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Abstract
A case study was conducted of an elementary STEAM laboratory program in a midwest
Missouri school district, which was unique to the area, and involved risk-taking by the
school officials. The delivery model for instruction in the program was inquiry-based
learning with a STEAM focus. The planning of the program involved the community, as
well as district personnel. The purpose of the study was to evaluate the efficacy of the
program at the end of the first year to determine if the goals of the planning committee
had been met and if the perceptions of the stakeholders were in favor of the decisions
made to implement the program. A mixed research design was conducted which
included surveys of parents and teachers involved in the program, standardized
assessment scores compared to those of traditional elementary buildings in the district,
and interviews with administrators involved in the planning and implementation of the
program. The over-arching purpose of the study was to provide a model for future
planning in the school district, as well as for other districts interested in the development
of a STEAM program. Results of the mixed design were mostly positive, with survey
results indicating favorable perceptions by the participants. Results of standardized
testing were of mixed results as to the academic achievement of students involved in the
program; however, administrator interviews indicated no expectations for increased
achievement during the first year of operation. Indications were that the first year of
operation of the laboratory school had met expectations, and the STEAM program would
serve as a model for districts in making the choice to follow the same path toward

including a STEAM curricular program in the future.
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Chapter One: Introduction

Jobs in the future will demand technological skills, and to be competitive in the
world market, the United States needs to produce more graduates in the fields of science,
technology, engineering, and mathematics (Business-Higher Education Forum [BHEF],
2011). Educational institutions, from elementary level (K-12) through post-secondary,
will need to meet the needs of the 21st century by providing more opportunities for
students to pursue the fields of science, technology, engineering, and mathematics
(STEM), along with providing motivation for students to enter occupations that require
skills in the STEM fields (Gordon, 2010). Education in the STEM areas helps prepare
students for employment opportunities in an economy based on literacy of 21st century
skills and improves effectiveness of the education system in grades K-16 (National
Governors Association Center for Best Practices, 2015).

One Missouri school district designed and implemented an elementary-level
program focused on STEM curriculum. Within this paper, the procedures are outlined
that were taken in planning and involving patrons in the decision-making process and
developing a laboratory school focused on science, technology, engineering, arts, and
mathematics (STEAM) with an emphasis on literacy as taught through the lens of
science. The literacy emphasis was implemented by means of heavy reliance on
nonfiction reading. Reflections and perceptions of some of the stakeholders were
evaluated to determine possibilities of direction for this district in the future. Another
purpose to the study was to provide data for other school districts interested in the

process of implementing a STEM curriculum at the elementary level.



Chapter One of this paper includes information related to the background of
STEM and STEAM initiatives in the United States. The theoretical framework for the
study is also introduced in Chapter One, with reference to research conducted on inquiry-
based and project-based learning models. Chapter One includes a background of the
study, with an emphasis on current mandates for STEM education. A theoretical
framework is presented for inquiry-based learning, which was the framework adopted by
the school district for the program. The problem of predicted employment needs for the
future in STEM-related areas and the concerns for a lack of prepared applicants are stated
in Chapter One. The purpose of the study was determined to address the needs for
education that would prepare graduates to enter the STEM workforce or to complete
higher education in the STEM areas. Research questions are outlined, and a null
hypothesis is proposed for the data collected. Also, outlined are the definition of key
terms, along with limitations and assumptions. A summary of the project completes the
first chapter of the study.
Background of the Study

There is a current initiative in the United States to propel education in the areas of
science, technology, engineering, and mathematics, with the acronym of STEM education
(Herschbach, 2011). According to the National Center for STEM Elementary Education
(2012), “Teachers must engage elementary and middle school children in becoming
problem solvers, innovators, inventors and logical thinkers eager to master STEM
subjects now and as they move into high school, college and careers” (para. 5). Tony

Murphy (2011) of St. Catherine University published an article about the importance of



K-12 educators becoming trained in the STEM areas for the benefit of preparing students
at these ages for pursuing STEM careers in high school and college.

School districts have invested in technology in the classrooms to varying degrees
(Wolfe, 2011). It is not uncommon for school districts to invest in technology in order to
focus on the areas of science, technology, engineering, arts, and mathematics (STEAM)
education (NCSU, 2011). The question is whether or not technology improves students’
learning in these fields and whether or not technology contributes to increased
performance in science and math (Hondo & Cleveland, 2012). According to Langdon,
McKittrick, Beede, Khan, and Doms (2011), “The greatest advancements in our society
from medicine to mechanics have come from the minds of those interested in or studied
in the areas of STEM” (para. 16).

The University of Missouri in Columbia, Missouri, was involved in the
development of enhancing Missouri Instructional Technologies (eMINTSs) (2011), with
an emphasis on inquiry-based learning as a best practice in preparing students for 21st
century learning. Also involved with the development of this program was the Missouri
Department of Elementary and Secondary Education (MODESE), the Missouri
Department of Higher Education, and MOREnet in Missouri (eMINTS, 2011). The first
eMINTs-certified educators specializing in inquiry-based learning were from the St.
Louis, Missouri, area in the late 1990s, with studies of eMINTSs classrooms indicating
higher achievement as based on test scores among students learning through the inquiry-
based method (eMINTS, 2011). The original program in Missouri was named
Multimedia Interactive Networked Technologies (MINTS); however, it was renamed

eMINTSs in 1999 as a state initiative to educate students through an inquiry-based model,



with the use of technology as engagement and a new way of learning developed to meet
the needs of the 21st century learner (eMINTS, 2011).

In this study, the reasons were examined for why district administrators and
parents choose STEAM education for their students, and whether there is a perception
that students who learn in technology-rich environments have an advantage over students
learning in a traditional setting. The results of surveys of parents and teachers presented
in Chapter Four were used to answer this question. Parental and teacher perceptions were
analyzed, along with expectations and goals of the school district, which led to choosing
STEAM educational opportunities in a laboratory elementary (K-6) school setting. For
the purposes of this study, the school was called Unique Elementary.

Theoretical Framework

Inquiry-based learning is a theory on how students learn and is designed around
the constructivist theories of Jean Piaget (Gillani, 2010). Piaget “viewed learning as a
dynamic process where learners construct their own knowledge by interacting with the
world” (Gillani, 2010, p. 5). Constructivism and inquiry-based learning form the basis of
the eMINTS programs and other e-learning environments (Gillani, 2010). A significant
number of the teachers chosen for the program studied in this research project were
certified eMINTS teachers (MODESE, 2013). The theoretical framework of inquiry-
based learning was used in answering the question in this study of whether or not
students excel in academics in an inquiry-based model and a technology-rich classroom
over students in the traditional setting.

The school district focused on in this study had been training teachers to obtain

eMINTS certification for a decade, mainly focused on the fourth grade, and had plans to



extend the training into other grade levels in the future. Every elementary building in the
chosen district had a least one certified eMINTS teacher in grade four, and several of the
elementary buildings had two or more staff certified in the eMINTS model. The success
of the inquiry-based learning model in the eMINTS classrooms was such that when plans
were developed for the STEAM laboratory program, the method of teaching/learning that
was a part of the vision was based on the eMINTS classroom. This district presented the
plan to the public before actively developing the goals of the laboratory STEAM-focused
elementary school and based the teaching/learning delivery model on inquiry-based
learning as the method of educating children chosen for enrollment in this program.
Statement of the Problem

Trends in the world of business are toward STEM-related employment needs
(Carnevale, Smith, & Melton, 2011; Langdon et al., 2011). Government agencies have
recognized a growing need to be competitive in the global market and have noted a lack
of preparation in many of the nation’s graduates to pursue careers in the fields of science
and mathematics according to Business-Higher Education Forum (BHEF) (2011). High
school students in America rank low in the areas of science and mathematics in test
scores and measures of achievement, and only one-third of students in grades four
through eight show proficiency in the STEM areas (Hanover Research, 2011). The
STEM Education and Workforce (2014) reported only 44% of students graduating in
2013 were ready for college-level mathematics, while 36% were prepared in science,
according to university entrance assessments. The report also noted students in 29
nations outperformed American students in mathematics in 2012, and students from 22

nations outperformed students from America in science (STEM Education and



Workforce, 2014). To compete globally, there is a need to make the most of STEM-
related talent, as more occupations of the future will depend on qualified employees such
as machinists, operators, technicians, engineering technicians, and scientists (Engler,
2012).

College enrollment of today’s high school graduates is on the decline in STEM-
related fields in science and technology (Fioriello, 2013). Students claim they feel under-
prepared for the rigor of such programs (Fioriello, 2013). The National Science
Foundation estimated 80% of the jobs created in the next decade will require training in
the STEM areas, and shortages in these areas are expected if current trends continue
(Fioriello, 2013).

Education is moving toward online testing (MODESE, 2013). Missouri joined a
consortium of states that began assessing through an online testing system piloted in
2014, with an estimated 2,000,000 students participating (Smarter Balanced, 2014).
There was a question of whether or not students would be prepared to perform at their
best if not regularly taught through the use of technology in the classrooms (PRWeb,
2011). There was also research to suggest students needed to be prepared to enter a
workforce built around science, mathematics, and technology (Carnevale et al., 2011).
Press Release Services (PRWeb) (2011) asserted some school districts have already
invested in increased opportunities for technology usage in classrooms, and others have
made partial investment by providing technology to some of the students. School
districts around the world are incorporating technology at varying levels through the
implementation of programs to teach 21st century skills (PRWeb, 2011). The question is

whether or not this creates equal learning opportunities between school programs that



utilize STEM curriculum with regular use of technology and those that do not, and
whether STEM schools and traditional school settings provide an equitable environment
in which all students can excel.

Students need opportunities to develop 21st century skills that will be needed in
the job market, and schools must determine how best to meet those objectives (Grunwald
& Associates, 2010). The Unique School is designed to utilize global standards proposed
by the International Society for Technology in Education (ISTE, 2011) called the
National Educational Technology Standards (NETS). The NETS have been adopted by
many state education departments including the MODESE, which along with 30 other
states joined the Science & Math Achievement Required for Tomorrow Balanced
Consortium (SBAC), founded in 2009, to move toward online testing of students
(Smarter Balanced, 2014). The school district implemented a program in an attempt to
best prepare students for what they will need to know to achieve on assessments using the
tools that are a part of their world (Smarter Balanced, 2014; Walsh, 2009).

Purpose of the Study

A case study (Soy, 1997) was chosen as the method of research on a Missouri
school district’s implementation of the first STEAM elementary school, which was
unique in focus for the geographical area. Attitudes of parents and school staff towards
teaching/learning in technology-rich classrooms that focus on mathematics and science in
the curriculum and emphasize literacy through the regular use of nonfiction reading and
writing were evaluated (Soy, 1997). As a result, school districts could determine if a
cost-benefit analysis to budget for more STEAM programs was worth considering. The

analysis made by looking at the parent and teacher opinion surveys utilized in this study



and through administrator interviews (Seidman, 2006), may help school districts to make
informed decisions in the planning process.

The purpose of this mixed design study (Creswell & Clark, 2011) was to
determine if there was any value to the increased expense of adding technology to the
repertoire of teaching tools schools use to teach and prepare children as they advance in
their education. One school district in Missouri was the focus of the study. The district
implemented a laboratory STEAM-focused elementary school (Unique School) for the
2012-2013 school year where enrollment was a parental choice, and entry was
determined by lottery. This study involved examination of the process used by the
district in making the decision to create Unique School and evaluation of the expectations
and experiences of some of the stakeholders during the first year of implementation of the
program.

Research questions and hypothesis. The following research questions guided
the study:

1. What was the purpose of the development of a STEAM laboratory school for
one Missouri school district?

2. What is the difference, if any, between the achievement level of students
enrolled in the STEAM program and students enrolled in traditional elementary programs
as measured by the Scholastic Reading Inventory and Acuity assessments in mathematics
and reading?

H2o There is no difference between the achievement level of students enrolled in

the STEAM program and students enrolled in traditional elementary programs as



measured by the Scholastic Reading Inventory and Acuity assessments in mathematics
and reading.

3. What are the reasons parents choose to enroll their children in the
STEAM-focused elementary school over a traditional elementary setting in the district?

4. What are the perceptions of parents and teachers about the experience of
students attending the STEAM program?

Definition of Key Terms

For the purposes of this study, the following terms are defined:

Technology-rich. A classroom where technology of various types is available for
student use in the learning process is technology-rich. Computers, audio-visual
equipment, and software would all be included in the learning environment (EduScapes,
2007).

Twenty-first century skills. Twenty-first century skills are those skills
recognized as needed to fill jobs in the 21st century in science, technology, engineering,
and mathematics. Emphasis is on problem-solving, collaboration, and creativity (21st
Century Frameworks, 2011).

Limitations and Assumptions

The following limitations were identified in this study:

Sample demographics. This research focused on a single-case study of
elementary schools with similar demographics within one Missouri school district.
Findings and conclusions are not necessarily applicable to school districts of differing

demographics.
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Instrument. Surveys were created by the researcher, and every attempt was
made to be objective.

Academic results. The academic results for Unique School, were considered a
limitation due to this being the first year of STEAM implementation.

Sample growth reports. Sample growth reports of students in the laboratory
school could be biased, as all participants in the laboratory school program were there by
choice.

The following assumptions were accepted:

1. The responses of the participants were offered honestly and without bias.

2. The test instruments were reliable and valid: CTB/McGraw-Hill [Acuity]

(2013) and Scholastic Reading Inventory (2012).

The Scholastic Reading Inventory (2012), or SRI, was developed using the Lexile
Framework to determine reading levels of participants. The construct validity of the
Lexile Framework was evaluated in relationship to “other measures of reading
comprehension and text difficulty” (Scholastic Reading Inventory, 2012, p. 18), using
standardized reading tests to find the correlation between test scores and Lexile measures.
Basal reading programs were also evaluated and compared to the standardized measures
with a Lexile calibration of text comprehensibility and rank order of 0.995 (Scholastic
Reading Inventory, 2012). Reliability was determined by using a standard error of
measurement with a confidence interval of 90% on selected texts (Scholastic Reading
Inventory, 2012).

CTB/McGraw-Hill (2013) published, “Measurement error is decreased when

students and forms are appropriately matched by ability and difficulty” (para. 3). The
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Acuity Predictive Tests (CTB/McGraw-Hill, 2013), when compared to the Colorado state
standardized assessment, showed average correlations of scores between .75 and .80,
indicating the Acuity Predictive Assessments provided “predictive information toward
the end-of-year goals measured by the state NCLB assessments” (para. 4). Average
reliability on state tests from Colorado and Missouri were reported in the “mid to high
.80s” (CTB/McGraw-Hill, 2013, p. 3).
Summary

In conclusion, Chapter One focused on the appeal and effectiveness of a STEAM-
focused curriculum in a K-6 elementary building. A statement of the problem was
outlined, as to the need for an elementary STEM laboratory program. The theoretical
framework of inquiry-based learning was developed, as was the underlying framework
for the design of the Unique School. Questions were developed for the purpose of
evaluating the efficacy of the Unique School laboratory program. The perceptions of the
stakeholders were to be considered in evaluating the success of the first year of
implementation. Another purpose of the study was to evaluate whether or not student
achievement was greater as measured by growth in the Unique School over growth in
academic achievement in math and reading in traditional elementary schools in the
district. The intended results of the study were established and were to determine the
success of a unique program implementing STEM curriculum at the elementary level.
Unfamiliar terms referred to in the study were defined.

In the second chapter, a literature review is presented to include the history and
timeline of the present initiative toward increased technology skills and of future

employment opportunities in the fields of science, mathematics, and engineering.
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Included in the 21st century skillset are those considered as the soft skills of scientific
inquiry and problem-solving (Hanover Research, 2011). Also described in Chapter Two
are curricular areas not normally associated with STEM, but with good argument for
inclusion in developing a well-rounded citizenry, namely a social studies and arts
curriculum infused into the STEM curriculum (Maguth, 2012), along with literary
competency in reading, writing, and speaking (Meyrick, 2011). The underrepresentation
of participants due to gender and race is also outlined, along with efforts to build equity
into the opportunities afforded to students in K-16 educational programs (Hanover
Research, 2011). Benefits and arguments for a national focus on STEM education are
also researched and reported.

In Chapter Three, the instruments are discussed that were used to evaluate the
process of developing the Unigque School program, along with the survey and interview
processes of gathering qualitative information from some of the stakeholders in the
venture. Every attempt was made to gather and disseminate a clear understanding of the
process used to create this first-in-the-area laboratory STEAM program. Participation
was informed and voluntary, and quantitative data were used with discrepancy and
equity. All processes used in the collection of data are outlined and presented in Chapter
Three, with fairness and accuracy being a priority.

In Chapter Four, the evaluated and quantified survey results give a more objective
view of the perceptions of the patrons who participated in this study. Administrative
interviews are analyzed for themes, along with similarities and differences in perceptions
of the progress of the first year of operation of the STEAM laboratory school.

Standardized test results are evaluated for a quantitative comparison of student



13

achievement, as determined by growth in mathematics and reading of students in the third
through sixth grades, across the targeted school district.

Chapter Five includes evaluation of the study’s implications and
recommendations for research and decision-making about the future of STEAM
elementary programs. As the formation of this particular school was the first of its kind
in the area, and a laboratory program, the findings were of a unique nature. The purpose
was to give as accurate a description as possible of the first year of implementation of an

experimental elementary program in a particular geographical area of the country.
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Chapter Two: Review of Literature

In this chapter, literature is reviewed in relationship to the future of education.
The research indicated business leaders are looking for future employees in STEM
occupations, and schools are adopting or have adopted online testing methods to assess
student skills in the STEM areas (Grunwald & Associates, 2010). Jobs in the STEM
fields are expected to increase by 20% by 2020 (Hopkins, 2012), with 80% of new jobs in
the next decade expected to require training in some of the STEM fields (Fioriello, 2013).
Thus, this topic is important, and the research in this area is essential to understanding not
only the problems, but possible solutions.

The literature reviewed includes analysis of the effects of technology usage on
student achievement and attitudes toward learning. Research was conducted to review
21st century skills ( Rotherham & Willingham, 2010; 21st Century Frameworks, 2011),
and the impact on educational reform to accommodate student learning in relationship to
the standards for technology and integrated curriculum (ISTE, 2011). The need for
STEM and STEAM education was an area of study, as was the theoretical framework of
inquiry-based learning (Friesen & Scott, 2013). This study involved comparison of the
participation of men, women, and minorities in the STEM fields of study in higher
education and the workforce (Diep, 2013; Severns, 2012), and proposals to bring equity
into the training of future STEM professionals (Hopkins, 2012). Teacher professional
development in using effective methods of teaching STEM was also an area of research
focus (Nelson & Sassi, 2005).

The State Educational Technology Directors Association (SETDA) put forth

studies on the Promethean ActivClassroom showing the increased usage of technology in
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America’s schools is having a positive educational impact (Marzano Research
Laboratory, 2009; Nagel, 2009). Students learning through the use of technology have
been found to excel on standardized testing over peers in non-technology settings
(Meyers & Brandt, 2010). Research also shows a correlation between student
achievement and teacher training in using technology as an instructional practice (Martin,
Strother, Weatherholt, & Dechaume, 2008). Such training should focus on authentic
learning experiences, rather than a push to implement technology usage, in order to have
the most meaning as an instructional tool (Sutton, 2011).

Matching curriculum to resources that engage students in the learning process is
where technology training prepares teachers to provide those educational opportunities
(Courduff, 2011). Teachers must have the tools to educate, evaluate, and assess students
in 21st century methods in order to be most effective (Kumar & Vigil, 2011). Success in
the STEM initiative depends not only on technological and scientific competency, but
also on critical-thinking and problem-solving skills (Hanover Research, 2011).

The initiative toward education that focuses on the STEM areas is for the purpose
of keeping the United States competitive in the world marketplace (Carnevale et al.,
2011; Langdon et al., 2011). Technology usage prepares students for 21st century skills
with a focus on the STEM areas, according to studies reported by Grunwald and
Associates (2010) of Walden University; Means, Toyama, Murphy, Bakia, and Jones
(2010) to the U.S. Department of Education. The current push toward integrating the
STEM elements involved are listed by the STEM Initiative (Herschbach, 2011). At least
one state has called for more governmental support in funding advancing STEM

programs (Brett, 2007).
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Literature was also reviewed on inquiry-based and project-based delivery models
in adding an “A” (arts) to STEM to become a STEAM program (Moye, 2011). The
introduction of the arts into a STEM-based program provides for a more well-rounded
education and teaches to the whole child, according to proponents such as Robelen
(2011), by unlocking “creativity and innovation” (para. 2). According to Robelen (2011),
a House resolution was introduced in Rhode Island by U.S. Representative Langevin to
highlight the need for inclusion of the arts into the state initiative for STEM education.
Maguth (2012) proposed social studies content should also be integrated into a STEM-
focused curriculum in order to promote soft skills and produce a well-rounded citizenry
prepared for voting on ethical and social issues related to STEM.

Theoretical Framework

Constructivism recognizes that learners construct knowledge based on their own
experiences, present circumstances, and individual understanding (The Center for
Teaching and Learning, 2011), and that each person, as a result, constructs knowledge
differently in similar situations. The ideas behind constructivist learning are not
necessarily modern and have been espoused and debated by great thinkers since the 18th
century (The Center for Teaching and Learning, 2011). Dewey (1916) supported child-
centered pedagogy as follows:

...learning is active. It involves reaching out of the mind. It involves organic

assimilation starting from within. Literally, we must take our stand with the child

and our departure from him. It is he and not the subject matter, which determines

both quality and quantity of learning. (p. 9)
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The Center for Teaching and Learning (2011) published a framework of constructivism
and stated learners construct knowledge based on previous knowledge, current
experience, and as individuals.

Piaget (1952) focused on individual ability to construct meaning and
understanding of reality through experiences. According to Phillips (1997), “The
individual knower or learner builds a personal understanding of the surrounding world;
but bodies of knowledge (the disciplines, such as science and math) also are constructed
by humans” (p. 158). The Center for Teaching and Learning (2011) noted critical
thinking, or analysis, reflection, and communication, must be a part of constructing
knowledge.

Inquiry-based instruction is a broad umbrella term that includes various
approaches (project-based, problem-based, and design-based) that utilize inquiry as an
integral component of the learning process (Stephenson, 2012). The project-based
learning approach uses inquiry in basing learning activities around a central driving
question integral to the curriculum and results in hands-on, real-world application and
results (Thomas, 2000). Open inquiry with observable results is the foundation of
inquiry-based instruction and learning (Zion & Mendelovici, 2012). Effective project-
based learning relies on posing a driving question, just as the inquiry-based instructional
model does, and involves students engaging in problem-solving and real-world
application in order to find solutions and deeper understanding (Markham, 2012), thereby
working together for improved student achievement (Thomas, 2000).

The problem-based learning model builds on prior knowledge of learners, is

student-centered, and presents students with real-world challenges to solve (Gallow,
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2000). Learners are asked to think critically, analyze, synthesize, and evaluate authentic
problems to meta-cognitive questions, and to find reasonable solutions (Gallow, 2000).
Just as other approaches to inquiry-based instruction, problem-based learning is task-
oriented with the teacher as a facilitator encouraging students to explore, ask questions,
and find meaning in learning (Stephenson, 2012).

Inquiry in science allows children to think like scientists, take risks, ask questions,
and engage more freely in exploration (The Access Center, 2008). Students develop
more in-depth reasoning ability and greater achievement in science as a result of inquiry-
based learning instruction (Zion & Mendelovici, 2012). Methods used in science inquiry
include structured, guided, and open inquiry, which involve differing levels of teacher
participation, and the learning cycle, which includes having students work with a new
concept they will later apply into a different context (Just Science Now, 2015).

Educational reform measures involve looking at the end results and forming a
new conceptualized image of how to reach goals and meet the needs of the 21st century
learner (Friesen & Scott, 2013). Inquiry-based learning in science is a key component of
The National Science Education Standards and is operational in classrooms where hands-
on, student-centered, engaged learners base understanding of concepts on looking at
evidence (Zion & Mendelovici, 2012). The Galileo Educational Network in Calgary,
Alberta, noted as an exemplary program by Stephenson (2012), has adopted a vision that
recognizes inquiry as an integral component of the educational process and recognizes
the three E’s of 21st century goals: engaged thinkers, ethical citizens, and entrepreneurial
spirits (Friesen & Scott, 2013). The nature of inquiry-based learning is observation,

which helps students to learn in an easier, more engaging manner than through traditional
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methods that rely on direct instruction (Zion & Mendelovici, 2012). Students who are
more motivated toward mastering learning objectives are more engaged and goal-oriented
(Thomas, 2000), resulting in greater critical thinking (Zion & Mendelovici, 2012).

The job of the teacher in an inquiry-based instructional model is to activate
student interest and curiosity, while allowing for collaboration, creative and critical
thinking, and trial-and-error reflection (Friesen & Scott, 2013). Teachers trained in the
inquiry approach stimulate thinking skills that are of a higher order and are analytically
based to meet the needs of the 21st century learner (Darling-Hammond & Richardson,
2009). Open inquiry and opportunities for exploration lead to better, more concrete
knowledge of concepts (Zion & Mendelovici, 2012). Deeper understandings of real-
world problem-solving are assessed differently, as students are required to solve real
problems just as professionals do (Friesen & Scott, 2013), resulting in authentic
experiences that have meaning and value (Thomas, 2000).

STEM and STEAM Education

The birth of the STEM initiative began with the launching of Sputnik, the first
Russian satellite in space in 1957, which brought into awareness the Russian lead in
science and technology at a time when the United States and Russia were involved in
what was known as the cold war (Knight, Mappen, & Knight, 2011). In 1958, the
National Defense of Education Act was passed out of concern for the competitiveness of
America’s workforce, and attention was turned on the reform of educational curriculum
in the United States (Knight et al., 2011). In 1983, A Nation at Risk was published by
President Ronald Reagan’s National Commission on Excellence in Education and called

for strengthening the STEM curriculum, particularly in science and mathematics
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(National Commission on Excellence in Education, 1983). Enormous amounts of time,
money, and policy were expended on these programs for several decades (Knight et al.,
2011) in an attempt to improve America’s global standing in the STEM fields.
Further legislation has been passed since then, including the American Competitiveness
Initiation in 2006, the Carl D. Perkins Career and Technical Education Act also in 2006,
and the America Creating Opportunities to Meaningfully Promote Excellence in
Technology, Education, and Science Act in 2007 (Knight et al., 2011). Currently,
President Barack Obama has focused on expanding the Educate to Innovate campaign in
mathematics and science curriculum in K-12 education (Educate to Innovate, 2009), with
an emphasis on increased exposure of students through secondary school to quality
STEM education with mandates and extra funding (Knight et al., 2011).

The National Science Foundation (NSF) was first credited with using the term
STEM (Hanover Research, 2011), with the original program designed by Judith A.
Ramsey, former director of NSF’s Education and Human Resources Division (Fioriello,
2013). The acronym STEM stands for the study of science, technology, engineering, and
mathematics in education (Carnevale et al., 2011) and has come to importance with a
current initiative (Herschbach, 2011; Lee, 2012) toward developing a future workforce
better prepared in these areas. To maintain America’s strength in the global market and
to raise the American standard of living, STEM education is needed, as 65% of
employees with bachelor’s degrees in STEM professions earn more than employees with
master’s degrees in non-STEM occupations (Engler, 2012). The President’s Council of

Advisors on Science and Technology (PCAST) (2010) outlined goals to increase
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competiveness on the global market in the areas of technology and science. Four goals
were set forth for K-12 curriculum:

1. Ensure a STEM-capable citizenry.

2. Build a STEM-proficient workforce.

3. Cultivate future STEM experts.

4. Close the achievement and participation gap. (PCAST, 2010)

The goals set forth by PCAST were recognized as a necessary part of future preparedness
of America’s workforce (2010).

Preparation in the STEM employment areas is vital to keep the United States
competitive in the global market (Carnevale et al., 2011; Langdon et al., 2011; National
Research Council, 2011). Students in the United States underperform in comparison to
peers in 14 different countries (Eberle, 2010). The importance of a STEM-qualified
workforce is vital to U.S. economic growth (Studica, 2013). STEM competency is
necessary for the creation of global leaders of the future and to close the performance gap
between America and other industrialized countries (Fioriello, 2013).

A STEM curriculum would include in-depth study in the areas of science,
technology, engineering, and mathematics in an inquiry-based or project-based forum
(eMINTS, 2011; Etherington, 2011; Papanikolaou, 2010). Successful STEM education
provides real-world application of the four areas of science, technology, engineering, and
math, and provides sequenced learning for students in these disciplines (Eberle, 2010).
Trefil and Trefil (2009) wrote, “Students live in a world increasingly dominated by
science and technology,” (p. 1) and, “No student should be allowed to the leave the

education system without acquiring the basic knowledge of the physical world
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incorporated in the great ideas” (p. 2). Critical thinking and science literacy creates
innovators, leading to new products and economic sustenance (Eberle, 2010). According
to Trefil and Trefil (2009), only then will students be able to fully participate in a
technological society. In projections of postsecondary opportunities to meet the demands
of the future workforce, Science Pioneers (SP) (2014) stated, “Introducing our young
children and current students to STEM opportunities and getting them engaged and
excited about seeking advanced schooling in these areas is essential to meet these
demands” (para. 8). Jobs of the future will require workers who can collaborate, work
independently, and think critically (Fioriello, 2013), and a STEM curriculum in K-12
schools that encourages development of 21st century skills will assist in meeting these
needs (Meyrick, 2011).

Hanover Research (2011) published a report by The National Governors
Association Center for Best Practices that stated, “STEM literacy refers to an individual’s
ability to apply his or her understanding of how the world works within and across four
interrelated domains” (p. 6) and defined the goals of STEM education as follows:

1. Scientific literacy — The ability to use scientific knowledge and processes to
understand the natural world as well as the ability to participate in discussions
that affect it.

2. Technologic literacy — Students should know how to use new technology,
understand how new technologies are developed, and have the skills to
analyze how new technologies affect us, our nation, and the world.

3. Engineering literacy — The understanding of how technologies are developed

via the engineering design process using project-based lessons in a manner
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that integrates lessons across multiple subjects.
4. Mathematical literacy — The ability of students to analyze, reason, and

communicate ideas effectively as they pose, formulate, solve, and interpret

solutions to mathematical problems in a variety of situations. (p. 6)
The report by Hanover Research (2011) also stated a need for the STEM subjects to
become more of a focus of a K-12 curriculum. Competence in the STEM areas is critical
to success in post-secondary career preparation and in the workforce (National Governors
Association Center for Best Practices, 2015).

The STEM initiative was announced by President Obama in 2009, and the United
Kingdom appointed a National STEM director along with initiatives in that country
toward educational expectations in the areas of science, technology, engineering, and
mathematics (Williams, 2011). President Obama’s initiative to increase STEM education
to groups underrepresented, such as women, indicates the importance of making STEM a
priority over the next decade (Eberle, 2010). In addition, President Obama introduced a
goal of an additional 100,000 teachers in the STEM areas, and the Educate to Innovate
Initiative called for public and private sector cooperation in finding solutions to the
current shortages (Engler, 2012).

While Williams (2011) recognized the benefits of skills developed by students in
the STEM areas, he cautioned against the initiatives for political reasons and pointed out
a disconnect that results when motives are behind educational decisions, instead of
cooperation of governing bodies for the benefit of students. To develop consistency in
academic success in the STEM areas, cooperation among parties is vital. Eberle (2010)

stated:
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Increased commitment from businesses and other stakeholders that support STEM

education is critical, now more than ever. STEM education creates the pipeline of

future innovators that will move this country forward. Making STEM education a

priority is important, for our nation’s short and long-term future. (p. 13)

Most of the future jobs will require math and science understanding (Eberle, 2010).
Cardona (2013) stated, “While the nation is expected to have more than 8.6 million
STEM-related jobs available in 2018, as many as three million of those jobs might be
unfilled, warns the National Math and Science Initiative” (p. 1).

STEAM is STEM education with an included focus on arts (Gritzinger, 2011;
Puffenberger, 2012). A balanced STEM curriculum should include the arts (Fioriello,
2013), along with reading, writing, and speaking, which are essential for good
communication skills (Meyrick, 2011). Research suggests integration of subject matter
(Moye, 2011; Robelen, 2011) gives more meaning to learning and teaches to the whole
child (Fioriello, 2013; 21st Century Schools, 2010). Literacy plays an essential role in an
aligned curriculum and provides a clear lens with which to view the history of previous
attempts at problem-solving (Meyrick, 2011). Effective collaboration is dependent on
effective speaking and listening skills, along with the skill of persuasion (Meyrick, 2011).

Meyrick (2011) stated STEM content knowledge should include all subject areas,
including the arts. Employers of the future will look for applicants who have, among
other training, a “solid liberal arts education” (Gordon, 2010, para. 17). Citing the
marginalization of social studies curriculum (sociology, psychology, economics,
geography), Maguth (2012) stated funding and reduced emphasis on the social arts have

been an effect of the STEM initiative and called for a renewed commitment to integrating
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this discipline into a balanced education for responsible civic understanding. Maguth
(2012) claimed social studies are the glue that holds STEM together, and the health and
prosperity of American politics could be threatened by a lack of understanding of the
political process and ethics involved in increased competency with technology and
science. According to Meyrick (2011), social studies allow for students to examine
social issues that affect decision-making, along with an understanding of economics and
politics.

Puffenberger (2012) stated, “Nationally, two organizations specifically, have
launched STEM education initiatives that coincide with President Obama's Educate to
Innovate campaign, both of which incorporate the media arts” (para. 5). Arts integration
brings in personal connection and depth to the inquiry-based process of learning and
teaching as published by Northwestern Illinois University (NEIU) (2014). Studies have
shown arts education impacts positively on math test scores and comprehension
(Puffenberger, 2012). Teachers who integrate the arts into the curriculum become more
satisfied with their teaching and find themselves recommitted to the teaching profession
(Arts Education Partnership, 2014). Puffenberger (2012) stated education is not keeping
up with a child’s reality if not related to media and what really matters in a child’s world.
According to Jolly (2014):

A STEM program is just one part of a child’s education, focusing on math and

science. But our children need a well-rounded, quality education that enables

them to make informed decisions that will impact the world and the way they live

(para. 16).
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Arts can be incorporated into a STEM curriculum to include innovation and creativity
(Ballard, 2014). As stated by Jim Price, the director of The Child’s Primary School
(TCPS), Albert Einstein avowed great scientists are also great artists (Ballard, 2014).

According to Lantz (2009), STEM education integrates the four traditional
disciplines as “trans-disciplinary in that it offers a multi-faceted whole with greater
complexities and new spheres of understanding” (para. 2). Fioriello (2013) stated, “This
approach to education is designed to revolutionize the teaching of subject areas such as
mathematics and science by incorporating technology and engineering into regular
curriculum by creating a ‘meta-discipline’” (para 1). Tarnoff (2010) stated although
“STEM skills are a vital part of this country’s edge, [a missing set of ] creativity-related
components that are equally critical to fostering a competitive and innovative workforce”
is the arts (para. 2). Tarnoff (2010) used the example of Apple products with the features
of the interface design and stated without the “A” for arts, “there would be no outlet” for
the science, technology, engineering, and math behind the success of the product (para.
6). Tarnoff (2010) also stated, “Companies want workers who can problem-solve,
collaborate creatively and contribute/communicate new ideas” (para. 3). Employers in an
innovation-driven economy are more interested in problem-solvers, critical thinkers, and
good communicators (Association of American Colleges and Universities, 2013).

Fioriello stated (2013), “STEM Education attempts to transform the typical
teacher-centered classroom by encouraging a curriculum that is driven by problem-
solving, discovery, exploratory learning, and require students to actively engage a
situation in order to find its solution” (p. 1). Application of real-world learning

opportunities is provided by schools specializing in focused STEM curriculum and is
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critical to the economy of each state (Thomasian, 2011). A STEM learning environment
is not teacher-centered, but rather driven by problem-solving, exploratory learning,
discovery, and engagement in situations that require problem-solving (Fioriello, 2013).
The Need for STEM Education

To create a diverse workforce in the STEM fields, the education system needs to
recruit STEM professionals from all sectors of the community to partner in promoting
STEM education in schools, according to a report to the Washington legislature (STEM
Work Group, 2010). Increased visibility of engineering and technology in curriculum for
students in grades K-12 has been proposed by supporters of the STEM initiative, along
with experiences in scientific inquiry and problem-solving, to produce a literate citizenry
(Hanover Research, 2011). According to a study published by Grunwald & Associates
(2010) for Walden University, there is overwhelming agreement of “educators and
policymakers to parents and businesspeople” (para. 2) that technology needs to be a part
of the education process.

The STEM Education and Workforce (2014) reported in 2013, only 42% of
fourth-grade students, and 35% of eighth-grade students scored proficient or above in
mathematics on standardized testing. There was very little change since 2011, when 32%
of eighth-grade students scored at or above the proficient target (STEM Education and
Workforce, 2014). Graduating high school seniors need to be proficient in mathematics
in order to pursue STEM careers (BHEF, 2011). Engler (2012) reported in surveys
conducted by Georgetown University Center on Education and the Workforce of
graduating high school seniors, reasons for not entering STEM-related majors in college

included the following: not knowing enough about the fields (34%), finding STEM
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subjects too challenging (one-third), and not feeling prepared to seek further education in
the STEM areas (28%).

Businesses are currently hiring from other countries, not only because of cost, but
also because talent in the STEM areas is found there (Carnevale et al., 2011). In 2008,
United States’ students receiving bachelor’s degrees in science and engineering
numbered 31%, compared to 51% in China, and 61% in Japan (STEM Education and
Workforce, 2014). Training in the areas of science and mathematics is what will be
needed in the future (Langdon et al., 2011), and jobs requiring computer proficiency,
including programming and development, will make up the majority of STEM
employment opportunities (Carnevale et al., 2011). Engineering is recognized as the
application piece that completes an integrated mathematics, science, and engineering
program to encourage problem-solving and innovation in students (Fioriello, 2013).

There is debate, however, over whether to embrace the new practices or continue
“playing it safe” (Grunwald & Associates, 2010, para. 4) with the traditional methods of
teaching. A study by Grunwald & Associates (2010) for Walden University entitled
“Educators, Technology, and 21st Century Skills: Dispelling Five Myths” quoted
Duncan, the U.S. Secretary of Education, in saying that in order to fully engage students,
technology tools and resources are needed, along with prepared educators who acquire
“new skills along with their students” (para. 5) in a collaborative learning environment.

According to the National Science Teachers Association (NSTA), elementary
schools that offer STEM education are seeing a rise in educational achievement among
lower socio-economic groups and are making a difference for teachers as well as students

involved in the programs (Shapiro, 2013). A STEM education benefits all students and is
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a move from an education system traditionally tailored for female students, with an
emphasis on literary concepts, which allows students to explore at greater depths for
independent innovation and exploration (Fioriello, 2013). Elementary STEM programs
show evidence of greater engagement in students, increasing enrollment, and an increase
in reading scores from 2010 through 2012 (Shapiro, 2013).

In a report to Congress by the U.S. Department of Education, the Institute of
Education Services, and the National Center for Education Evaluation and Regional
Assistance, reading and mathematics software effectiveness was presented as a
collaborative effort of school districts, researchers, data collection experts, and others
(Dynarski et al., 2007). The study was conducted to determine the effectiveness of
technology on student achievement (Dynarski et al., 2007). The studies on both
mathematics and reading achievement showed no significant difference from zero in the
treatment and control groups (Dynarski et al., 2007). The sample was not representative
of the whole country and was area-specific (Institute of Education Sciences, 2007).

The National Governors Association Center for Best Practices (2015) called for
states to develop standards for technological literacy as a part of the core curriculum.
Among the indicators for 21st century literacy is competence with digital tools for global
citizenship (P21 Partnership for 21st Century Learning, 2015). Technology as a
component of STEM is vital to the nation’s economy (National Governors Association
Center for Best Practices, 2015).

Walsh (2009) gave five reasons for incorporating technology into the classroom

as follows:
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1. Professional Development (experience with the internet is becoming a hiring
requirement in the educational field) (para. 3)

2. The Power To Engage (collaborative, hands-on, interactive) (para. 5)

3. Students Use Them Already (talking student’s language) (para. 5)

4. 1t Isn’t Going Away (it will only grow) (para. 6)

5. Businesses Want to Hire Workers Who Understand the Internet (preparation

for real world careers). (para. 7)
Key findings in a national survey of business leaders indicated businesses are looking for
workers who exhibit 21st century skills such as collaboration and the ability to problem-
solve, think critically, and contribute to innovation (Association of American Colleges
and Universities, 2013).

Gordon (2010) stated even when the numbers of unemployed were high, the
vacancies in STEM-related fields were left unfilled. The skillset was not there for
stepping into those positions; the employers were looking for skills not possessed by the
average unemployed worker, and this, unfortunately, will continue to be the trend
(Gordon, 2010). In the state of Missouri, the number of high school seniors interested in
and proficient in STEM areas has been low, and very few students enrolled in Missouri’s
two-year college programs have been academically ready for STEM (BHEF, 2011). The
STEM Education and Workforce (2014) published 38% of college students who started a
STEM major of study in college did not end up graduating in those fields.

Women and Minorities in STEM
Gender and racial participation in the STEM fields have remained a concern, with

women, along with minorities, making up a proportionally small percentage of graduates
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in the areas of physical sciences and engineering (Knight et al., 2011). Females are
employed in one-fourth of STEM positions in the United States (Hopkins, 2012). While
women account for 48% of the American workforce, they only make up 23% of the
employees in STEM-related fields, and non-Hispanic, Black, and Hispanic workers who
fill 25% of all jobs are only employed in 12% of STEM occupations (STEM Education
and Workforce, 2014). The low percentage of women and minorities in the STEM
workforce has resulted in the National Science Foundation (NSF) supporting efforts at
improving equity since 1993 (NSF, 2012). Welle and Smith (2014) reported women and
minorities are noticeably less visible in the technological and scientific workplace.
According to Hopkins (2012), women hold 14% of engineering positions and make up
only 15% of engineering students in universities.

The STEM initiative is falling short of expectation in recruiting from the
underrepresented populations of women and minority students (Knight et al., 2011). The
NSF (2012) reported university degree programs showed the lowest proportion in
engineering, computer sciences, and physics were awarded to women, with only one-
third of doctorates in economics being attained by females. The findings published by
Knight et al. (2011) were that females show less interest in the fields of
computer/information sciences, engineering, science, and mathematics, and that minority
students entering these fields often do not have the background to complete higher
education degrees in the STEM areas.

Doctoral programs in areas related to STEM completed by minority groups
account for about 7% of the total, with Asian completion holding steady over the past

decade, but with a drop in other minority groups (NSF, 2012). Fewer than 30% of STEM
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jobs in the United States are held by women or individuals of minority status (Welle &
Smith, 2014). Slightly over one-fourth of doctorates awarded to women were in
mathematics and statistics, as of 2012, which could account for the low number of
females employed in these fields (NSF, 2012).

The NSF reported the number of doctorates (see Figure 1) awarded to the
underrepresented minority population has remained below 8% since 2004, and 30% of
doctorates awarded to blacks were from universities that are historically black institutions
(Diep, 2013).
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Figure 1. Degrees awarded to underrepresented minorities. This graph indicates the low percentage of
minorities obtaining higher education degrees in the STEM fields at all levels. Published in Popular
Science in an article on the lack of underrepresented minorities in STEM fields (Diep, 2013). Reprinted

with permission of the author.
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Knight et al. (2011) also purported societal stereotyping could be a factor in the
lack of interest by women in pursuing STEM careers. Severns (2012) theorized children
who have heard gender predictions in skills and abilities are inborn tend to fulfill those
prophecies, with girls underachieving in areas such as math, due to a belief that it is too
hard for them. The theory is children internalize what they hear, and often that is the
reason girls do not attempt challenges in mathematics and are influenced by the
stereotyping (Severns, 2012). Girls who have been told intellectual skills and abilities are
a gift tend to not rise to the challenges presented in mathematics and science (Dweck,
2012). One program, “Girls Make Change through Engineering,” sponsored by the
Clinton Global Initiative, is using female STEM college majors as mentors for high
school girls in an attempt to build support and interest in young women for entering
STEM courses in higher education (Hopkins, 2012).

Stereotyping has been recognized in the lack of visibility of women and
minorities in American prime-time programs and children’s shows (Welle & Smith,
2014), where 15 men are depicted to each woman in STEM professions. This lack of
portrayal of women and minorities in careers such as computer sciences (fewer than
21%) is recognized as a possible cause for fewer numbers of the underrepresented
population (girls and students of color) pursuing careers in these fields (Welle & Smith,
2014). Although participation in university STEM programs leading to degrees has
improved over the past 20 years for women and minorities, these groups continue to be
underrepresented in the STEM workplace (NSF, 2012).

In 1991, women received 29.6% of the B.A. degrees nationwide in computer

science, but that had decreased by 2010 to only 18.2% (STEM Education and Workforce,
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2014). An increase in candidates for higher degree programs in social sciences and
physical and biological sciences has been noted in the STEM underrepresented
populations of women and minorities (NSF, 2012). As of 2012, less interest in STEM
areas such as computer sciences, economics, mathematics, and physics was shown by
females or minority groups (NSF, 2012).

Inquiry-Based and Project-Based Learning

The inquiry-based learning concept has been studied throughout the last seven
decades since conceived by Jean Piaget, a Swiss development psychologist and
philosopher (The Center for Teaching and Learning, 2011). The concept of learning by
inquiry was developed in Piaget’s (1952) constructivist theory of how children learn.
According to Piaget (1952), a child builds on experience and learns by hands-on
activities, making meaning of the world for the self (The Center for Teaching and
Learning, 2011).

The constructivist concept is closely intertwined with the inquiry-based method of
learning (Thirteen Ed, 2014). John Dewey is credited with introducing this method of
learning in the United States for the purpose of educational reform (Thirteen Ed, 2014).
In the early 1960s, fear of losing advantages in technology and military spurred The
Educational Policies Commission to determine students need to develop “ten rational
powers” (Thirteen Ed, 2014, para. 2). The rational powers listed in the 1961 document
(Meador, 1988) coincide with the fundamentals of inquiry learning.

Also, in the 1960s, science curriculum was evaluated for change from the
traditional method of instruction to a hands-on approach in a movement called the

“alphabet soup” curricula (Thirteen Ed, 2014, para. 4). Although this approach was not
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successful in bringing about the perceived changes necessary for science concept
acquisition, attitudes of schools toward learning were recognized as not being conducive
to inquiry-based thinking (Thirteen Ed, 2014). Project-based learning was noted to
encourage students to engage in challenging tasks rather than to avoid them, and it was
theorized girls especially benefited from this model of instruction in areas such as
mathematics (Thomas, 2000). The whole language movement opened up a change in
practices that would later make hands-on learning a more acceptable practice (Thirteen
Ed, 2014). Given the current statistics of women entering higher education majors in
mathematics (Welle & Smith, 2014), project-based learning represents a viable method of
instruction (Thomas, 2000).

Piaget published findings in 1964 that constructive learning continues over a
lifetime and is sequential, with the following stages; “Sensorimotor (birth to 2 years),
Preoperational (2-7 years), Concrete (7- adolescence) and Formal Operational
(adolescence - adult)” (Gillani, 2010, p. 3). According to Gillani (2010), the adolescent-
adult phase is the stage where higher-level reasoning and problem-solving take place.
Piaget theorized people assimilate new information by placing new information into
existing knowledge, as in combining geometric shapes into a new shape (Gillani, 2010).
The new understanding does not change the former understanding, but develops it further
(Gillani, 2010). Also, according to Piaget, when a learner is unable to assimilate new
knowledge into existing schema, accommodations are made in the learner by modifying
former understandings or creating new ones (Gillani, 2010).

In 1962, Suchman proposed an inquiry-training model based on the theory of

Piaget on how cognition develops. Suchman’s model used the process of hypothesis,
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data collecting, and problem solving in an inquiring manner, but with discipline (Gillani,
2010). Voss conducted research and concluded inquiry-based learning is effective for all
ages of learners in developing creative thinking, and in 1980, Papert theorized
constructing knowledge through inquiry should become the focus of education, rather
than direct instruction methods (Gillani, 2010).

In 1987, Flavell discussed what he labeled as three operations learners acquire in
the Formal Operation stage as documented by Piaget. The three operations recognized by
Flavell (1987) are in the areas of reasoning: Combinational, Prepositional, and
Hypothetical-Deductive. Combinational reasoning allows learners to approach problem
solving from an integrated approach rather than a linear one (Flavell, 1987).
Prepositional reasoning results in the ability to think abstractly, while Hypothetical-
Deductive reasoning allows learners to work from more than one hypothesis in order to
solve problems (Flavell, 1987). These three areas result in problem solving that
coincides with Piaget’s research on how learners construct meaning (Gillani, 2010).

Modern research suggests students learn more effectively by being required to
answer essential questions as part of a process of research inquiry (Etherington, 2011;
Jun-Ming, Huan-Yu, Shian-Shyong, & Chia-Jung, 2011). The MINTS project began as
collaboration among the University of Missouri, MODESE, MOREnet, and the Missouri
Department of Higher Education during the 1997-1998 and 1998-1999 school years and
was financed by Southwest Bell Foundation (eMINTS, 2011). The goal of the project
was to determine if technology usage and changes in teaching methods would improve
student performance in the classroom (eMINTS, 2011). Test performance improved, but

attitudes of teachers and students were the most profound changes noted (eMINTS,
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2011). The MINTS project became the eMINTS statewide initiative in the 1999-2000
school year during the term of Robert Bartman, then the Missouri Commissioner of
Education (eMINTS, 2011).

Inquiry-based learning is an essential component of comprehensive eMINTS
(2011) certification, and studies have shown students who learn through a curriculum that
includes technology usage and inquiry-based projects, facilitated by eMINTS certified
teachers, perform better on standardized tests than peers learning in a setting that does not
provide the same opportunities (Martin et al., 2008). Skills in the 21st century require
innovation and creative design (Meyrick, 2011), and project-based learning allows for
students to show progress through a collaborative approach that allows learners to
construct meaning through complex tasks and concrete artifacts (Papanikolaou &
Boubouka, 2011).

Inquiry-based teaching incorporates the scientific method into students’ natural
tendencies for curiosity, leads to deeper understanding of concepts, and allows for
teachers to facilitate student learning (Meyers & Brandt, 2010). This works with the
Frameworks for 21st Century Goals and what outcomes are necessary for students to
graduate (21st Century Schools, 2010). Inquiry-based teaching is seen as a natural
method of combining student curiosity with critical thinking skills to better understand
the world (Warner & Myers, 2011). Answers lead to more questions, which is a normal
outcome in science (Warner & Myers, 2011). The inquiry-based instructional model is
recommended by The National Science Education Standards for effectively teaching the

sciences (Meyrick, 2011).
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Inquiry-based learning is the cornerstone for teaching science and helps students
to develop practical skills, where they learn to construct arguments and engage in critical
discussion (Brunsell, 2011). Best practices in inquiry-based learning are based on an
instructional model designed by The Biological Science Curriculum Study (BSCS)
(2013), a team led by Principal Investigator Roger Bybee and are known as the five Es
(NASA eClips, 2013):

1. Engage: to gain student interest and set the stage for further learning. This step

in the model draws on student’s prior knowledge and experience.

2. Explore: in which students are given opportunities to make their own
hypothesis and draw their own conclusions with hands-on experiences, and
with the teacher acting as facilitator.

3. Explain: where students communicate their findings with each other, reflect
on learning, and where misconceptions and correct vocabulary usage are
guided by the teacher.

4. Extend: students are allowed to use their new knowledge to apply their
understanding to new and novel situations.

5. Evaluate: the diagnostic process where teachers and students determine the
learning that has taken place. (paras. 3-7)

The five Es are based on the constructivist approach to learning, allowing students of all
ages to build on prior knowledge to construct meaning and continually reflect on the
learning process (Corporation for Public Broadcasting, 2002). Science laboratory
activities should be more inquiry-based, giving students the opportunities to read, write,

and critique in the process of learning (Brunsell, 2011).
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In a report by Hanover Research (2011) citing The Governors Association Center
for Best Practices, project-based lessons were reported as a component of developing
engineering literacy, one of the essential elements of the STEM curriculum. Henderson
and Dancy (2011) noted lecture-based instruction in STEM should be limited in favor of
best practices that involve students in interactive learning. Learning improved when
instruction moved away from traditional to researched methods and strategies, and
involved faculty and students as meaningful participants (Henderson & Dancy, 2011).

Project-based learning has been noted to increase the performance and classroom
participation of students who have not performed well in the traditional classroom
(Thomas, 2000). A successful STEM program would include project-based learning,
along with small class size, integrated curriculum, and a focus on recruiting from the
underrepresented population (Robelen, 2011). Benefits of project-based learning include
giving students choices, promoting interest, and creating something of perceived value
(Thomas, 2000).
21st Century Goals

The International Society for Technology in Education (ISTE) (2011) stated,
“Today’s educators must provide a learning environment that takes students beyond the
walls of their classrooms and into a world of endless opportunities” (para. 3). The U.S.
Department of Education is offering competitive grants for technology, and part of the
criteria for accountability is that money must be used to evaluate the effectiveness of
“integrating technology into the curricula and instruction” and “the impact that ed tech
activities have had on student achievement” (Goldman, 2009, para. 4). Gillani (2010)

published an article on “E-Learning Environments” with a training model based on the
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constructivist theories of Piaget (1952). In this article, Gillani (2010) discussed the
precepts of constructivism and how it has become the basis for inquiry-based learning
programs. The eMINTS program began implementation of technology-oriented
classrooms in the 1999-2000 school year and resulted in increased test scores and
positive attitudes in students toward learning (eMINTS, 2011).

Today’s students need to learn the four Cs (critical thinking, collaboration,
communication, creativity) along with innovation, the skills necessary for technology
mastery, in addition to the traditional three Rs (reading, writing, and arithmetic) (Blair,
2012; 21st Century Frameworks, 2011). Another school district in New Jersey integrated
technology into the daily instruction, along with professional development and increased
opportunities for learning with the help of technology (Devine, 2012). The results
documented indicated increased student performance (Devine, 2012). Moreover, STEM,
when taught in K-12 curriculum, provides the opportunity needed for all students to meet
21st century goals through mastery of content and skills (Johnson, 2009; Meyrick, 2011;
Partnership for 21st Century Skills, 2009).

Texley (2007) published the most important predictors for success in college and
career known as 21st century competencies:

o The ability to search, find, and evaluate information on the Web.

. Web-style reading skills, which are very different from the sort of left-
to-right sequential pattern that most older adults learned in school.

o Communication skills, synchronous and asynchronous.

o Multimedia production skills—the ability to integrate text, images, and

video. (para. 8)
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These skills need to be intrinsic and sequential for students from middle school age
through high school in order to prepare for careers that increasingly require the 21st
century skillset (Texley, 2007).

In an elementary classroom, the students should be involved in inquiry around
an essential question, generating their own questions in the process, engaging in
problem-solving, and collaborating with peers in cross-curricular study (Lange, 2014).
Lange (2014) also stated life-long learning and self-advocacy are promoted with
critical thinking skills. Technology plays a part in the lives of children and is a tool
that when used in the classroom engages young children in learning (Murphy,
DePasquale, & McNamara, 2007). Technology extends learning for young children
and allows them to build proficiency towards more advanced academics (Murphy et
al., 2007). Critical thinking skills and technology competency are among the 21st
century skills as outlined by P21 Partnership for 21st Century Learning (2015).

Included in the goals of 21st century learning are what are referred to as “soft
skills,” particularly scientific inquiry and problem-solving (Hanover Research, 2011,
p. 7). The social sciences also focus on these soft skills of scientific inquiry and problem-
solving, essential components of an integrated curriculum focused on 21st century
learning (Maguth, 2012). As more women enter disciplines in social/behavioral sciences
and medical/life sciences (Knight et al., 2011), integration of the social sciences into the
STEM curriculum (Maguth, 2012) could maintain interest in the STEM fields for women,
who despite comparable competence in early education (Knight et al., 2011), lose interest

in the STEM fields as they mature.
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Professional Development

Teachers make a big difference in student learning, especially in mathematics,
seen as the foundation of STEM subjects, and need to be able to excite and engage all
students (STEM Smart Brief, 2011). Professional development for STEM teachers
involves more than just learning to incorporate technology and engineering into existing
math and science curriculum (NSTA, 2013). It involves integration of the content areas
by showing students how each subject supports the others in STEM-based content areas
(NSTA, 2013). Teachers who are highly qualified to teach in the STEM areas are in
demand, particularly in elementary schools (Center for American Progress, 2011).
Extensive professional development is essential to success in instruction in the STEM
curriculum (Shapiro, 2013).

Unfortunately, teachers highly skilled in science and mathematics are not the
norm, and most STEM educators are ill-prepared (STEM Smart Brief, 2011). Schools
and educators often need to rely on support from the STEM communities in order to offer
students the opportunities needed for learning in the STEM areas (IBM Corporation,
2013). Content specialization and team-teaching approaches are one way to best utilize
teacher strengths (Center for American Progress, 2011). However, some precepts are
recognized as essential to the success of an effective STEM learning environment, with a
focus on teacher knowledge of best practices (Henderson & Dancy, 2011) and skills in
utilizing materials and methods for hands-on learning (Knight et al., 2011).

Changing teaching practices to accommodate student learning relies on teacher
learning, through effective professional development (Gullamhussein, 2013). Creating

opportunities for teacher growth and development is a step in aiding student achievement
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and starts with an “assessment of strengths and weaknesses of current practice in light of
new reform demands” (Gullamhussein, 2013, p. 2). Teaching critical thinking and
problem-solving, according to the Center for Public Education, is an area that is weak in
most classroom instruction (Gullamhussein, 2013). To be effective, teachers need deep
knowledge of the content taught, as well as expertise in working with all types of learners
(STEM Smart Brief, 2011).

Teacher confidence in technology usage is important for students to learn to use
technology appropriately and constructively in a competitive world (Grunwald &
Associates, 2010). According to the study by Grunwald & Associates (2010), teachers do
not feel prepared for incorporating technology usage in the classroom in the manner in
which students need to meet the goals of the 21st century, and teachers benefit from
regular use of technology to build confidence in using it in the classroom. Building
confidence and a feeling of competence is important for teachers to be effective with
instruction in STEM (NSTA, 2013). Additionally, anxieties and concerns need to be
overcome, along with understanding of integration of the STEM subjects to other subject
areas, like art and social studies (NSTA, 2013). Too often, professional development in
STEM is offered in short fragments and does not meet the needs of individual teachers
(STEM Smart Brief, 2011).

Epstein and Miller (2011) stated improvement in STEM education depends on
well-qualified and licensed teachers in the content areas. According to a publishing by
STEM Smart Brief (2011), 10-20% of science and mathematics teachers are not certified,
nor did they major in their subject areas, and elementary teachers typically are only

required to take two math courses in their college programs. Additionally, university
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education programs have no curriculum standards and little oversight, adding to the state
of poor preparation of new teachers for the STEM teaching environment (STEM Smart
Brief, 2011).

In a study published on successful STEM programs, the recommendations from
STEM Smart Brief (2011) to elicit meaningful improvement in professional development
of teachers included the following:

1. Teachers need sustained science-specific training, including content, current
research on how children learn science, and strategies for teaching science.

2. Initial training should be aligned with district-specific curricula so that teacher
candidates are learning what they actually will be teaching.

3. Ongoing professional development must address teachers’ classroom work
and the problems they encounter in school settings, and then teachers need to
try out new strategies in their classrooms, report on their experiences back to
the training program, discuss, reflect, and learn from them.

4. On-site professional support should allow for regular interaction and
collaboration with colleagues and school leaders, such as professional learning
communities. Teachers need multiple and sustained opportunities for
continued learning over a substantial time interval.

5. On-site professional support should allow for regular interaction and
collaboration with colleagues and school leaders, such as professional learning
communities.

6. Teachers need multiple and sustained opportunities for continued learning

over a substantial time interval. (p. 5)
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Yager and Yager (2011) published a study in which teachers were a part of an
initiative for school-based leadership teams (SLBT). The study indicated positive
behavior changes in teachers participating in the program, over the behavior of teachers
not taking part in the initiative (Yager & Yager, 2011). Recommendations from the study
were for principals to recognize the important part played in the implementation of
successful professional development (Yager & Yager, 2011). The STEM Smart Brief
(2011) put forth results from a study of successful STEM professional development
programs that positive outcomes were achieved by focusing on content in mathematics
and science, on-site follow-up in classrooms, and teacher contact time of 50 hours or
more.

Teacher quality alone does not improve student outcomes, and support is needed
by leadership in a positive and collaborative environment (STEM Smart Brief, 2011).
Traditional teaching methods are not effective in supporting a STEM learning
environment (Meyrick, 2011). Principals need to share the focus of the staff and
demonstrate commitment to content knowledge in the STEM areas, supporting
professional development of teachers and setting expectations for integration across the
curricular areas (STEM Smart Brief, 2011). In order to effectively integrate engineering
with project-based learning for problem-solving, teachers need to learn methods for doing
so (Meyrick, 2011).

Summary

STEM education is needed for the future in order to achieve goals for 21st century

skills (BHEF, 2011; ISTE, 2011). Students of today will be the workforce of tomorrow,

and the technology skills required for success in technical fields need to be taught in
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school (Hanover Research, 2011). Studies show much more needs to be known in order
to create successful STEM programs that will ensure student preparation for future
employment in the areas of science and mathematics (National Research Council, 2011).
STEM education as initiative appears to be the future of the global world, with major
countries in competition to produce top applicants in the areas of science and
mathematics (Carnevale et al., 2011). Initiatives have been in place since the Russians
sent Sputnik into outer space (Knight et al., 2011). America is lagging behind other
industrialized nations on assessments in mathematics and science, and high school
graduates are not pursuing higher education in the STEM fields of study for various
reasons, or are not completing college with STEM degrees (STEM Education and
Workforce, 2014).

Women and minority groups continue to be an underrepresented group in STEM
areas and in the STEM workforce (Hopkins, 2012). Employment opportunities in areas
such as mathematics and science are not being pursued in great numbers by women, non-
Hispanic minorities, Hispanics, or Blacks (STEM Education and Workforce, 2014), even
though STEM jobs are going unfilled (Engler, 2012). Predictions were that STEM
employment opportunities would expand 20% by the year 2010 (Hopkins, 2012).

Jobs in the areas of science will require the skillsets of young people trained in
science inquiry (Brunsell, 2011). A well-rounded education should include integration of
all content areas, including the soft skills of not only inquiry but problem-solving
(Hanover Research, 2011). Effective inquiry-based learning educational models

(Brunsell, 2011) support the learning of skills needed for the jobs of the future.
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The STEAM programs, where the arts are incorporated into the STEM
curriculum, were also researched as a viable inclusion into a program to teach to the
whole child (Fioriello, 2013; Gritzinger, 2011). Technology is suggested to be the best
way to engage students in learning, which could be the best reason for school districts to
invest (eMINTS, 2011; Institute of Education Sciences, 2007). Inquiry-based and
project-based instruction in a STEAM setting teaches to all learning levels of all children
(Fioriello, 2013; Hanover Research, 2011). A STEM education is a more effective means
to bring about greater achievement on standardized testing, as well as preparing students
for the jobs of the 21st century, while continuing to meet the need for the United States to
remain a player on the world market (Engler, 2012).

In Chapter Three, the research plan to evaluate the efforts of one school district in
Missouri to implement an elementary STEAM laboratory program is introduced. The
population and sample utilized for the study are outlined. Instrumentation is explained,
along with the methods of data collection. Ethical considerations are explained in regard
to the welfare of participants.

Presented in Chapter Four are the results of the responses of the parent and
teacher surveys, standardized testing results, and administrator interviews. Data were
quantified where practical, and a t-test was utilized to determine significance of
standardized assessment scores. Interviews were coded for themes and are presented as
qualitative data for a more thorough understanding of the perceptions of the various
stakeholders involved. Survey results of the perceptions of the stakeholders in the
program were analyzed, standardized testing results were compared, and interviews with

the designers of the laboratory program were coded for similarities and differences in
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perception of the process used in the design planning. This provided a triangulation of
data for a more thorough analysis of the case study. Methods utilized are explained,
along with a plan for adding to the existing body of knowledge for other districts
interested in this process.

In the fifth chapter, the findings of the qualitative and quantitative data are
presented for similarities and discrepancies in stakeholder perceptions. Implications are
noted, and recommendations are given based on the analysis of the triangulated data.
Implications for practice are outlined, and assumptions given as to the validity of the data
collected. A summary is included of the process of the case study of the laboratory

STEAM school.
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Chapter Three: Methodology

Current research indicates students in the United States are not competitive with
students in other industrialized countries where more educational focus is placed on
science and mathematics (Carnevale et al., 2011). The initiative toward education (in
preparation for employment in 21st century skills) from the United States government
aims to raise the achievement level of the nation’s students in key areas (Herschbach,
2011). To meet the current goals for educating students in the areas of science,
technology, engineering, and mathematics (STEM), a school district in Missouri
developed a plan for a laboratory elementary school, referred to in this paper as the
Unique School, to focus on STEM with the addition of the arts, becoming a STEAM
program.

Enrollment in Unique School was by parent choice and a lottery system. Parents
who chose to enroll their students in Unique School agreed to a longer school year of an
additional 20 days, along with parental involvement as an expectation. The delivery
model chosen by this district for this particular building was inquiry-based learning. This
study included evaluation of the process of developing the framework for the school,
along with the strategy for introduction of this concept to the community. The researcher
also evaluated the perceptions of parents who chose to enroll their children in the chance
(as determined by lottery) to attend the laboratory program, and the perceptions of
teachers in Unique School of the program during the first year of implementation.
Administrator interviews were coded for perception of these stakeholders in the

development of the program.
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Problem and Purpose Overview

The introduction of the STEAM elementary laboratory school concept was unique
to the area. The purpose of this study was to evaluate the process of gaining public
acceptance of the concept and how well the format for this program meets the needs of
21st century learning, as determined by perception and measurement of academic growth.

Research questions and hypothesis. The following research questions guided
this study:

1. What was the purpose of the development of a STEAM laboratory school
for one Missouri school district?

2. What is the difference, if any, between the achievement level of students
enrolled in the STEAM program and students enrolled in traditional elementary programs
as measured by the Scholastic Reading Inventory and Acuity assessments in mathematics
and reading?

H2o There is no difference between the achievement level of students enrolled in
the STEAM program and students enrolled in traditional elementary programs as
measured by the Scholastic Reading Inventory and Acuity assessments in mathematics
and reading.

3. What are the reasons that parents choose to enroll their children in the
STEAM focused elementary school over a traditional elementary setting in the district?

4. What are the perceptions of parents and teachers about the experience of

students attending the STEAM program?
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Research Design

Quantitative and qualitative data were used in a mixed design for analysis of the
research questions. Mixed-method design was chosen for this study in a “convergent
design” where quantitative and qualitative data were collected simultaneously, yet
analyzed separately, with data merged for conclusion (Creswell & Clark, 2011, p. 73).
Informed consent of participants was obtained by use of a university-approved consent
form (see Appendices A & B). Surveys were developed and administered to a purposive
sampling of parents whose children were enrolled in the STEAM laboratory school
program to evaluate perception of outcomes of attending the school. Surveys were also
administered to teachers in the program to evaluate the curriculum, delivery model, and
the achievement of students in Unique School. Interviews were conducted with
administrators involved in the development of the program to evaluate reasoning behind
the implementation of the STEAM curriculum.

Standardized test scores were evaluated for achievement of students in grades
three through six, as measured by growth in communication arts and mathematics while
attending the STEAM program. Results were compared against achievement scores, as
measured by growth, of traditional elementary programs (grades three through six) in the
district. Random samples of 30 students’ scores in each of the evaluated grade levels
from the laboratory school and 30 students’ scores from the other buildings in the district
in each grade level were compared for growth as determined by standardized testing
administered at the beginning and end of the school year. Differences were identified by
means of an unpaired, two-tailed t-test (Bluman, 2013). Interviews were conducted with

administrators to evaluate the process of designing the STEAM school, the strategy used
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to educate the community about the expectations for developing an elementary STEAM
program, and reflections on the first year of operation of the Unique School.
Population and Sample

The population analyzed was from a medium-sized school district (between 5,600
and 6,000 students) in midwest Missouri. The district consisted of four elementary
schools (grades K-4), one K-6 elementary, two upper elementary (grades 5-6) schools,
one junior high school (grades 7-8), and one high school (grades 9-12). Student
enrollment increased from approximately 5,200 in 2009 to 5,900 in December, 2012,
with an average of 18 students per classroom teacher in 2012 (MODESE, 2013). The
total free and reduced price meal rate for the district was 35.6%. Percentages of
elementary students who qualified for free and/or reduced price meals in each building
are shown in Table 1.
Table 1

Free and Reduced Price Meal Percentages, December 2012

K-4 Buildings K-6 Building 5-6 Buildings
A B C D E F G
61.24 40.23 34.43 37 30.57 39.21 31.49

Note. Building E represents the Unique School.

Participants consisted of school administrators, teachers, and parents involved in
the planning and first year of operation of the laboratory K-6 elementary school, referred
to as the Unique School, focusing on science, technology, engineering, arts, and
mathematics (STEAM). Emphasis of the program was on literacy taught through the lens

of science by use of nonfiction reading and writing materials. The building chosen for
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the location of the laboratory school is the oldest elementary campus in the district, is
land-locked (no more room for growth), and is centrally located in the district.

The survey sample was limited to elementary buildings in one school district,
along with members of the design team for the laboratory school, which included parents,
teachers, and district administrators. The sample for interviews consisted of school
administrators. Comparisons of growth as measured by standardized assessments were
made for a random sample of 30 attendees of the laboratory school in each grade level
(third through sixth) to a random sample of 30 students from across the district in
traditional educational settings at the same grade levels.

Instrumentation

Surveys were created to obtain quantitative data on expectations for students
attending the laboratory school. The surveys were given to parents and teachers from
whom permission was obtained for participation (see Appendices C & D). To ensure
anonymity, the surveys taken by parents and those taken by teachers were administered
digitally on a Google survey instrument, with no names required for participation.
Secondary information was obtained from standardized test scores in communication arts
and mathematics on tests given such as Scholastic Reading Inventory (SRI) (an online
reading assessment that determines reading levels based on Lexile scores) and Acuity (an
online predictive assessment given in language arts and mathematics as a formative tool
to determine preparation toward state standardized testing). Lexile reading scores and
predictive scores obtained from these measures were analyzed for growth from the

beginning of the school year until the end of the school year. Interviews were conducted
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with school administrators who were involved in the design process of the STEAM
program (see Appendix E).
Data Collection

Surveys were conducted by means of a five-point Likert scale taken online to
assure anonymity during June 2013. A t-test was used to determine differences in the
achievement as measured by growth in language arts and mathematics. Interviews took
place in June 2013. One interview was an online, electronic (e-mail) format, at the
request of the participant, while four were conducted in person, audio recorded for
accuracy, and transcribed. Assessment data were gathered in May and June, 2013.

Data Analysis

Quantitative information was analyzed from the surveys on a Likert scale (“Likert
Scale,” 2012) in order to determine expectations of students attending the laboratory
program from the perspectives of parents and teachers. Similar questions were utilized to
evaluate perceptions of parents and teachers of student achievement after attendance at
Unique School. The data were then compiled and analyzed for descriptive statistics.

A two-tailed t-test was applied for comparison of growth of the random samples
on standardized assessments regularly given to all students in the district, which added
another quantitative component to the study. A null hypothesis, (no difference between
the traditional elementary students’ levels of achievement and the levels of achievement
of students in the laboratory school, as determined by growth), was tested. A confidence
level (Bluman, 2013) of 0.05 was set, and t-test results greater than 0.05 indicated the

null hypothesis could not be rejected. The assumption was made that any t-test results
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less than 0.05 indicated no statistical difference in achievement between the two samples
of students (Bluman, 2013).

Interviews added a qualitative component to evaluate the process and expectations
of the district employees involved in the design process of the STEAM school. Analysis
of interviews was performed by coding and organizing interview data into substantive
categories to evaluate for themes in order to draw conclusions (Maxwell, 2013).
Triangulation was achieved by evaluating input from parents and teachers, and by
evaluating student achievement data. Analysis of interview information from school
officials on the process of development and implementation of the Unique School added
further information to assist in determining whether expectations had been met for the
first year of operation of the Unique School.

Ethical Considerations

Confidentiality and anonymity were of utmost importance in the data collection
used in this study. Once the IRB approved the research project (see Appendix F), district
permission was given for use of the standardized test scores as quantitative data. Office
administrators from each of the buildings involved gathered test scores for the reading
and mathematics assessments utilized, removed any identifying information, and
submitted the data to the researcher. Test results were sorted into two groups, the Unique
School and a compilation from the other elementary schools in the district, at each grade
level. The scores from each test were numbered and randomized by use of an online tool
created by Randomness and Integrity Services, Ltd. (2015). The first 30 randomly

selected scores from each group were used for the t-test. This identical process was used
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for each grade level (third through sixth) and for each assessment (Acuity and SRI) used
in the study. No submitted data were excluded for randomizing.

For the surveys given to parents and teachers, a neutral employee with access to
all e-mails sent a description of the research project and an informed consent.
Anonymity was assured, and the consent form was worded in such a way that consent
was given by following a link to the survey tool (Google Surveys, 2013) with an
explanation the participant need only respond to what he/she was comfortable with
answering. The identities of participants were at no time known to the researcher. All
results were tabulated via Google Surveys (2013).

Interview participants were contacted by e-mail initially with an explanation of
the project and a request for participation. Informed consent was then provided in person
and by school mail, along with a list of questions to be used in the interviews. After
obtaining signed consent, which assured anonymity, interviews were scheduled. Four of
the interviews were conducted face-to-face, and one was completed by e-mail at the
request of the participant. Interviews were recorded with permission of the interviewees
and later transcribed by the researcher. Each participant was labeled with a letter A-E,
for the purpose of sharing in this study, thereby assuring anonymity.

Summary

Data gathered through research were used to evaluate the decision made by one
Missouri K-6 elementary school to become a STEAM (science, technology, engineering,
arts, and mathematics) laboratory school with voluntary enrollment. The study evaluated
parental choice in enrolling students into the program, educators’ perceptions on the

efficacy of the model, and administrative expectations of the STEAM curriculum.
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Administrators who were involved in the design and implementation of the STEAM
program were interviewed for perceptions of the success of the unique program.

Responses to interviews were coded and compared to evaluate similarities and
differences in reflections on the process for design of the Unique School. This
information was analyzed to determine if this district, or other school districts, should
consider investing in additional technology and professional development needed to
undertake the process of implementing further STEAM programs. The triangulated data
collected were qualitative and quantitative in an attempt to determine if improvement in
student achievement was indicated that would meet the growing need for education in the
areas of science and mathematics, and if further laboratory programs should be created in
this particular district.

Described in Chapter Four is the process used to elicit stakeholder input about
perceptions of the program. The methods utilized for data collection are explained and
summarized for consideration. Survey responses of participants are outlined, and the
results are quantified for a more complete picture of the perceptions of parents and
teachers of students in the laboratory program.

Quantifiable data were collected from standardized assessment results and
compared by means of a t-test, and the results are included. Interview questions asked of
administrators involved with the planning process behind the implementation of the
STEAM laboratory school are shared and responses provided. An analysis of the results
of the triangulated data is given at the end of Chapter Four.

In Chapter Five implications for practice, based on the research and data analysis,

are presented. Recommendations for the future of this district and others interested in
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this process are offered for consideration. A summary of the process undertaken in this
study is shared for an overview of the project, the purpose behind the study, and the
perceptions of those involved in the first year of operation of the STEAM laboratory
school. All data collected are included for an objective consideration of the results of the

case study.
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Chapter Four: Analysis of Data

The purpose of the study was to determine the efficacy of the first year of
operation of the STEAM laboratory school and perceptions of the stakeholders in the
program. Data were collected from standardized testing utilized by the district which
included Acuity Mathematics (CTB/McGraw-Hill, 2013), Acuity English Language Arts
(CTB/McGraw-Hill, 2013), and Scholastic Reading Inventory (2012). A random sample
of 30 students’ scores from each grade level from the laboratory school were compared to
a random sample of 30 students’ scores from other schools in the district for growth in
mathematics and reading in grades three through six.

Parents were contacted by means of a neutral staff member of the school who had
permission to access the e-mail addresses of prospective participants. An introductory
e-mail was sent to all parents of students in grades three through six in the STEAM
laboratory school. A link to the online survey was included in the introductory e-mail,
and an explanation was given that accessing the link and participating in the survey
constituted informed consent by the participants.

Surveys taken by parents and teachers were completed by use of Google Surveys
(2013), using a Likert scale of 1-5, where 1 was a rating of strongly disagree and 5 was a
rating of strongly agree. Responses were compared for similarities in perceptions among
parents and staff. Descriptive accounts of various components of the program were given
in the survey statements to parents and teachers. The statements were rated by the
participants in an attempt to elicit perceptions about the efficacy of the STEAM

laboratory program.
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The parent surveys were completed by 75 parents. Staff surveys were completed
by 17 teachers (classroom teachers, special area teachers, and special education teachers).
All surveys were conducted anonymously with no contact between the participants and
the researcher. All responses from parents and teachers were graphed and tabled and are
included in this chapter.

Interviews were conducted with administrators who were instrumental in the
design and development of the laboratory school program, and who continued to be
major participants in the operations and decisions of the school. All interviewees were
given the questions in advance of interviews, and participation in all questions was
completely voluntary. Five questions were asked in an open-ended design, and the
answers to each question were compared for similarities and discrepancies in responses.
The face-to-face interviews were recorded with participant permission and were later
transcribed by the examiner. All five administrators were asked identical questions.

Four of the five administrator interviews were conducted in person. One interview was
completed in an online format at the request of the interviewee, based upon time
constraints in the schedule and difficulty in participating in a face-to-face interview.
Interviews were coded into substantive categories.

Data from standardized testing samples were subjected to a t-test with a margin of
error at 0.05, and a null hypothesis was posed (there would be no difference in the
academic rate of growth in students at the laboratory school and students in the traditional
elementary schools in the district). Standardized testing data were collected through the
administrative office and were randomized by the researcher by means of an online tool.

No student names were known to the researcher, and all data were included.
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Parent Survey Statements

Parents of students in grades 3-6 were invited to respond anonymously to a survey
to evaluate their perceptions of the STEAM program. Participation in the survey was
voluntary.

Parent survey statement 1. | feel that having my student attend the STEAM
laboratory school program improved his/her performance in mathematics.

The percentage of parents who responded their child’s performance in math was
improved by attendance at the STEAM school was 59% (with ratings of 4 and 5).
Neutral responses on the question were given by 26% of the participants, and 15%
responded with a negative perception to this question (1 and 2) (see Table 2).

Table 2

Summary of Parent Responses to Survey Statement 1

Rating Responses Percentage
SD 1 0 0%
D 2 11 15%
N 3 19 26%
A 4 22 31%
SA 5 20 28%

Note. Percentage of parent responses go survey statement 1 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Parent survey statement 2. It is important to me that my student attends the

STEAM laboratory school program again next year. Parents were asked to rate the

importance of their children continuing in the laboratory school program for the

following year with 68% responding favorably (derived by adding the number of 4 and 5

responses). Neutral responses were provided by 22% of participants, and 10% responded

with negative ratings of 1 or 2 (see Table 3).

Table 3

Summary of Parent Responses to Survey Statement 2

Rating Responses Percentage
SD 1 3 4%
D 2 4 6%
N 3 16 22%
A 4 11 15%
SA 5 38 53%

Note. Percentage of parent responses to survey statement 2 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Parent survey statement 3. | feel that it has been important for my student to
use technology on a daily basis in order to be the most successful academically.
When asked about the importance of students using technology on a daily basis in order
to be successful academically, 64% of the parents responded favorably (combined ratings
of 4 and 5). Neutral responses were provided by 21% of respondents, and less favorable
responses were given by 15% of respondents (derived by adding the number of ratings of

1 and 2) (see Table 4).

Table 4

Summary of Parent Responses to Survey Statement 3

Rating Responses Percentage
SD 1 3 4%
D 2 8 11%
N 3 15 21%
A 4 21 29%
SA 5 25 35%

Note. Percentage of parent responses to survey statement 3 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Parent survey statement 4. My student’s achievement in the area of
mathematics was not greatly affected by attendance at the laboratory STEAM
school. When parents were asked if their students’ performance in math was not greatly
affected by attendance in the STEAM laboratory school, 25% responded either agree or
strongly agree. Neutral responses were given by 33% of participants, and 41%

responded as either disagree or strongly disagree (see Table 5).

Table 5

Summary of Parent Responses to Survey Statement 4

Rating Responses Percentage
SD 1 11 15%
D 2 19 26%
N 3 24 33%
A 4 11 15%
SA 5 7 10%

Note. Percentage of parent responses to survey statement 4 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Parent survey statement 5. | would not have been disappointed if my student
had not been chosen through the lottery for attendance at the laboratory STEAM
school. Parents were asked if they would not have been disappointed if their child had
not been chosen for the laboratory school, and 71% responded as disagree or strongly

disagree. There were 19% neutral responses, and 9% responded agree or strongly agree

(see Table 6).

Table 6

Summary of Parent Responses to Survey Statement 5

Rating Responses Percentage
SD 1 28 39%
D 2 23 32%
N 3 14 19%
A 4 4 5%
SA 5 3 4%

Note. Percentage of parent responses to survey statement 5 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Parent survey statement 6. | feel that my student would have been just as
successful in any elementary program in the district, even without daily technology.
The final question to parents was to rate whether their children would have been just as
successful in any elementary program in the district, even without technology; 39%
responded favorably, with 29% neutral responses, and 32% responded disagree or

strongly disagree (see Table 7).

Table 7

Summary of Parent Responses to Survey Statement 6

Rating Responses Percentage
SD 1 7 10%
D 2 16 22%
N 3 21 29%
A 4 22 31%
SA 5 6 8%

Note. Percentage of parent responses to survey statement 6 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Teacher Survey Statements

Participating staff who completed the survey were recruited by e-mail by a neutral
party within the building. An explanation of the research project was offered, and
informed consent was given by those willing to participate in the survey. At no time
were the identities of the participants known to the researcher. The questions were
similar to those used in the parent surveys, but were designed to be appropriate for
teachers within the school.

Teacher survey statement 1. | feel that students attending the STEAM
laboratory school program improved their performance in mathematics. When staff
were asked to respond to statement 1, about student performance in math in the
laboratory school, 76% responded there was an improvement in performance. Neutral

responses were given by 24% of teachers. There were no ratings below 3 (see Table 8).

Table 8

Summary of Responses to Teacher Survey Statement 1

Rating Responses Percentage
SD 1 0 0%
D 2 0 0%
N 3 4 24%
A 4 8 47%
SA 5 5 29%

Note. Percentage of teacher responses to survey statement 1 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Teacher survey statement 2. It is important to me that I continue to teach in
the STEAM laboratory school program. Teachers were asked to rate the importance
of continuing to work in the laboratory school environment for the upcoming year, all

responses were 4 and 5 (see Table 9).

Table 9

Summary of Responses to Teacher Survey Statement 2

Rating Responses Percentage
SD 1 0 0%
D 2 0 0%
N 3 0 0%
A 4 3 18%
SA 5 14 82%

Note. Percentage of teacher responses to survey statement 2 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree



Teacher survey statement 3. | feel that it is important for students to use

technology on a daily basis in order to be the most successful academically.

Teachers were asked to respond to whether or not they thought daily use of technology

was important in their students’ success, and no responses were given in disagree or

strongly disagree categories of 1 or 2. Neutral responses measured 12%, while 88% of

respondents agreed technology usage was important (ratings of 4 or 5) (see Table 10).

Table 10

Summary of Responses to Teacher Survey Statement 3
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Rating Responses Percentage
SD 1 0 0%
D 2 0 0%
N 3 2 12%
A 4 6 35%
SA 5 9 53%

Note. Percentage of teacher responses to survey statement 3 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree



Teacher survey statement 4. Student’s achievement in the area of
mathematics was not greatly affected by attendance at the laboratory STEAM
school. Teachers were asked to respond to student achievement not being greatly
affected by attendance in the laboratory school, and 59% responded as disagree or
strongly disagree (ratings of 1 and 2), while 24% were neutral, and 18% responded as

agree or strongly agree (ratings of 4 and 5) (see Table 11).

Table 11

Summary of Responses to Teacher Survey Statement 4
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Rating Responses Percentage
SD 1 3 18%
D 2 7 41%
N 3 4 24%
A 4 2 12%
SA 5 1 6%

Note. Percentage of teacher responses to survey statement 4 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Teacher survey statement 5. | would not have been disappointed if | had not
been chosen to teach at the laboratory STEAM school. When teachers were asked to
respond if they would not have been disappointed by not being chosen to teach in the
laboratory school, 65% responded as disagree or strongly disagree (ratings of 1 and 2),

while 0% were neutral, and 35% responded with a rating of 4 or 5 (see Table 12).

Table 12

Summary of Responses to Teacher Survey Statement 5

Rating Responses Percentage
SD 1 10 59%
D 2 1 6%
N 3 0 0%
A 4 5 29%
SA 5 1 6%

Note. Percentage of teacher responses to survey statement 5 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree
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Teacher survey statement 6. | feel that students would be just as successful
in any elementary program in the district, even without daily technology.
Teachers were asked to respond if they felt students would be just as successful in any
elementary program in the district, even without daily technology, with 82% as disagree
or strongly disagree, 12% as neutral, and 6% of the responses as agree. There were no

ratings of 1 in this category (see Table 13).

Table 13

Summary of Responses to Teacher Survey Statement 6

Rating Responses Percentage
SD 1 7 41%
D 2 7 41%
N 3 2 12%
A 4 1 6%
SA 5 0 0%

Note. Percentage of teacher responses to survey statement 6 on a 1-5 scale.

SD = Strongly Disagree, D = Disagree, N = Neutral, A = Agree, SA = Strongly Agree

A comparison of responses reported by parents and teachers are illustrated in the
following graphs (see Figures 2 through 7). Some noted differences existed in the
perceptions of the participants to the statements as presented through the survey. The

questions were worded similarly with respect to the positions of the patrons who
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consented to participate in the study. The statements were ordered on a Likert scale for a
1-5 response, with 1 as strongly disagree, 3 as neutral, and 5 as strongly agree.

In Figure 2, the responses to the statement concerning improved performance in
mathematics are graphed. The trend in the results indicated a large percentage of parents,
and all teachers surveyed, responded neutral, agree, and strongly agree to that particular
statement. There was an indication, however, some parents did not feel attendance at the

STEAM school would be particularly important to performance.
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Figure 2. Comparison of parent and teacher responses to survey statement 1. A side-by-side comparison
was made to determine perception of mathematics performance as the result of attendance at the laboratory

school. (1= Strongly Disagree, 2= Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)
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In Figure 3, the responses to the statement concerning the importance of the
students attending the laboratory school in the following year are graphed. The results
indicated that a large percentage of parents responded agree or strongly agree to that
particular statement, compared to highly favorable teacher responses. There was an
indication, however, some parents did not feel attendance during the following year
would be particularly important for their student. This indicated teachers had an overall
more optimistic perception of the future of the program than the parents during the first

year of operation of the program.
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Figure 3. Comparison of parent and teacher responses to survey statement 2. Parent and teacher responses
to whether or not attendance in the laboratory school was of importance in the subsequent year.

(1= Strongly Disagree, 2= Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)
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Figure 4 displays the differences in perceptions between parents and teachers as
reported on Statement 3 about the daily use of technology as an intergral part of a
successful academic program. While the majority of responses from both groups of
participants were favorable to the statement, there were parents who clearly did not see

the importance of the use of technology as a tool for academic success.
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Figure 4. Comparison of parent and teacher responses to survey statement 3. Parent and teacher
perceptions of regular technology usage as an important component of a successful academic program.

(1= Strongly Disagree, 2= Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)
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The responses as indicated by survey results to a negatively-worded statement
about the STEAM program not affecting mathematics performance are shown in the
following graph. These were the responses to statement 4. Again, the majority of
responses appeared to be favorable toward the program’s effect on academic performance
in mathematics. However, there were responses from both groups that indicated there

was not agreement on this topic.
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Figure 5. Comparison of parent and teacher responses to survey statement 4. Responses are compared to a
negatively-worded question on the effect of the STEAM laboratory program on mathematics performance.

(1= Strongly Disagree, 2= Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)



77

In Figure 6, the responses are denoted to statement 5. The statement was worded
in the negative and focused on the importance of students being chosen for the program
through the lottery process. Responses of parents indicated they would have been
disappointed if their children had not been chosen. Teacher responses indicated how
disappointed they would have been to have not been chosen to teach in the program.
From both groups there was an indication that disappointment would have been high for

many of the respondents.
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Figure 6. Comparison of parent and teacher responses to survey statement 5. This statement was worded as
to “not being disappointed” if not chosen to participate through the lottery for the program.

(1= Strongly Disagree, 2= Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)
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In the final statement of the survey, the perception of whether or not students
would have been just as successful in any elementary program in the district was posed.
The results, as seen in Figure 7, indicated an overwhelming majority of parents would
have been just as confident with any school in the district. Teachers, on the other hand,

appeared to disagree with that statement.
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Figure 7. Comparison of parent and teacher responses to survey statement 6. Parent degree of confidence
in any elementary program in the district was much higher than teacher perception that other programs
would not be as effective for performance.

(1= Strongly Disagree, 2= Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree)
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Standardized Testing Data

The t-test results in Acuity mathematics growth indicated the null hypothesis
could not be rejected in any of the grade levels. In third grade, the t-test score was 0.13,
and in fourth grade the t-test score was 0.97. In fifth grade, the t-test score was 0.37, and
in sixth grade the score was 0.33. All t-test scores in mathematics achievement growth of
students in the laboratory school compared to students in the same grade levels in
traditional elementary schools in the district were > 0.05 and would not allow rejection of

the null hypothesis of no difference between growth rates (see Table 14).

Table 14

t-test Scores for Growth in Mathematics

Grade Level *t-test score
3 0.13
4 0.97
5 0.37
6 0.33

Note. *t-test scores derived by comparing growth rate of student samples in STEAM laboratory school

to traditional elementary student samples by means of Acuity Mathematics Predictive Tests.
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The Acuity English Language Arts scores included the following: third grade .79,
fourth grade .26, and fifth grade .26. Only in sixth grade was the null hypothesis of no

difference between growth rates rejected with a t-test score of .03 < 0.05 (see Table 15).

Table 15

t-test Scores for Growth in English Language Arts

Grade Level *t-test score
3 0.79
4 0.26
5 0.26
6 0.03

Note. *t-test scores derived by comparing growth rate of student samples in STEAM laboratory school to

traditional elementary student samples by means of Acuity ELA Predictive Tests.
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A random sample of 30 students’ scores from each of grades three through six
were collected and compared to a random sample of 30 students’ scores from the same
grades comprised of students from the non-STEAM elementary schools in the district.
The scores were subjected to a t-test and compared for growth in reading as assessed by
the SRI. In grades three and six, the null hypothesis was not rejected with scores of 0.80
and 0.93, respectively. The t-test scores indicated for grades four allowed for rejection of
the null hypothesis with 0.02, while in grade five the null hypothesis could not be

confidently rejected with 0.06, a difference of 0.01 (see Table 16).

Table 16

t-test Scores for Growth in Reading

Grade Level *t-test score
3 0.80
4 0.02
5 0.06
6 0.93

Note. *t-test scores derived by comparing growth rate of student samples in STEAM laboratory school to

traditional elementary student samples by means of Scholastic Reading Inventory.
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Interview Results

Five district administrators, who were directly involved in the design and
implementation of the STEAM laboratory school and who continued to be major
participants in the school’s operation, were interviewed about the design process.
Perceptions of the efficacy of the program in the first year of operation were the focus of
the interviews. For the purpose of anonymity, the administrators were referred to as
Administrators A, B, C, D, and E. All administrators were asked the same set of
questions in an open-ended session. One interviewee provided answers by e-mail, due to
scheduling restraints. All others were conducted face-to-face, recorded, and later
transcribed by the researcher. Interview questions were coded into substantive categories
for similarities and differences.

Administrator interview question 1. What factors did you consider before
proposing/becoming a design team member of the STEAM laboratory school in this
district? Why? Administrator B and Administrator D both responded families already
in the district, and those new to the district, were interested in having choice in the
opportunities offered for their students’ education. A longer school year, service work
performed by students, and an opportunity for more involvement by parents were cited by
Administrator A as a reason for moving in this direction. Both administrators discussed
the unique approach this program would offer to the area.

The unusual concept of the STEAM elementary school in midwest Missouri was
discussed as ground-breaking by Administrator C, who responded the value seen in the
program was the motivation for becoming a part of the design team for the laboratory

school in this district. Research support for this type of program was cited by
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Administrator B as a “best practice” for educating students. Administrator E also
responded that being a part of designing this program, with a specific focus on STEAM
education, was in the best interest of children and was motivated by being instrumental in
bridging the gap in technology for students and teachers. Administrator A stated an
interest in being a part of the design and planning team, as the science and technology
focus would impact teachers.

Administrator interview question 2. Reflecting back on the process, is there
anything that you would do differently if faced with the same decisions today? Why
or why not? Three of the administrators interviewed responded the timing of
implementation of the STEAM program was appropriate. Administrator E stated the
process was not rushed and would have been drawn out if more time had been spent on
planning and decision-making, while Administrator B responded nothing should have
been done any differently, and the district had hit a “home run” with this decision.
Administrator D responded the “buy-in” from the community went well, and
Administrator A stated the district had done a good job on the timing and planning of the
STEAM program; however, Administrator A admitted some elements had not been well
planned for, particularly in the area of transportation during the extended four weeks of
the school year. Some “hang-ups” involving transportation had surfaced, according to
Administrator A, in spite of planning, and more time could have been spent on that
particular issue.

Another area cited by Administrator A and Administrator D that needed more
forethought was professional development. Both of these administrators responded

technology issues had not been thought through as well as possible (new equipment and
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new operating system), and time spent on planning for professional development for
teachers would have been beneficial for a smoother transition, if the planning process
could be done over again.

Administrator interview question 3. As we near the end of the first year of
operation of this program, what is your perspective on the program? Are you
seeing the success that you had hoped for, and in what ways? The five administrators
interviewed expressed positive perceptions of the program in the first year.

Administrator B stated all indications, as of the date of the interview, reinforced the belief
the STEAM program “hit a homerun,” while Administrator D expressed although success
was achieved, the pressure of high expectations was felt by teachers. Also, according to
Administrator D, this first year was a necessary team-building year for teachers, and in
the next couple of years expectations of greater success would be realized. Administrator
A stated the first year goal was just “to maintain” in achievement, and the second year
would see greater success in this area by way of standardized test scores.

According to Administrator C, teachers jumped in with a “can do” attitude and
did a “terrific job of learning on the fly.” More training in the way of professional
development, particularly in the areas of science and technology usage before the school
year started, would probably have made the first year transition easier, according to
Administrator E and Administrator C. Administrator E stated success had been achieved
by a focus on solutions to the problems that arose, and attitudes toward the environment
had been very positive.

Administrator interview question 4. How does the first year of operation of

the STEAM laboratory school change the outlook for the future in this district? Are
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there any more plans to expand this concept, and in what way? The administrators
interviewed all expressed there is interest and discussion in the idea of another laboratory
school. Several of the interviewees expressed a possible next laboratory school might
specialize in arts or foreign language, and the success of the STEAM school has shown
the community and the board of education a school of choice for parents and students is
desirable. Administrator B stated formal discussions have begun with the board on a
future laboratory school, but it may not be STEM-focused, and the community could put
pressure on the board to go that route.

Administrators C and D stated the focus may be on the arts, while Administrator
D expressed a possibility of foreign language as the focus. All of the administrators
stated the success of the STEAM laboratory school has resulted in discussion of another
such school in the future. Administrator A also responded the present laboratory school
would have an effect on an emphasis in science in the other elementary buildings in the
district and would put more pressure on the junior high school to prepare for students
moving up from the STEAM program.

Administrator interview question 5. Is there anything else that you would
like to add about the STEAM laboratory school? The open-ended design of this
question allowed for a variety of responses from the participants, which are summarized
individually. According to Administrator A, a key to the success of the STEAM
laboratory school was the choice for teachers in teaching in this type of environment, and
an attempt to do otherwise would not work. Also stated was a concern for the students as
they leave this environment and move up to another building. This administrator said

changes needed to be made in preparation for these students at the upper levels.



86

Administrator B stated evaluating the components of the STEAM program, such
as service work by students and parent participation, will be important for future
planning. Continued growth for the students and teachers was stated by Administrator C
as “exciting,” and in spite of the best planning, a lot of things happen you just do not
expect. Examples were given such as transportation and a different schedule for the
STEAM school. This administrator said no one can expect all of the things that can
happen, and “you don’t know until you do it.”

Administrator D expressed the extended school year was a good decision, and
results will show that. This administrator also said in time (two or three years), the
longer school year will result in better achievement for students, parents will probably
prefer this for their children, and this is a “real plus for the kids.” Seeing the one-to-one
technology piloted in the STEAM laboratory school was expressed as a good model for
future technology one-to-one implementation in the district by Administrator E. This
administrator stated the program was a model for the future of the district, and restated
the need for effective professional development in the future. Year two of
implementation was, in the opinion of this administrator, going to be exponentially better
than year one. A common theme of the responses on question five was that even though
year one was successful, real growth in achievement of students was expected in the
following years.

Summary of Data Collection

Parent and teacher interviews were conducted by an anonymous online survey

instrument and were compared for similarities and differences in responses on similar

questions. Results were obtained via a Likert scale of 1 to 5, with 1 as strongly disagree
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and 5 as strongly agree. Standardized testing data using the SRI (2012), Acuity Math
Predictive Tests (2013), and Acuity Language Arts Predictive Tests (2013) were
compared from random samples of 30 students’ scores in grades three through six in the
STEAM laboratory school and 30 random samples of students’ scores in the same grades
in the other elementary schools in the district by means of a t-test. Growth was measured
from the beginning of the school year to the end of the school year in math and reading.
A confidence interval of < 0.05 was used to indicate whether a null hypothesis could be
rejected. In most grade levels, in both subject areas, no substantial growth was indicated
during the first year of implementation of the STEAM program; however, results were
mixed with rejection of the null in grade six in English Language Arts and grade four in
reading indicating a possible difference.

Administrator interviews were conducted with key people in the planning and
implementation of the STEAM program. Responses were coded into substantive
categories for similarities and differences in responses to identical open-ended questions.
Triangulation was achieved by the use of standardized test scores, parent and teacher
surveys, and interviews. The research design was mixed with qualitative and quantitative
data collected and analyzed.

Summary

In Chapter Four, the results of the triangulated data were outlined and discussed.
Tables of data were created for statement responses from parents and teachers with
percentages of each response given. Graphs were also created to compare the responses
of parents and teachers to similar statements, for the perceptions of the different

stakeholders to the questions asked.
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Standardized test scores from the samples utilized for study were subjected to a t-
test to determine the significance of the findings. Each grade level analyzed was treated
to an individual t-test. The findings were inserted into tables for ease of understanding.
Interviews conducted with administrators who were partially responsible for the design
process and the implementation of the program were coded and compared for similarities
and differences in perspectives. A detailed description of the processes was described.

Chapter Five offers the findings from the surveys, interviews, and standardized
tests. Conclusions, implications for practice, and recommendations for the future of the
STEAM program in this particular district are presented. Suggestions are made for other
districts interested in the process used in the creation of this particular elementary

program.
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Chapter Five: Summary and Conclusions

This case study was conducted after the first year of implementation of a
laboratory elementary school specializing in science, technology, engineering, arts, and
mathematics (STEAM) in a school district in Missouri. The current national initiative for
STEM education (Herschbach, 2011) was behind the design of the program with an
inclusion of the arts, based on research for development of the whole child (Arts
Education Partnership, 2014; Fioriello, 2013; 21st Century Schools, 2010). Surveys were
conducted with parents of students attending the program and teachers working within
the school and were analyzed for perceptions of six different statements related to the
first year of operation of the STEAM school. Administrators involved in the design and
implementation of the program were interviewed with open-ended questions that were
coded for similarities and differences in perceptions. Standardized testing results were
gathered in the areas of mathematics and reading from students in grades three through
six and were compared to testing scores from the other elementary schools in the district
in the same grade levels by means of a t-test. The results of analysis are summarized in
this chapter.
Findings

The findings of the qualitative and quantitative data are discussed in the next
section. The results of parent and teacher surveys were quantified and compared for
similarities and discrepancies in the perceptions to statements individualized to the
position of the participants. Interview responses from administrators were coded for
themes, with similarities and differences noted, and individual perceptions to interview

guestion number six were reported.
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Parent and Teacher Surveys

Parent and elementary teacher surveys consisted of six statements rated on a scale
of 1-5, with 1 rated as strongly disagree and 5 rated as strongly agree, by parents and
teachers willing to participate by way of an online survey. The statements addressed the
same areas from the perspectives of the two different groups. Responses were recorded
for 75 parents of students in grades three through six, and 17 teachers of the same grade
levels. Classroom teachers, special education teachers, and special area teachers were
included in the survey. No questions were asked about the survey by the participants,
and so it is assumed they understood the numerical values of their answers.

Statement 1 referenced the perception of whether or not students attending the
STEAM laboratory school program improved their performance in mathematics. Parents
(59%) responded with ratings of 4 and 5, while teacher responses were 76% favorable
with responses of 4 or 5. This indicated both the parent group and the teacher group had
a majority of favorable perceptions about the success of students in mathematics in the
STEAM program. Some parents (19%) were neutral in their responses, and only 11% did
not feel the program had improved their child’s mathematics achievement.

Statement 2 rated the importance of students attending the STEAM laboratory
school again the following year for parents, and for continued employment in the
program for teachers. Parent perception was favorable with 68% rating 4 or 5, and
teacher perceptions were 100% favorable in the 4 and 5 categories. This indicated a
majority of parents and all of the teachers surveyed wanted to continue to be a part of the

program. Perception appeared to be positive in regard to this question. Only 7% of
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responding parents rated the importance of future attendance as unfavorable, and 16%
were neutral on this statement.

Statement 3 referenced the perception by parents and teachers that daily
technology usage was important for academic success by students. Parents responded
favorably with 64% in the 4 and 5 categories, and teacher responses were 88% favorable
with 4 and 5 chosen on the survey. Indications were that technology was an important
piece of student academic success in the program, in the perceptions of the respondents.
Neutral responses were 15%, and 11% of the parents did not feel technology was
important for student success.

Statement 4 was posed in the negative, and was about student achievement in
mathematics not being greatly affected by attendance at the STEAM laboratory school.
Parents responded 41% as disagree or strongly disagree, and 33% neutral. Teacher
responses were 59% as disagree or strongly disagree, and 24% neutral. Indications were
that parents were not as sure about this statement as teachers; a majority of the teachers
felt the program was important for success in mathematics. Wording of the statement
might have been confusing, as this statement was worded in the negative. Of the parent
responses, a high percentage (24%) answered neutrally on that question.

On both parent and teacher surveys, Statement 5 was written negatively to
determine parent perceptions about how disappointed they would have been to not have
had their child chosen for the program, and for teachers, how disappointed they would
have been to have not been chosen to teach in the STEAM laboratory program. While
71% of parents responded disagree and strongly disagree, 65% of the teachers responded

disagree and strongly disagree. Only 7% of the teachers responded they would not have
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been disappointed if not chosen for attendance. Indications of the perceptions of both the
parent and teacher groups were disappointment would have been great if not having been
chosen to participate in the program.

In the last statement (6), parents and teachers were asked to rate whether students
would have been just as successful in any elementary program in the district, even
without daily technology, and 39% of the parents responded agree and strongly agree.
Conversely, only 6% of the teachers responded agree and no teachers responded strongly
agree. Indications were that a majority of parents felt any elementary program in the
district would have been a successful placement for their children, and teacher
perceptions were that the STEAM program was a better learning opportunity for students.
It is important to note teacher participation in the program was a choice, and parents had
to enter a lottery for inclusion of their students in the laboratory program with no
guarantee of enrollment before the drawing. This could have influenced parent
responses, as they would have been prepared for non-acceptance in the STEAM school.
Summary of Results of Parent and Teacher Surveys

While parents and teachers who were surveyed perceived that being a part of the
STEAM laboratory school was important to them and remaining in the program was
important, results were mixed on the success rate of students in mathematics in the
STEAM laboratory school over other elementary programs in the district. The results of
the survey indicated some possibilities:

1. The statements written in the negative using the word “not” could have

confused the participants.
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2. Parents have confidence in the quality of education offered by the school
district in any of the elementary schools.

3. Teacher bias cannot be ruled out, as all participants in the study were
employed by their choice in the program, and many had participated in the design process
of the laboratory school.

4. Teachers who work with technology on a daily basis, and regularly attend
professional development in that area, may have perceived more value in the use of
technology than some of the parents.

Further study would be beneficial to determine if any of these scenarios are likely.
A study of the second year of operation of the laboratory school could be indicated. The
perceptions of teachers working in the program appear to be in the majority that the
STEAM laboratory school is the best academic placement for students. It is important to
note teachers working in this elementary school setting made a choice to be there, which
could have biased their opinions.

Results of Standardized Testing Used in Study

Quantitative data were collected by using a random sample of 30 student test
scores from the Scholastic Reading Inventory (2012), Acuity Mathematics
(CTB/McGraw-Hill, 2013), and Acuity Language Arts (CTB/McGraw-Hill, 2013) from
the STEAM school and a random sample of 30 student scores from each of the other
elementary schools in the district by means of a t-test to determine growth. The school
district assesses students in grades three through six at the beginning of the academic
year, in the middle of the year, and again at the end of the school year. A growth model

was used to determine academic success as indicated by these standardized test scores.
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Only the first and last test scores were used to determine growth rate. The level assumed
for statistical difference was < 0.05, with a null hypothesis of > 0.05 indicating no
statistical difference in the growth of students in reading and mathematics.

In grade three, the null hypothesis was not rejected in the results of the Scholastic
Inventory (2012) with a t-test score of 0.80, and in the results of Acuity Language Arts
(2013) with a t-test score of 0.79. In Acuity Mathematics (CTB/McGraw-Hill, 2013), the
t-test score obtained was 0.13. Indications were that no difference was observed between
the growth rate of the two sample groups (Unique School and combined scores from all
other elementary schools in the district), and that the null hypothesis could not be
rejected.

Results of a t-test score in grade four in Scholastic Reading Inventory (2012) was
0.02, which was assumed to show a possible difference in growth rate, while the t-test
score in Acuity Language Arts (CTB/McGraw-Hill, 2013) was 0.26, which did not allow
for rejection of the null hypothesis for growth in language arts achievement. In Acuity
Mathematics (CTB/McGraw-Hill, 2013), the t-test score was 0.97, which also did not
allow for rejection of the null hypothesis. Indications were mixed for growth in reading
and showed no difference in growth in mathematics between the two sample groups.

In grade five, the Scholastic Reading Inventory (2012) t-test score was 0.06, and
in Acuity English Language Arts (2013) was 0.26, neither of which allowed for rejection
of the null hypothesis. In Acuity Mathematics (2013), the result of the t-test was 0.37,
and the null hypothesis could not be rejected for a difference in growth rate between the
two sample groups. Indications were there was no difference in the growth rate of

students in grade five in reading or mathematics achievement.
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The result in grade six from the Scholastic Reading Inventory (2012) was a t-test
score of 0.93, and in Acuity English Language Arts (2013) 0.03. In Acuity Mathematics
(2013), the t-test score was 0.33. The results were mixed in reading growth, with a
possible difference noted in Acuity English Language Arts (2013) results; however, the
Scholastic Reading Inventory (2012) score would not allow for rejection of the null
hypothesis. The null hypothesis could also not be rejected for a difference in growth rate
in the area of mathematics as indicated in the Acuity Mathematics (2013) test results.
Summary of Results of t-test Scores on Standardized Tests

Results of standardized testing results, as indicated by a growth model subjected
to a t-test, were mixed. In most areas, no statistical difference was indicated in reading or
mathematics growth in grades three through six. Mixed results were obtained in reading
growth in grades four and six. Further study was indicated in order to obtain additional
standardized comparison, and a second year of operation of the STEAM laboratory
school in comparison to other elementary schools in this district could be beneficial.
Summary of Administrative Interviews

The five administrators who were interviewed in this study expressed satisfaction
with the process followed for design and implementation of the STEAM laboratory
school. A common theme emerged. The interviewees, for the most part, felt if the
district could do the process over, better planning for professional development of
teachers would be have been beneficial; however, all administrators expressed
satisfaction with how teachers had risen to the challenge, and how perceptions of the

public and staff had been a positive factor in the success of the first year of
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implementation of the program. The future of laboratory schools in the district was seen
as a possibility; however, with a different emphasis to meet the needs of the patrons.
Triangulation of Data

This study utilized data from standardized testing administrated in the district by
means of a t-test. Surveys of parents and teachers involved in the program were
conducted by means of a rating scale to determine perceptions, and interviews were
conducted with administrators involved in the planning and implementation of the
STEAM laboratory program. Analysis of the separate pieces of data indicated that while
test results did not show any conclusive evidence of greater achievement in students
involved in the program over other students of the same age in the district, expectations
were for seeing significant differences in subsequent years, with positive perceptions of
patrons, staff, and administration toward the program.

Based on the data analyzed, the STEAM laboratory school appeared to be
successful in meeting the goals of the design team in the first year of implementation.
The majority of participating respondents indicated favorable perceptions of the program.
Further study is suggested to determine if expected goals are met in successive years of
this program, with more data available for analysis.

Conclusions

This study indicated the first year of operation was successful in terms of the
perceptions of the stakeholders who participated in the surveys and interview processes.
The results of the surveys given to parents and to teachers indicated a majority of

participants perceived the first year of operation favorably. Implementation of a STEAM
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laboratory program appears, according to the research, to have been a positive move for
this school district, after the first year of operation.

The interviews with five administrators in the district also indicated favorable
perceptions of the first year of operation of the STEAM laboratory school. Themes
emerged as substantive categories among the responses. Areas of concern were
recognized, particularly in the lack of preparation for effective professional development
and technology usage of under-developed teachers. Administrators also voiced the
importance of the teachers’ enthusiasm as a component for success in that first year.

Standardized test scores did not show significant difference between the growth
rate of students in this building and students in other elementary buildings in the school
district, although interviews with administrators indicated that had been expected in the
first year, was not a cause for concern, and was common in the development of a new
program. Positive perception among administrators was that the second year of
implementation would be more accurate in the area of student achievement.

Administrators voiced the perception the first year was one of adjustment and
maintaining status quo with student test scores. All administrators interviewed indicated
a favorable perception to having been a part of the planning and implementation of the
STEAM laboratory school. They felt the STEAM school had been a much sought-after
change on the part of patrons, and the ability to offer choice had been important to the
success of the program. There was an indication the district would be willing to consider
another laboratory school in the future, with a different focus to allow for more parental

choice.
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Implications for Practice

Research indicates best practice in instruction should include inquiry-based
learning strategies for effective achievement of students at all levels (P21 Partnership for
21st Century Learning, 2015). A focus on a STEAM curriculum would be an area where
an investment in professional development of teachers could be beneficial. Time and
money used for quality training of teachers in the use of the technology and learning
strategies would be indicated for the benefit of working with students in a STEAM
setting.

The most successful STEM programs utilize teachers well-trained in their content
areas. As most elementary teachers are not well-trained to teach science and math at the
level of a STEM program, training and ongoing support would be most beneficial to
student success. Competency in content areas, as well as in inquiry-based teaching
models, would give teachers confidence in their ability to step out of comfort zones in
teaching and allow them to become greater risk-takers in trying something as new as a
STEAM program. Therefore, content competency, pedagogy, and integrative technology
training would be indicated as a major part of the process for planning implementation of
a new program, whether STEM, STEAM, or another 21st century-aligned curriculum.
Recommendations for Future Research

Further research would be of benefit, to follow the achievement and growth rate
of students involved in this type of program over subsequent years to determine if the
projections of the design team for this laboratory elementary are correct as far as the
improved achievement level of the students over time. Recommendations are for the

district involved in this study to address the areas seen in hindsight as needed for
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improvement, and for action be taken to correct those weaknesses. This was particularly
recognized in the area of professional development. This study also indicated before
another laboratory school was designed, those areas need to be emphasized in the
planning and preparation of teachers.

A further recommendation for other school districts planning to take a step in the
direction of a STEAM laboratory elementary school would be to study the strengths and
weaknesses of this program in the first year of implementation, in order to benefit from
the lessons learned by this district in this undertaking. Quality professional development
and ongoing support for teachers would be indicated, particularly with new technology
and methods of integrating content taught in a STEM or STEAM-focused setting.

Quality training in inquiry-based learning would be recommended, as research
indicates inquiry-based learning as best practice in teaching science particularly, but also
in integration of the STEM content. Any change in scheduling or calendar should also be
addressed for a smoother transition. Public input is recommended, as stakeholders have a
large impact on the perception of any new program and the positive attitudes of students.

Another recommendation would be to involve teachers in the planning process as
much as possible. If practical, voluntary participation of teachers in the implementation
of a new program such as a laboratory school would build a cohesive front in facing the
challenges of such an undertaking.

Summary

A STEAM laboratory school was the subject of this study, in a midwestern school

district of about 6,000 students. The program was the first of its kind in this particular

area of the country and resulted in some risk-taking by one school district. Literature was
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reviewed on the need and initiative for more rigorous curriculum in America’s schools in
science, technology, engineering, and mathematics (STEM) and the inclusion of the arts
(STEAM). Statistics indicated the United States is scoring below other industrialized
countries in the STEM areas, and with the current and predicted future requirement for a
well-trained workforce in STEM disciplines, the need is for early exposure of students to
curriculum that will prepare them for the jobs of the future.

Inquiry-based instruction was also researched as a best practice, as it was the
chosen delivery model of the school in this study. The focus of the district involved was
to introduce STEM content to elementary students from kindergarten through sixth grade.
Some risk-taking was involved, and a program that included the arts in STEM to become
a STEAM laboratory school was chosen.

Attendance in the laboratory school was voluntary and decided on a lottery basis.
The process of designing the program included input from the community, parents, and
school staff. Public opinion was in favor of the venture, and this case study was chosen
to determine the perceptions of some of the stakeholders involved in the program after
the first year of implementation.

Parents of students attending the program, as well as teachers in the building and
administrators personally involved in the planning and implementation of the program,
were surveyed and interviewed for perceptions of the success of the first year of the
STEAM laboratory school. Some weaknesses in planning were noted in interviews,
particularly in the area of professional development for teachers before the start of the

school year in working with new content and new technology and in scheduling for the
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longer school year; however, reflections of administrators indicate the lessons learned
will be beneficial in future decision making.

Quantitative data were used to determine the growth rate of students in the first
year of operation, and although the results showed no statistical difference by attendance
in the program to students in other buildings, the expectations of the stakeholders
indicated this was to be expected in the first year. Attitudes were positive that subsequent
years would prove the program to be advantageous for student achievement. The
majority of those who participated in the program indicated positive perceptions of the
STEAM program. Some weaknesses were noted in the planning process, and reflections
were shared as to how to make future programs of this nature run more smoothly.

Overall, the implementation of a STEAM laboratory elementary school for this
district appears to have been the success that was hoped for by the designers of the
program. There was an indication future laboratory schools may be on the horizon for
this school district, and public support is in favor of such an effort. The next few years
will bear watching to determine if perceptions of the program prove correct, and if this
elementary laboratory STEAM school will become a model for other districts in moving

into STEM or STEAM and 21st century learning.
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Appendix A

LINDENW@D

INFORMED CONSENT FOR PARTICIPATION IN RESEARCH ACTIVITIES
“Case Study on the Efficacy of an Elementary Science, Technology, Engineering, Arts,
Mathematics (STEAM) Elementary School”

Principal Investigator Mary Paula Armknecht
Telephone: | E-mail: paulaarmknecht@ net

. You are invited to participate in a research study conducted by (Mary Paula
Armknecht) under the guidance of (Dr. Sherry DeVore). The purpose of this research
is to evaluate the effectiveness of the STEAM elementary program implemented by
the school district after the first year of operation in terms of student achievement and
perception of some of the parents and teaching staff.

. a) Your participation will involve a brief online survey.
b) The amount of time involved in your participation will be approximately 2
minutes.

Approximately 120-260 participants will be involved in this research. [Participants in
the survey will be teachers and parents of students in the STEAM program surveyed
anonymously.]

. There are no anticipated risks involved in this research.

. There are no direct benefits for you participating in this study. However, your
participation will contribute to the knowledge about the STEAM elementary program
and may help the district with future planning.

. Your participation is voluntary and you may choose not to participate in this research
study or to withdraw your consent at any time. You may choose not to answer any
questions that you do not want to answer. You will NOT be penalized in any way
should you choose not to participate or to withdraw.

. We will do everything we can to protect your privacy. Surveys will be conducted
online and your identity will be unknown to the researcher and staff of the school.

. If you have any questions or concerns regarding this study, or if any problems arise,
you may call the Investigator, Mary Paula Armknecht, (417l or the
Supervising Faculty, Dr. Sherry DeVore (417-881-0009). You may also ask
questions of or state concerns regarding your participation to the Lindenwood
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Institutional Review Board (IRB) through contacting Dr. Jann Weitzel, Vice
President for Academic Affairs at 636-949-4846.

I have read this consent form and have been given the opportunity to ask
guestions. | may retain a copy of this consent form for my records. |
consent to my participation in the research described above.

By completing the survey, you consent to participate in this study.
Thank you for your time,
Mary Paula Armknecht 4/25/13

Doctoral Student
Lindenwood University

Please check here <hyperlink> to complete the survey
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Appendix B

OYENWM@D

INFORMED CONSENT FOR PARTICIPATION IN RESEARCH ACTIVITIES
“Case Study on the Efficacy of an Elementary Science, Technology, Engineering, Arts,
Mathematics (STEAM) Elementary School”

Principal Investigator: Mary Paula Armknecht

Telephone: | E-mail: paulaarmknecht@ |

Participant Contact info

1. You are invited to participate in a research study conducted by (Mary Paula
Armknecht) under the guidance of (Dr. Sherry DeVore). The purpose of this research
is to evaluate the efficacy of the STEAM elementary program implemented by the
school district after the first year of operation in terms of student achievement and
perception of some of the major stake holders.

2. a) Your participation will involve
> A brief interview (see questions attached).
> Interview will be conducted in person at a location that is convenient for you (or
by phone at your preference), and will be audio recorded for transcription.
b) The amount of time involved in your participation will be approximately 15-20
minutes.

Approximately 120-260 participants will be involved in this research. [Approximately
five administrators will be interviewed, and the remainder of the participants will be
teachers and parents of students in the STEAM program surveyed anonymously.]

3. There are no anticipated risks involved in this research.

4. There are no direct benefits for you participating in this study. However, your
participation will contribute to the knowledge about the STEAM elementary program
and may help the district with future planning.

5. Your participation is voluntary and you may choose not to participate in this research
study or to withdraw your consent at any time. You may choose not to answer any
guestions that you do not want to answer. You will NOT be penalized in any way
should you choose not to participate or to withdraw.

6. We will do everything we can to protect your privacy. As part of this effort, your
identity will not be revealed in any publication or presentation that may result from
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this study and the information collected will remain in the possession of the
investigator in a safe location to be destroyed at the end of the study.

7. If you have any questions or concerns regarding this study, or if any problems arise,
you may call the Investigator, Mary Paula Armknecht, (417-] il or the
Supervising Faculty, Dr. Sherry DeVore (417-881-0009). You may also ask
questions of or state concerns regarding your participation to the Lindenwood
Institutional Review Board (IRB) through contacting Dr. Jann Weitzel, Vice
President for Academic Affairs at 636-949-4846.

I have read this consent form and have been given the opportunity to ask
questions. 1 will also be given a copy of this consent form for my records. |
consent to my participation in the research described above.

Participant's Signature Date Participant’s Printed Name

Signature of Principal Investigator Date Investigator Printed Name
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Appendix C

Parent Survey

Please check the appropriate box to indicate your agreement or disagreement with the
statements below, where the number 1 has the least value (strongly disagree) and the
number 5 has the greatest value (strongly agree).

strongly disagree disagree no opinion agree  strongly agree
1 2 3 4 5

1. | feel that having my student attend the STEAM laboratory school program improved
his/her performance in mathematics.

O O O O O

2. It is important to me that my student attends the STEAM laboratory school program
again next year.

O O O O O

3. | feel that it has been important for my student to use technology on a daily basis in
order to be the most successful academically.

O O O O O

4. My student’s achievement in the area of mathematics was not greatly affected by
attendance at the laboratory STEAM school.

O O O O O

5. I would not have been disappointed if my student had not been chosen through the
lottery for attendance at the laboratory STEAM school.

O O O O O

6. | feel that my student would have been just as successful in any elementary program in
the district, even without daily technology.

O O O O O
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Appendix D

Staff Survey
Please check the appropriate box to indicate your agreement or disagreement with the
statements below, where the number 1 has the least value (strongly disagree) and the
number 5 has the greatest value (strongly agree).

strongly disagree disagree  no opinion agree strongly agree
1 2 3 4 5

1. | feel that students attending the STEAM laboratory school program improved their
performance in mathematics.

O O O O O
2. It is important to me that | continue to teach in the STEAM laboratory school program.
O O O O O

3. | feel that it is important for students to use technology on a daily basis in order to be
the most successful academically.

O O O O O

4. Students’ achievement in the area of mathematics was not greatly affected by
attendance at the laboratory STEAM school.

O O O O

5. 1 would not have been disappointed if I had not been chosen to teach at the laboratory
STEAM school

O O O O O

6. | feel that students would be just as successful in any elementary program in the
district, even without daily technology.

O O O O O



108

Appendix E
Interview Questions
. What factors did you consider before proposing/becoming a design team member
of STEAM laboratory school in this district?
Reflecting back on the process, is there anything that you would do differently if
faced with the same decisions today?
. As we near the end of the first year of operation of this program, what is your
perspective on the program? Are you seeing the success that you had hoped for?
How does the first year of operation of the STEAM laboratory school change the
outlook for the future in this district? Any more plans to expand this concept?
Is there anything else that you would like to add about the STEAM laboratory

school?
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Appendix F

LINDENW@D

LINDENWOOD UNIVERSITY ST.CHARLES, MISSOURI

DATE May 13 2013

TO! Mary Pasa Arvinech!

FROM: Ungaowood Universily slilutons Rivies Basng

STURY TIMLE [A450515-1) Case Study on thae E¥cacy of an Ekementary Scence,
Technology, Engneerng. Arts, Mathematics (STEAM) Laboratary School

IRB REFERENCE &

SUBMISSION TYPE! Naw Project

ACTION: AFFROVED

APFROVAL DATE: Alay 13 2013

EXPIRATION DATE May 13 2014

REVIEW TYPE: Expedited Revew

Thank you for your subrmissco of New Projoct materials for this research project. Lindenwood University
Institutions Reniow Board has APPROVED your submission. This spprovad is besed on 3n appropriate
rigk/banali alio and & Bty 8sign whemin the fisks have Deen mcimized Al resesch musl be
concucied In accordance with this appraved submissian. Suggestions and commants foliow:

* For the unpaired taest, a hypothess stament should be iIndudea.
This submission has received Expediing Review based on the appiicabie feceral regulaion.

Flease remember that rdormed consent IS a process beginning with a descriphion of $ie study and
nsurance of partcpant understandeg followed by 3 signed conserst Sorm. Informed consent must
CONtinuG througnout tha ity via & ARlgUe Detesen thg ressarcher and research panticipan Fadernsd
regulations requre each particinant recaive a capy of e signed consent documant.

Please nole that any revsion 10 previously appeoved materias must be approved by #vs office pror o
miliston Plasse use the appropriste revision forms for this procedure

Al SERIOUS and UNEXPECTED adverss srvents must be reporiad fo thes office Plasss use the
Appreprale adversa avant fonms for this groceduna All FDA and s00nscd Mponing requremants should
50 ha foliowed.

NIENON.COMPLIANCE Issues or COMPLAINTS regarding this project must be reported promplly to the
IRB.

This peapect has boen dulemined 10 be 3 Minims! Risk peoject. Basad on the rigks, ths projec) requines
continuing ravisw by this commiites on an annual hass, Pigase use the corglatian'amandmant form Sor
s procedure. Your decumentation far cantineing rentow must be recetved with suffickent tme for review
and continued approval before S expiration date of May 13, 2014,

q-
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Ploase nole INa1 ok ressarch records st s rolaired & @ minarum of Bves paans,

H you P any quessions, pkesse send them 1o |BBEGderaoct ady Pleass incuda your project titk
and referance number in all cocrespondence with ths cammittee.
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