9. Inclusion of science in federal and state accountability
systems.

10. Inclusion of science in major federal K-12 education
initiatives.

11. State and district staff dedicated to supporting science
instruction.

12. States” use of assessments that measure the core
concepts and practices of science and mathematics
disciplines.

13. State and federal expenditures dedicated to improving
the K-12 STEM teaching workforce.

14. Federal funding for the research identified in Successful
K-12 STEM Education.

*Because the Next Generation Science Standards had not been published at the time of this report, the committee used A Framework for K-12
Science Education (National Research Council, 2012) to develop Indicators 4, 5, and 12. These indicators can be tracked in relation to
the Next Generation Science Standards when they are published.
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Appendix D

(ACT Report, pp. 26-27)

STEM
Interest and Achievement by State

Percent of STEM Students Meeting Benchmarks

State
Reading Science
56 38 28 29 14

Alabama 100 52

Colorado 100 44 69 49 49 46 29
Illinois 100 41 71 50 51 45 28
Kentucky 100 48 65 45 37 37 18
Louisiana 100 52 64 40 32 33 14
Michigan 100 47 66 46 44 43 23
Minnesota 100 48 67 51 55 48 30
Mississippi 100 51 52 30 24 23 10
Missouri 100 42 66 47 44 41 22
Montana 100 48 63 47 47 41 22
Nevada 100 40 46 33 30 26 13
North Carolina 100 50 52 37 38 31 17
North Dakota 100 47 63 46 46 41 21
South Carolina 100 48 50 35 31 27 13
Tennessee 100 46 65 44 37 37 18
Utah 100 45 65 48 43 42 22
Wisconsin 100 47 68 48 51 46 26
Wyoming 100 49 64 44 41 39 17
Arkansas 96 48 65 44 39 35 17
Hawaii 94 48 53 35 38 30 16
Nebraska 88 48 73 53 51 48 27
Oklahoma 82 50 66 49 38 37 17
Florida 81 46 60 47 40 36 20
South Dakota 76 54 74 56 58 52 29
Kansas 74 49 73 56 55 49 28
Ohio 73 50 73 57 56 52 30
New Mexico 70 57 56 41 35 32 15
lowa 68 49 79 60 56 55 31
West Virginia 67 58 70 49 37 37 16
Georgia 60 52 67 49 44 40 23
Arizona 58 48 62 46 47 39 23
Alaska 53 44 64 51 49 41 23
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STEM
Interest and Achievement by State

Percent of STEM Students Meeting Benchmarks

State Graduates
Reading Science
in STEM
61 46 48 40 24

Texas 46 52

District of Columbia 44 38 65 65 51 48 38
Indiana 41 52 77 60 60 53 33
Idaho 39 55 80 64 61 54 33
Oregon 39 46 73 57 58 50 32
Connecticut 34 47 86 71 73 66 48
California 33 53 75 58 62 50 36
New Jersey 32 46 78 63 68 56 43
Virginia 31 54 80 65 65 59 40
New York 29 50 82 68 73 64 46
Vermont 29 49 83 66 69 61 39
Massachusetts 28 49 87 72 78 66 50
Maryland 27 52 77 63 64 57 41
Washington 25 5153 78 65 69 60 43
New Hampshire 23 54 88 70 77 68 49
Pennsylvania 23 54 81 65 68 60 40
Delaware 21 57 81 67 66 57 40
Rhode Island 20 51 83 65 66 60 41
Maine 10 54 85 66 72 61 45
Nation 64 48 67 49 48 43 26

* Totals for graduating seniors were obtained from Knocking at the College Door: Projections of High School Graduates,
8th edition. © December 2012 by the Western Interstate Commission for Higher Education.
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Appendix E: SurveyMonkey

Perceptions of STEM (Science, Technology, Engineering, and Mathematics)
Implementation for K-8 Principals and Teachers in a Catholic Diocese in the
Southeastern Region of the United States

As a colleague and doctoral student from The George Washington University, I am
conducting research on the perceptions of STEM (Science, Technology, Engineering, and
Mathematics) implementation for K-8 building administrators and classroom teachers
within the diocese. This survey should take less than 10 minutes to complete, and all
information will be anonymous and used for research purposes only.

There are no known risks associated with this research study; however, as with any
online activity, the risk of confidentiality is always at the forefront. This survey does not
require your name. SSL encryption is enabled so that your responses are protected
between your computer and SurveyMonkey servers. We will maintain secure access to
your data via a password-protected computer. If you have any questions regarding
SurveyMonkey's database and server security, policies can be found online.

Your participation is completely voluntary and you can withdraw at any

time. Submission of the survey implies consent. If you have any questions regarding this
study, you may contact the dissertation committee chair, Dr. Jennifer Clayton at
claytonj@gwu.edu or me at careyaverill@mac.com.

At the end of the survey you will have an opportunity to enter a drawing for one of
two $50.00 VISA gift cards! Please follow instructions after you complete the survey.

Thank you for your cooperation.

Carey L. Averill, M.Ed
Doctoral Candidate, The George Washington University

(new page)
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Each question on the survey is presented on its own page along with a progress bar. This
provides a clear, clutter free format for the participants. For the survey, an explanation of
STEM integration is given at the top of each page:

STEM integration is defined as an interdisciplinary approach to learning where all
teachers present academic concepts that are coupled with real-world lessons as students
apply at least two of the following subjects of science, technology, engineering, and
mathematics in contexts that make connections between school, community, work, and
the global environment (Tsupros, Kohler, & Hallinen, 2009).

1. Tam employed as a/n:

o K-5 teacher (elementary)
6-8 teachers (middle school)
K-8 teacher (elementary & middle school)
Both teacher and Administrator (Question 33)
Administrator (Principal or Assistant Principal)
Other (please specify)

O O O O O

2. There is a need for STEM implementation.
o Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

O O O O

3. STEM education is a topic of discussion at my school.
o Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

O O O O

4. My school implements STEM education where two or more subjects are
integrated.
o Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
Do Not Know

O O O O O

5. Students in my school engage in problem-solving through STEM implementation.
o Strongly Agree
o Agree
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o

O O O O

O

O O O

Neutral

Disagree

Strongly Disagree
Do Not Know

I have participated in STEM training.

Yes, through the diocese.
Yes, through online courses.
Yes, through other sources.
No.

7. As ateacher, it is important to be trained in STEM integration within my
classroom.

O

@)
@)
@)
@)

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

8. As ateacher, it is important for my administrator(s) to be trained in STEM.

O O O O O

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

9. As an administrator, it is important to be trained in STEM integration within my
school.

O

@)
O
@)
@)

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

10. As an administrator, it is important for my teachers to be trained in STEM.

O O O O O

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

11. My school offers time for collaboration with teachers of different disciplines to
ensure the integration of STEM education.
o Strongly Agree
o Agree

130



o Neutral
o Disagree
o Strongly Disagree

12. My school offers professional learning to support STEM integration.

@)
@)

Yes
No

13. If offered, I would like more training on implementing STEM education into my
classroom/school.

O

@)
@)
@)
O

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

14. T am prepared for the integration of STEM instruction in my classroom/school.

O O O O O

Strongly Agree
Agree

Neutral

Disagree

Strongly Disagree

15. Select any barriers that prohibit your participation in STEM professional
development activities (select all that apply)?

O

O O O O O O O O

Distance/location

Lack of support from colleagues

Lack of support from administration

Family obligations

Length of the program/training

Cost

Lack of STEM-focused programs offered in my region
Awareness of programs

No barriers prohibit my participation

16. My school offers after school activities for students that integrate STEM
education.
o Yes
o No
o Do Not Know

17. My school has community partnerships to support STEM education through the
following:
o Parental participation
o Local industry
o University partnerships
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STEM Expos

Military partnerships
After-school programs
Online or virtual courses
Do not know

O O O O O

18. Please feel free to share any stories or partnerships that have worked well at your
school (optional).

19. Inquiry-based, problem-solving activities are offered in the classroom setting on a
basis.

Daily

Weekly

Monthly

Once every few months

Never

Do Not Know

O O O O O O

20. My school provides adequate access to STEM resources (libraries, agencies,
professionals, museums, materials, technology, partners in industry, laboratory

space, etc.).
o Strongly Agree
o Agree
o Neutral
o Disagree
o Strongly Disagree

21. I have adequate time to access available resources?
o Strongly Agree

o Agree

o Neutral

o Disagree

o Strongly Disagree

22. 1 believe appropriate amount of resources are directed towards STEM education at
my school.

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

I have no knowledge

O O O O O O

23. STEM careers are a topic of discussion in my classroom/school.
o Strongly Agree
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Agree

Neutral

Disagree

Strongly Disagree

O O O O

24. 21st Century Learners are those students who can master STEM subjects while
applying critical thinking, creativity, communication, and collaboration in today’s
technology-infused learning environment. The current condition of STEM
education within the diocese is meeting the needs of 21% Century Learners.

Strongly Agree

Agree

Neutral

Disagree
Strongly Disagree

O O O O O

25. I am Catholic.
o Yes
o No

26. Iam a:
o Member of the clergy
o Layperson

27. What subject(s) do you teach?
o Math

Science

Language Arts

Social Studies

Foreign Language

Religion/Theology

Music

Art

Physical Education & Health

Technology

O O O O O O O O O

28. I am employed at the following school(s):
The listing of schools has been redacted to protect privacy.

29. How many years of experience do you have within this current role/position?
o Less than 5 years
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o Atleast 5 years but less than 10 years
o At least 10 years but less than 20 years
o 20 years or more

30. How many years have you been in the field of education?
o Less than 5 years

At least 5 years but less than 10 years

At least 10 years but less than 20 years

20 years or more

O O O

31. What is the highest level of advanced degree that you hold?
o Bachelor’s degree
o Masters’ degree
o Educational Specialist
o Doctoral degree

32. Please share your thoughts regarding STEM at your school (Optional).

33. What percentage of time do you spend for each role? The percentage should total
100.
o Teacher
o Administrator

Thank you for completing the survey. Your participation in this study is sincerely
appreciated. If you would like to participate in a drawing for one of two $50.00 gift
cards, please follow this link.

Weblink address provided
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Appendix F: Email Letter for Permission to Participate in Study

Date
Dear :

I am writing to request permission to conduct a quantitative research study in the
Diocese of Catholic Schools. As a requirement of the degree of Doctor of Education
Leadership and Policy Studies at The George Washington University, [ am writing a
dissertation on perceptions of integrated science, technology, engineering, and
mathematics (STEM) education. This survey is designed to provide insight on
perceptions of K-8 principals and teachers and create a context for future planning of
STEM related instruction.

This letter is to request your assistance with this quantitative research, which I am
hopeful, will be of interest to administrators, staff development coordinators, and
universities. Your system’s participation will be in the form of an online survey issued to
all of your K-8 principals and classroom teachers that will take less than 10 minutes to
complete.

Your approval to conduct this study will be greatly appreciated. I will follow-up with a
telephone call next week and would be happy to answer any questions or concerns you
may have. You may also contact me at careyaverill@mac.com.

Please sign below if you grant permission for this research study to occur and return the
signed form via email to careyaverill@mac.com.

Sincerely,

Carey L. Averill
Doctoral Candidate, The George Washington University

Cc: Dr. Jennifer Clayton, Research Advisor, GWU

Print Name and title Signature Date

Note. Name redacted to protect privacy.
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Appendix G: First Email to Principals and Teachers

Date:

Dear Colleague:

As a fellow educator within your diocese and a doctoral student at The George
Washington University, | am asking for your participation in a study that examines the
Perceptions of K-8 principals, assistant principals, and classroom teachers regarding
integrated STEM education within your diocese. The first page of the survey outlines the
procedures, directions, and ethical requirements for the study.

The survey should take less than 10 minutes and asks that you select a response to each
question. Submission of the survey implies consent. Your honesty will be greatly
appreciated and is important to the results of the study. Every participant’s answers are
anonymous and will not be identified in any report. All completed survey respondents
have the opportunity to enter into a drawing for one of two $50.00 VISA gift cards! If
you are not a K-8 teacher, assistant principal, or principal, please disregard this email.

If you have any questions regarding this study, please contact Dr. Jennifer Clayton,
dissertation chairperson, at claytonj@gwu.edu or me at careyaverill@mac.com. I truly
appreciate your support and participation. Please follow the link below to complete the
survey.

Sincerely,

Carey L. Averill, M.Ed.

Doctoral Candidate, The George Washington University

Weblink address provided
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Appendix H: First Follow-up Email to Principals and Teachers

Date:
Dear K-8 Principals and Teachers:

Recently, selected K-8 classroom teachers and building administrators at your school
were issued surveys via email related to my topic on understanding the Perceptions of
STEM education in a Catholic diocese. Your decision to take part is voluntary, and your
participation is anonymous.

The returned surveys will provide insights as an educator and/or administrator regarding
the topic, as well as the potential to assist in future planning and training on STEM
integration and promote future discussion on the topic. If you are not a K-8 principal,
assistant principal or K-8 classroom teacher, please disregard this email.

The survey should take less than 10 minutes to complete. Please follow the attached link
and complete the survey within one week of this email. Ilook forward to receiving your

response and adding it to the body of knowledge regarding STEM implementation in K-8
schools within the diocese.

Sincerely,

Carey L. Averill, M.Ed.
Doctoral Candidate, The George Washington University

Dr. Jennifer Clayton, Dissertation Chairperson

Weblink address provided
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Appendix I: Second and Third Follow-up Email to Principals and Teachers

Date:
Dear Colleague:

The purpose of the follow-up is to request nonresponding building administrators and
teachers to contribute to the study. If you have completed the survey, please disregard
this request. If you have not, please consider completing the survey at this time. It will
take less than 10 minutes to complete. This is your final opportunity to complete the
survey.

Confidentiality will be maintained for all participants. As an educator, your response is
very important and will be useful in understanding the perceptions of STEM education
within the diocese. All participants have an opportunity to win one of two $50.00 VISA
gift cards after completing the survey!

If you have any questions regarding this study, please contact Dr. Jennifer Clayton,
dissertation chairperson, at claytonj@gwu.edu or me at careyaverill@mac.com. Again,
thank you for your time, assistance, and participation in my study.

Please follow the attached link below and complete the survey within one week of the
date of this letter. Your contribution to this study is greatly appreciated.

Sincerely,

Carey L. Averill, M. Ed.

Doctoral Candidate, The George Washington University

Dr. Jennifer Clayton, Dissertation Chairperson

Weblink address provided
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