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offer students the opportunities to be innovators (Couros, 2015). Because creativity is
innate in all students, schools need only to offer opportunities for students to tap that
creativity then allow it to flourish. School curriculum and school itself can be reimagined
in order to accomplish this.

Couros has re-imagined school for today’s learners. The following image from
the book compares the characteristics of traditional school to Couros’ imagined

experience for students:

Fig. 9.School vs. Learning Image copyright, Couros, 2015
The image shared by Couros highlights an approach to education that favors

inquiry and creativity over remembering and repeating. In developing new mathematics
curriculum such as the STEAM Design Thinking and Innovation course inquiry and
creativity are central themes that present themselves in each unit, project and lesson.

A breadth of research has been offered which suggests the benefits of creativity.
Creativity has a deep impact on problem solving because at its best, it includes divergent
thinking (Madden et al., 2013; Sousa & Pilecki, 2013). Divergent thinking leads to

multiple solutions. Creativity leads to innovation which often results in a product,
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students do not simply think something new, they make something new (Sousa &
Pilecki, 2013). Students need opportunities that allow them to fostering creativity
through experiences. Research has demonstrated that problem solving opportunities
requiring creative thinking yielded several positive results. First, students’ self-reflection
capabilities grew over time as a result of seeking multiple solutions to a problem,
critiquing the possible solutions and considering things such as feasibility, impact,
opportunity and novelty (Autry & Walker, 2011). When students engaged in problem
solving that required creative thinking, they strengthened collaboration skills (Crow,
2008). Finally, when creative thinking was the focus of problem solving, students were
engaged in sustained use of advanced thinking skills such as analysis, metacognition,
planning, tracking progress and evaluating the effectiveness of one's efforts (Hargrove,
2011).

There are many prescriptions for developing creativity in students. In the book,
“Cultivating Curiosity”, Ostroff (2016) distills the thinking into the following list:
promote exploration and experimentation, allow autonomous and effortless learning,
embrace intrinsic motivation, bolster imagination, support questioning, make time, and
create curiosity habits. Some of these are nominally supported in today’s mathematics
curriculums. For example, innovations in curriculum have led to more student-driven
inquiry and questioning, though still with in a strictly prescribed set of skills and
standards. Others from the list are eschewed completely, such as making learning
effortless and autonomous and embracing intrinsic motivation (Ostroff, 2016). Few of

the items are made central to the course paradigms. The development of the STEAM
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Design Thinking and Innovation centers around each of the ideals central to the
cultivation of curiosity in students.

Along with this emphasis on creativity, there is new interest in classroom
experiences that incorporate innovation. Innovation refers to the creation of something
that wasn’t there before. Innovation opportunities take students beyond remembering and
application and even beyond synthesis. Innovators are visionaries, seeing things with
fresh eyes and taking risks in trying new things. In writing “Crossing the Chasm” , G.A.
Moore uses the following image to describe the adoption of technological advances, but

the image and its descriptions show how people and systems adopt change:
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Fig. 10 How Change is Adopted Copyright G.A. Moore 2014
Innovators are those who lead the change, create new products, imagine new solutions.

Early adopters follow in the footsteps of the innovators and are quick to see a new
solution as beneficial. The early majority is comprised of those who see the success of
the innovators and the early adopters and quickly sign on themselves. The late majority
are more reserved, waiting to see continued success and searching for verification before
following the change. The laggards are those that refuse to the very end to adopt the
innovation even though the vast majority of people have (Moore, 2014). It is the

innovators that drive the change, introduce new solutions and offer novel ideas that



41

eventually become mainstream. High school students need learning opportunities that
allow them to see themselves as innovators.

Wagner (2012) writes in Creating Innovators: The Making of Young People who
Will Change the World, that schools are “deeply and inherently” protective of what E.D.
Hirsch deemed, “cultural literacy”. Cultural literacy can be thought of the as the essential
knowledge required to be a functioning adult in society. Schools hesitate to deviate from
a formula that has transmitted the required information for decades and produced
acceptable levels of cultural literacy in its students. The problem with this, asserts
Wagner (2012), is that this process of transmitting content from teacher to students can
dramatically impact creativity and curiosity in students. The education system in general,
and more specifically math education, fails to offer opportunities for students to ask
generative questions, to innovate or to make something that wasn’t there before.
Research shows that even the best of the best are graduating from universities with a lack
of conceptual understanding of the mathematics they have been learning for years
(Wagner, 2012). If students are learning facts but not the big ideas behind those facts,
then it is imperative that a solution, in the form of a new curriculum, be offered to
students so that they have the opportunities to put theory into practice.

Wagner (2012) describes the current system of education as consumption focused.
Too often, students are engaged in passive learning where they encounter disjointed bits
of information but do not have the opportunity to use their knowledge to create (Wagner,
2012). Students need the opportunity to see themselves as creators, develop skills and

competencies and acquire the knowledge they need as they need it. The ideas of creating
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something new, seeking needed knowledge and developing competencies is empowering
for students because they become the driving force of their education. In a classroom that
promotes these ideals, it would not be unheard of to find the students doing far more of
the work involved in their education than their teacher. The teacher’s role becomes that
of a mentor and a guide, someone who can offer objective feedback based on their
experience and expertise in learning.
Overview of Design Thinking

The question of how to foster innovation by allowing creativity and curiosity to
flourish within the context of rich problem solving and collaboration may find its answer
in design thinking. Design thinking provides one possible framework that is useful for
students who seek rich problem solving experiences. Design can be thought of as process
for creating something such as a product, a system, an environment, or a service. This
process is both an art and a science based in human-centric problems (Buchanan, 2001).
Creativity, curiosity and interdisciplinary thinking, real-world, project-driven emphases,
are central to the design process. With its nonlinear, open-ended nature, the
phrase“design thinking” has become popular, because it offers a model which teachers
and learners might follow and adapt to their own situation. Design thinking presents a
clear process with phases and practices that link creativity with analysis (Henriksen,
2017).

The phrase “design thinking” refers to thinking skills, mindsets, processes and
practices which designers use to formulate new ideas they then use to solve problems or

seize opportunities (Cross, 2001). Design thinking gained mainstream following thanks



43

to the work of Kelley and Kelley at Stanford's d.school. Design thinking is housed under
the broader theme of human-centered design which refers to the practice of solving
problems by focusing on the human perspective at each phase of the process (IDEO.org,
2015). The hallmark of design thinking is its intentionally non-linear process centered

around the following key phases:

Stanford d.school Design Thinking Process

/ + Interviews
» Shadowing
+ Seek to understand
+» Non-judgmental

| » Share ideas
/1+ All ideas worthy
« Diverge/Converge
/" |+ “Yes and” thinking
« Prioritize

| * Mockups
« Storyboards
» Keep it simple
« Fail fast

« Iterate quickly

PROTOYPE

« Personas
« Role objectives |
« Decisions

+ Challenges

« Pain Points + Understand impediments

+ What works?
* Role play
https://dschool.stanford.edu « Iterate quickly

Fig. 11 The Design Thinking Process Image Credit: Stanford d.school

At multiple points along the way, designers will loop back and repeat phases depending
on the feedback from users. This means they may empathize, define the problem, begin
ideating (brainstorming possible solutions) and realize they need to go back and
empathize again. There may be smaller design cycles with-in the over all cycle. At each
phase however, the focus on the work is on the person or people impacted by the problem
or opportunity (d.school, 2009).
The Importance of Failure in the Problem Solving Process

Throughout the design process, students will experience failure. Their initial
solutions may not be well received by their users, their early prototypes may fail to solve

the problem, they may find that their ideas are not feasible with the constraints of time or
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funding. These opportunities to experience failure have a tremendous impact on high
school students. Much of their education has been centered around avoiding failure,
making finished products the first time and then moving on to the next thing. In design
students will learn that failure provides the opportunity to make things better, to improve
the solution and therefore the ultimate result. In an article for the New York Times, Sims
writes that the habits of successful people regarding mistakes and failure include: feeling
comfortable being wrong, trying wild ideas, being open to different experiences, playing
with ideas without judging them, being willing to go against traditional ideas, persevering
through difficulties (Sims, 2011). Fostering an ability to fail forward provides high
school students with these skills.
Collaboration

The third theme that is foundational to the formation of the STEAM
Design Thinking and Innovation is the importance of collaboration. Our students
experience most of their education in isolation. Group work is often used in classroom
settings but is limited in both scope and duration. Collaboration over a significant period
of time allows students to experience the satisfaction and challenge of working with
others. The ability to collaborate is a skill that is in high demand at today’s major
organizations for-profit, non-profit, government, tech industries, healthcare, really every
field that relies heavily on human capital requires individuals to work together. Offering
opportunities for students to agree, disagree, seek consensus or proceed without it helps
them develop collaboration skills and work effectively in future teams (Boaler, 2017).

With the increase in online learning students are spending even more time in isolation and



45

the need to offer students the opportunity to develop collaboration skills in the classroom
is essential. According to data from Project Tomorrow's annual Speak Up Survey, the
percentage of high school students taking online courses nearly doubled in a single year.
Further, 27 percent of all high school students took at least one class online according to
the 2010 survey. This percentage is up from 14 percent as reported in the previous year
(Nagel, 2010).

Benefits of Encouraging Collaboration Skills

The Common Core State Standards for Literacy include the following standard:

CCSS.ELA-Literacy.CCRA.SL.11Z Prepare for and participate effectively in a range
of conversations and collaborations with diverse partners, building on others’ ideas
and expressing their own clearly and persuasively.

Fig. 12 Collaboration Standard from the Common Core State Standards for Literacy

Alber (2018) states that by the time they graduate, students need to be able to
communicate in productive ways about a variety of topics with a diverse range of people
while also being, “inclusive, articulate, and convincing of the importance and value of
their individual ideas and stances” (Alber, 2018).

Humans are wired to work together. Driven by a need to connect, to share ideas
and to understand the what others are thinking we naturally work together. Yet, much of
a student’s educational experience is centered around the individual and the lonely pursuit
of perfection. Middle school is a particular culprit in the isolation of our students. In
middle school, students are seeking opportunities to connect with each other as part of
their natural social and cognitive development process. However, with recent testing
trends pushing students to isolate themselves for their own individual achievement,

research shows that students of this age experience the majority of their school day in
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isolation, working solo on individualized tasks instead of cooperative learning
(Lieberman, 2013). Despite the increasing lack of collaboration in middle school,
students can still develop and reap the benefits of collaboration. A study cited in the
book, “Social: Why our brains are wired to connect” credits the single-variable
manipulation of “belonging” as responsible for an increase in students GPAs in their first
semester of college (Lieberman, 2013). Instead of turning off their social brains,
mathematics classrooms should encourage students to learn in social contexts that foster
collaboration.

Roschelle and Teasley (1995) define collaboration as, “a coordinated,
synchronous activity that is the result of a continued attempt to construct and maintain a
shared conception of a problem.” This is different from cooperation which is merely a
division of labor among participating group members. Engaging students in
opportunities collaborate rather than simply cooperate, offers them the chance to
encounter conflicting ideas and manage misunderstandings. Collaborators use skills such
as justification, assertions, elaborations, and counter-suggestions in an effort to make
their meaning understood. In addition to voicing their own thoughts, collaborators
engage in listening, questioning and other activities that build empathy as a means to
understand their collaborators (Roschelle & Teasley, 1995). Cooperation opportunities
abound in modern curriculum due to the incorporation of cooperation in the standards,
but collaboration as defined by Roschelle and Teasley (1995) is more difficult to
engineer. In designing the STEAM DTI course, there will be careful attention paid to the

depth of collaboration offered by each project. Further, the instructors will be able to
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mentor students teams as they develop necessary collaboration skills that are needed to
resolve conflict, innovate together and manage large projects.
Collaboration: A 21st Century Job Skill

The words of J. Tarnoff (2010), an entrepreneur and contributor to The Huffington
Post, say much about the need for collaboration skills:

As an executive and entrepreneur sitting on both sides of the
creative/technology fence, I need to hire technologists who know how to
collaborate in teams, express themselves coherently, engagingly and persuasively,
understand how to take and apply constructive criticism, I don’t find these kids
sitting alone at a lab table or buried in an algorithm. I find them taking art classes

to understand how color and light really work (Tarnoft, 2010).

Tarnoff is not alone. In an address to shareholders, Jeff Bezos, Founder and CEO of
Amazon, explained the company’s hiring practices as culminating in an interview in
which only three questions are considered, “will you admire this person?”, “along what
dimensions might this person be a superstar?”’, and “will this person raise the level of
effectiveness for the group they’re entering?”” (Bezos, 1998). All of these statements
indicate that recruiting trends in modern business are focused on building teams of
employees who have skills to collaborate not just work in adjacent cubes. This new
demand for collaboration skills may be a result of the new global economy.

The world economy is connected to such an extent as to require teams to be

connected too, smarter, faster, more creative as a whole. To achieve this, individuals
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need to learn how to be part of a team by
COLLABORATIVE

recognizing both how they themselves think as INTELLIGENCE

DRIVERS-OF-THINKING MAP

well as how others on their team think.

Marakova and McArthur (2015) have

investigated collaboration in modern businesses,
and organizations. The authors suggest that
recognizing collaborative traits may be
beneficial to those wishing to strengthen their

collaborative skills (Marakova & McArthur,

2015). The authors define four unique

Believing
Ethical

high vaiues

approaches to collaboration: Analytic,

t Feeling for Others
thinomers - Empathetic

innovative, procedural and relational. They

Cancers
operat

Concerned with feelings, moraie,
teamwork, deveiopment of people

. . . . www.CQtheBook.com
summarize each in the image at right. The

incorporation of this philosophy will be illuminated  Figure 13 Four Approaches to Collaboration
in the methods section. defined by Marakova and McArthur

In addition to the collaboration skills suggested by Marakova and McArthur
(2015) as well as Weisman, Allen and Foster (2013) suggest that leadership skills are
necessary in order to maximize the productivity of a team. The authors describe two
different leadership styles, the multiplier and the diminisher. The diminisher sees
themself as the undisputed expert and intentionally or not, they engage in a way that
belittles the ideas of others because they are only able to see the power of their own ideas.

Multipliers on the other hand are able to recognize that the ideas of others may ultimately
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be superior to their own, they seek a wide variety of voices offering solutions to a
problem. They approach problem solving with a mindset that to get a great idea it takes a
lot of ideas. Our education system is pumping out diminishers and is not producing
multipliers. There is much emphasis on individual expertise and defending one's own
work. Students need the opportunity to experience what it means to be a multiplier and
to encourage the ideas of others in the pursuit of solutions that are innovative (Weisman,
Allen & Foster, 2013).
Collaboration with Professionals and Community Members

In addition to collaborating within the classroom, the STEAM DTI course will be
offering students the opportunity to collaborate with professionals and community
members. These community members will act as mentors, critical friends, brainstorming
partners, networkers and more. Connecting students with professionals in STEM fields
could make future career opportunities apparent and more appealing to students (Land,
2013). Engaging in collaboration with mentors who are experts or professionals in their
own fields could affect the future education and career decisions of students (Keefe &
Laidlaw, 2013).
Collaboration in Equitable Practices

While a more in depth discussion of equity will occur in the following section, it
is important to note that opportunities to engage in collaboration and develop related
skills provide necessary benefits to minority students. A recent study shows that
collaboration is an especially effective learning practice for African-American students.

Through the course of the study, students of color engaged in learning activities that
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promoted the development of social skills, leadership skills, and basic group skills.
Students participated in these activities with in their math classes and over a sustained
period of time. The results of the study showed that the collaborative activities had
positive results on both achievement and attitude for students of color. The study’s
author concludes that students of color, “derive substantial social and academic benefit”
from engaging in collaborative learning (Vaughan, 2010).
Equity
Overview of the Issues of Equity in Mathematics Education
An innovative mathematics curriculum offers more than an opportunity to do

things differently. It also offers a potential solution to issues of equity in mathematics
education is a topic of personal interest. In development of the STEAM Design
Thinking and Innovation curriculum careful attention will be paid to issues and
opportunities related to equity. Equity is a central focus at Evanston Township High
School and is personally significant to the author.
The Role of Innovative Curriculum in Addressing Issues of Equity
In the introduction to this chapter it was noted that 70% or more of U.S. jobs require the
following qualities:

e collaborate with others

e investigate, define and solve problems using a variety of tools and resources

e communicate effectively

e design and manage work so that it continues to improve

e find, analyze and use information in a variety of forms and contexts



