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ABSTRACT
There is an ever-increasing need for technologically literate citizens to find creative ways to
solve societal problems. STEM, the integration of science, technology, engineering, and
mathematics subjects continues to be a popular topic as schools grapple with how to best prepare
students for an ever-evolving society. As societal and technological challenges emerge, design
thinking has been lauded as a method to enable people to help tackle those challenges. The steps
of the design thinking process, empathize, define, ideate, prototype and test align with
engineering design and can be used as a problem-solving method in classrooms to help promote
creativity, critical thinking, and collaboration. The purpose of this explanatory sequential mixed
methods study was to better understand if a STEM integrated curriculum helps promote design
thinking in middle schoolers. The study compared two middle school groups, one that uses an
integrated STEM curriculum and one that does not. Quantitative data was collected through the
design thinking disposition survey through pre and post testing. Qualitative data was collected
through free response questions and student and teacher interviews. There was no difference
found in the change of design thinking dispositions between students at the two schools, however
students scored lowest on the design thinking disposition of prototype. Free response questions
showed that seventh grade students at the STEM integrated school perceived an increased ability
to design solutions to problems. Student and teacher interviews highlighted benefits of using a
STEM integrated curriculum including providing collaborative opportunities to solve hands-on,
open-ended problems. How STEM curriculum can develop design thinking should continue to be
examined including how to scaffold student understanding of design processes like clearly

defining the problem and building prototypes.
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CHAPTER 1
INTRODUCTION

1.1 Background of the Problem

Due to a perceived lack of global competitiveness in the United States in science,
technology, engineering, and mathematics (STEM) fields, the National Research Council
developed the Next Generation Science Standards (NGSS) to engage students in the practices of
science and engineering. The standards are intended to not only make the United States more
competitive internationally in technology-related professions but also to enable all citizens to be
able to make educated decisions regarding their health and the health of their community (NGSS,
2013). The standards also call for an integration of the teaching and learning of science with
engineering processes and technology. Traditionally, schools teach science through distinct
subject areas like chemistry, biology, or physics. The National Research Council, however,
recognized that technology and engineering principles should be applied to science disciplines to
further students’ scientific knowledge and solve practical problems (NGSS, 2013).

The NGSS framework explicitly directs students to engage in scientific practice because
“students cannot comprehend scientific practices, nor fully appreciate the nature of scientific
knowledge itself, without directly experiencing those practices for themselves” (NGSS, 2013, p.
xv). One potential method to address the implementation of scientific practices as well as
addressing the need to teach engineering and technology is to use an integrated STEM
curriculum. An integrated STEM curriculum generally uses a problem-based or inquiry learning
approach as students work collaboratively to solve engineering or science-related problems.
Problem-based learning supports the science and engineering practice in the NGSS of asking
questions and defining problems (NGSS, 2013). Through problem-based learning, students

explore core ideas, and conversely, "core ideas should provide a key tool for understanding or
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investigating more complex ideas and solving problems™ (NGSS, 2013, p. xvi). Additionally,
developing critical thinking and communication skills is essential to navigating the modern
workplace. Skills central to the development of critical thinking include problem-solving,
clarifying information, rejecting hypotheses, and obtaining and evaluating information (Santos,
2017). A STEM-integrated curriculum incorporates the engineering design process to develop,
test, and evaluate solutions using core critical thinking skills.

An understanding of how scientists and engineers build knowledge is not only important
for economic competitiveness but also for citizens to be scientifically and technologically literate
to make informed decisions and create a more techno scientifically just society (Ortiz-Revilla et
al., 2020). All citizens should understand STEM disciplines to engage in discussions and policy
decisions. A STEM-integrated curriculum should therefore incorporate standards from not just
the NGSS, but also the Standards for Technological and Engineering Literacy developed by the
International Technology and Engineering Educators Association (ITEEA). A successful STEM
integrated curriculum then should be comprised of concepts and skills that are universal to the
disciplines of science, technology, mathematics, and engineering and should focus on a student's
ability to identify problems, research, develop and evaluate solutions to those problems, and to
communicate those solutions to a wider audience. A STEM-integrated curriculum should be
effective at developing critical thinking skills that will be valuable to students in their future
endeavors enabling them to problem solve and make informed decisions in their daily lives as
they analyze and weigh alternative solutions.

In Texas, the Texas Education Agency (TEA) has adopted a STEM framework that
includes high-quality indicators as a guide for schools when implementing a STEM program

(TEA, 2020). The recommendations for high-quality STEM programs include using project or



problem-based learning to solve complex problems and the use of the engineering design process
to solve design challenges in creative and innovative ways. The TEA recognizes that besides
being technologically and scientifically literate, workplaces are increasingly expecting
employees to have the ability to find novel solutions to pressing problems. These skills extend to
fields even outside STEM disciplines. Finding innovative solutions to shifting or “wicked
problems” requires resourceful and inventive thinking. The central idea behind design thinking is
to solve problems using a creative, viable method that meets the needs of the end user (Ideo.com,
2023). Besides promoting creativity, design thinking can encourage better team building and
helps designers identify and define problems (Liedtka, 2014). Design thinking, therefore, has
become an essential workplace skill throughout different industries because design thinkers are
adept at finding creative and fresh solutions to modern challenges (Razzouk, 2012). As industries
and technologies rapidly change, design thinking has the potential to address social, political,
economic, and technological issues. Governments are promoting design thinking throughout the
world to confront these complex issues (Koh et al., 2015). As design thinking becomes an
increasingly important skill in the modern workplace and world, schools need to develop design
thinking skills within their students to better prepare them for an ever-changing technological

and economic landscape.

1.2 Statement of the Problem

The importance of fostering design thinking in students and preparing them for careers in
engineering and technology is a critical issue in the United States. Design thinking, however, is
not a skill limited to only STEM fields, but is valued by many industries including financial
services and health care (Liedtka, 2014). Determining how to develop design thinking skills in

students is essential in helping students navigate the complex society they will encounter as



adults. Design thinking is related to problem-solving and critical thinking and there is a need to
understand how design thinking can be incorporated along with problem-solving and critical
thinking skills to best prepare students for those future challenges. Because design thinking
“contributes to the educational task of preparing the young to meet the complex global
challenges” confronting modern society (Koh et al., 2015, p. 6), schools need to improve the
design thinking abilities of their students and foster a design thinking disposition in all students.
How to best develop design thinking and critical thinking skills in schools needs to be
understood. If schools are to engage students and prepare them for a competitive and ever-
changing society, curriculum models that best nurture critical and creative thinking must be

further explored and evaluated.

1.3 Purpose of the Study and Research Questions

The purpose of this study was to better understand how an integrated STEM curriculum
can prepare students for 21%-century competencies, specifically design thinking through
problem-based learning models. This study sought to understand if students attending a school
that implements a school-wide STEM curriculum have better design-thinking dispositions and
related critical thinking skills than similar students enrolled in a school that does not implement a
school-wide STEM curriculum. Additionally, this study attempted to explore through student
and teacher interviews how a STEM-integrated curriculum may help develop design thinking.

The overall goal of the study was to determine if there is a significant difference in design
thinking disposition between middle school students in an integrated STEM curriculum and
similar students who are not participating in a STEM-integrated curriculum. Additionally,
through qualitative data collection, this study attempted to identify how students and teachers

perceive design thinking and problem-solving in a STEM-integrated classroom.



Because of the increasing prevalence of STEM programs in K-12 education, researchers
need a better understanding to determine how students are benefiting from integrated STEM. As
the idea of STEM integration gains in popularity, the usefulness of devoting a separate subject to
STEM learning needs to be understood. When students and teachers can just focus on STEM
activities without the pressures inherent in tested subjects, what are the benefits? Should schools
start scheduling dedicated time to a STEM class, not just as an elective or after-school activity
but as a required, core class? To better understand how an integrated STEM curriculum can build
design thinking and related critical thinking skills in middle school students, this research
addressed the following research questions:

1. What is the impact of an integrated STEM curriculum in developing design thinking
dispositions in middle school students?

2. What are the perceptions of students and teachers on how a STEM-integrated curriculum
helps to develop design thinking dispositions?

Research question one was answered through quantitative data collection using design
thinking disposition survey of seventh and eighth-grade students at two middle schools, one that
employs an integrated STEM curriculum and one that does not. Seventh graders were tested at
the beginning and end of the semester to see if there were any differences in design thinking
dispositions between students at the two schools. Eighth graders were tested at the end of their
eighth-grade year to determine if students who have attended a STEM-integrated school have
different design thinking dispositions than students who did not attend a STEM-integrated
school.

The hypotheses for the first research question are as follows:



e Null Hypothesis One: There is no statistically significant difference between design
thinking dispositions of seventh and eighth-grade students who attended a school with a
STEM-integrated curriculum and seventh and eighth-grade students who did not attend a
school with a STEM-integrated curriculum.

e Hypothesis One: There is a statistically significant difference between design thinking
dispositions of seventh and eighth-grade students who attended a school with a STEM-
integrated curriculum and seventh and eighth-grade students who did not attend a school
with a STEM-integrated curriculum.

Research question two was answered through qualitative measures, primarily interviews
with teachers and students. Qualitative data collection also included free response questions on
the post-survey for seventh-grade students and on the survey for eighth-grade students. This
question addressed methods that might promote design thinking within an integrated STEM
curriculum through problem-based learning and the engineering design process. The data from
research question two helped to explain the data from research question one. If there were
significant differences in design thinking dispositions between the two schools, then research
question two could help to identify what is promoting design thinking in the classroom. If there
were no significant differences between the two schools, then research question two can provide
insight into other benefits students might gain from a STEM-integrated curriculum like

confidence in problem-solving, or interest in STEM careers.

1.4 Significance of the Study
Because design thinking is an essential skill for both industries and governments,
understanding how design thinking can be developed in K-12 students needs to be explored.

Determining which curricula or practices support the development of design thinking in K-12



students is crucial data that can benefit both students and society. Current education systems
have been criticized for being outdated and not adequately preparing students for today’s
technologically demanding society (Koh et al., 2015), as schools have traditionally taught
knowledge as being fixed in isolated subjects. Teaching knowledge out of context is not aligned
with the newer NGSS standards or with the push to move schools towards a more
interdisciplinary, knowledge-creation focus. If schools are going to change and reflect the needs
of society, there must be evidence demonstrating what types of interventions and changes are
successful in preparing students for the complexities they will face.

Assessing design thinking and critical thinking in a STEM-integrated curriculum for
middle schoolers has not been firmly established in the literature. Distinctive features of STEM
learning including scientific literacy, interest in STEM, and self-efficacy have been measured at
various grade levels and intensity of STEM intervention (Benjamin et al., 2017; Kier et al., 2014;
Luo et al., 2021; Tyler-Wood et al., 2010). How design thinking affects learning has also been
studied in various disciplines with post-secondary students and high school students (Aflatoony
et al., 2018; Albay & Eisma, 2021). There are limited studies on design thinking at the middle
school level which is why researching what happens in the classroom when design thinking takes
place and how students are learning design thinking is essential (Lor, 2017). Tsai and Wang
(2021) developed a design thinking disposition scale specifically for middle-school students to
study the relationship between design thinking and computer programming self-efficacy. This
scale can be applied to other middle school students to better understand students’ design

thinking dispositions after interventions (Tsai & Wang, 2021).

1.5 Overview of Methods



This research study followed an explanatory sequential mixed methods design. The
rationale for using an explanatory sequential mixed methods design is to allow for the collection
of quantitative data followed by the collection of qualitative data. Qualitative data can then
further explain findings from quantitative data in a sequential pattern (Cresswell & Plano Clark,
2018). The study collected data from seventh and eighth-grade students at two different schools
from the same school district. Both schools have students of similar demographics made up of
predominantly Hispanic students. One school implements a STEM curriculum for all students
and the other does not. Quantitative data was collected from students at both schools to answer
the first research question through pre- and post-testing using a design thinking disposition
survey developed by Tsai and Wang (2021). Additional qualitative data was collected from the
STEM integrated curriculum school to address the second research question. Interviews with
students and teachers took place near the end of the year at the STEM-integrated school to
identify instances of design thinking through key design thinking indicators including problem
identification, collaboration, ideation, and prototyping.

Using a sequential mixed-methods design provided insight into any significant changes in
design thinking throughout the year for seventh-grade students in both the intervention school
and the control school through quantitative data. Eighth-grade student surveys provided
additional data on how design thinking differs after students have been through the STEM
program throughout their middle school years. Qualitative data then showed information on how
experiential learning can potentially provide students with necessary 21%-century skills like
problem-solving, creative thinking, and collaboration. The focus of the qualitative interviews

was to better understand how STEM integration can impact aspects of design thinking in the



classroom including collaboration and problem-solving. Additionally, qualitative data was

sought to understand if a STEM-integrated curriculum impacts career preferences.

1.6 Definitions of Key Terms

Integrated STEM Curriculum: STEM stands for science, technology, engineering, and
mathematics. An integrated STEM curriculum incorporates two or more of the disciplines to
solve a real-world problem. Generally, in STEM-integrated curricula, the focus is on
collaboration and problem-solving skills rather than specific disciplinary knowledge.

Critical Thinking: Critical thinking involves understanding, synthesizing, and analyzing
information. Critical thinking skills allow individuals to make decisions based on their
knowledge and evaluation of a problem. Critical thinking skills, along with creative thinking and
problem-solving are considered higher-level thinking skills (Facione, 2000).

Problem-Based Learning: Problem-based learning is a collaborative process in which
students are presented with an ill-structured problem. Students identify the problem and then
work together to research, design, and test solutions to the problem. The students then generally
present their solutions to a larger audience that provides feedback.

The Engineering Design Process: The engineering design process is a systematic,
iterative process to design a solution to a problem. Steps generally include defining and
researching the problem, setting constraints, brainstorming, and evaluating solutions, developing
and testing prototypes, and communicating results.

Design Thinking Disposition: Characteristics of design thinkers include the ability to take
risks, being comfortable with open-ended problems, being empathetic, and possessing analysis
and synthesis skills (Koh et al., 2015). Other skills that are characteristic of a design thinking

disposition include strategies for collecting information and the ability to collaborate (Tsai &



Wang, 2021). Having a design thinking disposition enables an individual to solve problems
creatively whilst also considering the needs of the user by being empathetic.

Design Thinking and Critical Thinking: Design thinking has the potential to "support and
augment traditional critical thinking practices"” (Ericson, 2021). Traditional critical thinking
practices that can be mapped with design thinking methods include observing, feeling,
imagining, inferring, experimenting, analyzing, judging, and deciding (Ericson, 2021). The
design thinking disposition scale measures four stages of the design process: empathize, define,
ideate, and prototype. Empathy in design thinking is related to the critical thinking component of
feeling. Define in design thinking relates to the knowledge and inferring elements in critical
thinking. Ideate in design thinking can be related to imagining in critical thinking as designers
begin to propose potential solutions. Prototype in design thinking can be linked to experimenting
and analyzing in critical thinking as designers begin to build, test, and evaluate their proposed

solutions.
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CHAPTER 2
LITERATURE REVIEW

The purpose of the literature review is to better understand how STEM integration is
implemented in middle schools using the engineering design process and problem-based learning
models. Additionally, this literature review will attempt to better understand how STEM
integrated curriculum can help develop design thinking in middle schools. Because society is
becoming increasingly technologically complex and students need to be ready for college and the
workplace, educators have found a need to include STEM learning in K-12 education. This is
evidenced by the revamping of science standards through the Next Generation Science Standards
and the incorporation of engineering design processes into the K-12 curriculum. Because design
thinking can potentially extend students' learning and prepare them for addressing complex
societal issues, it is important to understand how design thinking is integrated into K-12 subjects
and how teachers develop design thinking in students pedagogically (Li & Zhan, 2022).

Search engines used for the literature review included ERIC, EBSCOhost, Proquest, and
Google Scholar. Search terms included STEM integrated curriculum, design thinking,
engineering design process, problem-based learning, and middle school. The literature review
concentrated on studies related to STEM integration in middle school and design thinking in

middle schools and on empirical studies focusing on students.

2.1 Theoretical Framework

Design thinking encompasses the engineering design process, but it also applies to fields
beyond engineering and can be as simple as confronting and solving an everyday problem (Li et
al., 2019). Like the engineering design process, design thinking is an iterative process, but not
necessarily a linear one. Because design thinking is universal to all STEM disciplines, it is
broader than the engineering design process and more applicable to a STEM-integrated

11



curriculum (Hallstrom & Ankiewicz, 2023). Design thinking does not necessarily adhere to
defined methods or logical steps and can often be a chaotic, disordered process albeit a highly
iterative one (Razzouk, 2012). Design thinking also considers the needs of humans and the
viability of the solution, thus focusing on the end-user when determining the feasibility of a
solution (Brown, 2008). Design thinking involves finding solutions to problems, assessing them
through prototypes, and refining those solutions until a satisfying final solution is found (Luchs,
2015).

Design thinking is characterized by two basic principles: identifying a problem and
developing a solution (Luchs, 2015). A problem must be clearly articulated and defined before
successful solutions can be created. Developed solutions are then evaluated and refined as
needed in an iterative process that continues to refine and test until a desired solution is found.
The engineering design process is more systematic and linear, but both design thinking and the
engineering design process include the identification and defining of a problem and designing
and evaluating solutions. Additional characteristics of design thinking include the ability to
communicate ideas and the ability to work as a team member (Razzouk, 2012). Design thinking
constructs also include empathy, risk-taking, a desire to learn, and creative confidence (Dosi et
al., 2018). Design thinking is human-centered, and the design-thinking framework includes the
following phases: empathize, define, ideate, prototype, and test (Brown & Katz, 2009).

Design thinking is like scientific methods and processes in that they both develop
hypotheses and attempt to find potential solutions (Liedtka, 2013). Design thinking, however,
differs from the scientific method in that designers are focused on inventing innovative solutions

centered around the end user, whereas scientists are discovering solutions or explaining
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phenomena that already exist. Both, however, are rooted in finding a solution to a problem, and
both can be framed by experiential learning theory.

Experiential learning theory is defined as "the process whereby knowledge is created
through the transformation of experience” (Kolb, 1984, p. 23). Experiential learning allows
students to collaborate to solve real-world problems using problem-based learning models in
STEM settings (Pappas et al., 2018). Kolb's theory of experiential learning has roots in Dewey's
observations that knowledge is socially constructed, and children learn through experiencing the
world around them (Dewey, 2007). Kolb's theoretical model of experiential learning follows four
stages in the learning process: concrete experience, reflective observation, abstract
conceptualization, and active experimentation (Kolb, 1984). Concrete experience is the learning
experience a student engages in. Reflective observation is then the ability to reflect on those
experiences and thoughtfully engage with those experiences through multiple perspectives.
Abstract conceptualization is the integration of those reflections into theories, and active
experimentation uses those theories to solve problems. Working design thinking into Kolb's
model, the concrete experience would be like identifying and understanding a problem. To be
able to effectively understand a problem, a person must engage with that problem and have some
concrete knowledge about that problem. The reflective observation from Kolb's model would
relate to refining and synthesizing the problem and developing a problem statement. To focus on
the essential aspects of a problem requires reflection on that problem. Abstract conceptualization
then relates to the generation of ideas to solve problems and active experimentation is building
prototypes and testing those prototypes to determine if they are viable solutions. As students
work together to design solutions, they learn about a problem, reflect on the problem, generate

ideas to solve the problem and evaluate their solution to see if it best meets the end user’s needs.
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This cycle reflects each aspect of Kolb’s learning through experience model as shown in Figure

1.

L/ ]

Concrete experience

Reflective observation

Abstract conceptualization

Active experimentation

Students bring prior disciplinary
knowledge and experiences to identify
and understand a problem.

Students reflect on the problemto
further define the problem and
understand the problem through
different perspectives

Students brainstorm and generate ideas
to find the best solution to the problem.

Students build prototypes and test their
ideas.

Figure 1: Relating Kolb's Experiential Learning Theory to Design Processes

2.2 Design Thinking and STEM Education

Early references to design thinking refer to the ability of designers to use engineering

principles to create technological wonders from everyday materials (Goldman & Kabayadondo,

2017). Design thinking moved from industry to education largely through IDEO and the School

of Design at Stanford University (Goldman & Kabayadondo, 2017). On its website, IDEO links

a "design thinking for educators' toolkit" and the Stanford School of Design website contains a

school starter kit for teachers that want to "introduce design to students in their classes"

(dschool.stanford.edu. 2023; IDEO.com, 2023). The rationale for moving design thinking into K-

12 education is that anyone can participate in and learn design thinking and that design thinking
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promotes creativity, collaboration, critical thinking, and communication skills (Goldman &
Kabayadondo, 2017).

Design, therefore, has played a significant role in developing STEM education in K-12
schools (Li et al., 2019). The engineering design process is a method frequently used in STEM
education. Research shows that the use of the engineering design process in STEM integration
can help students learn both science and math and develop design thinking (Kelley & Sung,
2017). Using the engineering design process in STEM integration allows students to apply
existing knowledge of all four STEM subjects while also gaining further knowledge in those

subject areas and developing design thinking skills (Hallstrom & Ankiewicz, 2023).

2.3 STEM Integrated Curriculum

In 2007 the National Research Council published Rising above the gathering storm:
Energizing and employing America for a brighter future. The publication was a call to action to
make the United States more innovative and globally competitive in technological fields. One
recommendation of the council was to improve science and mathematics education in the United
States by recruiting and retaining 10,000 teachers to educate ten million minds (NRC, 2007).
This led to several STEM education initiatives to both increase science literacy for all Americans
and to develop a technically skilled workforce (Barakos et al., 2012). Additionally, the NGSS
has increased the call to integrate engineering and technology into mathematics and science
education, thus promoting the development of integrated STEM curriculums or a curriculum that
uses two or more of the STEM disciplines to solve a problem. How the curriculum is integrated
in STEM integration can vary from disciplinary, meaning content is learned in each separate

subject and infused with STEM activities that use just one STEM discipline, to transdisciplinary
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in which multiple content areas are indistinguishable when applied to solving real-world

problems (Vasquez et al., 2013).

An integrated STEM curriculum looks different than teaching individual STEM
disciplines. In an integrated STEM curriculum, the focus is on the problem rather than individual
content areas (Nadelson & Seifert, 2017). Integration of STEM generally follows a model of
inquiry learning or problem-based learning rather than direct teacher instruction (Nadelson &
Seifer, 2017). The number of STEM subjects incorporated when integrated is less important than
the emphasis on using two or more STEM disciplines to solve a real-world problem (Roehrig et
al., 2021). The transdisciplinary approach thus emphasizes the problem and the different STEM
disciplines are indistinguishable from each other as students collaborate in the problem-solving
process. This is contrasted with less integrated models such as multi- or inter-disciplinary
approaches (Vasquez et al., 2013). In multidisciplinary learning, students may have a theme
connecting the different disciplines as they work on 