ABSTRACT
Mark J. Samberg, PROBLEM SOLVING IN THE DIGITAL AGE: BRINGING DESIGN AND
COMPUTATIONAL THINKING TO THE K-12 CLASSROOM (under the direction of Dr.
Matthew Militello) Department of Educational Leadership, February 2018.

A focus on Science, Technology, Engineering, and Math (STEM) education has been an
ongoing trend in the United States for most of the last decade. Recently, computer science has
stood out as a focus within this movement. Supported by industry, non-profits, federal and local
governments, the “CS4All” movement aims to provide every student the opportunity to learn to
code. While many of these initiatives focus solely on coding, others are also advocating for
students to learn skills required to structure problems so that they may be solved by a computer.
As defined Jeanne Wing in 2006, computational thinking is part of a suite of problem solving
tools in engineering, among design thinking (including human-centered design) and data literacy
(the ability to collect, understand, use, and share data with others).

Computational thinking skills, combined with design thinking and data literacy
(collectively called digital-age problem solving) blend core critical thinking concepts from both
STEM education and the Humanities. This study focuses on preparing teachers to integrate
digital-age problem solving into their instructional practice by immersing teachers in a Massive
Open Online Course for Educators (MOOC-Ed) through the Friday Institute for Educational
Innovation. The MOOC-Ed focuses on exposing teachers to digital-age problem solving
concepts and supporting them in identifying examples in their current practice, and deepening
integration in both their reflective practice and their work with students. Applications of digital-
age problem solving are found both online and offline, and the MOOC-Ed focuses on helping
educators identify and use these practices and skills in their daily practice. Through this MOOC-

Ed, a model for digital-age problem solving was shared with practitioners from around the world.
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The MOOC-Ed was a valuable tool for participating teachers, with 97% of all course completers
prepared to make positive changes to their practice. The digital-age problem solving cycle
demonstrated value in helping teachers develop language around problem solving, making
changes to their reflective practice, and creating hands-on learning experiences for students.
Digital-age problem solving was useful to teachers beyond STEM fields, with teachers from all

disciplines reporting and demonstrating value in the model.
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CHAPTER 1: INTRODUCTION
Background

When people look at any computer application, website, or video game, they tend to
assume that it was created by a single computer programmer (usually in a dark room, discarded
remnants of caffeinated beverages strewn about). However, in most cases, that could not be
further from the truth. Consider the last video game that you played. To create that game, there
were definitely programmers involved. But there were also graphic artists creating imaginative
virtual landscapes and gaming elements, video producers and animators bringing these creations
to life, sound designers and musicians setting the scene with background music and effects,
creative writers developing engaging and interesting plots, mathematicians and physicists
making sure all of the movement in the game is realistic, and businesspeople keeping everything
on time and on budget. This team of experts worked together to create something new and
unique, and none of them could have done it alone. This approach to problem solving is
becoming increasingly commonplace in many industries. How can schools teach students to use
them?

Over the last few years, there has been seemingly unending publicity around the need for
an increased focus on STEM education and computer science education in the schools. One
program, known as the Hour of Code (“What's the impact of the Hour of Code?,” 2016) has been
gaining popularity in the last few years, by encouraging schools to spend an hour (usually in the
first week of December, during Computer Science Education Week) celebrating coding and
having students engage in computer coding activities. In 2015, the Hour of Code boasted over
198,000 educators helping students to write over 11 billion lines of code (“What's the impact of

the Hour of Code?,” 2016). Additionally, the U.S. Department of Education under President
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Obama unveiled the Computer Science for All initiative (“FACT SHEET: President Obama
Announces Computer Science For All Initiative,” 2016). Among other things, this initiative
directs the National Science Foundation and other granting agencies to provide funds to increase
the availability of computer science programs within American schools. President Obama has
called coding “a basic skill” (Obama, 2016). In 2017, President Trump continued this effort by
issuing a memo directing the Secretary of Education to “establish a goal of devoting at least $200
million in grant funds per year to the promotion of high-quality STEM education, including
Computer Science in particular (Trump, 2017).”

Since the earliest personal computers, students in school have learned computer
programming using a variety of tools, largely starting with LOGO Turtle (Papert, 1993). The
development of LOGO led to a collaboration with LEGO for the creation of computer controlled
LEGO kits (Papert, 1993), eventually becoming the LEGO Mindstorms Robotics Kits. The
FIRST Robotics Competition has engaged high schoolers in creating computer controlled robots
for competition since the mid-90s, and now has competitions for students grades from grades
pre-K through 12 (Chung, Cartwright, & Cole, 2014). Toys for children as young as three years
old are now also teaching coding, as computer programming becomes more accessible, and
computers become cheaper, more durable, and more portable. Devices such as Sphero, Blockly,
Primo, Dash and Dot aim to teach coding skills using physical devices that can be manipulated
like a puzzle or with tablets and smartphones (Olivares-Giles, 2015).

Despite the swell of policy and corporate support around increasing computer science
program availability within schools, there are still many barriers to implementation. Many
schools are working on implementing coding programs in their schools. However, there is an

extreme shortage of skilled, qualified computer science teachers, and many states still have
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unclear or ever-changing certification requirements to teach computer science (Computer
Science Teachers Association, 2013). Additionally, there is a strong need to engage girls and
students of color in computer science initiatives. Only 18% of the computer science workforce is
female, which is down from 37% in the mid-1980s (Google, 2014). Students of color are also
severely under-represented in computer science courses, with only 13.2% of all AP Computer
Science test takers in 2013 being black or Hispanic (College Board, 2014c). Several states are
beginning to create standards and efforts to further computer science education and the
integration of computational thinking.

According to the North Carolina Department of Public Instruction, in North Carolina, less
than 300 teachers currently teach computer science courses with only 18 students graduating
ready to teach computer science in 2015 (Frye, Samberg, Moris, & Keller, 2017). Additionally,
only 22% of the 5,000 students taking a computer science course are female, and only 30% are
African American or Hispanic (Frye et al., 2017).

Digital Age Problem Solving — A Conceptual Framework

Just as the grammar, syntax, and vocabulary only defines the structure of language and
not the ability to create works of literature, so too is it with computer science — coding is only the
language of computer science (Igoe, 2016). Many current computer science courses focus on
basic computer operations or repair, along with coding, with minimal focus on the design and
problem solving skills necessary to be a successful software engineer (Jones, Mccowan, &
Stephenson, 2003). There is concern that this emphasis on code and other “low level skills”
could potentially further the equity gap in computer science (Anderson, 2016). Additionally,

while coding classes exist, and the Hour of Code is becoming increasingly popular, these
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activities are often integrated into programs like Genius Hour instead of as vehicles to engage
students in core instruction (Davis et al., 2014).

Primarily beginning with Jeannette Wing’s 2006 editorial (“Computational Thinking”) in
the Association of Computing Machinery’s monthly magazine, a change has been brewing
encouraging the teaching of computational thinking in addition to simply teaching programming.
Wing argued that computational thinking, the ability to decompose problems into algorithms,
create abstractions, and essentially “think like a computer scientist” or think in a way to easily
prepare input for a computer is necessary for both maintaining interest and advancement in
computer science, and to advance computer science as a tool to solve real-world problems. The
International Society for Technology in Education (ISTE) and the Computer Science Teachers
Association have created a framework defining the component skills and mindsets that make up
computational thinking computational thinking (ISTE & CSTA, 2011). Further need for teaching
computational thinking is identified in the 2017 Horizon Report, a yearly report released by the
New Media Consortium and the Consortium for School Networking, identifying the biggest
trends and challenges in education. In 2017, Computational Thinking was identified as a
“difficult challenge”, a problem “that we understand but for which solutions remain elusive”
(Freeman, Adams Becker, Cummins, Davis, & Hall Giesinger, 2017).

While the skills of computational thinking are defined, there is no context for teaching
them, and very little material produced beyond the list of skills. Three of the skills in the ISTE &
CSTA document are: data collection, data analysis, and data representation. These skills are
fairly well developed in other areas as “data and information literacy” (Tyner, 1998).
Additionally, as the focus on science, technology, engineering, and mathematics (STEM)

increases in schools, many schools are turning to design thinking strategies to engage students in
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real-world STEM scenarios (Goldberg & Nemcsok, 2015). In the development of this document
and based on other work being undertaken at the Friday Institute, it seems to me that these three
areas (computational thinking, data literacy, and design thinking) have significant overlap and
complement each other nicely. This model is also validated by the inclusion of computational
thinking in the 2017 Horizon Report, which also identified STEAM learning as a short term
trend, and the creation of authentic learning experiences as a “solvable challenge” (Freeman et
al., 2017). This is documented in a draft conceptual framework, found in Figure 1. In this
diagram, the dashed lines are functional skills that a student with mastery in the areas should
possess. The intersection of the three major areas is something that | am referring to as Digital
Age Problem Solving and defining as “the ability to use data, design thinking, and computational
thinking to understand the ill-defined problems encountered in the digital age and to design and
develop effective solutions.”
Purpose of Study

With increasing emphasis on teaching code, and STEM education, Digital Age Problem
Solving provides an ideal vehicle for teaching problem solving and introducing both computer
science and design thinking into K-12 classrooms. The purpose of this project is to refine the
conceptual framework, and develop a program to train teachers on how to integrate digital age
problem solving in to their instruction (with an emphasis on middle-grades education).
Teachers were trained on this model via a specifically designed Massive Open Online Course
(MOOC) though the MOOC:s for Educators (MOOC-Ed) program at the Friday Institute for
Educational Innovation at North Carolina State University. Participants in the MOOC-Ed also
had the opportunity to demonstrate understanding by completing the course and implementation

by earning a micro-credential. Through analytics data on the MOOC platform, evaluation of
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materials submitted to the course, as well as by conducting interviews with course participants, |
evaluated the impact on teacher practice in teaching problem-solving skills.
MOOCs and Micro-Credentials

In my role as the Technology Innovations Lead at the Friday Institute for Educational
Innovation at North Carolina State University, | work as the developer of the platform and an
instructional designer for the MOOCs for Educators (MOOC-Ed) project (www.mooc-ed.org).
This program offers courses for educators focusing on digital learning, student learning
differences, and instructional content. The program has run a dozen courses with over 25,000
participants. MOOC-Ed courses are delivered online, average 500-1,000 users, and are usually
six to eight weeks in length. Units have a defined start date but are available asynchronously.
MOOC-Ed courses are designed around four central design principles (Kleiman & Wolf, 2015):
peer-supported learning; job-embedded activities; multiple perspectives in course content; and
self-directed pathways.

In addition to the MOOC-Ed project, this platform also hosts a facility for rewarding
competency-based learning through the issuance of micro-credentials. Micro-credentials are
competency-based, personalized, on-demand, sharable indicators of skills in educator practice
(Digital PromiseCenter for Teaching Quality, 2016). Instead of issuing traditional professional
learning credit based on clock hours, educators who earn micro-credentials demonstrate mastery
of a topic, regardless of where and how they learn it, and earn the micro-credential based on
proficiency rather than attendance. Micro-credentials can also be aligned into a collection or
progression of skills, known as a stack. The rubric and feedback cycles built in to earning micro-
credentials allow teachers to reflect and get feedback which promotes retention (Gulumhussein,

2013) as well as provide teachers with multiple and varied opportunities to dig more deeply into

www.manaraa.com



content, collaborate with others, and connect back to practice which are characteristics of
effective professional learning (Darling-Hammond & Wei, 2009).
Problem of Practice Project

In order to conduct this study, | created MOOC-Ed course, entitled Computational
Thinking and Design: Getting Started with Digital-Age Problem Solving. A course description
can be found in Appendix B. A micro-credential stack which aligns with course content is also
available. The study used an exploratory-sequential mixed methods approach, where course
analytics will be analyzed quantitatively, and analysis of participant responses within the course
and interviews will be used to generate qualitative data to further explain the quantitative data.
During the course run, analytics data and discussion forums were used to make real-time tweaks
to the course design as needed. Usage logs and analytics data from the MOOC-Ed and micro-
credentials were used to determine how participants engaged with the material and made changes
to their practice. Participant interviews and survey data were used to further explore the analytics
data, while a review of activities and end-of-unit surveys were used to drive changes for future
runs of the course. A logic model describing the inputs and activities can be found in Table 1.

Improvement Goal

It’s impossible to speculate as to how many people will complete a MOOC or a micro-
credential (though previous MOOC-Ed courses average between five and eleven percent of
enrollees). However, as a result of completing this project, the goal is that (a) at least 75% of
MOOC-Ed participants who complete the end-of-course survey report that they have made
changes in their instructional practice as a result of this course; (b) 90% of survey respondents
will report that they found value in the course; (c) 100% of participants who complete at least

one micro-credential will report that they found value in applying the course content in a real-
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Table 1

Logic Model

Resources/Inputs

Activities

Outputs

Outcomes/Impact

Friday Institute
MOOC-Ed Program

Time

Marketing for course
enrollment

Assessors for micro-
credentials

Development
assistance

Expert review of
course content

Identify fundamental
core competencies of
digital age problem
solving and
computational
thinking that are
transferrable across
the curriculum

Create a MOOC
course to instruct
grades 3-12 teachers
across all subject
areas in these core
competencies

Create a stack of
Micro-credentials for
teach core
competency

Advertise and enroll
course

Run course

Assess and award
Micro-credentials

Conduct interviews
with MC submitters

At least 300 enrollees
in the MOOC course,
resulting in at least 30
completers and 5 MC
attempts

Participant learner
analytics data

Participant course
participation data

Participant micro-
credential
submissions

Interview data with
course participants

Course participants
implement coding
core competencies
within their normal
instruction

Students have
foundational
knowledge for coding
when starting coding
courses
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world scenario. It is my hope that these instructional practices will result in increased student
efficacy with problem solving, and eventually, this will translate into higher student achievement
measures.

Questions and Tasks

The questions in this study revolve around the implementation of digital age problem
solving skills across the curriculum. Specifically, is the conceptual framework valid, how can
teachers be prepared to implement design thinking, computational thinking, and data literacy in
their courses? Additionally, while computational thinking is largely portrayed as a coding
activity, can teachers integrate the language and processes behind computational thinking into
traditional classroom instruction without having a coding background, or integrating coding into
their courses? A full list of research questions and data sources can be found in Table 2 and the
study timeline can be found in Table 3.

As a result, the major tasks for this study included the creation of a MOOC for teachers
of grades 3-12 containing instructional materials for teachers to integrate these competencies.
Each unit provided activities for participants to engage in, along with discussions and
opportunities for teachers to collaborate and create. Micro-credentials at the end of each unit
provided educators the opportunity to submit artifacts and reflections demonstrating attainment
of the competency in practice. Review of these artifacts is scored against a rubric for issuance of
a micro-credential in that competency area. In the study phase of this project, | surveyed all
active MOOC participants to determine how helpful the materials were in making changes to
their practice, and what impact that may have on student learning. | also interviewed a sampling
of course completers in order to determine if and how they continue to implement competencies

into their instructional practice.

10
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Table 2

Research Questions and Data Sources

Research Question Data Collection

How are educators able to integrate digital- Micro-credential submissions
age problem solving into their instructional Interview questions
practices?

To what extent is the conceptual framework a  Interview questions
useful tool for teachers? Discussion forum posts

How useful is the MOOC-Ed in strengthening  End-of-course survey data
participants’ understanding of computational ~ Discussion forum posts
thinking? Micro-credential

What elements of the MOOC were the most End-of-course survey data
helpful for teachers? MOOC click-log and analytics data
Interview questions

11
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Table 3

Study Timeline

Date

Event

August 1, 2016 — March 1, 2017

November, 2016

October, 2016

Mid-October, 2016
November, 2016
December, 2016

December 15, 2016

January, 2017

March 2017 — May 2017

May 2017 — October 2017

Early September, 2017 —
Early November, 2017

September, 2017 — January, 2018

Course Content Development, Review

Preparation of pre- and post- course survey
materials

Submission of research plan to Institutional
Review Board at East Carolina University

Expert review and feedback on course content
Expert review of micro-credential content
Course marketing begins

Expert review of course outline and
preliminary course content

Course enrollment and marketing begins
Submission of IRB paperwork to ECU

First run of MOOC-Ed and collection of
micro-credential submission

Analysis of survey and course analytics data
Revision of course content

Analysis of Discussion Posts and

Interviews and qualitative analysis

Second round of MOOC-Ed in progress

Completion of final report
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CHAPTER 2: REVIEW OF RELATED LITERATURE
Content Considerations of a Computational Design Thinking Course
Preparing content for the online course will be an essential component of the
development of this project. In order for the content to be useful to course participants, efforts
should be made to ensure that the course will be aligned to existing content standards and
instructional frameworks for teaching computer science and design thinking.
Computational Thinking
Computational thinking is defined as “taking an approach to solving problems, designing
systems and understanding human behavior that draws on concepts fundamental to computing”
(Wing, 2006). References to using computers to teach students processes of thinking date back as
early as the early works of Seymour Papert (1972) though the term “computational thinking”
largely came to the foreground after the Wing 2006 article. Wing (2006) argues that
computational thinking is a fundamental set of skills that are applicable to solving problems
across any discipline, and not a rote process. She emphasizes that computational thinking is
distinct and different from programming, as programming is simply the language to make a
computer execute instructions. In a follow-up paper Wing (2008) argues that the growth of
technology and science in popular culture has driven an increased imperative to teach
computational thinking to all students, and also proposes that while computational thinking is
traditionally taught to college freshmen, young children have the capacity needed to understand
the underlying concepts. This does differ from the way Papert (1993) describes computational
thinking, where Papert argues more that computational thinking was the act of structuring input
for the computer. However, Wing’s definition seems to be the one that has stuck, and it has

become much more prevalent in the current discussion.
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The National Academy of Sciences in 2010 convened a working group to attempt to
define a scope for computational thinking (National Research Council, 2010). There is debate
throughout the report about the role and importance of computer programming in teaching
computational thinking skills. But there is some agreement around the idea that teaching
computational thinking is important to help students move into being able to create and define
abstractions, as well as more generally, a useful set of cognitive skills. There are also concrete
examples of research presented where students have been able to engage in computational
thinking skills by drawing pictures or by verbalizing processes or sequences. Interestingly, they
also include anti-examples of computational thinking, namely, the use and operation of
computers, but there is also a significant argument that computational thinking is a new frame of
thinking that has been enabled by access to technology tools.

While Wing notes systemic barriers to adopting computational thinking instruction at
lower grades, there are perception issues as well. Yadav, Mayfield, Zhou, Hambrusch, and Korb
(2014) conducted a study measuring teacher perceptions on what computational thinking is and
how it can be used in their classrooms. They found that there were many misconceptions about
the definition of computational thinking, and that teachers who were given training in
computational thinking were able to see applications in problem solving across subject areas.
They point to a need for computational thinking to be integrated across subject areas. Barr and
Stephenson (2011) assembled a group of educators and computer scientists into a working group
to attempt to operationalize the role of computer science in K-12. In the discussion framing, they
noted “certainly, K-12 students already learn how to think and to problem solve, but computer
scientists can help teachers understand these processes as algorithmic, and identify where actual

computation and manipulation of data with a computer may fit in” (Barr & Stephenson, 2011, p.
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49). They created a table referencing the components of computational thinking, which
eventually was adopted by ISTE & CSTA (2011) across subject areas, but also note that “the
computer scientists participating, in particular, noted that educational change was considerably
more complex than they suspected and that working with educators from multiple diverse
disciplines meant learning to ‘disconnect computational thinking from computer science’” (Barr
& Stephenson, 2011, p. 51).

Much of the current work on computational thinking is focused on the AP Computer
Science Principles course. AP Computer Science Principles has a computational thinking “core”
component, and CT principles are weaved throughout the AP Computer Science Principles
framework (College Board, 2014a). Google, ISTE, and Code.org have also created portals for
mainstreaming computational thinking instruction. However, despite the issue noted by Barr and
Stephenson of separating computational thinking and computer programming, many
computational thinking curriculum modules produced by Google, Code.org, and others, still
include a very heavy emphasis on using code and computer programming to teach computational
thinking skills. While the Problem Solving in the Digital Age MOOC-Ed will be designed with a
focus on implementation without coding, most of the existing studies on computational thinking
focus on integrating computational thinking skills using code. A study by Kim, Kim, and Kim
(2013) noted a marginal increase in logical/computational thinking proficiency in non-CS majors
who engaged in paper and pencil approaches to learning computer science versus using LOGO.
They also noted a significant increase in student comfort with the course content and desire to
engage in further CS education when using a paper and pencil approach.

Some states such as Massachusetts (Massachusetts Department of Elementary and

Secondary Education, 2016) have designed digital literacy curricula that include computational
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thinking as a component of digital literacy. Though the MOOC, I’ve learned other states are
getting started in this process as well. British Columbia, Canada has a new curriculum that
includes skills from computational thinking, design thinking, and vocational courses integrated
throughout K-12 (British Columbia, Province of, n.d.).
Coding Courses

Many computer science curricula, including the ACM’s recommended curriculum (Jones
et al., 2003; Seehorn et al., 2011)include both computational thinking and coding as a part of the
curriculum. Aside from the Advanced Placement courses, this has largely been a patchwork
implementation, with state and local school boards making the decision about what is taught and
how (Computer Science Teachers Association, 2013). Teachers may be trained to deliver CS
content through providers such as Code.org, Project Lead the Way, and University of California
at Berkeley’s Beauty and Joy of Computing (Garcia, Harvey, & Barnes, 2015). While these skills
are considered “computer science”, the rise of maker culture has also given way to knowing how
to code, without necessarily receiving instruction in computational thinking or deep computer
science knowledge (Prottsman, 2015). Code.org also encourages schools to engage in Hour of
Code events during Computer Science Education Week (late fall) in order to expose students to
programming in an effort to spark interest in coding (Wilk & Garcia, 2014). If coding is truly
the language of computer science, it appears that several states are poised to treat it as such,
making coding count as a foreign language credit (Hatter, 2016).

Many of the changes in the current coding curriculum are stemming from changes in the
Advanced Placement (AP) computer science program. In 2008, the College Board announced
that the AP Computer Science AB course would be replaced with new courses, citing low and

declining participation, difficulty getting teachers, low pass rates, and significant racial and
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gender disparities (Goode, 2008). Goode also noted that many changes in the computer science
curriculum happened at a much faster pace than other courses, and the subject material was
highly technical. As a result, the College Board redoubled their efforts to reform AP Computer
Science A, and develop the new AP Computer Science Principles course. The AP Computer
Science A course is still highly technical, with an emphasis on programming, heavier computer
science content, and software engineering (College Board, 2014b). The AP Computer Science
Principles course, by contrast, focuses largely on computational thinking, design, human-
computer interactions, and some of the “higher level” skills in computer science (College Board,
2014a). AP CS Principles is also notable because it doesn’t require a computer science
background to teach, opening it up to more schools. The CS Principles exam will be launching in
the spring of 2017, so there is no data on the effectiveness and long-term impact of the course as
of yet. There were five pilot courses at universities around the country, with generally positive
results — diversity in these courses were notably different than standard CS courses, and while
differences in outcomes between represented and under-represented students was statistically
significant, it wasn’t significant in practice (Snyder, Barnes, Garcia, Paul, & Simon, 2012). It’s
noteworthy that neither the CSTA report on computer science curriculum (Stephenson, Gal-Ezer,
Haberman, & Verno, 2005) nor the Israeli computer science model which is cited several times
(Hazzan, Gal-Ezer, & Blum, 2008) mention computational thinking or a CS Principles type
approach and therefore seem outdated by the current trends in the field.

From these courses, an ecosystem of courses and content grew. Buffum et al. (2014)
studied the integration of the AP Computer Science principles into middle school instruction
around big data. The researchers aligned the core principles to Common Core Practices for

Mathematics, and also selected Common Core standards that deal with data and CS principles.
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They tested an approach that taught “Big Data” concepts to middle schoolers with generally
positive results. Code.org is also working on revamping their middle school and elementary
offerings as precursors to the AP CS Principles course (Code.org, 2016).

With the realignment of the AP Computer Science curriculum, there now seem to be two
discrete tracks — the AP Computer Science A track, which focuses on “hard” computer science
and programming versus the new AP Computer Science Principles track, which doesn’t have the
depth of coding as the AP Computer Science A, yet includes much more explicit computational
thinking, human-computer interactions, and societal impacts of computing. There’s an open
question about what the right balance is. The White House’s Computer Science for All initiative
declares coding to be a basic skill (“FACT SHEET: President Obama Announces Computer
Science For All Initiative,” 2016). Vee (2013) argues that computer coding is a basic literacy,
and much as how written information in English is the key to civic engagement in modern life,
coding will be the tool for engagement in the future. Shein (2014) largely concurs, but also notes
that “thinking like a programmer” (computational thinking) may be a more pertinent skill for
students in the digital age. There are still detractors, like Barba (2016) who argue that Wing’s
definition of computational thinking is too watered-down, and includes thinking skills, but none
of them are unique to computer science. Debugging and certain types of testing, for example, are
skills which are unique to computer science, but are not part of the standard computational
thinking models.

Additionally, in late 2016, a K-12 curricular pathway was released by a collaborative
group of several organizations including CSTA and ISTE. The framework identified
computational thinking in the context of solving real-world problems as one of the core standards

across all CS courses (K-12 Computer Science Framework, 2016).
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Pedagogical Approaches to Teaching Code

Computer science, by nature, would seem to lend itself to teaching in a project-based,
artifact-rich environment. Brennan and Resnick (2012) completed a study identifying the relative
value of different types of assessment approaches in computer science courses, resulting in
suggestions for evaluating computational thinking within programming artifacts in Scratch.
Hazzan et al. (2008) recommend a framework for designing courses, including recommendations
for teacher licensure. Zendler and Klaudt (2015) examined the effect of different knowledge
processes across different instructional strategies, and examined where direct instruction versus
more hands-on approaches could be more beneficial. Fee and Holland-Minkleya (2010) provide
a model for a more project-based approach in college computer science courses.

A National Research Council committee attempted to define pedagogical approaches for
computational thinking (Report of a Workshop of Pedagogical Aspects of Computational
Thinking, 2011). The report defines a need for a process for computational thinking (rather than
a list of skills), but fails to define what it could or should be. The report also indicated the needs
for teacher professional learning, alignment to content standards, and the need for a connection
to jobs and careers for students.

While AP Computer Science A uses Java programming, AP Computer Science Principles
(CS Principles) and programs from Code.org use block-based languages. Block-based languages
use drag-and-drop blocks to represent computer code structures. Some applications, like
Code.org’s platform and Google’s Blockly allow users to switch between blocks and JavaScript
code. Because block-based languages are drag-and-drop and prompt the user for any required
inputs, and because many languages such as Scratch and Google’s Blockly language also scaffold

the user using colors, shapes, and matching connectors, they are often used to teach the basics of
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computer programming without needing to get in to the specific and unique syntax of a
programming language (Price & Barnes, 2015; Weintrop & Wilensky, 2015). Weintrop and
Wilensky (2015) studied student perceptions of block-based programming, specifically focusing
on ease of use and the difference between block programming and traditional programming
languages. They studied several classes in a block language (Snap!) for five weeks, and for five
weeks in Java. More than half of the students surveyed reported that learning programming in
Snap! was easier than learning in Java. They specifically pointed to the ease of composition,
block shapes and colors, and readability as advantages of Snap! and other block-based
languages. They pointed towards a lack of authenticity, a lack of features and robustness, and the
fact that coding in block languages requires more steps than Java as potential pitfalls but noted
that these drawbacks don’t detract from block-based languages being an effective entry point for
students learning to code. Price and Barnes noted that students using a block interface completed
activities in less time and had more time on task than traditional text-based interfaces. Students
also reported higher confidence in being able to program when using block-based languages.
There is also much written about both game-based learning and physical computing in
teaching computer science. Since LOGO in the 1970s (Papert, 1972; Solomon, 1978), students
have been using games and challenges to learn how to manipulate computers. Games have a
significant impact on student motivation — even simple games that don’t have much graphical or
technical sophistication (Papastergiou, 2009; Prensky, 2006). Physical computing, such as LEGO
Mindstorms (Papert, 1993) are extremely popular with students who can control the LEGO
robotics Kkits by programming them to complete certain tasks (Chung et al., 2014). Much of this
has been folded in to what has become known as the “maker movement,” with students being

able to “tinker” and use connected devices to explore coding and computational thinking in

20

www.manaraa.com



greater depth (Halverson & Sheridan, 2014; Mohomed & Dutta, 2015; Olivares-Giles, 2015).
Devices such as Arduino, Littlebits, and Sphero allow students to be able to explore both
electronics, and computer science, while solving problems without extensive technical
knowledge and also enables students who wouldn’t be interested in an on-screen activity (or who
have an interest in the hardware) to be able to engage in new ways (Bers, Flannery, Kazakoff, &
Sullivan, 2014; Olivares-Giles, 2015; Przybylla & Romeike, 2014; Rubio, Romero-Zaliz,
Manoso, & De Madrid, 2015). With many schools not having formal computer science education
programs, many coding activities can be undertaken with physical devices during so-called
“Genius Hour” where students get a chance to explore topics of interest to them (Davis et al.,
2014).
Design Thinking

As a teacher in STEM schools, | completed many professional development sessions on
design thinking, as design was a cornerstone of the STEM mindset for our school. Stanford’s
Design School defines design thinking as a “process first defines the problem and then
implements the solutions, always with the needs of the user demographic at the core of concept
development. This process focuses on needfinding, understanding, creating, thinking, and doing.
At the core of this process is a bias towards action and creation: by creating and testing
something, you can continue to learn and improve upon your initial ideas” (Stanford Design
School, 2012). The process is broken down into a cycle consisting of five components (Figure
2): “empathize, define, ideate, prototype, test” (Ingle, 2013). Design thinking, at the core,
focuses on bridging the gap between the design and the end user. Kolko (2015) discusses the

need for design thinking as an emergent property of systems and products that have grown
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Figure 2. Components of Design Thinking (Ingle, 2013).
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increasingly complex. Systems now integrate analog and digital processes, inputs from multiple
users or a combination of user input plus additional data, and a series of complex dependencies.
In building the system, design thinking keeps the end-user in mind in order to bring order into
the system.

Engaging in a design-thinking process is very much about designing for user experience,
the emotional responses a system will produce, and being very strategic about what a system will
do and NOT do (and how). Both Buchanan (1992) and Rittel and Webber (1973) describe design
thinking as a tool for solving “wicked problems”. Wicked problems are the problems that the
authors argue are the ones that designers and engineers are most likely to encounter — problems
that are themselves unique and ill-defined, with no correct or concrete solutions, no defined
stopping point, no “right” answers, and no pleasing everyone. Further, these problems don’t fit
neatly into boxes (sciences or arts or math), they are “fuzzy”, and the disciplines needed to
address components may not even be clear at the outset. This, in many ways is antithetical to the
“traditional” schooling approach — where subjects are isolated and problems are typically pre-
defined to have definable steps, a known start, and a known solution.

Studies such as Gattie and Wicklein (2007) indicate the value of teaching engineering
design for student engagement in math and science and Carroll et al. (2010) noted how design
processes sparked student imagination and creativity. They take it a step further by identifying a
set of critical mindsets for design thinking, and link these mindsets to student engagement,
excitement, and resiliency. Resiliency, and learning through failure and integration is another
benefit of implanting a design thinking environment in classrooms, as noted by Goldberg and
Nemcsok (2015). Scheer, Noweski, and Meinel (2012) argued that design thinking was the

operationalization of constructivism. They conducted a comparison case study with two groups:
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one completing a project using a design thinking approach, the other with a more traditional
approach. The students and teachers were surveyed about their perceptions about the experience
(focusing mostly on student engagement). The results were significantly more positive in favor
of a design thinking approach, though it’s worth noting that there was no measure of actual
learning employed in this study. Both Carroll et al. (2010) Doppelt, Mehalik, Schunn, Silk, and
Krysinski (2008), among others, argue that engagement and creativity in a design-thinking
context can measure learning, but that this learning may not be measured in the current system of
standardized assessments. In fact, Doppelt’s team found that lower-achieving students produced
better evidence of scientific thinking and concept mastery than the high-achieving students
studied, even though standardized testing measures didn’t confirm these findings. Among all of
the studies reviewed, there was a common theme about design thinking heightening skills in
student creativity and critical thinking.

Much of design thinking is a human-centered outgrowth of similar problem-solving
processes. The scientific method is a formula for iterative design, where an assumption is tested
to prove or disprove a particular hypothesis. The Deming cycle (plan/do/study/act) is also a
commonly-used tool that is reflected in design thinking.

However, while computational thinking practices could be aligned to a design thinking
context, and | found many references to design thinking in computational thinking research, |
was not able to locate a comprehensive “computational design thinking” framework. Polya
(1957) created a problem-solving process commonly used in mathematics, which in many ways,

could be a predecessor to the implementation of computational thinking habits of mind.

24

www.manaraa.com



Data Literacy

Both the K-12 CS framework and the Next Generation Science Standards include and
stress the importance of data literacy as a key skill in the digital age (Committee on a Conceptual
Framework for New K-12 Science Education Standards, 2012; Next Generation Science
Standards, 2013; Sneider, Stephenson, Schafer, & Flick, 2014). Beyond doing statistics, the
United Nations defines data literacy as the intersection between technical skills — the ability to
crunch and display data, statistical skills — the knowledge of statistical techniques to analyze the
data, and information literacy — the ability to collect data and understand what data is telling us
(Independent Expert Advisory Group on a Data Revolution for Sustainable Development, 2014).
More frequently, this is being referred to as “data science”. Much of this work is being done in
the journalism field, which has produced a field guide for data scientists which identifies the
need for data in investigations and includes a field guide to statistical techniques and technical
resources (Gray, Bounegru, & Chambers, 2012a). Google News Lab also provides resources for
data journalism and data storytelling, key components of both computational thinking and design
(“Google News Lab,” n.d.).

Social Context

Rise of STEM Education

As an educator, it’s impossible for me to go to any conference or workshop without
hearing about the term “STEM” (Science, Technology, Engineering, Mathematics) in education.
STEM education was originally known as SMET (or SMET-E) after federal agencies, most
notably, the NSF, combined funding for Science, Mathematics, Engineering, and Technology

education grant projects (National Science Foundation, 1996). A staffer at the NSF objected to
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the “SMET-E” acronym in 2001, as it was commonly pronounced “smutty”’. She recommended
the letters be reorganized as “STEM” instead (Petroski, 2014).

While the acronym itself is relatively new, STEM education is not. The birth of the
modern STEM education movement is generally accepted to be the launch of the Sputnik
satellite in 1957 (Garrett, 2008). The launch of Sputnik led to the creation of the National
Defense Education Act (Flemming, 1960). Arthur Fleming, who was at the time was the
Secretary of Health, Education, and Welfare wrote about the rationale and purpose of the law.
Primarily, the purpose of the law was to invest federal funding in STEM education and foreign
languages. Title I of the policy states that “The Congress hereby finds and declares that the
security of the Nation requires the fullest development of the mental resources and technical
skills of its young men and women” (via Flemming, 1960). For four years, $70 million was
provided to strengthen STEM and foreign language education. The act also provided for testing
for gifted and talented students, and for research and implementation of early forms of
educational technology. Flatteau (2007) noted that Title 111 of the NDEA funded matching grants
to schools for science and laboratory equipment. This infusion of money was actually
overmatched by local spending by almost $11 million (with a federal contribution of $560
million). As a result, some states saw enrollments increase in foreign language courses by almost
95%, and in science and math courses by almost 50%. Title IV of the program also funded
45,829 graduate fellows from 1959-1973 for the purposes of increasing college faculty. The
results of this program were generally positive for persons earning doctoral degrees, though
outcomes were much more favorable for men than for women (Harmon, 1977). Harmon’s report

did also report that a significant number of engineers got jobs in the private sector, and many
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were published in peer-reviewed journals. Flatteau also noted that this program had measurable
impacts on the number of teachers in K-12 schools with advanced degrees.

Additionally, many new curricular programs, funded largely by the National Science
Foundation (NSF), the Carnegie Corporation of New York, and the Rockefeller Brothers fund
emerged during this time, partially through the birth of new organizations to lead curriculum
reform efforts such as the Lawrence Hall of Science and the Education Development Center
(EDC) (Bybee, 2013). Bybee also noted that by 1976, 60% of school districts were using
federally funded science curricula. While many depictions of the Sputnik area tend to paint the
time with an almost uniform nationalism, there were certainly detractors. Bybee noted that the
federally funded math programs did not fare as well, with many educators supporting a return to
traditional curricula as worries surfaced from mathematicians that concepts were too abstract,
teachers didn’t have the content knowledge to teach the new curricula, and parents worried that
the curriculum lacked significant focus on computational skills. This “new math” has since
passed into the vernacular as something of a joke describing math that doesn’t quite “add up”, a
description of a failed program, or a fad that doesn’t last. Dow (1991) chronicles the rise and fall
of the MACQOS (Man: A Course of Study). MACOS was a social studies curriculum largely
focusing on humanism and human development, and became a flashpoint for right-wing outrage
over curriculum reform, as it was believed by many to be too secularist and too anti-religion to
be appropriate for American schools. Many people referred to MACOS as “communist
indoctrination” and ““a threat to democracy.” Bybee points to the controversy over MACOS in
1976 as the end of the Sputnik-era curriculum reforms.

Further pushes for STEM education came around with the 1983 report: A Nation at Risk

(National Commission on Excellence in Education, 1983). This report cited lackluster
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requirements for graduating students in science and mathematics, as well as a significant teacher
shortage in STEM fields. The report goes on to recommend that all students take at least a half-
year of computer science as one of the “five new basics”, and to understand how computers work
and their role in society. The report recommended that Science focuses on inquiry, application,
and social implications of science and that Math follow a similar track with a focus on the
application of math content to everyday problems. This report, among others, led to STEM
grants and presidential awards for math and science in the Education for Economic Security Act
of 1984 (Gonzalez & Kuenzi, 2012).

In the 1990s, we saw the aforementioned consolidation of federal funding into math and
science grant programs. The 1996 science standards (National Committee on Science Education
Standards and Assessment, 1996) were unique in that they focused solely on scientific inquiry,
scientific thinking, and citizen science skills and didn’t include any recommendations on science
content. The National Council of Teachers of Mathematics released their first standards in 1989,
followed by teacher guides and assessment guides in the 90s (Hekimoglu & Sloan, 2005). The
mathematics standards focused on problem solving and developing conceptual understanding
over computation and suffered many of the same criticisms as the ill-fated new math. The 1989
standards increased the use of calculators and had a goal to provide mathematical power and
equity for all students. An emphasis on basic computational standards was added in the 2000
revision of the standards, and they saw much wider adoption.

Much as Sputnik and the Cold War influenced educational reforms in the 60s and 80s, the
attacks of September 11, 2001 have impacted the time since. The No Child Left Behind Act of
2001 created the Math Science Partnership grant program, administered by the National Science

Foundation, with the goal of bringing schools, museums, companies, and universities together to
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create innovative programs to improve STEM education. This program is among the largest
STEM education programs at the NSF (Kuenzi, 2008). The report Rising Above the Gathering
Storm (National Academy of Sciences, 2005) stated that student proficiency and participation in
STEM fields was falling behind other countries. Additionally, many viewed Thomas Friedman’s
2005 book The World is Flat as a call to action to increase STEM education and the way
American education prepares students to be globally-competitive (Sanders, 2009). The America
COMPETES Act of 2007 (Kuenzi, 2008) was passed, and was a bill targeted at STEM education
in the United States. President Obama’s 2009 Educate to Innovate program (The White House,
2016) was launched with the goal of increasing STEM performance in US schools. In addition to
bolstering corporate partnerships, and creating 100,000 new STEM teachers, and launching the
White House Science Fair, and ties in to the STEM Education Act of 2015.

Among the policy implications, the recent STEM revolution has seen a new set of
curriculum reforms. Common Core Math started with the goal of reducing emphasis on rote
memorization, in favor of critical thinking (Garland, 2014), which is in many ways similar to the
“new math” and 1989 NCTM standards. Common Core math has faced similar controversies as
previous math curricula, and has an uncertain future. The Next Generation Science Standards
(NGSS) have also emerged in the past few years. While these standards focus more on science
principles, engineering design, and critical thinking, they have faced backlash for including
content such as evolution and global warming, and for what is perceived to be a lack of depth in
certain content areas (Asif, 2013). The NGSS includes computational thinking skills as an
essential element, and aligns to both computer programming and computational thinking

competencies (Sneider et al., 2014).
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STEM Schools — Implications for Leadership

Bybee (2013) points out that STEM Education is different than other types of school
reform measures. Specifically, Bybee argues that STEM education done well is a whole school
transformation and a transformation in the way instruction is done (versus “one-off” programs,
or things done at the classroom level). Bybee defines four “versions” of STEM: STEM 1.0 where
subjects are all taught separately, STEM 2.0 where any two STEM disciplines are integrated
together, STEM 3.0 where three disciplines are integrated together, and STEM 4.0 where all four
disciplines are integrated. Bybee points to the fact that STEM conversions in schools require
careful planning and coordination to implement, and that consensus must be built for STEM
initiatives to succeed.

The Friday Institute at NC State University has developed a set of survey instruments to
measure student and teacher attitudes and efficacy towards STEM education (Wiebe et al.,
2013). The State of North Carolina has developed and validated rubrics and guides for creating a
STEM school.

If Bybee’s definition of STEM 4.0 is the integration of STEM subjects together, I would
argue that STEM 5.0 is the blending of STEM and the Humanities. This is commonly referred to
as STEAM (STEM+Arts), and is growing in popularity. Land (2013) points to the importance of
the arts in maintaining student interest in STEM fields, and the importance of basic literacy in
any advanced STEM career. Land argues that while STEM skills are critical in filling career
requirements in the United States, the arts and creativity skills that STEAM brings are necessary
to actually take engineering advances to market.

Many schools are moving towards a STEM focus, and there is an opportunity to include

computational thinking and data science in such a transformation.
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Under-Represented Populations in Computer Science

A 2011 report by the Department of Commerce (Beede et al., 2011) highlights the gender
gap in STEM fields. Specifically, as of 2009, women made up only 24% of the STEM workforce
in the United States, earned about 50% fewer STEM degrees than men, and experienced about a
14% wage gap. Women were more prevalent in biological and life sciences, but still a
significantly smaller percentage of the workforce than men. The tech industry is working on
diversity in a more public way, as a majority of the tech industry employees are white men and
this diversity gap is becoming a more prominent national focus (Martin, 2015).

While women are a minority in computer science now, the field owes much of its
existence to women. Some of the pioneers of computer science were women, including Ada
Lovelace and Grace Hopper, the inventor of the first computer language (Sydell, 2014). Sydell’s
report with NPR notes that many women in the 1930s and 40s got degrees in mathematics, and
while many went on to be teachers, others went on to work as mathematicians for the engineers
working on early electronics and space programs. In 1984, almost 37% of computer science
graduates were women, and that has plummeted to 18% by 2014 (Google, 2014).

Both Sydell and Margolis and Fisher (2002) note that much of the drop in computer
science majors in the 1980s could be attributed to the release of the personal computer, and the
marketing of personal computers to males. The early computers for the home were treated more
as toys and vehicles for games, and were marketed almost exclusively to boys. Margolis and
Fisher (2002) conducted interviews with 263 students at Carnegie Mellon University to
understand the effects of this growing gender gap. Many computer games are targeted towards
young boys. As computer labs proliferated through schools in the 90s, and as boys computer use

increased, boys often retreated to the computer labs in their schools as a safe haven from the
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lunchroom and the other spaces where boys who were labeled “nerdy” would try to avoid
(Margolis & Fisher, 2002). The researchers noted that because these boys often knew more about
the computers than the school staff, they became troubleshooters, and found a sense of place and
belonging at a time where most students struggle to find that. As a personal aside, this resonated
pretty heavily with me, because | point to this exact experience as the one that propelled me
towards a career in computer science education. However, the computer lab being the territory of
young boys did further the perception that computers were for boys, and girls who weren’t as
interested in computers or weren’t as skilled didn’t belong in the space.

As computers became more prolific (and as computer science became more “geeky”),
this became an issue for girls, as there was an expectation of prerequisite knowledge that girls
may not have had if they didn’t take computer science classes in high school, or have the same
intensity of interest as the boys. Margolis and Fisher (2002) discuss the predominance of the
emergent “geek culture” of the 1990s and 2000s as a discourager for girls entering the field.
Many girls who entered as computer science majors felt isolated and “behind” (even though they
weren’t), and many changed majors.

The research prompted changes in the computer science program at Carnegie Mellon
University, and enrollment in the CS program had increased from 7% female in 1995 to 42% in
2000, and persistence of female students to graduate had matched that of men. Margolis and
Fisher found that a student’s prior experience with computers before college wasn’t an accurate
predictor of college success, so CMU removed that from admissions requirements. They created
a course that looks a lot like the AP Computer Science course to talk about computers and their
role in society without delving into programming, with the hope of capturing a more broad-based

interest prior to getting in to the “heavy” content. They renewed their attention on pedagogy and
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attempted to make their CS-program more applicable to real life situations. They created targeted
groups for girls and worked to create a more inclusive culture in the school as a whole. They did
much more targeted outreach to girls in high school and middle school, trying to get kids
involved early. Google’s 2014 report noted that “encouragement, exposure, self-perception, and
career perception” were four important factors to consider when attempting to get girls more
engaged in computer science.

While gender diversity is a significant issue in computer science, the gap in race is much
more significant. Google’s workforce is 59% white, and only 2% black (Google, 2016).
Facebook is 55% white, but only 2% black (Williams, 2015). In both companies, Asians are the
second largest ethnic group. This significant gap between black and white has garnered national
attention, and is one of the rationales behind the Computer Science for All initiative. There’s
debate about whether this is a pipeline problem, an issue with companies being unable to recruit
or retain black people, or a matter of people simply hiring those that look like them (Martin,
2015). Jane Margolis along with a new group of collaborators completed another study of
computer science involvement, this time targeting differences in race (Margolis, Estrella, Goode,
Holme, & Nao, 2008). The authors point out that while technology was once billed as the “great
equalizer”, it has in fact furthered gaps for students. The authors look at three schools in Los
Angeles. They noted that while one school was awash in technology, there were no programming
courses in the school. There was at one point, but they had trouble getting students to enroll, and
the problems presented were not interesting to the students. They cite barriers such as scheduling
and overcrowding, an over-emphasis on testing and accountability, and a lack of access to
computer science curricula as other parries. They cited issues of lack of teacher training, lack of

equipment in other classes that used computers (video production, for example), and a lack of
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district investment in making computer science a priority. The authors cite a lack of role models
and possibly an over-emphasis on sports for black kids as a potential barrier to increasing interest
in computer science. Kids of color and poor kids are much less likely to have computers in the
home than a white student or a wealthier counterpart. Additionally, many portrayals of computer
users in marketing and in the media are white males. As a result, many of the issues regarding
access and marketing and perception of computers as a “white male” domain manifests for
minority students the same as for girls. Additionally, because of the aforementioned idea of
“claimed spaces” in computer labs, black kids often felt excluded the same as girls did. Also,
since many schools traditionally only offered computer science at the AP level, with heavy math
prerequisites, many students who were lower performing or who are less likely to take AP
classes in the first place were excluded from being able to participate in whatever computer
science program a school may offer. The authors point to the fact that computer science is an
elective, and that many schools either don’t care what electives a student takes, don’t know
student interests well enough to help them make informed decisions, or make assumptions on
behalf of the student, rather than helping them to cultivate their interests.

As a result of their investigation, the authors created an AP Computer Science teachers
institute for teachers in the Los Angeles school district. They noted one school where the
summer institute inspired a teacher to create a computer science course. They did find the
principal, along with other school and district leadership, was the lynchpin that could make or
break a CS initiative. They were instrumental in getting the program set up, driving students into
the program (the authors noted that after two years, enrollment in the course had doubled, latinx
enrollment had quadrupled and female enrollment had tripled. However, they were instrumental

in Killing the program, when student performance gaps in mathematics required schools to shift
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teachers from teaching computer science to teaching math. The gains in enrollment were largely
attributed to a support program that was set up at UCLA, where students would be bussed to the
campus on Saturdays and supported in the AP Computer Science curriculum. They found that
being on a college campus, and that the attention from actual students in the field, was
instrumental in student success.

Google (2015) conducted another study indicating that students who are poor or who
come from less-educated households are much less likely to have computers in the home, and
less likely to have an adult in the home that works with computers. They noted that students who
are black or Hispanic are less likely to attend a school that offers a computer science course.
Also, parents with high incomes were much more likely to believe that students should be
required to learn computer science. However, the study finds that it’s simply not a priority for
school districts among the other priorities they have.

This is one of the values of computational thinking, in that it can begin to introduce
conversations about computer science, yet requires very little overhead from districts and
teachers. Other programs like the aforementioned FIRST Robotics and programs targeting
minorities with mentorship and exposure opportunities are successfully getting students involved
in these fields.

Teacher Professional Learning
Effective Practices for Teacher Professional Learning

Primarily, the MOOC-Ed being developed is designed to (1) expose teachers to a
framework and process for digital age problem solving and (2) encourage them to use these
processes with their students. The decision to encourage teachers to go through the process as a

learner is influenced by Clarke & Hollingsworth’s Interconnected Model of Professional Growth
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(Clarke & Hollingsworth, 2002). Specifically, before a teacher can experience outcomes with
students, they will need to be exposed to the information and learn more (“personal domain”)
and have a chance to experiment and try something new “domain of practice”. Additionally, by
scaffolding one new skill set per week, along with opportunities to try, fail, and discuss with
peers, we are creating support spaces and spaces for modeling and support (Gulumhussein,
2013). Gulumhussein identifies five key principles for effective professional learning: enough
time for participants to demonstrate mastery, support during implementation (which will be
accomplished through use of micro-credentials), active exposure to new content, modeling, and
content-specific.
Rise of MOOCs

At the turn of the century, the Massachusetts Institute of Technology (MIT) launched the
OpenCourseWare project. The eventual goal of OpenCourseWare was to make all of the content
of the undergraduate and graduate courses at MIT available to the world, for free (Abelson,
2008). This was the first time that such an endeavor had been undertaken, and it took off, with
multiple universities getting involved in 2005 and forming the OpenCourseware Consortium.
This eventually led to the idea of running courses, open to all on the Internet, with the first
significant reference to such an idea being credited to George Siemens and Stephen Downes
(McAuley, Stewart, Siemens, & Cormier, 2010). MOOC:s as defined here are what later became
known as cMOOCs (Daniel, 2012). Based on connectivist principles, cMOOQOCs are online
courses that were made available, where students self-organized and proceeded in learning
communities and these self-organized groups proceeded to work together, sometimes
independently of the central course site to learn the course material (McAuley et al., 2010). By

contrast, a XMOOC is based more on traditional courses with larger numbers of students (Bates,
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2014) and include the types of materials and formats you would traditionally find in an online
course, including a centralized Learning Management System. Coursera, Udacity, and edX are
the largest commercial and non-profit MOOC providers. Their courses are examples of
XMOOQCs (Daniel, 2012).

While MOOCs have been heralded as the “future of education” in many circles, the
evidence is less than conclusive. Completion rates for MOOCs has traditionally been extremely
low, hovering below 10% (Clow, 2013; Daniel, 2012). Having participated in several MOOCs
(while completing none), I am not sure completion is a good metric to use. There have been
several MOOCSs where | have learned things that are useful, but I did not have the time or
inclination to complete the entire course. The course was still valuable to me and my learning,
even if | was unable to complete it. For others, the stresses of daily life prevented me from
returning to the course. I would question if completion is a valid metric in a context where credit
is not being awarded, and a user is opting in to participation with no stakes (MOOCs are
typically free, so there is no financial incentive to complete). DeBoer et al. (2014) recommends a
shift away from completion metrics, to allowing participants to define their criteria for success,
and measuring that. They recommend looking at a user’s initial intention to complete and
attempting to measure why drop-offs in that subpopulation occur, and note that participant
patterns and behaviors in MOOCs (and the fact that interactions are recorded granularly) can
provide better insight into their intentions and motivations.

While adaptations of MOQOCs into university courses have been less than successful
(Kolowich, 2013), MOOCs have been seen as being useful for professional development
(Kleiman & Wolf, 2015; Milligan & Littlejohn, 2014; Vivian, Falkner, & Falkner, 2014).

Milligan and Littlejohn (2014) note that many teachers didn’t fully exploit the potential value of
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the MOOC:s they studied, but Vivian et al. (2014) did note the value of MOOCs for teachers in
rural areas who do not have ready access to professional learning. Friday Institute MOOCs, as
studied by Kleiman and Wolf (2015), Avineri (2016), and Kellogg (2014) all noted positive
results for teacher participants, specifically with respect to mathematical concept knowledge
(Avineri, 2016), and peer-supported learning (Kellogg, 2014).

Discussion forums in online course environments remains a challenge. Many participants
tend to engage in lower-level discussions, either “shouting into the void” and sharing their
responses without engaging in high-quality dialogue, or participants tend to engage in superficial
responses such as “I agree” or “good job” (Gunawardena, Lowe, & Anderson, 1997; Kellogg,
Booth, & Oliver, 2014; Stump, DeBoer, Whittinghill, & Breslow, 2013).

Badging and Micro-Credentials

With the availability of information on the Internet, and the immediate access to
information, it is now more possible than ever before to learn new information and skills outside
of formal structures. Participants can learn from sites such as MIT Open Courseware, as well as
through MOOC:s, even if the user doesn’t earn a certificate. Additionally, in technology contexts,
the possession of specific skills can be much more highly valued over a degree or formal
certification. The Mozilla Open Badge architecture has aimed to solve this problem by creating
digital badges as a way to represent skills. Mozilla has created a technical architecture and a
framework for this (Mozilla, 2011). The Open Badge architecture has become the de facto
standard for digital badging and has been adopted into several Learning Management Systems,
including Moodle. Open Badges can be displayed on a LinkedIn profile. The badge ecosystem,
outlined by Mozilla (2011) depends on cooperation among a series of major actors. Mozilla has

developed a JSON-based metadata standard for badges, which are in effect, an image and the
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JSON-based metadata (Open Badges Alliance, 2016). The ecosystem of badging depends on
issuers (organizations which will issue badges) and assessors (individuals and organizations who
will assess whether a person meets the criteria for a badge), developers who develop the badge
and metadata, as well as the assessments necessary for issuance; endorsers such as a school
district or employer who will lend additional value and acknowledgement to a badge. Ideally,
badges can be assessed and issued independently of the developer, though I have seen very few
examples of this in practice. However, theoretically, a badge could be developed by one party,
issued by another, and assessed by a third or by peer review. The key value proposition for
badges is that they can demonstrate mastery of specific skills, and the method used to learn these
skills is irrelevant — the badge assesses mastery, not the learning process.

In an education context, badges are being used by several school districts in North
Carolina as a way to acknowledge teacher professional learning — the districts providing badges
are asking teachers to use a technology tool and submit evidence that they have integrated the
tool into their instruction to earn the badge. Whether they learn how to use the tool by
experimentation, using an online tutorial, or from a peer is irrelevant, the quality of the product is
what is assessed. Digital Promise is currently rolling out a national model of micro-credentials
for teachers (Digital PromiseCenter for Teaching Quality, 2016), though as of right now, there

are very few endorsers of these micro-credentials.
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CHAPTER 3: METHODOLOGY
MOOC Course Design

The MOOC-Ed Course at the center of this study is titled Computational Thinking and
Design: Getting Started with Digital-Age Problem Solving. The course is introductory, as it is
assumed that many teachers may not have deep pre-existing knowledge of this content. The
course introduces computational thinking based on the ISTE/CSTA (2011) definition of
computational thinking, along with a modified version Stanford Design School definition of
design thinking (Hasso Plattner Institute of Design, 2013). Data literacy is also emphasized,
though there is significant overlap with both design thinking and computational thinking, with
the growing fields of data science and data journalism (Gray, Bounegru, & Chambers, 2012b)
providing relevant examples. | have worked to select strategies of computational thinking that
align to each phase of the design process, as illustrated in Figure 3. The strategies are not
exclusive to that phase of the process, but as the place where it appeared most likely a participant
would engage with those skills.

This course is developed and hosted as a part of the MOOC-Ed program at the William
and Ida Friday Institute for Educational Innovation at North Carolina State University. The
course will be hosted in a platform called The PLACE (Professional Learning and Collaboration
Environment). The PLACE is an implementation of the Moodle open source learning
management system, which has been customized in the course of my work with the Friday
Institute. All modifications are open-sourced and documented on the GitHub platform. The
application is hosted using Amazon Web Services (AWS). The database is hosted using
Amazon’s Relational Database Service (RDS) with access restricted to application components

within the local subnet on AWS.
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| also have write access to the database, and Friday Institute researchers are able to access
the database using an openSSH tunnel secured with a password-protected private key along with
a mobile push-notification-based second-factor authentication. The application front-end is
hosted on Amazon Elastic Compute Cloud (EC2) machine instances, which are connected to
Amazon’s Elastic Load Balancer to ensure high availability and low latency access to the
application. Course assets are hosted using Amazon’s Simple Storage Service, and course videos
are stored using private videos on a Google Apps for Education channel on YouTube.
Participant-generated assets are stored using Amazon’s Elastic File System, along with file-level
caching. In-memory caching is accomplished using Amazon’s Elasticache service running a
Memcached server.

The MOOC-Ed program is arranged around four major design principles (Kleiman &
Wolf, 2015): peer-supported learning, job-embedded learning, self-directed learning, and
multiple voices on course content. In this course, job-embedded learning is demonstrated by
participants engaging with course content using a set of simulations and in application to practice
via micro-credentials, and brainstorming how to connect the course content with their students or
in their contexts. Peer-supported learning is manifested by users posting and sharing their work
in the discussion forums. Because users can choose to complete the course or not, engage with
only certain parts of the course or the entire course, and they can choose to attempt micro-
credentials or not, users can create self-directed pathways through the course. Additionally,
course videos will feature educators, industry professionals, and experts using the skills
presented, bringing in multiple voices and perspectives.

The Computational Thinking and Design MOOC-Ed is the sixth in a series of courses

made possible with funding from the William and Flora Hewlett Foundation. The first three
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courses were titled Fraction Foundations, Disciplinary Literacy for Deeper Learning and
Teaching Statistics Through Data Investigations. These three courses launched in the fall of
2014. Teaching Statistics Through Data Investigations has run seven additional times since the
additional launch, and Disciplinary Literacy has run one additional time. The fractions course
was developed by Theresa Gibson, Dr. Shaun Kellogg, Dr. Sherry Freeman, and Dr. Glenn
Kleiman. The statistics course was developed by Dr. Hollylynne Lee and Theresa Gibson and the
disciplinary literacy course was developed by Dr. Hiller Spires and Erin Lyjak. The remaining
three courses from the Hewlett Foundation funding are launching in the fall of 2016 and the
spring of 2017. Aside from this course, the other two are called Teaching Mathematics with
Technology (developed by Dr. Karen Hollebrands, Theresa Gibson, and Dr. Gemma Mojica) and
Teaching Statistics Through Inferential Reasoning (developed by Dr. Hollylynne Lee and Dr.
Gemma Mojica). The very first MOOC-Ed course was developed by Dr. Glenn Kleiman and Dr.
Mary Ann Wolf, and was entitled Leading the Digital Learning Transition. This course was
designed for school leadership teams embarking on transitions to digitally-enabled learning
environments. Other courses that have been developed by the Friday Institute including Learning
Differences (created by Lauren Acree, Alex Dreier, Dr. Lisa Hervey, Brittany Miller, Mark
Samberg, and Dr. Mary Ann Wolf) and Coaching Digital Learning (created by Dr. Lisa Hervey ,
Brittany Miller, and Jaclyn Stevens). Supplemental funding for this MOOC-Ed is provided by
NC State University’s Game-Changing Research Incentive Program (GRIP), with some funding
for future runs of the course funded as a part of the iCS4All grant — a grant awarded to East
Carolina University by the National Science Foundation for the purposes of bringing

computational thinking into the arts classroom.
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Over 25,000 people have registered for MOOC-Ed courses since the first one launched in
2013. All 50 states, and over 90 countries are represented. While completion for most courses is
around 7-10%, nearly all of the participants surveyed in all of the courses indicate that they have
found value in the course experience.

Since the working assumption was that most course participants have limited exposure to
computational thinking or design thinking before joining the course, it would be helpful for them
to engage in the process as a learner before transferring to their classrooms. Therefore, the
MOOC-Ed course provided participants to work through the design process and engage in
computational thinking skills using a set of activities.

Each element of the design cycle is a unit within the course, along with an overview
introductory unit. Each unit lasts one or two weeks, however, participants may choose to engage
with a unit for longer as needed.

Each unit consists of the following components:

e Introduction: The introduction features an overview and definition of the elements to
be introduced within the unit. Introductions are presented as both text and video, and
will also feature engineers, architects, teachers, and other practitioners who utilize the
elements in their work.

e Dig Deeper: Text page that presents the relevant elements of design thinking,
computational thinking, and data literacy while describing how they interact and
explains how they could be implemented in real life.

e Activity or simulation: An activity to help participants engage with the elements of

the unit. This includes having participants engage with the skills presented by
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reviewing a scenario (usually unrelated to education) and discussing a prompt related
to unit content.

e Resources: Websites, articles, and further readings to help participants dig deeper in

to the instructional content if they are inclined to do so.

e Classroom Application: Participants discuss the applications of unit content to their

instructional practice. Peers can provide feedback or critiques.

e Micro-credentials: Credentials will provide teachers with an opportunity to engage

with course content in their real contexts
Micro-Credentials and Completion Certificates

As a part of the course, participants have the opportunity to earn both micro-credentials
and a certificate of completion. In order to earn a certificate of completion, displaying ten contact
hours, that can be used in many school districts towards Continuing Education Units of credit
(CEU), participants must have completed the discussion forums in each unit and certify that they
have spent at least ten hours on the course.

A micro-credential is a competency-based measure of learning. Participants earn a
credential that indicates that they have a specific skill. Multiple micro-credentials that build upon
each other are referred to as a “stack”. This course guided participants towards earning micro-
credentials in a new stack entitled Digital-Age Problem Solving. The stack follows the design
process, with one credential per phase of the process. Micro-credentials issued by the Friday
Institute include an estimated number of hours so that earners can earn continuing education
credit in their districts. Because of the nature of micro-credentials, it may take some earners
much more time than the listed amount, and others much less time. A list of the micro-

credentials can be found in Table 4.
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Table 4

Digital-Age Problem Solving Micro-Credential Stack

Micro-Credential Title

Estimated Hours
(CEU Equivalency)

Objective, as Provided to Earners

Understanding the
Context

Telling Stories With
Data

Defining the Problem

Creating Solutions

Testing and Evaluating
Solutions

2.5

Earners of this micro-credential will be
able to identify a problem of practice for
them or their students and engage in a
process of identifying the people, systems,
and structures that impact this problem.

Earners of this micro-credential will
engage in a data collection process and will
be able to parse a data-set, identify the key
points, and be able to present the data in a
way that is easily understood by others.

Earners of this micro-credential will be
able to take a large, ill-defined problem
and break it down into its component parts.

Earners of this micro-credential will work
towards solving problems identified in
earlier micro-credential submissions and
engage in the process of creating
algorithms to express their solutions.

Earners of this micro-credential will be
able to identify how their proposed
solutions will impact the problems they
have identified.
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It is expected that participants will continue to earn micro-credentials after the course has
concluded. A participant interested in earning a micro-credential is provided with a list of
requirements for the credential as well as a scoring rubric that indicates how their submissions
will be scored. Rubrics are scored on a two-point scale: “yes” or “not yet”. The first 50
submissions are scored by myself and another member of the Friday Institute staff using a pre-
established process to validate reliability and quality of the scoring rubric. A third member of the
staff serves as a reviewer in the event that there are disagreements between the other two
reviewers. Participants are provided their rubric results, any feedback, and if earned, a micro-
credential compatible with the Mozilla Open Badges metadata standards.

Participant Population

The participant population was self-selected. MOOC-Ed courses are publicly available,
and anyone may sign up. In general, is made clear on the website that the courses are designed
for educators of students in grades 3-12, but access was not restricted (and in fact, we had people
from education and non-education spaces, working with infants through adults). Because this
course was running in parallel with five other MOOC-Ed courses, it was marketed through
existing channels including social media, by email announcement, and by direct marketing to
interested professional organizations. The Friday Institute Communications Team handles
marketing efforts for all MOOC-Ed courses, including social media, listing on blogs, and email
marketing. There were no fees for any participants to take the course or earn a certificate of
completion or micro-credential.

MOOC-Ed courses traditionally enroll between 500 and 1,000 participants. Courses
typically hit this range, though some have been as many as 2,000. This course fell just short of

these projections with 498 participants enrolling. Based on past MOOC-Ed course analytics,
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50% of people who register will never engage with the course content. 25% of registrants will
engage with the first half of the course material, and only 7-10% of course participants will earn
a certificate of completion or complete a micro-credential.

Because computational thinking and computer science tend to be related, it is possible
that people viewed the content of this course as something that they may not feel comfortable
pursuing. The marketing materials for the course made it clear that there is no coding experience
required for the course (we also limited the use of the term “computational thinking” to
audiences that would understand it). Additionally, I was curious as to how many of the
participants in the courses are in STEM schools, so a question about this was added to the
registration survey, located in Appendix D.

Research Agenda

As a part of the larger MOOC-Ed program, and this course, funded by a grant from the
William and Flora Hewlett Foundation, there is an existing research agenda that parallels this
work and will provide additional data sources for use within this study. When registering for an
account on the PLACE platform, users are asked a series of demographic survey questions.
When enrolling in a course, the user is asked a series of short survey questions. The process is
intentionally two-step to reduce the need to collect duplicate information.

Additionally, all courses contain a unit feedback survey found at the end of each weekly
unit along with an end of course survey. All pre-existing surveys are listed in Appendix C. The
end-of-course survey includes questions about how participants have made changes in their
practice as a result of participating in this course. | have added a question asking users for

consent to follow-up with interview questions. Participation in the demographic and registration
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surveys are mandatory for participation in the MOOC-Ed. Other surveys are optional. Additional
questions to the registration survey for this study, which are listed in Appendix D.

Data from existing survey instruments will be combined with new data for this study. A
list of research questions and data sources can be found in Table 5.

Quantitative Analysis

The survey data and course analytics provide the basis for the quantitative analysis of the
course. | analyzed survey data to determine the potential impact that this course has on practice
by generating descriptive statistics. Course analytics, including page views, forum posts, and
engagement with the resources were analyzed to provide insight into how participants engaged
with the course (Greller & Drachsler, 2012; Long & Siemens, 2011).

Qualitative Analysis

Qualitative data from the course, including user forum posts, and micro-credential
submissions were loaded into NVIVO and coded from a grounded theory perspective (Corbin &
Strauss, 1998; Miles, Huberman, & Saldana, 2013), specifically looking at the development of
community, evidence of use of the course content, and changes in practice. Posts were also
coded to examine the types of interactions using the Transcript Analysis Framework (Gao,
Wang, & Sun, 2009). Additionally, participants who completed the final survey or submitted a
micro-credential were randomly selected and invited to participate in an interview. Interview
questions can be found in Appendix D and focused on how practice has been impacted by the
course content. Interview sessions were conducted in August of 2017 since many teachers were

out of school for the summer soon after the course ended.
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Table 5

Research Questions and Analysis Plan

Research Question

Data Collection

Outputs

Timeline

How are teachers able to
integrate digital-age

problem solving into their

instructional practices?

To what extent is the
conceptual framework a
useful tool for teachers?

How useful is the MOOC-

Ed in strengthening
participants’
understanding of
computational thinking?

What elements of the
MOQOC were the most
helpful for teachers?

Micro-credential
submissions
Interview questions

Interview questions
Discussion forum posts

End-of-course survey
data

Discussion forum posts
Micro-credential

End-of-course survey
data

MOOC click-log and
analytics data
Interview questions

Coding of micro-
credential
submissions and
feedback given to
participants,
along with
interview
questions.

Coding of focus
group interview
transcripts and
forum posts

Descriptive
statistics
generated from
end-of-course
survey questions

Coding of
discussion data

Descriptive
statistics

Micro-credentials
will be analyzed
on a rolling basis
as submitted.
Interviews
conducted in
August 2017

Discussion
forums will be
analyzed at the
conclusion of
each course.
Interviews
conducted in
August 2017.

Ongoing after
course ends

Immediately after
the course closes
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CHAPTER 4: DATA COLLECTION

Development of the Computational Thinking and Design MOOC-Ed began in November
of 2016. I built an outline for the course, refined the conceptual framework, created the week-by-
week outline for the MOOC, and identified an early set of resources and goals for each unit, with
input from professional development colleagues and subject-matter experts at the Friday
Institute. In December, a group of faculty and staff from NC State and ECU, along with
representatives from the computer programming industry came to the Friday Institute to review
the course design and offer feedback. The course went live in early January, titled Problem
Solving in the Digital Age: Getting Started with Computational Thinking and Design. Based on
input from Friday Institute leadership, the course name was changed to Computational Thinking
and Design: Getting Started with Digital Age Problem Solving in an effort to capture the
momentum around computational thinking in the larger education space. From January until
March, while participants were registering for the course, 1 was working on developing the
content. The course started on March 1, 2017 and ended eight weeks later, though participants
could still complete requirements through May 30, 2017. Units were launched every one or two
weeks (see Appendix E) and were available for the duration of the course.

This chapter will examine the interactions within the course and the resulting impacts on
participant practice. The first section will identify how participants were recruited into the
course. The second section will examine the process for discarding non-participants to develop
an analysis population. The remainder of the chapter will review how these participants
interacted with the course and will examine both their perceptions of the course and how their
practice may have been impacted. At the conclusion of the chapter, the data will be summarized

to address the four research questions:
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e RQI: How are educators able to integrate digital-age problem solving into their
instructional practices?
e RQ2: To what extent is the digital-age problem solving conceptual framework a
useful tool for teachers?
e RQ3: How useful is the MOOC-Ed in strengthening participants’ understanding of
computational thinking?
e RQ4: What elements of the MOOC were the most helpful for teachers?
MOOC Participants
Recruitment
Recruitment for participants in the MOOC-Ed began in January of 2017. The Friday
Institute Communications Team created a promotional video for the MOOC-Ed Course (Friday
Institute for Educational Innovation, n.d.) to be featured on the course homepage and various
social media platforms (see Figure 4). | created a series of slides which could be used as images
in Facebook and Twitter posts (see Figure 5). Using the iContact platform, the Communications
Specialist sent promotional emails to all past enrollees of MOOC-Ed courses, as well as to
several partner organizations. The Friday Institute also purchased electronic advertisements
which ran on Facebook, Twitter, Google, and the National Council of Teachers of Mathematics
(NCTM) website. Friday Institute staff members also promoted the course on their personal
social media accounts. As a result of all marketing efforts, 400 participants enrolled in the
MOOC-Ed. Based on self-reported data collected enroliment (see Table 6), approximately 30%
of referrals came from the email campaign, while another 25% came from referrals from peers or
supervisors. The survey does not differentiate how the peers or supervisors referred them to the

course, so it is possible that these referrals are from the email campaign or from social media.
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Computational ™ " ing and Design:

Getting Started with L...«! Age Problem Solving

&3 YouTube

Figure 4. Screenshot from MOOC-Ed promotional video.

53

www.manaraa.com



Computational Thinking:
The thought processes involved in expressing a problem

and a solution in ways a human or a computer
can understand and implement.

Computational Thinking and Design

(A Massive Open Online Course for Educators)
Sign up today!
http://go.ncsu.edu/ctd NC STATE

THE WILLIAM & IDA
PRI AN TE College of Education

Figure 5. Social media marketing slide for CTD MOOC-Ed.
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Table 6

User-Reported Referrals to the MOOC-Ed Course

Source Referral Count
Friday Institute, e-mail 121
Colleague/peer 69
Search Engine (Google, Bing, etc.) 45
Friday Institute, social media 32
Administrator/supervisor 27
Professional organization 25
Google ad 16
Other 10
State Department of Education 8
NCTM 7
Conference 5
Twitter 5
Code.org 4
ISTE 4
NCCTM 3
Other Email 3
Class central 2
Future Ready campaign 2
ISTE 2
NBPTS 2
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Table 6 (continued)

Source Referral Count
Digital Promise 1
Open Culture 1
reddit 1
Regional Education Service Agency (RESA) 1
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Social media accounted for approximately 9% of referrals, while paid advertisements accounted
for less than 5% of referrals. Additionally, of the 400 users enrolled, 198 had enrolled in at least
one other MOOC-Ed course since the summer of 2015. Comparison data from Summer 2013-
Summer 2015 was not available because of a systems architecture change.

While computational thinking and design thinking are common terms in certain circles, it
is not clear to what extent these terms (and their importance) have reached teachers. Therefore,
marketing for this course was a challenge — crafting a message to people who were possibly
unfamiliar with computational thinking, or did not think it applied in their work. The marketing,
therefore, focused on defining and explaining, as well as marketing the “problem solving” angle
of the course content.

Study Population

Course registration opened on January 14, 2017 and was available through the end of the
course on May 30, 2017. During this time, 400 users enrolled. Typically, approximately half of
the people who register for a MOOC do not return post-registration (Jordan, 2015), and this
holds true for the Computational Thinking and Design MOOC-Ed. It is necessary to discard
users who did not return to the course after registration so that participant demographics and
surveys are reflective of participants who actually engaged in the course. Users who did not
return to the course after enrollment, and any user who did not interact with more than five
course elements were removed from this analysis. This threshold was determined by manual
review of all users with at least one interaction. All users with five or fewer interactions did not
create any discussion forum posts, nor did they return to the course after a single visit. It is
assumed that these users registered, accessed a few of the course elements, and decided against

proceeding.
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An interaction is defined as a click on any of the pages within the course, playing any of
the videos embedded in the course, clicking a link to any outside resource linked within the
course, accessing the forums or forum posts, and posting or replying to a forum post.

Engagement in the course varies widely, with some users only logging only a few
interactions, and others logging over 1,000. Some users were very active in the course, accessing
each page, reviewing the resources, and interacting deeply in the forums. Others were “lurkers”
who reviewed the course content and discussion posts, but never interacted with other
participants in the forums. Some users logged interactions in each unit in the course, others
jumped around or interacted only with certain units. All of these interactions are considered valid
measures of engagement, as they can still meet their learning goals according to the MOOC-Ed
design principles as defined by Kleiman and Wolf (2015).

Based on the criteria specified above, 195 users were included in this analysis. When
users created their account, they were required to provide answers to several demographic
questions, found in Figure 6. 64.6% of participants identified as female, and 34.9% users
identified as male. One user declined to identify. A majority of users (116) reported having
carned a Master’s degree, though all levels of educational attainment were reported from high
school degree through college diploma.

When creating accounts, users were also asked to provide their location (city, state,
country), which can be found in Figure 7 (United States) and Figure 8 (worldwide). In total,
participants in the course hailed from 33 states in the United States, and 33 countries from across
the world. The United States was the most frequently-represented, which is expected since

marketing targeted US-centric organizations and because the course is only available in English.
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Gender Education Level

Gender . Female EdUCE\tI-Oﬂ Level . Z-Year College Degres
B ale B 2-Year College Degree
. Doctoral Degree
Il High Scheol

[ Masters Degree
B Professional Degree (e.g. JD, MD)

Years of Experience Grade Levels
Worked With

Elementary

High School

Kindergarten 24
Middle Grades

N/A

Post-Secondary

Pre-K 22

Orgtype

[ | College/University
B Other Organization
W scheal

. School District

Org Type

68

Primary Area of Expertise

Primary fArea

Classroom Teaching &0

Instructional Technology 38

Curriculum and Instruction _ 27
ocher NN

brofessional Development || NG 1z
Student (College/Gradust.. || NNGTcTczEEN 12

Library/Mediz || NNGGG—_—_ 7

special Education | NENGN7
Teacher Preparation - Coll.. - 5
Research - 4

School District Administra.. [ 2
School-Based Administrat.. - 2

Student (K-12) ] 1

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Count of Primary Area

Figure 6. Course participant demographic information.
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Figure 8. Number of participants by country.
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Of the 195 participants in the sample population, 140 were from the United States. Within the
United States, North Carolina was the most frequently-represented state in the course, with 49
participants. The Friday Institute, being located in North Carolina, has an advantage in attracting
participants in North Carolina, due to name recognition and marketing reach. The difference in
the number of North Carolina teachers relative to other locations is significant — Florida, New
York, and California followed behind in terms of number of participants, with eleven, seven, and
seven, respectively. Worldwide, the next largest groups of participants were from Canada, India,
and ltaly with eight, five, and four participants respectively. The remainder were from countries
scattered around the world. From the course discussion forums, | learned that British Columbia,
Australia, and a handful of US States (Massachusetts, Ohio and Arkansas) have the elements of
digital-age problem solving in their curricula already, which may drive adoption in future
courses.

Enrollment is a two-step process by design. Basic demographic questions are only
required to be provided once, regardless of how many courses in which a user wishes to enroll. A
second survey, administered once a user has created an account but after they click the button to
enroll in a course, is specific to each course. This survey asks questions specific to the user’s
motivations and goals for taking the course. This process limits duplicate information provided
by users enrolling in multiple courses, though many questions are similar across courses for
evaluation purposes. A summary of the results of these data for the sample population can be
found in Figure 9. Both LeBar (2014) and Kleiman and Wolf (2015) argue that MOOC
completion is an invalid metric to use to evaluate a MOOC — participants may gain knowledge

from a MOOC and change their practice even if they do not complete it or engage intermittently.
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Reason for Enrolling School/Org Designated as STEM?

113
Why Enroll (group) Stem School
. Collect resources and tools for my practice . Yes
. Connect with peers/colleagues . No

. Deepen my knowledge of the course topic(s) . I'm not sure
. Earn a certificates of accomplishment/renewal credits

. Just browsing

Level of Familiarity With Course Content

Computational Thinking Design Thinking

Data Literacy

Computational Thinking
. Extremely familiar
. Moderately Tamiliar
. Somewhat familiar
. Slightly familiar

. Mot at all familiar

Design Thinking

. Extremely familiar

. Voderately familiar
. Somewhat familiar
. Slightly familiar

. Mot at all familiar

Data Literacy

. Extremely familiar

. Moderately familiar
. Slightly familiar

. Somewhat familiar

. Mot at all familiar

Figure 9. Participant motivation for enrolling/self-assessment.
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In this MOOC, only 24 of 195 participants (12%) indicated that they were enrolling in the
course in order to earn a certificate of completion. A majority of the sample population (57.9%)
indicated that they were enrolling in the course in order to deepen their understanding of the
course topics, with another 21.5% indicating that they were enrolling to collect resources to use
in practice. The survey also asked users if they were in a school or organization with a STEM
focus. This survey was essentially evenly split (47% responding “yes”, the remainder as “no” or
“I’m not sure”).

In the course enrollment survey, users were also asked to self-assess their current
familiarity with design thinking, computational thinking, and data literacy. While there are some
minor differences, participant familiarity was relatively consistent between the three concepts.
With respect to computational thinking, only 50 of 195 participants (25.6%) reported as being
“extremely familiar” or “moderately familiar” with the content. Thirty-one (15.9%) reported as
being “not at all familiar” with the course content. The remainder responded that they were
“somewhat familiar” or “slightly familiar.” With respect to design thinking, 53 of 195
participants (27.1%) reported as being “extremely familiar” or “moderately familiar” with the
content, with 39 (20%) reported as being “not at all familiar” with the course content. The
remainder responded that they were “somewhat familiar” or “slightly familiar”. A larger number
of participants (61, or 31.3%) reported being “extremely familiar” or “moderately familiar” with
the concept of data literacy, with 31 (15.9%) responding as “not at all familiar.

Engagement

Earning a certificate of completion was not a primary motivator for many course

participants. Engagement needed to be defined beyond earning a certificate to encapsulate both

the stated motivations of participants and the fact that non-completion may still impact practice.
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Interactions can primarily be grouped into two categories: reviewing the course resources and
instructional materials or engaging in the course forums. A consumer is defined a user who has
consumed course content — they viewed either a resource or a discussion board posting.

By extension, a producer consumes course content while also generating new discussion
board posts. Any producer must also be a consumer, but for clarity, are only counted as
producers. Adding total number of producers and consumers is the number of active users in
each unit.

Figure 10 indicates the number of producers and the number of consumers in each unit of
the course, restricted to only the identified study population. At least 25% of all of the active
users were considered consumers within a unit. Unit One had the highest percentage of
producers relative to the other units since a majority of the users in Unit One engaged in the
“Introduce Yourself” forum where users were able to post a brief biography and network with
other course participants. In Unit Three, there were slightly more consumers than producers.
Units Two, Four, and Five interactions were approximately 60% producers/40% consumers. The
cause of the anomaly in Unit Three is unclear, though one possible explanation is that an issue
with email notifications in the platform means that some users weren’t receiving weekly course
emails until Unit Three was in progress. As a result, some enrollees had forgotten about the
course and their initial logins were in Unit Three. It is possible that some users logged in that
week, looked around, and decided against proceeding. Because of the requirements to complete
the course, all course completers are required to be producers in each unit.

Resources
Each unit contained a curated list of external resources focusing on the topics presented

in the unit. Participants were encouraged to review the resources most applicable to them in their
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Figure 10. Producers and consumers by unit.

66

www.manharaa.com




context. Each time a user clicked on a resource hyperlink, the platform recorded this activity in
the database.

Figure 11 shows the number of users in the study population who clicked on at least one
course resource in each unit. Resources are external websites that are cataloged and summarized
for users wishing to dive deeper into course content.

In all units, between 53% and 62% of users accessed at least one of the course resources.
Clicks were only logged if participants clicked on the link within the window. Users who
bookmark links directly using certain plugins or browser settings may not be recorded. It’s
impossible to know how many users accessed the resources this way, so these data should be
considered an underestimate using the best available data. Users also could rate resources on a 1-
star to 5-star scale (there were no labels attached to the stars). Very few users took advantage of
this feature.

Table 7 and Table 8 display the most- and least-frequently accessed resources in the
course by users in the study population. Since users are able to access resources after the course
has ended, click data was analyzed from the beginning of the course until September 1, 2017.
The most-frequently accessed resources are contained on the first resources page in Unit 1,
specifically the ISTE and Google resources on computational thinking as well as the Wing
(2006) research paper where the term “computational thinking” is first defined. With a higher
number of resource viewers in unit 1, it makes sense that the majority of resource views would
come from Unit 1. The least-frequently accessed resources are all from Unit 2, specifically open-
data sources intended for teachers to use in their classrooms to create data visualizations such as
the NOAA and Word Bank open data websites. The Google Civic Information API had the

fewest number of accesses. These resources are fairly technical and would only appeal to users
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Figure 11. Number of users viewing course resources by unit.
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Table 7

Most Frequently Accessed Course Resources

Resource Title and Description (from course) Click Count
Computational Thinking for All 126
Author: Carolyn Sykora

Source: ISTE

In the 2016 revision of the ISTE skills for students, Computational Thinking
was included as one of the new ISTE standards. This resource hub contains
definitions, getting started guides and resources for teachers, and school/district
leadership. Free registration is required.

Computational Thinking 110
Author: Jeannette M. Wing

This opinion piece, from the Association of Computing Machinery, is the

article that started the modern discussion on Computational Thinking. In it,

Wing begins to lay out why Computational Thinking is an essential skill for

everyone.

Solving Problems at Google Using Computational Thinking 102
Source: Google for Education

This video shares real-world examples of computational thinking components

in use every day at Google, using Google Maps and Google Earth as an

example.

Bringing Computational Thinking to K-12: What is the Role of the Computer 79
Science Community?

Author: Valerie Barr and Chris Stephenson

Source: ACM Inroads

This seminal research study attempts to clarify what the role of computational

thinking is in K-12, define core skills, and connect these skills to what teachers

are doing in the classroom.
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https://www.iste.org/explore/articleDetail?articleid=152
https://www.cs.cmu.edu/~15110-s13/Wing06-ct.pdf
https://www.youtube.com/watch?v=SVVB5RQfYxk
http://fi-courses.s3.amazonaws.com/psda/docs/p48-barr.pdf
http://fi-courses.s3.amazonaws.com/psda/docs/p48-barr.pdf

Table 8

Least Frequently Accessed Course Resources

Resource Title and Description (from course) Click Count

NOAA Open Data 6
Climatological data for the United States, including temperature, rainfall,
water temperatures, and forecasting model data.

United Nations Open Data Initiative 6
Repository of datasets maintained by the United Nations. Start by browsing

the "Databases"” box. Data for countries around the world can be found in the

"Country Data Services" tab.

U.S. Census Bureau 6
The Census Bureau contains downloadable data from the last census,

aggregated by census tract. They also have tools on the site to analyze,

visualize, and sort the data.

World Bank Open Data 4
Datasets from the world bank regarding worldwide money and monetary

policies.

Google Civic Information API 4

For programmers, this RESTful web service provides information about
ballots, polling locations, and elected officials for a specified address.
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https://data.noaa.gov/dataset
http://data.un.org/
https://www.census.gov/data.html
http://data.worldbank.org/
https://developers.google.com/civic-information/

who had a pre-identified use case. Because the presentation of Digital-Age Problem Solving as a
unified framework is unique to this MOOC-Ed, | developed a primer for each unit synthesizing
the relevant elements of design, computational thinking, and data literacy into a single
instructional unit. These deep dives are found in each unit and provide participants with a primer
of the skills and mindsets relevant to the unit. Practitioners from a variety of fields also lent their
voices and experience to a series of video introductions in each unit. Table 9 contains the number
of accesses to each of these pages by unit and the number of video plays of the introductory
video, from the start of the course through September 1, 2017. Video plays are captured if a user
watches the video, accesses the transcript, or downloads the audio track. These numbers are
significantly higher than the number of participants in each unit, which indicates that participants
return to these resources multiple times and suggesting that these resources were valuable and
useful in the course.
Forum Participation

With exception of Units 1 and 5, each unit of the MOOC had two discussion forums —
one that encouraged the participants to deeply engage with the course material, and a second to
encourage them to brainstorm applications into their classroom/educational practice. Unit 1 had
an introduction forum for participants to introduce themselves to the other course participants,
along with the classroom application forum. Unit 5 had a forum asking participants to reflect on
their growth through the course experience as a whole. With exception of the introduction posts,
all forum posts were analyzed (966 posts) against the Transcript Analysis Tool (Fahy, Crawford,
& Ally, 2001) . Posts were also coded for users seeking and offering help and resources (Stump

et al., 2013), for misconceptions, and explicitly stated new understandings and changes in
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Table 9

View Counts for Course “Deep-Dive” Content and Videos

Unit Introduction Access “Deep-Dive” Access Unit Introduction Video
Unit Count Count Play Count
1 450 434 644
2 223 192 251
3 132 111 247
4 88 96 133
5 71 85 98

72

www.manharaa.com




practice, and current high-fidelity applications practice. The elements of design thinking and
computational thinking were also noted when stated accurately or demonstrated.

A majority of the posts (560 or 58%) were posts that present new information that does
not build on other posts (Type 2A and Type 3 statements on the Transcript Analysis Tool). These
posts were either at the start of a discussion thread or reply to a thread without building on any of
the content that is already in the thread. Of these 560 posts, 295 contain some element of
synthesis or reflection on course content (Type 3), while 353 simply restate course content
without deep reflection or synthesis (Type 2A). A small number of these 353 posts were
irrelevant, off topic, or unclear. While over half of the posts were responses to one or more posts
in the forum, many of these interactions were superficial in nature and did not contribute to
construction of new knowledge. Two hundred ninety-eight of the forum posts contained some
type of interpersonal interaction between participants, often along the lines of “I agree!” or
“good point!” (Type 4) while 207 posts engaged and expanded directly on the comments of
another participant (Type 3). One hundred five posts referenced outside content directly or
indirectly (Type 5). Descriptions of each of the types of posts in the Transcript Analysis Tool,
along with sample quotes can be found in education, so | coded for these references as well.
However, there were only 16 references to this movement. Example posts for each of these codes
can be found in Table 10.

One hundred thirty-one posts pointed directly to a new understanding or to a change in
practice, while many other posts pointed to work that teachers were already doing which they
were able to identify as computational thinking or design thinking. There were 24 instances of
participants either seeking help from other participants or providing help or resources. Thirty

posts contained a critique of either the course content, the relevance of a particular strategy, their
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Table 10

Transcript Analysis Framework Codes (Fahy et al., 2001) with MOOC-Ed Examples

Description
Code (Fahy et al., 2001) Example Quote(s)
Type 1A: Includes vertical questions, Family code night sounds pretty awesome! How
Questioning which assume a “correct”  many families typically attend?
answer exists, and the
question can be answered | would love to see the template as well! What
if the right answer can be ~ grade level did you use this with? Are there any
found. suggestions you have for folks who want to give it
a try? Anything that you will change as you use it
again in the future? Any modifications you make
for special populations?
Type 1B: Horizontal questions: there  Based on what you've read so far, do you see
Questioning may not be one right potential points of connection in your instruction?
answer, and others are
invited to help provide a We are looking at how students' access to the
plausible or alternate ADST curriculum and coding activities can be
“answer,” or to help shed ~ supported if they have more complex needs (e.g.
light on the question. physical access and communication challenges).
Doesn't seem to be much out there written or
shared in this area - do you have anything in your
resource basket that highlights successful
programs or which coding tools are more
accessible?
Type 2A: Statements contain little I'm not teaching in a classroom too at the moment,
Statements  self-revelation and usually  although | am a teacher: what I've seen here in

do not invite response or
dialogue. The main intent
is to impart facts or
information.

Italy is that students are struggling, too, as they do
not grasp the utility of what they are learning:
from the materials I've been through into the dig
deeper section, I'm confident there will be many
things yet to learn, by us teachers, in order to
make them grasp the "why" and not "how" and not
only the "what" of the subjects they are studying. |
hope to be able to implement them.

I use flow charts in my math classes to help
students learn the steps to math techniques that
have traditionally been difficult for them to follow.
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Table 10 (continued)

Description
Code (Fahy et al., 2001) Example Quote(s)

T2B: Direct answers to These are all excellent resources to use. SAS
Statements  questions, or comments Curriculum Pathways has datasets that are pre-
referring to specific cleaned and ready to use. Some of the data tools
preceding statements. we'll discuss in unit 2 may be helpful as well. In
English classes, it's also very possible to create
your own datasets to use. Network diagrams
(maps that show relationships between characters
and events), word clouds (to see if themes emerge
or to compare two primary source documents --
word clouds for President Bush's inaugural
address and President Obama'’s are virtually
identical), and building maps and timelines are all
potential ways to turn textual material into data
that can be analyzed. At the younger grades, some
of these visualizations may need to be pre-
generated, but students can still do the
interpretation and analysis.

T3: The speaker expresses For many years | tried to design the "perfect”
Reflections thoughts, judgments, materials for my students only to realize that once
opinions or information in a while they didn't meet the needs of my
which are personal and are  students because those materials didn't take
usually guarded or private.  student feedback into account. So | started to do

The speaker may also pilots. Before | engaged on a long process of
reveal personal values, writing material unfit for my students I presented
beliefs, doubts, them with a sample of what | was trying to come
convictions, and ideas up with. Depending on their reaction I could then

acknowledged as personal.  follow through or adapt my approach. In a next
step I asked myself how do I let the students come
up with part of the learning material themselves by
providing them with tools which of course had to
be tested over and over again before they could be
applied on a bigger scale. Now, my students
occasionally (not always) produce their own
teaching material in the form of presentations and
short quizzes. What | want to do next is to teach
them a general habit of testing their materials on
others in an early stage. | think that is exactly the
point where this course has been giving me some
valuable hints how to help my students.
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Table 10 (continued)

Description
Code (Fahy et al., 2001) Example Quote(s)
T4: Intended to initiate, Thank you for sharing! This is the first time I've
Scaffolding continue or acknowledge  seen the video and plan to share it with other
and interpersonal interaction, teachers!

Engaging and to “warm” and

personalize the discussion ~ Wow, Carol! These suggestions are fantastic. I'd

by greeting or welcoming.  love to try some of them with the students! This is
a bulletin board in one of our hallways, but it
would be great to have a group focus on it and do
more with it. Thank you so much for the ideas. I'm
really excited! (Now I'm going to check out Ivan's
flow chart -- thanks again!)

T5A: References to, and For middle-school students, I've found Alice 3,

References  quotations or (fairly direct) Scratch and robotics activities with Lego
paraphrases of Mindstorms EV3 (or for older students, M-bot and
other sources. Ranger-bot) as accessible ways to develop

students’ design and computational thinking, and
the robotics activities for developing ability to deal
with data. Barr and Stevenson's proposals for
bringing computational thinking to K-12 students
are a great prompt to integrate these methods with
a range of other disciplines in the classroom.

I am reminded of Atul Gawande's "Checklist
Manifesto." It does seem like this would be a
"routine” list of items to check and verify.
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Table 10 (continued)

Description
Code (Fahy et al., 2001) Example Quote(s)
T5B: Citations or attributions of | have created a few professional learning

References  quotations or paraphrases.  opportunities both face to face and virtual on
design thinking. In CMS, we have our own design
thinking process that we utilize that you can find
here: https://goo.gl/8sde3x. During the PD our
goal is to develop an understanding of the Design
Thinking Process while also allowing the
educators to create and implement a design
thinking challenge in their classroom. We do this
by having them go thought the design thinking
process with our design thinking template. 1 would
like to create professional learning opportunities
around computational thinking and data literacy. |
also need to do a better job of integrating data
literacy and computational thinking into the
professional learnings that we offer already so
educators can see it seamless integrated like we
want it to be in the classroom.
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ability to implement given competing educational priorities, or representing disagreement with
another participant. Twenty-four posts are explicit misunderstandings or misinterpretations of
course content. | was also curious about references to the Maker movement and informal
education, so | coded for these references as well. However, there were only 16 references to this
movement. Example posts for each of these codes can be found in Tab;e 11/.

Specific to course content, data literacy and iterative design/productive failure were the
most commonly mentioned design thinking topics, while interdisciplinary instruction was
mentioned the least. Decomposition was the most commonly mentioned computational thinking
skill, while abstraction was mentioned the least. Example quotes for each of the computational
thinking/design thinking habits of mind can be found in Table 12..

Summary of Course Engagement Data

While forum posts are the primary vehicle for earning credit for the MOOC-Ed, there are
very few meaningful exchanges (and virtually no multi-post exchanges) between participants.
That does not mean the forums are not useful, as many of the ideas shared were deep reflections
and good examples of application to practice that demonstrated mastery of the course content.
Engagement patterns varied widely between users, with significant numbers of users only
consuming content, and never creating any content. The supplemental resources in each course
were accessed by approximately 50% of users. The unit introduction and deep dive content was
accessed much more frequently and were the most commonly-accessed elements of the course.

Course Completers

Thirty-seven participants in the MOOC-Ed earned a certificate of completion

(approximately 18.97% of the study population). Other participants may have completed most

(or all) of the course requirements, but are not recorded since they did not access their certificate.
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6.

Table 11

Additional Learning Community-Focused Codes in MOOC-Ed

Number of

Description Example Quote(s) Occurrences
Explicit referencesto ~ We use a lot of data in science experiments, but I love the use of data in real contexts to 54
changes in practice solve problems and design solutions to meet the needs of people. In Environmental Science,

| see great applications of utilizing qualitative and quantitative data to design solutions to

environmental problems, with a real emphasis on designing with people in mind. I also

enjoyed all the data storytelling. Oftentimes, students will include graphs/data tables, but

aren't really given the freedom to create some amazing graphics and present those to the

class to tell a story with their data. | plan to use more infographics in the class and really

pull in empathy in the design process.
Critiques of user posts | totally agree. | have to say that it is a bit scary to implement though! So much emphasis is 30
or course content on test scores and standards. |1 want to make sure I'm teaching my kids the skills and the

concepts so that they feel successful on all ends.
Seeking help from I am also no longer in the classroom, and am in a professional development, curriculum, 21
other course coaching, and co-teaching role. It sounds like you are doing lots of great things with DT
participants and CT. I'm curious what types of training your teachers are receiving on those topics? I'm

looking at designing some professional learning for my teachers, and would love to hear

what you are doing!
Providing help to Thanks, Alex. So far no formal brick walls have presented. Getting the bus on-the-road 13

other course
participants

ready will cost us about $400. I could eke that out of my budget. Town Accountant doesn't
think insurance will be much as the bus is already insured as part of the school fleet. Still
waiting on details. Glad you liked the comics! They're not available for commercial use but
| think "fair use" dictates we can use them as long as they are part of a larger instructional
package.
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Table 11 (continued)

Description

Number of
Example Quote(s) Occurrences

References to the
Maker movement

Misconceptions in
understanding of
course content

Explicit references to
new understandings or
realizations from
engagement in course
content

I have been helping out with our school's competitive Robotics club this year, and it's clear 16
that these students are deeply involved with ideation, algorithms, design thinking, and

more. For example, students are required to identify and come up with a solution for a

problem that involves humans and animals (ideation). This problem-solving happens

alongside their efforts to have their robots complete animal-related challenges (parallel
processing and algorithms). In early club meetings, students identified a problem and then
"Threw things against the wall* until they were able to come up with a solution the whole

team could agree upon. They then divided up research topics so that they could use
parallelization in writing up their problem/solution paper. When they work with their

robots, the students are writing algorithms to program the robots through a series of tasks.

I think also abstraction is necessary there since a student may wish to take electives givena 24
specific grade level and while they may test the schedule for one student they need to take

what they have realized from that test and abstract it to many students who may also want

to take an elective. We actually have the reverse problem of being very small so

decomposition into grade level is key but we have to also decompose electives against each
other since we only run each elective once a day.

I see myself using this content in teaching science. It helped give me a slightly different 77
mindset when it comes to designing experiments and allowing students more freedom to

explore, discover, fail, and learn on their own from the process, instead of it being so
formulated for them much like a recipe to follow.
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Table 12

Course Competencies Explicitly Stated or Implied in MOOC-Ed Discussions

Number of
Competency Example Quote(s) Occurrences
Data Literacy These are all excellent resources to use. SAS Curriculum Pathways has datasets that are 120

Empathy

Identifying Problems

pre-cleaned and ready to use. Some of the data tools we'll discuss in unit 2 may be helpful
as well. In English classes, it's also very possible to create your own datasets to use.
Network diagrams (maps that show relationships between characters and events), word
clouds (to see if themes emerge or to compare two primary source documents -- word
clouds for President Bush's inaugural address and President Obama's are virtually
identical), and building maps and timelines are all potential ways to turn textual material
into data that can be analyzed. At the younger grades, some of these visualizations may
need to be pre-generated, but students can still do the interpretation and analysis.

| read that work as well and we ended up using it for professional development for our 88
entire staff. The Math reluctance is especially prevalent in some families and cultures
with antiquated gender roles or academic expectations. As a mentor for struggling
students, the hardest barrier to break is that fear of failure and its impact on their
perception by their peers. They have built up so many strategies to protect themselves
from failing that are often unable to even try.

My students use data from their pre-assessments to set learning goals for themselves for 90

the units. They find areas where improvement is needed, based on the data from the
assessment, and set a growth target that they hope to achieve by the post-assessment.
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Table 12 (continued)

Competency

Number of
Example Quote(s) Occurrences

Interdisciplinary
Instruction

Iterative Design,
Productive Failure,
Rapid Prototyping

I have used Design Thinking in my biology class by having students think of all the 24
barriers that are in the way of a cell undergoing division and then offer a possible way
for the process to occur. | also had them propose a redesign of a local green space when
we visited to do water testing. They were to analyze the health of the watershed and then
propose what can be changed in the area, focusing on 1) how people use the space
currently, 2) how else the space can be used, and 3) changes that would not affect the
current flora and fauna. I have only used computational thinking once, though I know in
a Biology class we have used the skills elsewhere. Students had to design an algorithm
(procedure) in order to prove that fruits and vegetables were made of cells. We had not
even used a microscope at that point. They are so used to being given procedures that it
was interesting to see them struggle. We use data analysis often and when it is used in
analyzing what biomolecules are in foods (we do food testing), they analyze every
student's results and use that information in many of the other activities that they do in
the unit including the creation of a school menu that is balanced and based on science.

| agree with you that students are to wrap up in if they get the answer right. | teach 130
Engineering and Design at the middle school level and in my class students learn to be

problem solvers by learning and practicing the Engineering Design Process. We focus on

identifying a problem, researching the problem, brainstorm possible solution, choosing

possible solution, designing and prototyping, testing and then evaluating for

improvement. But even at the end of a design challenge when something goes wrong with

a design someone will ask me if this means they will get an F. | have to remind them that

I am looking how they worked the process to arrive their solution. If they can

demonstrate an understanding of how the process helps them solve the problems they are

in good standing. Even professional don't get it right the first time.
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Table 12 (continued)

Number of

Competency Example Quote(s) Occurrences
Real-world examples  During an inquiry unit that we do during science, our 4th graders learn about erosion, 111
and connections and then need to design a way to curtail the erosion from happening. First they gather

data during an erosion simulation, then they study other ways that erosion problems have

been addressed in other areas. Finally, they begin the design process. Eventually they get

to build, test, and evaluate the effectiveness of their designs. It is one of the most

engaging experiences of our year.
Testing and Failure It sounds like a "failure of requirements.” Perhaps the mandated timeline did not allow 86
Analysis for sufficient time to get all of the data that would be needed. What will be site be used

for? How many people will need to use it? How will we test our iterations? These are all

questions that needed to be thought about before the process began. Conversations with

experts in the health care/insurance field would be imperative.
Unconstrained Almost every activity in a person's daily life might be described with an algorithm, so it's 29

Thinking

very easy to find some (it would be sufficient to name any activity | might do during the
day). What I'd like to observe is the difference is whether we are able to recognize them
and utilize them to go through our activities at best. For example: if I'm baking a cake
and I'm aware that is an algorithm, I can apply the procedures in order to spend less time
and maximize the effectiveness of the time I'm spending making the cake.
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Table 12 (continued)

Number of

Competency Example Quote(s) Occurrences
Abstraction In my work with new instructional coaches, | have opportunities to support them as they 27

work with teachers in grade levels and PLCs in their schools. One challenge they often

face is identifying the specific areas where they need to focus their work. Through the

decomposition process, we are able to break down the focus area(s). Abstraction allows

us to eliminate the extraneous factors and identify commonalities. The lens of “sphere of

control, sphere of influence, and sphere of concern™ provides an additional way to think

about the challenges they face.
Algorithms Thinking to my classroom, there are many math lessons that have to be sequential. For 99

instance, | teach students linear equations before | tackle quadratics. I think students
what a function is because we look at the characteristics of a function. From year to year,
however, sometimes | change up the order. For instance, should | teach the Quadratic
Formula first or the completing the square method first. The quadratic formula is derived

from completing the square, so there is the argument of doing completing the square first.

The steps for the quadratic formula are easier for the students to carry out than the steps
for completing the square, so there is an argument for teaching the quadratic formula
first. In my school, teachers are encouraged to do more personalized learning (Letting
students work at their pace rather than the teachers). With this idea, I've tried to make
lessons that are more parallel in nature so that students can pick and choose what topics
are study first. It is, however, very important to go back at the end and help students see
the connections to all the methods or types of problems they learned. We certainly don't
want students to view math skills in isolation!
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Table 12 (continued)

Number of

Competency Example Quote(s) Occurrences
Decomposition In both my Algebra 2 and Geometry class, students use decomposition and abstraction to 116

solve problems. Especially in word problems in Alg2 and formal proofs in Geometry. |

always recommend students to decompose the problem, list skills (formulas, theorems,

etc), come up with a plan, before they start solving or proving problems. It seems to help

to break down to small pieces.
Pattern Recognition "I feel like we want students to see the patterns in language for themselves, that pointing 74

out those patterns to the students undermines their opportunity to learn how to identify
patterns themselves."” Pattern recognition is a key computational thinking skill. I think
that having students identify these patterns, whether explicitly or not, is computational
thinking. Knowing how colleges can be sometimes, | wonder if there's a possibility for
you to infuse digital-age problem solving not by creating new assignments, but by
changing some of the language you use around the assignments you're already doing. Is
this realistic?
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Figure 12 includes course-specific registration survey data of all of the course
completers. Of the 37 people who earned a certificate, only 8 indicated that earning a certificate
was a goal for signing up for the course. This means that 16 participants who selected this goal
initially did not end up completing the course. However, a majority of the completers did
indicate that they were either “not at all familiar” or “slightly familiar” with design thinking, data
literacy, and computational thinking when they registered for the course, and nearly half
indicated that they enrolled to deepen their knowledge of the course content.

In-Course Evaluations

At the conclusion of each unit (1-4), participants were asked to complete a short survey
about the unit they just completed. Unit 5 did not have a survey because participants were
presented with an end-of-course survey instead. Participants were asked two Likert-scale
questions on a six-point scale and starting with the prompt “to what extent do you agree with the
following statements.” The two survey items were “this unit deepened my understanding of the
topic addressed” and “the unit supported application of course content to my professional
practice.” The number of users who responded “agree” or “strongly agree” for each unit can be
found in Table 13. For each unit, more than 90% of participants responded that the unit did
deepen their understanding of the topic, while over 80% responded that the unit supported
application of the course into their practice (the lowest score on this question was in Unit 1,
which was largely introductory).

Each unit also asked participants open-ended questions about the most valuable aspect of
the course and recommendation for improvement

A few sample responses for the “most-valuable aspect” question in each unit follows. The

primary themes across all of the responses centered on the course resources and the

86
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Purpose for Enrolling

Why Enroll
Both knowledge and clack hours [

Collect resaurces and tools for my practice ||| NEGTNN
Deepen my knowledge of the course topic(s) |
Earn a certificate of accomplishment/renewal credits ||| NG
Just browsing [
0 2 - & g 10 12 14 16 18
Count of Why Enroll

Level of Confidence in Integrating Course Competencies

Computational Thinking Design Thinking Data Literacy
4 1
5 7 5
1z
12 12

12
Ctd Concept Ct Ctd Concept Dt Ctd Concept DI
. Meoderately familiar . Extremely familiar . Extremely familiar
. Mot st all familiar . Moderately familiar . Moderately familiar
. Slightly familiar . Mot at all familiar . Mot at all familiar
. Somewhat familiar . Slightly familiar . Slightly familiar

. Somewhat familiar . Somewhat familiar

Figure 12. Registration data on enrollment motivations for course completers
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Table 13

Percentage of Users Answering “Agree” or “Strongly Agree” in End-of-Unit Surveys

Question Ul U2 U3 U4
This unit deepened my understanding of the topic(s) 77/81 51/55 39/41  38/39
addressed. (95%) (93%) (95%) (97%)

This unit supported the application of course content to 67/81 52/55 38/41 36/39
my professional practice. (83%) (95%) (93%) (92%)
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digging deeper pages, followed by references to specific content, followed by the

discussion forums. “The unit delivered very straightforward explanations of the different

types of thinking involved in Digital Age Problem Solving. In terms of an introductory
unit, this portion of the course did well to define the foundations necessary for
understanding the rest of the course.”

“The resources are exceptional. There is a great variety and I anticipate coming back to

them as my needs/interests change. It is an excellent collection and I've found things I

want to immediately use in my classroom.”

“Seth Godin's video. I wasn't familiar with him until I saw the link in this unit. I also

liked Dr. Manchanda's video quite a bit. I shared this with other teachers and our school's

counselor. Very inspirational and I was able to make a lot of connections in this unit.

Loved it.”

A few responses for the question about improving the course experience follows. The
primary themes here were either for participants to restate things that they liked about the course
or suggesting additional resources they would like to see added. Other participants mentioned the
balance of reading to videos in the course content and the amount of reading in general.
Participants also suggested that more interactivity was needed in the course and wished the
platform had a more modern visual layout. A few participants mentioned specific technical
issues as well.

“I'd like to see more examples that are practical, classroom problems. A lot so this is for

upper grades. Examples for the very lower range would specifically support me and

probably give others easy launch projects.”
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“I would say less is more for the reading. Perhaps choose 1-2 reading and 1-2 videos.
The other teachers that take these MOOCs from the Friday Institute with me often say
the same thing-- that there's an overload on reading. I had to download the resources

and save them for later viewing.”

“Maybe it's because I'm not far enough along in my own planning yet but the core

resources in this section didn't seem as helpful as some of the other sections.”

“I think the concepts of this unit are more difficult to understand and are not as well

explained in the intro video as they are in many of the core resources, I would include

more information in the intro video that transitioned better into the core resources.”

Unit 3 also asked for examples of how participants were implementing the course content
in their practice. Almost all of the responses provided here were anticipatory — things
participants were thinking about or planning to do in their practice. While there were no concrete
examples of application to practice in this section, there was evidence that participants were
beginning to think about possible ways they could begin to apply to their practice. A few sample
quotes follow:

“I am going into a role as a digital coach next year. I definitely see these skills helping

out when I help teachers plan their units about technology integration into their

curriculum maps. I plan to do this with questions that function in a backward design
process of decomposition. Step by step, what is the end goal teachers have for their
students and how can they break those milestones down into smaller more manageable

steps?”
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“I think I will utilize the "Is it Broken" thoughts from the core resource and look at some

of lessons to see if they are "broken" from either my vantage point or the vantage point of

my students.”

“When faced with a problem to solve, I need to make sure that I can commit the

necessary time upfront to adequately define and thoroughly decompose/abstract before

looking for a solution.”

Summative Evaluations

At the conclusion of the course, all remaining participants were surveyed and asked to
provide feedback on the course and the impact on their practice. A similar survey was sent via
email to all of the enrollees who signed up for the course.

Forty participants responded to the end-of-course survey. The survey included a series of
Likert scale questions (see Tables 14 and 15), and several yes/no questions along with spaces for
more detailed feedback. Of the 40 respondents, 38 reported the course overall being “Effective”
or “Very Effective” in supporting their professional learning goals. With respect to the individual
course elements, the course “digging deeper” pages were the most useful to course participants
(4.68 numerical equivalent average), with video resources and readings also being highly rated
with numerical averages of 4.58 and 4.55 respectively. The course introduction page was the
only one that received any rating of “ineffective” or “very ineffective” (one participant rated the
pages ineffective). The application to practice discussion forum received the lowest numerical
average with 4.23. Related to this, 8% of course participants responded “neither agree nor
disagree” (no participants responded “disagree” or “strongly disagree”) when asked if the course
improved their knowledge or skills relative to integrating course content into their instructional

practice, though 97% responded in the affirmative that the MOOC-Ed was effective
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Table 14

End-of-Course Survey Responses: Effectiveness of MOOC Components

Very Very

Question Ineffective Ineffective Neutral Effective Effective
As a whole, how effective was 0 0 2 14 23
this MOOC-Ed in supporting your 0% 0% 5% 36% 59%
personal and/or professional

learning goals?

How effective was the Course 0% 1 2 23 14
Introduction in supporting your 0% 3% 5% 58% 35%
professional learning?

How effective were the course 0 0 1 11 28
“digging deeper” readings in 0% 0% 3% 28% 70%
supporting your professional

learning?

How effective were the video 0 0 2 13 25
resources in supporting your 0% 0% 5% 33% 63%
professional learning?

How effective were the 0 0 1 16 23
articles/course readings in 0% 0% 3% 40% 58%
supporting your professional

learning?

How effective was the Discussion 0 0 4 23 13
Forum: Course Activity/Real- 0% 0% 10% 58% 33%
World Application in supporting

your professional learning?

How effective was the Discussion 0 0 3 24 13
Forum: In My Classroom in 0% 0% 8% 60% 33%
supporting your professional

learning?

Overall, how effective do you feel 0 0 1 17 22
this MOOC-Ed was in preparing 0% 0% 3% 43% 55%
you to make positive changes in

your professional practice?
Note. (n=40).
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Table 15

End-of-Course Survey Responses: Improvement of Knowledge/Skills

Neither

Strongly Agree Nor Strongly
Question Disagree Disagree  Disagree = Agree  Agree
As a result of my participation in this 0 0 1 16 23
MOOC-Ed, | have improved my 0% 0% 3% 40% 58%
knowledge and/or skills related to the
design thinking process.
As a result of my participation in this 0 0 2 16 22
MOOC-Ed, I have improved my 0% 0% 5% 40% 55%
knowledge and/or skills related to
core components of computational
thinking.
As a result of my participation in this 0 0 5 17 18
MOOC-Ed, | have improved my 0% 0% 13% 43% 45%
knowledge and/or skills related to the
role of empathy and data collection
in the design process
As a result of my participation in this 0 0 3 18 19
MOOC-Ed, I have improved my 0% 0% 8% 45% 48%

knowledge and/or skills related to
integration of digital-age problem
solving strategies into my
instructional practice

Note. (n=40).
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in preparing participants to make changes in their professional practice. 95-97% of participants
responded that they did improve their skills relative to computational thinking and design
thinking and 87% reported the same for data literacy. Eighty percent of respondents reported that
they were able to complete all of the activities that they wanted to in this course.

The data from the free-response data was coded according to the major themes that
emerged. The first question, “What was the most valuable aspect of this MOOC-Ed in supporting
your personal or professional learning goals?” received 32 responses. These responses were
coded based on the major themes that emerged and frequencies for these codes can be found in
Table 16. Course resources and course content were mentioned 26 times, representing a majority
of responses. The course layout and collaborative elements were mentioned but were mentioned
the fewest number of times. Here are a few example gquotes:

“As always I appreciated the summaries of complex topics in the videos provided and the

collection of useful and engaging materials throughout the course.”

“The additional resources were a lot to look through, but I have found some very helpful

articles and videos that will help me with some of my professional learning goals.”

“I really enjoyed reading the various articles. I was pleasantly surprised at how to non

classroom examples (sic) still helped me to see value in the design process.”

“I loved seeing the real-world applications of the content discussed in this course. It was

so helpful to hear these concepts discussed by other professionals in a variety of fields

and to hear how others in school settings were applying them.”

“The "Digging Deeper" readings and the opportunities to collaborate with other

participants.”
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Table 16

Major Themes from End-of-Course Survey Question on Useful Course Elements

Theme Frequency

Course Videos (type not explicitly stated - can include introduction videos 4
and videos in the resource library)

Course Readings (type not explicitly stated — can include course content or 4
external resources)

Course Resources (external) 14
Forums and Collaboration 3
“Digging Deeper” course content 5
Diversity of Materials Presented 4
Content/New Learning (specific mention of the content overall and 12

translation into new learning)

Non-education focus (specific mention of the value of having resources 5
from other fields beyond education)

Course Structure and Layout 2
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“The course is a practical guide to design planning with readings, strategies, questions
for thought. I liked the practical tips and strategies, the encouragement to apply meta-
cognition in reflecting on how Design Planning and Computational Thinking come into
play in the work that I do.”

“I haven't submitted my entire micro-credential project yet, but I really liked

implementing what I learned with my kids. It was like my own test run. They felt so

important, and I've gotten such great feedback from the staft about their enthusiasm to
problem solve. Other than the project, I also really enjoyed the videos and connection to
resources.”

The second free-response question in the end-of-course survey was “please describe any
changes you have made to your practice, including how you have applied the knowledge, skills,
and/or resources you gained in this course.” Thirty-two responses were analyzed and coded
inductively based on major themes which were mentioned in the response. The themes
presented, with frequencies can be found in Table 17. A significant number of teachers (13) did
indicate that they have made changes in their lessons and in their interactions with students as a
result of this MOOC.

Eight teachers mentioned that they are using the course content as a tool for reflection
upon their practice, while 7 mentioned that they are using the content in work with their peers. A
sample of representative responses follows:

“I have become more intentional about sharing the computational thinking process with

my students during problem solving.”

“I use the 5 step method to develop and maintain effective data collection and design in

the ec program...I now have a better understanding of how to gather and use the data I
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Table 17

Major Themes from End-of-Course Survey Question on Application to Practice

Major Theme Frequency
Use of course content in interaction with peers 7
Use of course content in lessons and interactions with students 13
Use of course content in reflective practice 8
Use of course content in online learning contexts 1
Specific application or mention of computational thinking 5
Specific application or mention of design thinking 7
Specific application or mention of data literacy 6
Use or mention of “decomposition” as a core skill 3
Use or mention of testing as a core skill 1
Use or mention of empathy as a core skill 7
Use or mention of iteration and productive failure as a core skill 3
97
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collect to make changes, if needed, or improve upon what I do for my students.”

“Thinking about what I've read and the course discussions I've had, I've approached my

admin colleagues to talk about possible projects we could implement. One involved data

assessment and planning based on that assessment. The second involved thinking about
coming up with a plan for turning an unused yellow school bus into an after-school
resource with Internet access.”

“I am encouraging innovation by taking the fear out of failure. I am showing my co-

workers the nuts and bolts of decomposition and abstraction.”

“Slight change in assessments and setting up intervention based on these. Also am

encouraging students to design our classroom for more effective learning and to

encourage empathy in understanding what people want or need (students)”.

A second survey (dubbed “Impact Survey”) was sent to course participants in July, and
again in September 2017 (see Table 18). This survey was part of the evaluation for the larger
MOOC-Ed initiative at the Friday Institute. This was sent to all course enrollees, whether they
completed the course or not. A total of 49 users responded, though it is impossible to know how
many of these users also took the end-of-course survey. The survey consisted of several
“Yes/No” and “check all that apply” questions, with open-ended follow-up. Of the 38
participants who did not complete the course, 29 pointed to a lack of time for completing the
course while 9 pointed to either that they were “just browsing” or changed their mind about
taking the course (users could select multiple options). 32 out of 46 respondents indicated that
they acquired new skills or resources that could be applied to their professional practice and 23
out of those 32 indicated that they have applied these skills in their professional practice, with 14

of 21 from this subset indicating that these practices have directly impacted students.
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Table 18

MOOC-Ed Impact Survey Results

Yes No Total

Did you complete the Computational Thinking and 11 38 49
Design MOOC-Ed course? 22.45% 77.55%
| did not complete this course because | had less time 29 - 51
than | anticipated. 56.86%
| did not complete this course because | was just 5 - 51
browsing. 9.80%
| did not complete this course because | changed my 4 - 51
mind about taking this course. 7.84%
| did not complete this course because the course 4 - 51
required more time than | anticipated. 7.84%
| did not complete this course for another reason. 4 - 51

7.84%
| did not complete this course because | did not want to 2 - 51
earn a certificate of completion. 3.82%
| did not complete this course because the content was 1 - 51
different than what | expected. 1.96%
| did not complete this course because | accomplished my 1 - 51
learning goals. 1.96%
| did not complete this course because | was already 0 - 51
familiar with the information presented.
| did not complete this course because the course 0 - 51
material was not of high quality.
| did not complete this course because the course was 0 - 51

difficult to navigate or | had technical problems with this
MOOC-Ed.
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Table 18 (continued)

Yes No Total
As a result of your participation in the Computational
Thinking and Designh MOOC-Ed, did you acquire any 32 7 46
knowledge, skills, and/or resources applicable to your 69.57% 15.22%
professional practice?
Have you applied any knowledge, skills, and/or resources 23 7 32
acquired through your participation in the MOOC-Ed to 71.88% 21.88%
your professional practice?
As a result of your participation in the Computational 14 2 21
Thinking and Design MOOC-Ed, have you made any 66.67% 9.52%
change(s) in your professional practice that have directly
affected students (e.g. use of new instructional strategy,
integration of technology, changes to lesson plan, etc.)?
Did this MOOC-Ed offer opportunities to support you in 12 - 14
engaging students in critical thinking and problem 85.71%
solving?
Did this MOOC-Ed offer opportunities to support you in 10 - 14
engaging students in collaboration? 71.43%
Did this MOOC-Ed offer opportunities to support you in 10 - 14
engaging students in self-directed learning? 71.43%
Did this MOOC-Ed offer opportunities to support you in 10 - 14
engaging students in developing an academic mindset? 71.43%
Did this MOOC-Ed offer opportunities to support you in 9 - 14
engaging students in communicating effectively? 64.29%
Did this MOOC-Ed offer opportunities to support you in 4 - 14
engaging students in core academic content? 28.57%
Did this MOOC-Ed offer opportunities to support you in 2 - 14
engaging students in other areas not listed in this survey? 14.29%
Were there any specific activities, resources, or supports 6 8 21
that were critical in helping you apply what you learned 28.57% 38.10%

to your practice?
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Within the impact survey, participants who answered yes to the question “have you
applied any knowledge, skills, and/or resources acquired through your participation in the
MOOC-Ed to your professional practice” were asked to provide additional detail. All of the
participants who indicated “No” pointed to either a lack of time, or the fact that they didn’t
complete the course as reasons. Fifteen respondents who answered “yes” provided additional
feedback. The feedback was categorized by major theme, which can be found with frequencies in
Table 19.

Six responses mentioned deeper integration of technology into instruction, while a few
others directly mentioned course content that was integrated. A few selected quotes follow
below:

“In helping teachers, I am able to reach more students. Helping teachers plan more

engaging and student created technology changes the learning and thinking.”

“I plan to include preparing infographics/videographics as a student project in my stats

course.”

“I don't think I have at this time but my semester just ended. I do plan to apply the

concepts when I analyze what topics for which I need to create additional instruction for

students.”

In the impact survey, participants who indicated that they have applied course skills in
their practice were asked a follow-up question about whether or not they had applied these skills
with students. All of the participants answering “No” cited a lack of time, school schedules, and
the fact that they don’t work with students as the reason they have not been able to implement.
Nine participants who answered “Yes” provided follow-up responses. These responses generally

grouped into the “4-Cs” (collaboration, communication, critical thinking, and creativity) plus
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Table 19

Participant Response Themes in Application to Practice in Impact Survey

Major Theme Frequency
Student or teacher engagement in learning 3
Focus on content creation 1
Integration of technology into the instructional program 6
Integration of general problem solving into the curriculum 2
Integration of data visualization into practice 2
Integration of computational thinking into practice 2
Plan to integrate in the future 2
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exposure to the course concepts. The responses were categorized according to major theme,
found in Table 20. Selected quotes are as follows:
“Changing the way you question students to lead them into deeper thinking, giving
students time and space for collaboration, and giving students voice and choice for their
learning.” “Currently I have 7th graders working on STEM projects as a project-based
learning activity, and although not all the students are showing the components I clicked,
the goal is for them to begin to see these components, and to embrace them.”
“In an effort to help students see the personal relevance of the subject matter I teach, as a
result of this course, I am trying to redesign my courses to involve more of the deeper
how/why type questions rather than the generally more supertficial who/what/where/when
questions. That should help foster deeper critical thinking about the subject matter.”
Summary of Survey Data
The impact survey indicates that a lack of time is the primary reason that people fail to
complete the course, not the course quality or content. From both the impact survey and the end-
of-course survey, many participants indicated the course was of high quality and was effective in
helping them accomplish their learning goals. A majority of participants gained new skills and
indicated that they have made some type of change in their professional practice as a result of
their participation in the MOOC-Ed. The course resources emerged from the survey as a useful
course component along with more general course content (resources and deep dive content).
Teachers indicated that they were using the content with students in the classroom, as well as in
their own reflective practice. There were also multiple mentions of empathy and data collection

as content that emerged as particularly useful.
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Table 20

Major Themes from Implementation with Students Question in Impact Survey

Major Theme Frequency
Changes in classroom questioning techniques 1
Change in problem solving practices in the classroom 1
Cross-cultural and global learning 1
Exposure to course concepts 3
Communication and Collaboration 4
Critical Thinking 3
Learner Agency 3

104

www.manharaa.com




Engagement in Practice

At the end of Unit 5 was a discussion forum asking course participants to reflect on their
growth throughout the course. Participants were also asked to evaluate changes to their practice
in the “end-of-course” survey, the “impact survey”, and the “end-of-unit” survey in Unit 3. All of
these items were coded against Clarke and Hollingsworth’s (2002) Interconnected Model of
Professional Growth (see Figure 13). Eighty-four (84) items were coded in total. Based on the
model and the wording of the prompts, the Personal Domain was notated for every post where a
participant mentioned something new that they learned. Participants who responded that they
were planning to try something new (or were developing something new) were coded as Domain
of Practice. Finally, participants indicating that they made changes in their practice with students
(or adult learners) were coded as Domain of Consequence. Because responses were free-
response, a response could mention multiple domains. The responses were relatively evenly split
between the Domain of Practice and the Domain of Consequence. Half of responses were in the
Personal Domain, indicating that the participant did increase their own skills and knowledge
relative to the course content. However, 68 (or 80%) of the responses existed in either the
Domain of Practice (35) or the Domain of Consequence (33), indicating that participants
responding in one of these posts did make actual changes to their practice, if only to try
something new (see Table 21).
Participant Interviews

As a part of follow-up evaluations for the MOOC-Ed, participants who earned a
certificate of completion and indicated that they were willing to be contacted were invited to
participate in a follow-up interview about the MOOC and their application of the content into

their professional practice. Three participants volunteered.
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Figure 13. Interconnected Model of Professional Growth (Clarke & Hollingsworth, 2002).
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Table 21

Impact on Practice Aligned to Clarke and Hollingsworth’s Interconnected Model of Professional

Growth
Domain Mentions (n=84)
Personal Domain 42
Domain of Practice 35
Domain of Consequence 33
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The first interviewee is a reading and math intervention specialist at an all-girls charter
school in an urban town in North Carolina, recently moving from a technology facilitator
position for a rural school district. They were attracted to the MOOC because they had an
interest in the course contact and they have been involved with other professional learning
programs run by the Friday Institute. They took the Friday Institute brand as an indication of the
course quality and usefulness to their work. The course was useful but “not necessarily in the
ways that | intended.” They began the course “thinking it was going to be more lesson
application. But it was, | think for me, almost a mind shift on change that | found to be a much
more beneficial opportunity than | had probably intended when I signed up for the course. Just
kind of providing a different lens to view thinking and problem-solving approaches.” This
participant did not choose to pursue micro-credentials, citing both time and the fact that she
needed to have a group of teachers to work with in her previous role that weren’t necessarily
available to her. However, in this role, there are STEM clubs and activities. The interviewee
pointed to the resources and materials in the course “the resources, the videos that you assigned,
the links and resources, the articles, things like that, are always great for me professionally
because there's such a diverse range of materials offered. So it appeals to all sorts of learners. But
if I'm having a day where I just need to watch a good inspirational video, I can usually find
something smart. Or if | need to be able to print something out and take some notes to use it to
do professional development, there's something in there for that as well. So | really do appreciate
being able to bookmark all of those sites. The least helpful to me probably would be the micro-
credential offerings, just because in my situation | wasn't able to take part of that. It would have
been great if | could, but it just didn't work for my people.” As for additional feedback, the

interviewee responded:
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“I’m hoping to continue to take part in these MOOC-Ed opportunities. But this one to

me was unique from some of the others, just because I don't have an engineering
background. So I feel like when people talk about STEM, and you don't really know how
the E kind of fits into it, just being able to explain that it's a way of thinking. And I go
back to the idea of coding. We keep saying we need-- there's this huge emphasis on
teaching coding to students. And I don't necessarily think it's that we need to teach
students to code. I think we need to teach students to think computationally. And I think
that people-- that's what you do when you're coding, but I think people are getting kind of
caught up in the idea that we have to have the robot, or we have to do Minecraft, or we
have to do one of these things, and get students coding, rather than taking a step back and
looking at it in terms of the thinking or the skill that they're using in order to do that. So I
think that's what's the most exciting for me.”

The second interviewee is also from North Carolina, residing in a large city. They are the
instructional coordinator at a magnet middle school, with a new focus on computational thinking
and project-based learning. The school has been engaged with the Friday Institute for on-site
professional learning services, and a few teachers also took the MOOC to go deeper into the
content. She indicated that:

“The course was useful to me because it just gave me a little bit more confidence when

talking about computational thinking and just some-- it gave me some examples of how

computational thinking is being used out in the community and in different types of
businesses, and even things like just concrete examples of different types of thinking,
data literacy, things like that, that I could use when talking to other teachers. And one

thing that was kind of neat is right about the time I started taking this class, we started
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doing some things in school with design thinking. Some of our teachers were doing that

and one of our business partners, IBM, had us come out and do a design thinking

workshop, and it just tied in really nicely with that aspect of your course.”

The non-education examples in the introduction videos were also mentioned as useful.

“I remember you had one participant who talked about traffic patterns and how they

would have to gather data on where traffic was going at a certain intersection before they

tried to solve a problem and tried to decide how to approach the problem there. And I

remember giving that example to one of the teachers I work with and talking about that as

matching up with something that they were doing with their students.”

The interviewee did not complete the micro-credentials, as completing the micro-
credentials is a part of the school’s professional learning plan for the 2017-2018 school year. The
school will also be integrating design thinking, and continue to work on integrating
computational thinking in the 2017-2018 school year. As this is a focus for this school, the
interviewee noted that students and teachers alike are becoming more familiar with the language
of computational thinking, and are increasingly using appropriate language in the classroom.

The third interview subject is a technology consultant in the Ohio Department of
Education, currently working on writing standards for computer science and digital-age problem
solving. In addition to computer science course standards, they are currently working on
integrating design thinking, computational thinking, and data literacy into courses from
kindergarten through grade 12. Asked about the most useful components of the course, the
interviewee responded that the course was valuable in helping validate their own knowledge and
solidify understanding around a few concepts. They also pointed to the resources as useful to

read, come back to, and share with others. While this participant did not attempt micro-
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credentials, they did review them, and actually contacted and met with the project lead on micro-
credentials from the Friday Institute to explore methods of implementation in the state of Ohio.
While the interviewee pointed to the content and resources as useful, the most valuable
component for them was examining the approach to online learning in the MOOC, and figuring
out how that could be adapted for their context.

Micro-Credentials

There were only two participants who earned the Digital-Age Problem Solving micro-
credential stack, one teacher and one administrator. The teacher works at a small rural school in
Hawaii and teaches sixth grade while the administrator works in a suburban high school in North
Carolina.

The teacher chose to engage her students in the process of solving a problem within their
school. The students involved were members of the school “Strategy Club”, a club that “focuses
on building problem-solving skills through games”. The problem selected was “at our school, the
middle school academy kids wait outside the cafeteria for their homeroom class to be called in
for lunch. It is often very noisy and disorganized outside the cafeteria. Lunch monitors are
yelling at kids to pay attention.” The students began by creating a fishbone diagram attempting to
identify all of the possible systems in play in keeping order in the cafeteria (see Figure 13). The
teacher then recorded video of student activity in the lunchroom and had students collect data on
the number of students in the lunchroom, the noise level, and the number of times students had to
be redirected. They analyzed and coded the video as qualitative data, and supplemented it with
the quantitative data collected. The students also interviewed other students, administrators, other
teachers, and lunchroom monitors to gather their perspectives on the difficulties they have in the

lunchroom. Through all of this data collection, students initially had hypothesized that the
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Figure 14. Micro-credential artifact: Student root cause analysis.
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lunchroom behavior was due to simply to student misbehavior. However, the data collected was
able to convince school administration that “there is no system to the lunch lines, which then
causes the students (stakeholders) to either get frustrated with the process or take advantage of
the lack of structure to achieve their own goals”. This also started a conversation among the
school staff because “the students were very quick to blame their peers. I believe this is because
we as adults, unfortunately, often give behavior consequences rather than have these
conversations with kids.”

Once these problems have been identified, students began the process of decomposing
the problem. They reviewed all of the areas where problems existed, and selected the ones they
wanted to address. They iterated and brainstormed different solutions (see Figure 15) before
selecting ones to pilot:

Based on their prototype models, the students came up with the following ways to

organize the cones and tape (in addition to giving the lunch monitor a list of homeroom

names). In the following days, they simulated each model and collected data and
observations.

1. Only set up cones where students are expected to stand behind the cones

2. Cones and tape, where students stand behind the cones and the tape separates the

different lines like barriers

3. Cones and tape, where students stand behind the cones and the tape (directly behind

the cones) signifies the direction of the line.

4. Just tape (no cones) where the students just stand on the tape.
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Figure 15. Teacher micro-credential artifacts: Student solutions.
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5. Cones and tape, where the cones are placed in the mid-sections of the tape.

The first prototype the students tried was #1 since it followed the 2nd requirement that
the solution should require the least amount of energy and time. The students decided to
use 4 safety cones from the Junior Police Officers Club. This did not work out since the
students in the front lined up behind the cones but it did not transfer to the students in the
back. The cones only served as markers for the start of the line. It failed the 3rd
requirement of being clear to the students.

The second prototype followed, because the tape acted as barriers for students to see
where NOT to stand. Unfortunately, either the students did not notice them or they did
not understand what the tape was meant to do. This model also failed the 3rd
requirement.

The third prototype was then chosen to clarify the tape's purpose. This model worked
much better. We noticed the amazing effect of lines on the human mind. For some reason,
the combination of the cone and tape clicked for the students. Now, the tape signified
"line up here", and we did indeed see clearer lines. They were not completely straight
lines as the students had hoped, but they were more defined. This is when we discussed
whether straight lines were actually necessary. Which is more important: the clarity of the
lines or the straightness of the lines? They finally decided that the clarity of where the
lines were and which homeroom they were for was more aligned with solving the bigger
problem.

The fourth prototype occurred by accident. One day, the students forgot to set the cones.
We still made a video to record the data. It worked just as well as the third prototype.

Students already knew where to stand based on previously models, and the other students
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stood right behind right on top of the tape. We noticed throughout this process, too, that

since the lines were clearer, there was less line cutting. We noticed that certain students

who would cut the lines before, now, raced to get a better spot at the front of the lines. So
at the end, the solution that worked the best did require the least amount of time and
energy since the tape could be set down at the beginning of the school year.

The fifth prototype was nixed earlier in the iteration process, because it was seen as too

confusing. One difficulty was in measuring the 1st requirement. Our classes are not

released at the same times, so it was a struggle on when to begin timing the whole lining
up process. The students did notice that there was a significant decrease in staff
reprimanding students. However, there were still several students who would continue to
play basketball and hang out in different non-lunch-designated waiting areas. This
indicated to the students that there are other areas of the lunch process that lacked overall
structure.

Administrator addressed two separate problems in their micro-credential submission. In
the Telling Stories with Data micro-credential, they attempted to identify the problem of “9™
Grade Shock”, where 9" graders make up a disproportionate number of discipline referrals, but
also, accounting for withdrawals, aren’t graduating. The administrator developed an infographic
to demonstrate his point (see Figure 16). For the remainder of the micro-credential submission,
the administrator used work from an existing task, creating a school master schedule. He
decomposed the problem by identifying all of the variables involved and creating a process to get

stakeholder input and to build and test the schedule (see Figure 17).
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Figure 16. Administrator micro-credential: Infographic submission.
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Master Schedule
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Figure 17. Administrator Micro-credential Submission: Decomposition of a school master

Schedule.

118

www.manharaa.com




Gather the departmental schedule analysis team. It consists of: one AP, One teacher, The

department chair, a counselor, and the Dean of Students. Follow the Requirements testing

plan for each individual departments’ schedule as a discrete entity. When the best-case

schedule is chosen by the committee, it will be analyzed again for conflicts. It will then

be presented as a component for integration testing/review.

Integration Testing Plan:

Combine the individual departmental schedules into a comprehensive master schedule.

Distribute the 5 iterations of the complete master schedule to the analysis team. They will

follow the protocol set up for requirements testing to develop the most efficient prototype

master schedule possible. They will review each of the iterations for the requirements and

decide if conflicts arise and what they entail. After several cycles of review, the team will

combine the best aspects of each schedule into a prototype master schedule.

The final prototype will be distributed to the administrative team for extensive, iterative

requirements testing.

Test Cases:

1. Increase time of transitions to give students more time to socialize and get to class on
time.

2. Split 3rd Block to incorporate lunches to ensure each lunch period is uniform and
distribute the interruptions.

3. Move the lunch periods so they do not impact 3rd block or any other Blocks.

4. Increase class time to give more instructional time and improve student success.

5. Static Flex period to reduce changes in the routine.
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Summary

From all of the data, there were several themes that emerged. The MOOC was generally
viewed as useful for all participants who engaged in it for any length of time, regardless of
whether they completed the course or not. While the discussions were useful and participants
found the activities with forums engaging, the resources, readings, and explanatory content was
viewed as the most useful by participants and are consistently the things that were mentioned in
feedback as being the most useful. Many of the participants in the forums were able to identify
connections from the content to their current practice, but many also indicated that they made
changes to their practice based on their work in the MOOC. Very few people attempted the
micro-credentials, most citing a lack of time as the reason.

Research Question 2 considers the usefulness of the conceptual framework as a tool for
teachers, and will be addressed in Chapter Five.

The goal of Research Question 1 was to ascertain how teachers are able to use digital-age
problem solving in their classroom. The course feedback data produced 84 examples of
integration in the field, in addition to the examples shared in the discussion forums along with
the micro-credential submissions.

There were no instances where a participant indicated that they could not apply the
content to their practice, though a few indicated that they did not yet due to time constraints.
Many participants who participated in the unit discussion forums were able to identify points of
connection to their existing practice and were able to reframe existing practices through a
Digital-Age Problem Solving lens. Many participants indicated that there was value to them in
helping them understand and reframe their work this way. Others experimented and made small

tweaks within their contexts. There were a few participants who denoted significant wholesale
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changes to their practice. Some used the digital-age problem solving framework as a reflective
tool on their own practice. Many also mentioned including more infographics, data storytelling,
and empathy mapping throughout their instruction as well as changes in questioning techniques.

Research Questions 3 and 4 were more focused on the MOOC-Ed course itself. Both the
survey data and the course interviews indicate that the MOOC-Ed was helpful in helping
participants improve their understanding of computational thinking, design thinking, and data
literacy (RQ3). 85% or more (based on specific concepts) of the course participants in the end-
of-course survey reported that they improved their own knowledge or skills related to the various
habits of mind addressed within the course. 95% of course completers reported that the course
was effective or very effective in helping them meet their learning goals. The Impact Survey,
which included non-completers also indicated nearly 70% of participants acquiring new
knowledge or skills in their professional practice.

There were not any elements of the course that stood out as ineffective based on user
feedback (RQ4). The course introduction pages, while still rated highly by participants, were the
lowest rated of all of the elements. Additionally, several participants mentioned that the lack of
education-specific examples in the introductory videos and course activities made them hard to
relate to (while several others mentioned specifically that they found the non-education examples
particularly valuable). The course resources were very highly rated and mentioned frequently in
the open-text feedback. While resource accesses were low, the data are incomplete as to how
many people specifically used them. The “deep dive” activities were also very well received and
specifically cited as a useful “quick reference” sheet. Participation is the only requirement to
earn credit in the course. While many people participated, the forum comments are mostly

unidirectional in nature, people sharing out versus engaging in productive discussion. However,
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there were many great classroom examples shared in the classroom application forum, which
were called out explicitly in the feedback and the interviews. The forums were also good

indicators of content mastery and did help validate participant understanding of the course

content.
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CHAPTER 5: DISCUSSION AND IMPLICATIONS

This chapter aligns the findings in the previous chapter to the four research questions, and
re-examines the original frameworks proposed in the first two chapters based on the findings
from the study. The chapter then examines consistencies with the literature and culminates with
implications for practice, policy, and research.

The data for this study was gathered through the offering of a Massive Open Online
Course (MOOC) for Educators through the MOOC-Ed program at the Friday Institute for
Educational Innovation at NC State University. The MOOC-Ed, titled Computational Thinking
and Design focused on integrating the design thinking framework (Hasso Plattner Institute of
Design, 2013), computational thinking (ISTE & Computer Science Teachers Association, 2011),
and data literacy (Gray, Bounegru, & Chambers, 2012a) to help teachers understand how to
identify and solve ill-defined problems in the digital age. Spanning eight weeks in the spring of
2017, nearly 500 participants enrolled in the course while approximately 200 actively
participated. The previous chapter analyzed the demographics of active course participants and
followed their path through the course to determine which course elements were most useful.
The chapter also looked at forum posts from course participants along with end-of-course survey
results to identify professional growth and changes in practice. Additionally, analysis of
interviews along with micro-credential submissions were used to further analyze the impact of
the MOOC-Ed on participant practice.

Summary of Findings
The purpose of this study was to evaluate the following four research questions:
e RQI: How are educators able to integrate digital-age problem solving into their

instructional practices?

www.manaraa.com



e RQ2: To what extent is the digital-age problem solving conceptual framework a

useful tool for teachers?

e RQ3: How useful is the MOOC-Ed in strengthening participants’ understanding of

computational thinking?

e RQ4: What elements of the MOOC-Ed were the most helpful for teachers?

For clarity of presentation, this chapter will review the MOOC-Ed as a delivery
mechanism (RQ3 and RQ4), before reviewing the outcomes of the MOOC-Ed content (RQ1 and
RQ3), and finally will examine how the application to practice reflects the digital-age problem
solving conceptual framework (RQ?2).

MOOC-Ed Effectiveness

The surveys administered to MOOC-Ed participants along with the interviews conducted
suggest that the MOOC-Ed was valuable in developing understanding of digital-age problem
solving and bringing elements of digital-age problem solving into instructional and professional
practice (RQ4). Participants reported the resources and the digging deeper activities to be the
most useful, while the forums were reported as the least useful. The digging deeper activity
summarized the key concepts across design thinking, computational thinking, and data literacy,
and synthesized them in to a single guide. Each unit had two forums, one to present a scenario
for discussion, and the other to discuss application to classroom practice. It should be noted,
however, that “least-useful” in this context still means that participants did find the forums
highly useful, just slightly less useful than the other things — at least 85% of the participants
surveyed found the various elements of the course useful.

Qualitative analysis of participant interactions, survey data, and course interviews

suggests that the digging deeper pages and the course resource pages were helpful in supporting
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understanding of new content an in presenting a unified framework. The discussion forums did
not always feature high levels of interaction among the participants, but was consistent with
other MOOC-Ed courses and similar discussions (Gunawardena et al., 1997; Kellogg et al.,
2014). Participant posts were useful in helping them process their existing practice through the
lens of digital-age problem solving while helping them brainstorm ways to adjust and update
their practice.

Overall, 95% of participants completing the end-of-course survey (n=40) responded that
the course was effective in supporting their professional learning goals, while 97% responded
that they are prepared to make positive changes in their professional practice. On average if 95%
of participants completing the end-of-course survey responded that they have gained new
knowledge from this course. With respect to computational thinking (RQ3), 95% of participants
responded “agree or “Strongly agree” when asked “As a result of my participation in this
MOOC-Ed, I have improved my knowledge and/or skills related to computational thinking.”
With respect to other course competencies, 97% responded in the affirmative with respect to
design thinking, 88% affirmative on “the role of empathy and data collection in the design
process”, and 92% affirmative on “the integration of digital-age problem solving strategies into
my instructional practice.”

Translation to Practice

Micro-credential submissions, online forum posts and course evaluations indicate how
course participants were able to integrate course content (or were already integrating content)
into their instructional practice (RQ1). While many course participants shared how they were
integrating computational thinking, design thinking, and data literacy into their instructional

practice, there were also frequent mentions of these skills being used for reflective practice or for
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changing how teachers interacted with their own students (using design thinking-based
approaches in lesson planning and collecting feedback from students). As digital-age problem
solving is a collection of skills and mindsets that are applicable across industries, it is logical that
teachers would be able to assimilate or identify these strategies in their own practice as well as
teach them to students. When applications to practice from the final course forum and the end-of-
course surveys were coded against Clarke and Hollingsworth’s (2002) Interconnected Model of
Professional Growth, half of the responses analyzed specifically pointed to a change in
participants’ reflective practice (personal domain). Of the 84 responses collected, 41.7%
mentioned changes that have occurred directly in the classroom (domain of practice), while
39.2% reported sharing their learning from the MOOC-Ed with colleagues and peers (domain of
consequence).

From the discussion forums, many of the applications of computational thinking
suggested by the course participants mirrored the types of applications suggested by Barr and
Stephenson (2011) and by ISTE’s operational definitions for computational thinking (ISTE &
CSTA, 2011). Much of the discussion around engaging students in the design thinking process
referred to both productive failure (Goldberg & Nemcsok, 2015) and supporting the development
of empathy as a vehicle to better understand how to design solutions that were human-centered
(Carroll et al., 2010). Teachers noted that they could change their approaches to data collection
and employ purposeful empathy to better collect and understand student learning. Both examples
of helping students understand and solve real-world scenarios and applying digital-age problem
solving to school administration were also validated by the interviews and micro-credential
submissions. While data literacy is heavily discussed in the literature, and there are case studies

on the creation of lessons where students are involved in the design thinking process, the

126

www.manaraa.com



literature on educator’s use of design thinking individually or in professional learning teams to
create lessons tends to be more anecdotal in nature (blog posts and small case studies).
Digital-Age Problem Solving as a Conceptual Framework

RQ 2 focuses on whether or not the conceptual framework of digital-age problem solving
(see Figure 18) and the digital-age problem solving cycle (see Figure 19) are useful tools for
educators. The digital-age problem solving cycle (see Figure 19) combines the computational
thinking elements from the ISTE definition of computational thinking (ISTE & Computer
Science Teachers Association, 2011), the Stanford d-School design process (Hasso Plattner
Institute of Design, 2013), and the scientific inquiry and engineering design process from the
next generation science standards (Committee on a Conceptual Framework for New K-12
Science Education Standards, 2012). While computational thinking, design thinking, and data
literacy are all separate concepts within the STEM fields, many elements overlap or support each
other. Design thinking in particular also has roots outside of STEM in the social sciences (Rittel
& Webber, 1973) as well as in arts and architecture (Kolko, 2015).

The creation of the MOOC-Ed Digging Deeper pages did indicate that there is a good fit
between the design thinking, computational thinking, and data literacy concepts in each unit, and
that the combination of these three frameworks can be merged in a cohesive way. The evaluation
of the course indicates that the digging deeper pages were useful for course participants and were
helpful in understanding the course material.

In reviewing feedback from course participants, they were able to integrate computational
thinking, design thinking, and data literacy seamlessly in their posts. For example, this post from
the final forum in the course weaves together the importance of the design process, testing

techniques (a computational thinking skill), and data literacy:
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Figure 18. Digital-age problem solving.
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The creation of the MOOC-Ed Digging Deeper pages did indicate that there is a good fit
between the design thinking, computational thinking, and data literacy concepts in each unit, and
that the combination of these three frameworks can be merged in a cohesive way. The evaluation
of the course indicates that the digging deeper pages were useful for course participants and were
helpful in understanding the course material.

In reviewing feedback from course participants, they were able to integrate computational
thinking, design thinking, and data literacy seamlessly in their posts. For example, this post from
the final forum in the course weaves together the importance of the design process, testing
techniques (a computational thinking skill), and data literacy:

It's interesting how a course in Computational Thinking isn't really about math, it's about

design and looking at all the parts of the design process from conception to

implementation. That process is a complex one (not complex in terms of difficult to
understand, but rather complex in terms of many parts). Key takeaway for me included
the “Building a Testing Plan” comprising 5 different types of testing and revision
required before final implementation. One particular quote really showed the contrast
between design thinking and our educational high stakes testing: “in design
thinking...designers use testing to refine their ideas and products and create better
outcomes. Testing helps us identify and improve our systems — a "failure" does not
indicate a deficiency or inadequacy of the system, but rather an opportunity for making
the system better. Additionally, in all digital-age problem-solving contexts, testing and
evaluation is formative — it should be done early, often, and consistently.” With high

stakes testing, there’s no feedback till months later. How are students supposed to
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improve when the feedback is so late in coming and makes little difference vis a vis
individual student performance?
I also appreciated the unit on "Identifying Problems." One important idea shared in this
unit is that problem solving requires that we look at “context” as well as
symptoms...."that we understand the people and the systems and the stakeholders
involved and their needs from whatever solution we’re going to create and their
understanding of the problem as it exists for them.” In education, there are no quick fixes.
The data we collect to determine next steps should be both quantitative and qualitative. If
you only crunch the numbers and neglect to talk to the people involved, you capture only
a partial picture.
Implications
STEM Education
Bybee (2013) articulated a STEM evolution, from STEM 1.0 where subject areas exist in
isolation, to STEM 2.0 which integrates two STEM subject areas together, STEM 3.0 which
integrates three subject areas together and which STEM 4.0 integrates all four subject areas
together. With many schools deciding to transform STEM into STEAM (Land, 2013) to include
the arts, digital-age problem solving can provide a foundation for STEM 5.0, where STEM skills
and the Humanities are blended. Google has spent many years analyzing data on effective teams
and management structures within their organizations. Their conclusions point to a need for a
STEM 5.0 evolution. Despite the swell in schools around STEM education, Google found that:
“Project Oxygen shocked everyone by concluding that, among the eight most important
qualities of Google’s top employees, STEM expertise comes in dead last. The seven top

characteristics of success at Google are all soft skills: being a good coach;
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communicating and listening well; possessing insights into others (including others

different values and points of view); having empathy toward and being supportive of

one’s colleagues; being a good critical thinker and problem solver; and being able to

make connections across complex ideas” (Strauss, 2017).

Many of these skills were identified at the very beginning of the STEM education
movement, and became part of the Partnership for 21% Century Skills Framework for 21
Century Learning (Parnership for 21st Century Learning, 2015). The P21 framework, along with
resources such as the National Academy of Engineering’s grand challenges (National Academy
of Engineering, 2008) are increasingly recognizing the importance of both soft skills and
humanities in a well-rounded STEM education. Digital-age problem solving could be part of a
larger conceptual framework for STEM 5.0 — where STEM content, Humanities, and the so-
called “soft skills” come together to form a new way of looking at the world. (see Figure 20).

Moreover, while much of the literature on computational thinking focuses on preparing
students to code, approaching computational thinking a problem solving context allows it to be a
useful tool for teachers, students, and professionals to understand and solve problems whether
coding is required or not. Many future problems will require a knowledge of coding. However,
many more will not. Part of digital-age problem solving will be about knowing the difference
and identifying when and if a computer can do something faster or more efficiently than a human
(and following, how to make the computer do said task). In the MOOC-Ed, these ideas were put
into practice and digital-age problem solving techniques were useful across disciplines, including
humanities and social sciences.

Consider these three examples from the forums, the first one from a therapist in

Singapore, who primarily works with adults:
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“My adult learners typically come in because something or somebody is causing pain or
confusion. When emotions are strong and overwhelming, making the problem go away
might seem more urgent than solving it.

So I mostly start by engaging emotionally in priority to engaging intellectually. They are
paying for the session, so mostly they need no encouragement to talk about what is
happening. As they talk, potential issues and problems and solutions emerge.

Without interrupting, I might start writing these on the board, just bullet points, maybe a
mindmap sort of format. I try to avoid making a list, so that new links or insights are
easier to make.

When they feel calmer, when they finish telling their story, we often find that we are halt-
way to having a root cause analysis. Up to that point, I have mostly nodded and grunted
and encourage them to keep going.

Now [ start to clarify, check my understanding, ask questions, like "what if", "what makes
the difference?" I get them thinking about what has happened, what patterns they see, and
how it could be different.

So decomposition and abstraction go hand in hand when we follow that sort of process.
But some clients want to rush into action, fix it fast, get rid of it, not talk about it. If that
is the scenario, then I might join them by stepping back from the immediate problem and
looking at the context, the "upstream." As before, I write on the board a lot, maybe create
a flow chart by getting them to run me through things step by step. I ask questions and
clarify and check a lot more actively. And then we are typically at a similar stage as the

more emotional clients.
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Problems never exist in isolation — solving any
STEM problem requires empathy and a knowledge
of communications and a cultural awareness.
Students with arts backgrounds are also critical in
STEM fields such as user experience design.

Humanities Subjects

Digital-Age Problem
Solving
| ] I ymputational Think
STEM Subjects B ; “omputatior k

UNKINE

ing
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Figure 20. STEM 5.0 Conceptual Framework.
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Sometimes we seem to have done a good job of identifying the problems. Sometimes we
find ourselves going deeper inside, or back into the past, or needing more data. Mostly an
action plan has emerged. If it hasn't, I'm not shy to say I don't know what they should do,
but help them to figure it out. Often it's reassuring for them to discover that they are not
stupid for not figuring it out!

Anyway, action is always their initiative and responsibility. So everything that happens in
a session is oriented to the client and their own process. Not having a plan is also okay.
Our discussion has almost always increased awareness, so their experience until we meet
again will be different. If they come back, they'll be a different person, and we'll take
another step.”

Consider this second example from an elementary school teacher:

“We started the year with how-to/procedural writing with my 2nd grade students. As |
was looking at the Core Resources, I read the Tynker blog about how to talk to children
about algorithms. I immediately realized that I wish I owned a magical time machine to
go back in time and use the language properly with students, to make these strong
connections between their writing and skills that are most often explicitly taught in
computer sciences/math/science. I wish that I had used the computational language of
algorithm, repetition, sequencing, and conditional logic, as suggested in the article. I
think that there might be a way to revisit this learning to teach this vocabulary and to
make visible the design thinking inherent in their writing, but if I don't see a natural way
to revisit, it's probably worth me going back and having them do a short writing piece to
help them see the language between the work they've done and this important language.”

And this third example from a technology director:
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“The concept of distinguishing "what is needed" vs "what is wanted" was introduced in
regard to defining and decomposing problems. An example that I can share was from a
few years ago. A district that I was working with was trying to solve a complex issue of
parent funding both in terms of payments for student lunches, to buying school related
products, as well as paying for school fees. As the Technology Director I was asked to
chair the process so I began by organizing a problem solving team that consisted of all
stakeholders: students, parents, teachers, secretaries, administrators, cafeteria staff,
technology staff.

Each team member had their own stake in the problem:

Teachers were tired of managing the collection of lunch money, field trip payments, book
sales in the classroom, etc.

Principals disliked how financially focused tasks were impeding on instructional time
Secretaries hated the task of having to contact parents to collect fees

Cafeteria staff were faced with the dilemma of providing food to students who didn't have
$$

Business Administrators struggled with collecting past debt, completing required state
and federal reports, and assisting parents who needed support

Students who didn't have the money didn't like being left out

Parents found the multiple systems in place difficult to navigate and hassle to use

And tech staff definitely were looking for a way to streamline the systems they needed to
manage and maintain.

With this many voices, each with their own perspective, decomposing the problem took

some time. Abstracting the non-essential issues was also critical to the process as I am
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sure you can imagine the numerous non-essential topics that could distract us from our

problem solving goals (students who didn't like the food, teachers who didn't like the

class schedule, principals needed more staff, parents thought the fees were too high, and
so on). After many meetings and lots of conversation the group was able to outline a set
of specifications that met the needs of all the stakeholders, and surprisingly was able to
find a solution that could fulfill those needs. Thankfully the vendor (the district ended up
selecting PushCoin, Inc) was adept at using the strategy of "separating needs from wants"
so that changes were implemented in a timely, streamlined fashion.

Although it took almost 3/4 of a school year to work through the process, the

decomposing of the problem and involving all those impacted was critical to the

success.”

Each of the three examples presented provides a valid and productive use of the three
core areas of digital-age problem solving in a context that isn’t directly STEM related. For
school leaders, STEM 5.0 and digital-age problem solving is already found in many schools
through the use of project-based learning. For schools, much as the PBL core tenants are defined
through the literature and by various supporting organizations, and many schools use common
standards for writing, research, digital-age problem solving could provide schools with a
common approach to problem solving, especially if schools are already heavily invested in a
STEM focus or in PBL. Creating a unified framework for STEM 5.0 that includes digital-age
problem solving will support teachers in creating STEM 5.0 experiences for all students without
burdening teachers with “one more thing”. For STEM schools, it also helps support the
importance of STEM without diminishing (and in fact elevating) the role of the arts and

Humanities. The emphasis on empathy in design thinking is also an important component of
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social-emotional awareness which further supports critical thinking (Arslan & Demirtas, 2016)
and the experiential and empathy components of the framework have roots in Indigenous Ways
of Knowing (Barnhardt & Kawagley, 2005)

One recommendation in this area is to translate the digital-age problem solving
framework into a more student-friendly terms, similar to how The Launch Cycle (Spencer &
Juliani, 2016) does for the design thinking process. Additionally, referencing the different types
of testing common to computer science (integration testing, unit testing, regression testing,
requirements testing, functional testing) generated good discussion in unit 5 of the MOOC, and
may deserve a more prominent place in the framework.

For Future Research

While the survey data and analysis of the discussion forums indicated that the course
content was useful in helping teachers understand concepts of digital-age problem solving and
integrating them into their practice, further study is still needed. A series of classroom
observations, over time, would be helpful in understanding how these changes unfold over time
and how student thinking, problem-solving ability, persistence, and empathy change over time.
Research and development is also needed to develop, refine, and support schools in the
implementation of a STEM 5.0 framework. Moreover, a major focus of the MOOC was to help
teachers reframe some existing practices using the language of Digital-Age Problem Solving
while simultaneously encouraging teachers to reframe how students approach problem-solving.
However, misconceptions may exist in participant understanding of how these concepts are
operationalized in practice, or a teacher may use terms in their classroom without making any

substantive changes to practice. Further study is needed in this area.
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While MOOC:s are a proven tool for professional development, further experimentation is
needed to determine how to generate more sustained discussions in courses. While discussion
posts were high quality, most of them were unidirectional — participants “shouting into the void.”
While some changes were made to the course to force participants to interact, the transient nature
of the MOOC meant that participants oftentimes did not return back to old posts, so the quality
of discussion was limited. Additionally, while micro-credentials were considered useful by the
people who completed them, very few participants engaged with the micro-credentials, even
though the projects and activities described in the forums would probably have earned one.
Further research should be considered on encouraging teachers to earn professional development
credit using micro-credentials beyond requiring them for course completion, as other Friday
Institute MOOC-Ed courses have done.

Additionally, while computational thinking has largely been the purview of the computer
science course, further research is needed to determine if wide scale adoption of computational
thinking principles can impact student self-efficacy in computer science courses, and if a focus
on digital-age problem solving with underserved populations can encourage these students to
pursue careers in the STEM field.

Revisions for Future Courses

The second run of the MOOC-Ed started on October 2, 2017. The course remained
largely the same from the first round to the second. The primary change between the first run and
the second is the unit extension activities. While the discussions in the extension activities were
very good, | tried to restructure the activities to promote better discussions. The current content

of the course can be found in Appendix F.
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In Unit 2, | originally presented the course participants with a series of infographics and
gave them an open discussion space to share their reactions to the visual appeal of the
infographic and how well the infographic told a story with data. The discussions were disjointed
because each thread contained reactions to three or four infographics which other participants
may not have seen. In my opinion, it was hard for the discussions to evolve and for participants
to develop an understanding of why each infographic was selected. In the fall run, I created a
discussion thread for each infographic, and participants all contributed to that thread about a
single graphic. Overall, I think this was a positive change. There was more engagement and co-
ideation on the various qualities of the infographic. There was one in particular, focusing on a
land bank. Many participants found the infographic hard to follow. However, one participant had
a background in the topic, and with her comment, was able to generate a great discussion about
the importance of context and audience for infographics:

“I found this infographic to be interesting. I also reviewed the posts others have put up,
and think that this may be of interest to me because I am involved with a local
Community Supported Agriculture farm, and I have an understanding of the topic they
are discussing. The land bank grows food, and the types of foods it grows are shared.
Each year the percentages may change a bit, but in general there is land for forage, cereal,
legumes, potatoes and vegetables.

This is a large farm, so they also share more specific information on how it is used. Along
with the number of sheep and cows, they share the hectares (a hectare is the equivalent of
100 acres, or 10,0000 meters) are used to grow vegetables and herbs, are used for feed,
and are used for crops and legumes. This portion also shares how much is used for

buildings related to farming, as well as the number of machines they have.
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Clearly this is more information, but I will stop here. I think that this works for me

because of my background, and I like that it uses images with very few words.”

The next change was in unit 3. I really liked the original activity, but it didn’t resonate
with participants the way | wanted it to. The activity focused on a space shuttle disaster. While
the question was worded to have participants focus on the importance of gathering detailed
requirements up front, much of the discussion focused on systems testing. Testing was covered
in unit 5, which had a failure analysis of the original Healthcare.gov website. Given the recent
political upheaval with the Affordable Care Act, | wanted to remove this activity from the course
to prevent a politically-charged discussion. Therefore, | removed this activity and replaced it
with the space shuttle activity. In unit 3, | created a new activity on voting machines, and on all
of the audiences who would need to be satisfied by electronic voting machines. This discussion
was much higher quality, though I did struggle to get participants to explore the requirements of
the voters themselves (further revision may happen for the Spring of 2018). However, there were
a lot of very good discussions in this post, and several participants indicated that it was helpful in
getting them to more deeply understand the content.

“I find myself standing back from the task, just to look at the context. I think this is a

brilliant project, which could be a complete education all in itself. The context involves

history, politics, psychology, sociology, philosophy, technology, science, security,
geography, time management.

Being charged with designing a better voting machine is a guaranteed nightmare.

The user experience is primarily emotional. Hope, fear, anger, sadness, and joy are all

part of the voting process.

Because the voting process is inclusive, the typical technology is lowest common
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denominator, making it as simple and clear as possible, however boring that may be for
some. An inclusive system like voting cannot afford to be confusing for any. (Unless one
starts out by wanting to rig the results.)

So the more people I can talk to the better. Ideally, I would want to talk to everybody,
because everybody is involved. That is impossible at anything about village level, so it
becomes a technical issue. And that means we miss the wonderful opportunity to debate
the context and meaning. | feel tempted to give up in despair.

But in class, we have that opportunity. So I would work with my students to identify what
voting is, what we could vote for, how we would vote, how to design the voting
machines. A rich process. It might not appeal to everybody. Some students might want to
shut down discussion and just get on with it ... I might feel the pressure of timetable or
deadlines ... let us talk about that. Potentially a series of good life lessons.

Please, Mark, let the politics and the history be a part of the design process. I think it is
important on so many levels. Brilliant.”

In February of 2018, the course will launch again for the third time. I will be more deeply

exploring data from the fall run, which concluded on December 22, 2017, to explore any

additional course changes that may be needed. Early exploration of the survey results looks very

similar to the first run of the course. The primary change for the spring will be a name change for

the course. Computational Thinking and Design: Getting Started with Digital-Age Problem

Solving will be renamed to Digital-Age Problem Solving: Getting Started with Computational

Thinking and Design. The reason for this change is for marketing purposes — while

computational thinking is an educational trend, the term has stuck mostly at the policy and

administrative levels. Many teachers still do not know about computational thinking and may not
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immediately see the benefit to their instructional practice. Digital-age problem solving will
hopefully erase those barriers and will attract a wider audience of teachers with less marketing
effort. Registration numbers from the first two weeks of registration for Spring 2018 are nearly
double that of previous semesters, and early observational data indicate that move was
successful.

The second change will be that the course has transitioned to self-paced instead of week-
by-week. There is a firm start date and a firm close date, and participants are being with a
recommendation for pacing as they move through the course. However, participants can move
ahead at their own discretion. The hope is to capture participants and help them engage in the
whole course early while their attention is focused on the course. Since lack of time is often cited
as a reason participant engagement wanes, the goal is to enable them to finish the course before
life gets in the way.

The third change is the development of PLC guides. A PLC guide guides adapt the course
content into a series of facilitated activities for face-to-face delivery. Therefore, an educator who
participates in the MOOC-Ed has the resources that they need to begin to spread the course
content within their schools. PLC guides have three main goals: to enable teachers who are not
participating in the MOOC-Ed to gain an understanding of digital-age problem solving, to build
a support network of teachers within a school who are integrating these practices into their
instruction, and to provide concreate examples of what digital-age problem looks like to support
high-fidelity implementation.

Reflection
Over the past few years, the Hour of Code has become increasingly popular, and state

after state has rushed to pass laws mandating computer science education. While I am a
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computer scientist by background, I worry that we run the risk of turning coding into “one more
thing”, or we are asking coding to fight for attention over some other subject area in an
extremely crowded curriculum. Moreover, | worry that coding without teaching the problem
solving inherent in computer science will create a situation where coders are commodified. As
we look at how to get the best value-add from computer science education and integrate
computer science across the curriculum, digital-age problem solving was an incredibly useful
lens for me to understand the value that computer science can bring to other subject areas
without a single line of code, and how we can take the best of computer science across multiple
disciplines. Adding in design thinking and data literacy has helped me cement, through creating
this course, one model for what problem solving could look like in the STEM world. Even after
this dissertation is complete, I look forward to continuing to develop and refine this framework,

and to look for opportunities to support educators in testing, refinement, and implementation.
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APPENDIX B: MOOC COURSE DESCRIPTION

In the Information Age, problems look different. Information comes at us faster than ever
before, and our ability to solve problems depends on us being able to make sense of and
synthesize this information. We must also design new solutions using all available technology
and tools.

Digital-age problem solving combines three key skills and concepts essential to
understanding and solving problems in the information age: data literacy, design thinking, and
computational thinking. Data literacy is the ability to analyze, interpret, and tell stories using
complex sets of data. Design thinking is the ability to understand problems and develop creative
solutions. Computational thinking is the process of expressing solutions so that humans and
computers can understand them.

Throughout this MOOC-Ed, you'll have the opportunity to dig into digital-age problem
solving, engage with its component skills and concepts, and learn how to integrate them into
your instructional practice. This course will not be heavy on coding, and you won't need to know
any code going in - it will focus on how to integrate digital-age problem solving in a practical
way into your classroom.

Course Objectives

e Understand the components of digital-age problem solving: design thinking,

computational thinking, and data literacy;

« Connect digital-age problem solving to existing content and problem-solving

processes;

e Engage in the digital-age problem solving process through simulated activities;

e Apply digital-age problem solving in a real-world context;

« View digital-age problem solving in a variety of careers and subject areas;
e Explore connections to computer science, coding, and making.

www.manaraa.com



APPENDIX C: EXISTING MOOC-ED SURVEY QUESTIONS

Table 22: User Survey Questions at Account Creation

Question Name Input Type Response Options (If Any)
Username Free text
Password Free text (must contain at

least 8 characters, at least
1 digits, at least 1 lower
case letters)

Email address Free text
First Name Free text
Last Name Free text
Country Select from list Countries with name displayed and 1SO-
3166-1 code stored
City Free text
State Select from a list States with name displayed and 1SO-
(disabled if country is not 3166-2 code stored
“US™)
Gender Select from list Male
Female
| do not identify
Level of Education Select from list High school
2-year degree
4-year degree
Master’s Degree
Doctoral Degree
Professional Degree (e.g. JD, MD)
Primary Area of Select from list Classroom Teaching
Responsibility Curriculum and Instruction

Professional Development
Instructional Technology
School Counselor

Special Education

Mentor

School-Based Administration
School District Administration
Teacher Preparation — College/University
Student (College/Graduate)
Student (K-12)

Research

Other
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Years of Experience in  Free text

Education

| specialize in the Select multiple Pre-K

following grade Kindergarten

levels: Elementary
Middle Grades
High School
Post-Secondary
N/A

Organization Type Select from list School
School District
College/University
Other

School Free text

District/Organization

Name

School Name Free text
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Table 13: User Survey Questions at Course Enrollment

Question

Input Type

Response Options (If Any)

Do you plan to
participate with a
peer group outside
of this MOOC-Ed?
(e.g. a school-based
PLC or informal
group of
colleagues)

Please select up to
three goals for your
participation in this
MOOC-Ed

Were you familiar
with the concept of
micro-credentials
or badges prior to
this MOOC-Ed?
Have you earned a
micro-credential or
badge prior to this
MOOC-Ed?

Radio Buttons

Select from list
(3 lists, one is
mandatory, all
options are the
same)

Radio Buttons

Radio Buttons

Yes
No

Course specific options (See Appendix C)

Engage in fun and inspiring activities

Exchange ideas and experiences with other educators

Collaborate on joint projects
Collect new resources or tools
Experience learning in a MOOC-Ed

Make changes to my professional practice

Earn a certificate of completion

Other

Yes

No

I’m not sure

Yes
No
I’m not sure

Do you intend to Select from list  Definitely Yes
pursue a micro- Probably Yes
credential for this Unsure
MOOC-Ed? Probably Not
Definitely Not
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Table 24: End-Of-Unit Survey Questions

Question Name Input Type Response Options
(If Any)

To what extent do you agree with the following Matrix w/ Strongly Disagree

statements? Scale Disagree

This Unit... Neutral

a. deepened my understanding of the topic(s) addressed. Agree

b. supported the application of course content to my Strongly Agree

professional practice.

c. helped me progress towards my personal learning

goals.

What changes, if any, have you made (or anticipate Free text
making) in your professional practice as a result of your  (Unit 3 only)
participation in this MOOC-Ed so far? (E.g.,

Application of new knowledge, skills, or course

resources)
What recommendations, if any, do you have for Free text
improving the user experience in this unit (e.g., (Unit 1 only)

navigation, visual design, unit organization, etc.)
Approximately how many hours did you spend on this Select froma 1-2 hours
unit’s activities? list 3-4 hours
5-6 hours
7-8 hours
more than 8 hours
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Table 25: End-Of-Course Survey Questions

Question Name Input Type Response Options
(If Any)
As a whole, how effective was this MOOC-Ed in Select from Very ineffective
supporting your personal and/or professional learning a list Ineffective
goals? Neutral
Effective
Very Effective
What was the most valuable aspect of this MOOC-Ed in Free text
supporting your personal or professional learning goals?
Overall, how effective do you feel this MOOC-Ed was in  Select from Very ineffective
preparing you to make positive changes in your a list Ineffective
professional practice? Neutral
Effective
Very Effective
Did you attempt to earn a micro-credential for this MOOC- Select from Yes
Ed? a list No
Not Sure
Why did you choose to pursue a micro-credential for this Free text
course?
In what ways, if any, did the micro-credentialing process Free text
impact your professional practice?
Why did you choose not to pursue a micro-credential for Free text
this course?
To what extent do you agree with the following Matrix Strongly Disagree
statements? Disagree
MOOC-Ed Micro-credentials are a valuable tool for... Neutral
a. Engaging in professional learning with an increased Agree
level of rigor. Strongly Agree
b. Promoting significant changes to my instructional
practice.
c. Communicating my professional competencies with
others.
d. Personalizing my professional learning experience.
e. Facilitating collaboration and communication with other
educators.
f. Motivating me to pursue additional learning
opportunities within or beyond the MOOC-Ed
What recommendations do you have for making this Free text
course more valuable to future participants? (e.g., other
resources, additional features, activities, etc.) Please
explain.
Were you able to complete all of the activities that you Yes
wanted to complete in this course? No
If no, please explain Free text
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Approximately how many hours per unit did you spend on ~ Select from 1-2 hours per unit
MOOC-Ed activities? a list 3-4 hours per unit
5-6 hours per unit
7-8 hours per unit
more than 8 hours
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APPENDIX D: NEW SURVEY QUESTIONS AND INTERVIEW QUESTIONS

Table 26: User Survey Questions at Course Enrollment

Question Input Type Response Options (If Any)

Do you currently work  Radio Yes

at a school or buttons No

organization that has a I’m not sure

STEM focus?

While coding is not a Select froma I’ve have limited or no coding experience

part of this course, it list I’ve done small coding activities (e.g. Hour of
often tends to be Code)

grouped with I’m comfortable with coding, but don’t do much
Computational with it

Thinking. Which of the I’m comfortable with coding, and code for personal
following describes your projects

comfort with computer I’m comfortable with coding, and teach it for
coding/programming? students/work activities

How familiar are you Select froma Not at all familiar

with the following: list Slightly familiar

a) Computational Somewhat familiar

Thinking Moderately familiar

b) Design Thinking Extremely familiar

c) Data Literacy

This course is being Select froma Yes

developed as a part ofa  list No

study on the

effectiveness of teaching
Digital Age Problem
Solving. Are you willing
to participate in an
interview via telephone
after the course has
concluded?
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Table 27: End-Of-Course Survey Questions

Question Input Type

Response Options (If Any)

To what extent do you agree with the Matrix (Likert Scale)
following statements.

I have improved my knowledge and/or
skills related to...

a. problem solving methods to use in
my classroom

b. the design thinking process

c. collecting and analyzing data

d. interpreting and visualizing data

e. decomposing and abstracting
problems

f. creating processes to test solutions

Strongly Disagree

Disagree

Neither Agree nor Disagree
Agree

Strongly Agree
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Interviews will use a random sampling of users who have completed at least one end-of-
unit or course survey. The questions asked will be the following, and follow-up questions may be
asked in the interview, as appropriate:

e Was the course useful to you? Why or why not?
e Was the process of completing the micro-credentials useful to you? Why or why not?
e Have you used any of the skills from this course in your classroom/context?

o Ifnot, why not?

o Ifyes, please tell me how.

= How have your students responded?

e Have you shared any of the course content with your peers?

o Ifyes, please explain.

e Do you have any recommendations for future iterations of this course?
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APPENDIX E: MOOC-ED COURSE OUTLINE
The Problem Solving in the Digital Age MOOC will include five course units, spread over eight

weeks, reflecting the Computational Design Thinking process identified in

Figure 3. Table 30 shows the timeline of the course run. Table 28 lists the units of the course,

and Table 29 lists the activities found within each unit.

www.manharaa.com




Table 28: Course Units

Unit Number  Unit Name Unit Goals
1 What is Digital Age This unit will introduce the course design and
Problem Solving? course requirements to participants, as well as

allow participants to meet each other. This unit
will also provide an overview of the design
process and computational thinking skills.

2 Identifying Problems This unit will introduce the “Understand the
Context” phase of the design thinking process,
focusing on the computational thinking skills of
data collection, data analysis, data
representation.

3 Making Sense of Problems  This unit will transition to the “Define the
Problem” phase of the design thinking process,
with a specific focus on the computational
thinking skills of problem decomposition,
abstraction, and parallelization.

4 Creating Solutions This unit will transition to the “Create
Solutions” phase of the design thinking process,
with a focus on the computational thinking
skills of parallelization, algorithm development,
automation, and simulation.

5 Assessing Solutions This unit will transition to the “Evaluate,
Reflect, Revise” phase of the design process,
with a focus on the skills of simulation and
automation. It will also serve as a capstone for
the course, allowing users to reflect on what
they have learned, and connect back to the
beginning of the design cycle.
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Table 29: Course Activities

Activity Name Activity Description

“Introduce Yourself” Introductory forum. A chance for course participants to meet each
(Unit 1 Only) other and share a little about themselves.

Unit Introduction Provides an overview of the phase of the design process and the

computational thinking skills used in the unit. Includes a video of
practitioners in various fields using these skills in their professional
practice. In unit 1, this is an overview of the three elements of the
digital-age problem solving process.

Digging Deeper Toolkit of resources on the topics introduced in each unit for
participants who want to learn more or review background
research. Users can view and rate the resources in the library.

Simulation Activity Provides an activity for the teachers to engage with the skills
introduced in the unit as a learner and reflect on the process.
Brainstorming Discussion forum for teachers to identify how they could use the

Classroom Applications  skills introduced in each unit in their classroom/professional
practice. This forum serves as a chance for teachers to refine their
ideas before heading in to the micro-credentials.

Micro-credentials Allows teachers to demonstrate evidence of application of the skills
in the unit into their professional practice.

Unit Survey/End of

Course Survey
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Table 30: Course Timeline

Week Unit 1 Unit 2 Unit 3 | Unit 4 | Unit 5

1 Current Unit | Unit Opens

2 Current Unit

3 Current Unit | Unit Opens

4 Current Unit

5 Current Unit | Unit Opens

6 Current Unit

7 Current Unit | Unit Opens
8 Current Unit

The current unit is the one that will be highlighted and actively facilitated for the week. A

unit may open earlier to enable people who wish to move faster to do so. All units will remain

open for an additional 6 weeks after the end of the course to enable stragglers to finish.

Registration will close after week 6. After the 14" week, the course will become read-only so

that users still have access to the resources, but cannot generate any new material.
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APPENDIX F: MOOC-ED COURSE CONTENT

This appendix contains the introductory and “digging deeper” content from each unit.
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Introduce Yoursalf]
Intreduction

What Is Digital-Age Problam
Solving?

Dig Deapar
Discuss: bn My Classroam

Unit Feedback

Coursa Homa

Computational Thinking and Design - Spring 2017

Introduction

/2618, 3T PM

[ #¥ Liston to a Podcast | # Asad a Transcript |

A Save To My Bookmarks

Rate this Video:

Aworage -utfralmgl M l.22 Subemittad)

“An architect is taskad with creating & now
‘towm square that is reflective of the town's
histary and can sarve as a gatharing placa for
tha citizans of tha town. What should this look
lika?*

"¥ou are tasked with callacting data about the
sproad of the flu virus and halping keap
communitios safe. What do you noed to know,
and how do yau shara this information with
the public?™

s factarias continua to madarniza, tha rols of people working an tha factory
floor changes. You are called in to & factory to design machines that can parfarr
repatitive and procise tasks while shifting tha employoess arcund o complata
spoecialized tasks that machines can't do. What does this modernized factory loa

lika 7"

“Craating prosthetics and assistive devicas for children is extramaly time-
consuming and expensive. Alsa, kids don't get to use tham for lang bacausa
thay grow toa quickly. Is thare a way ta provide childran with the devicas thay
nsad?®

Whila thoss scanarios thamsabeos are not new, new tachnologiss and mindsats now allow us to approach tham in wary diffarent

ways:

» 30 maodaling allows the architect to interview constituents and make refinemants to thair design in real time. The resulting
product can be more responsive to tha neads and concemns of the townspeople.

¥ Incroasingly procise and complax robotios allow machines to complote tasks that until recently could hava bean anly
accomplished by & human being. As a result, employees on factory floors are required to have an increasingly complex and

technical skillsat.

» Elactronic haalth records and tha risa of Big Data allow us to map tha sproad of the flu in near real time and prodice how it wil

continue to spread.
* 30 printing allows tha icon of plastic p

choaply, quickly, and by anyena. In addition, 3D scanning technalogy

allows for a high degrea of accuracy in detarmining fit.

In the last 18 to 20 years, nearly all fislds have beon radically altared by new tachnologies. More fundarmentally, cur approach to
probisms has baen changed by these technologias. W ara now able to make much grester use of data and technology, and, as a

hitps://place fi.nesu edujmad|videares sureaview. phptid=4077
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rasult, we ars now abla to Eerate on problems much fastor.

This course will examina how problam solving has changaed in the digital aga. During this coursa, we'll discuss soma of the
strategios and tools that are koy to digital-age problem salving. You will have tha chanos to iin activities and brainstarm
classroom applications, and seo how roalwarld itioners aro tadking thesa chall in thair daily work.

Each unit contains some background infarmation, intarviews with practitioners across o variety of careers, and opportunities for y
to dig deeper, lsam mors, and engaga with your colleagues. You should feal fres to engage with the material in the way that work:
best for you. f you're familiar with a topic, feal froe to skip it. Fyou want to lsarn mare, feal free to spend tima in the Dig Desper
sactions in sach unit.

Course Format

Unit 1 of the cowrse focuses on background and “big picture® ideas to sat the stage for tha course. Units 2 through § will foous on
digging much more daaply inte the contant. Each unit will consist of three major components:

» Explora Concepts - This is your opportunity to lsam about digital-sga problom solving skills and sxplore the coursa concepts
more depth.

* Emgage as a Leamer - Each unit will contain an activity in which you will ba able to angage with tha concepts of digital-aga
problom solving directly by them in simple activities.

» Connect to the Classroom - In tha forums, wa will have the opportunity to take everything we hava lsarnad and brainstarm
haw we can bring thase concapts back to the classroom.

Course Reguirements

You can sarm a cortificats for 10 professional leaming hours by lating the activity and icipating in the two di sion foru
in sach unit. An opportunity to sam an additional 20 houre of credit oxists through tha completion of micro-credontials. Micra-
cradontials are a form of assassmant that let you sam recognition by demonstrating competency in a partioular area. In this cours
wou'll have the opportunity 1o complete up to six micro-credentials on the coursa content. Each micro-credential will ask you to tal
a componant of the courss matarial, apply it in your ol v sicenaal and reflact.

Unit 1 Goals
In this unit, you will:

» Dofina "Digital-Aga Problam Solving® and identify its cora companants.

* Loarn morn about dasign thinking, computational thinking, and data litoracy.
» Introduce yoursalf to othar course participants.
» Bagin to brainstorm how you can use digital-age problam solving in your classroomfconbat.

hitps:{fplace.fi.ncsu. edu/mod/videoresourcefview. phptid=4077 Page 2 of 2
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FRIDAY ) - ' -
i@ Computational Thinking and Design - Spring 2017

Introduca Yourselt What Is Digital-Age Problem Solving?

Introductizn Throughout this course, we will ba using the tarm “digital-age problem salving®. Whila this course is among the first to use this

term, it's probably something you've heard of or exparienced bafora.
What Is Digital-Age Problem

2 Digital-age problem solving is a torm we're using to describe the collection of the skilles and i fired for d to be
e able to identify, frame, and solve probl in the Inf jon Age. Al iwaly. you can think of this in ancthar way: Using
Dig D . tachnoiogy and dats ta halp soive problams for psopia.

Thera are throe essential skills and strategies that make up digital-age problem salving, and we will axplora them in dapth
Discuss: In My Classroom throughout the course: 1] design thinking, 2J computational thinking. and 3] data literacy. To help you bagin to understand the
ralationship batwaen thase skills and strategies, take a look at tha graphic below. Tha gray areas reprasent sorms of the practical

Utnife Fipcbimck skills that students will nead to demonstrate at the imtarsaction of the cars skills and stratagies.

Coursa Homa

DIGITAL AGE
FROBLEM

SOLVING

Click on the tabs balow to learn more about Design Thinking, Computational Thinking, and Data Litarscy. You can find mora
information in tha Dig Deaper section of this unit. And, of coursa, we'll spand the rast of the coursa digging much deepar into all o
these concepts]

Design Thinking Cormputational Thinking Diata Litaracy

Design Thinking

Design Thinking is a stratogy to sohwe complex problems and develop human-contored solutions.
Design thinking diffars from traditional problem salving practices in key ways:

» Emgaging in design thinking is about focusing on tha sofution being devaloped and naot the problem or the process.
* In traditional design, problams are solvad for paople, whoreas in design thinking, prablams ara salved with people.

Irruiga: Sxanfund Unbvaraity dachesl

hitps:/fplace fi.nesu edufmed) page iew. php2id=4067 Page 16f 3
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» Design thinking encourages design without constraints and boundarias, and encourages failure as mechanism for improving
and iterating an the final product.

Mary problems in dosign thinking ara ill-defined, or nat immadiataly clear. Consider the example of the town square from tha

I duction page. A traditicnal approach would ba to examine how successful town squares have bean croated in other places, a
to than simply replicate that design in this town. A design thinking approach, on tha other hand, would invalve going into tha tow
and intarvipwing citizans. You would seok to laarn what thay would want in a gathering plaos, how it could be usaful to them, how
could banefit the community, and what it should look like. While tha i may T othar s. ful town squares, they
would usa them as a refarence point, and not as the guiding madal for the work. They may also collect other forms of data —
including statistics, measuramants, and survay feadback — to inform tha design.

Once & designar has a clear undaerstanding of what's needad, only then do thay bagin to define the requirerments and brainstorm
salutions. Thay should use all of tha data that has bean collacted sa far and brainstorm potontial solutions. Unlike traditional dasig
which is wary linsar from start to finish, dasign thinking is much more terative. Once the designer has created a fow potential
salutions, they'll take it back to stakeholders for review, feedback, and refinement. After seweral rounds of this, it may be time to
develop and evaluate a largar protatypae in the real world. The designer may undargo soveral rounds of iteration before arriving at

final product.
ey Points:
» Design thinking focuses mare on developing solutions for people than on implementing goneric solutions.
» Design thinking goss ugh ph of ing fesdback and dats, using the data to identify the problems to be sohead,

devaloping pratotypes, and testing solutions. Feadback from key stakeholdars should be solicited froquenthy.

* Phasos of the dosign procoss are itorative and oyclical — revision aftor fendback is critical. In dasign thinking failura isn't an
end, it's an oppartunity to refine and create something battar.

» Design thinking focuses on divargent thinking — genarating and exploring as many ideas as possibla before narmosing down
to & solution,

Computational Thinking
Computational Thinking dascribes tha thought procassas involved in expressing a problem and a solution in ways a machine (aith
human or computer] can understand and implarment.
In doing so, it's assential to ba as specific and attentive to detail as possible — skipping any stop will result in unexpected results.
During this course wa will axplors the following core computaticnal thinking =kills:

» Decomposition: Broaking down a problam into its componant parts.

» Abstraction: Removing axtransousfimalevant datails from a problom to dafine the elements of a solution that are consistant.

» Pattern Recognition: Looking for cormman alemants among different cases of a problam to help us define tha rules that we ca
usa ko solve it

» Creating Algorithms: The detailed, stop-by-step rules wa usa to salve a prablam in @ consistent and replicabla way.

* Evalustion: Detarmining tha affectivenass and efficioncy of a solution and whether the solution accurately and procisaly sche
the problem.
Caonsidar this in the context of our factory ple. In ordar to iina what pr can ba sutormated, you would first nosd

examina tha factary floor and lsam about the manufacturing procass. Tha first step would bo to understand, in detail, sach stap in
the procoss fram start to finish. You would koop breaking down staps in tho process until you couldn't go any further. This is an
example of decomponsition.

Onca you have identified sach of the staps, you would next detarmina the "general cases® for each step. For example, i your facto
makes picture frames, you would need to know that the hanging wire needs to be attached at a certain place based on tha size of t
frama. This is whara you are engaging in abstraction and pattern recognition.

Finally, it is tima to put sverything back togathar by creating algorithms. You would dofine at sach station, step by stop, what pithe
the parson ar the machine would do. Algorithms must be incredibly datailad — an algorithm is much less instructing a machine to
attach a wira to the frama, and much more choreographing avary single movemant that the machine makes.

Onca your machines and your people are complating their algorithms, you would need 1o evaluate your results — tast for srmors &
raviza as neaded (hopefully with a minimum of broken glass).

Data Literacy

hitps:/fplace.fi.ncsu. adu/mad/page view.php?id =4087 Page 2 of 3
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infermation

technical
1

Inmuagea: Linitied Pattices Date Asneidivon Geiup
Data Literaoy is much mare than being ablda to "do statistics®. Data Literacy doscribas:

» Collection: Baing able to collect qualitative and quantitativa data. Much of tha design process involves interscting and
dasigning salutions for people. Therofore it's critical to ba abla to turn cormarsation and cbsarvation into useful data, along
with the numbers.

» Critical svaluation: Thanks to the Intarnat, data and information is incredibly sasy to come by. Howavar, much of this data is
incomplata, biased, or flat-out false. Data Litarscy involess baing able to oritically analyze data for sccurscy and impartiality,
and to be able to triangulate conclusions wsing multiple data sources.

» Technical ability: The ability to analyze and imarpret data, both quantitative and gualitative. This includes both "small data®
such as interviows and surveys and extremely large datssats caormmanly known as “big data®.

* Display and shareability: Tha ability to surnmarize and reformat data to tall a story and share data in ways that aro bath
objectiva and easy to understand. This may include tha creation of graphics to represent data.

This is espocially imporant for students on tha Internot. As all of us increasingly get cur news from social maedia, the stories wa sz
tend 1o the the ones that validate our awn world views. Baing able to go 1o the data and detarmine what is true and what is not is

onp of the advantages of having access to the Internet. Students will nead to know how to ba able to determine if the information

that they ara reading is sccurate or biased by going triangulating facts using multipla data sources.

Additionally, considar our flu vinus example. Thanks to electronic health records, we can map each new case of the flu in near real
tima. Additionally. data shared by marchants allows you to identify whara thore are unexpected spikes in medications to troat flu-
like syrmptorms. Finally, by analyzring Google Trands data, you can sae whars poopla are searching for various symptorms of illnass
By corralating these data sats, you can sae whare tha flu is prevalant, and whare it may strike nooct. Data litoracy is about being abl
to retriava and understand this data, syrthasize the data from the various sources, and use the data to make an informed
hypathesas. Additionally, someona wha is data litorats would also be able to synthasize all of thase data in such & way that it can |
wasily shared and understood by athers, for sxampla, on tha evening nows. While data litorsoy is important by itsalf, it's also a witz
slernent of both design and computational thinking, because making informed decisions means collecting good data.

hitps:/fplace. fi.nesu edufmed) page view. php2id=4067 Page 1of 3
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FRIDAY
|

Computational Thinking and Design - Spring 2017

Introduce Yoursalf]

Dig Deeper

Introduction Loarn mare about the companents of digital age problem-solving by explaring the rescurces balow. You may explore as few or
45 many rascurces as you would ke,

What Is Digital-Age Problam
Sohding? Click on the thres tobs below for resources related to & jonal Thinking, Design Thinking, and Data Literacy.

Dig Doapar
Computational Thinking Design Thinking Drata Litaracy
Discuss: bn My Classroam
Computational Thinking

Unit Feedback
Courss Home %Cﬂmpulﬂiuni Thinking

Barthor: Joannatta M. Wing
This apinion pisca, from the Asscciation of Computing Machinary, is tha article that started the modern discussion on
Computational Thinking. In it, Wing begins to lay out why Computational Thinking is an assantial skill for avargona.
Fiate this resource: (Awerage: 4.3 / 12 Submitted] -+ -+~ -+~ N Bookmark this Resource  Share |
@'_:j Computational Thinking for Al
Barthor: Caralyn Sykora
Source: [STE
In tha 2016 ravision of tha ISTE skills for studants, Computational Thinking was included as ona of the new ISTE standards. This
rasource hub contasins definitions, getting startsd guides and resources for taachars, and schoolifistrict lasdership. Fres rogistratic
is requirad.
Fate this resource: (Average: 4.5 / 34 Submitted] | - - -, -+ R Bookmark this Resource Shﬂrl|
é_hsﬂuilg Problams at Googla Using Computational Thinking
Source: Googla for Education
This vides sharas real-world axamplos of computational thinking componants in use overy day at Googla, using Google Maps and
Gaoagla Earth as an scample.
Fiato this rasource: (Awerage: 4.7 / 18 Submitted) . -+ -+ N Bockmark this Resource  Share |
é}j Exploring Computational Thinking
Source: Googla
Gaoagla's rasource hub on computational thinki lotn with lessan plans, axamples problams, and instructional matorials.
Fiate this resource: (Awerage: 4.6 / 13 Submitted] © -+ -+~ N Bookmark this Resource  Share |
@'_DBBI: Bitosiza: Introduction to Computational Thinking
Source: BBC
The BEC has developed a computer science curriculum for K-12 students in Groat Britain. This section foouses on computational
thinking skills.
Fato this resource: (Aworage: 4.3/ ¥4 Submitted] | - - -1 - N Bookmark this Resource Shara |
a Bringing Computational Thinking 1o K-12: What is the Rola of the Computer Scianca Community?
Barthor: Valaria Barr and Chris Stephenson
Source: ACM Inroads
This saminal ressarch study sttempts to clarify what the rols of computaticnal thinking is in K-12, dafine core skills, and connect
thosa skills to what toachers ara doing in tha classroam.
Rata this rasource: (Average: 4.3/ 10 Submitted] | - - -, - - R Bookmark this Resource Slurnl

hittps:/fplace.fi.nesu adufmed/resourcalib/view. php?id=4088 Page 1of 3
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Design Thinking

é_:]wh-tll Design Thirking?

Source: Soan VanGendaran

This brief animation providas an ovarview of what Design Thinking is and how it diffars from traditional design.
Fata this resource: (Average: 4.4/ 7 Submitted] . - - -1 -. N Bookmark this Resource Share |

é-:jphipl Healthcara Consulting and Design Thinking

Source: Philips Hoalthcara

This vides, produced for Phillips Haalthcare Consulting, provides a brisf overvies of their experienca with a Florida clinic. Pay
attpntion to how the values of the clinic ane visible in the new space, and how woices which may otherwise ba ignored am alevate:
through this process.

Fiarte this resource: (Awerage: - - -1 -0 - - N Bookmark this Resource Share

@j Design Thinking Comas of Age

Barthor: Jon Kolko
Source: Harvard Businass Review
In this articla, John Kolkn disousses how dasign thinking is transforming tha workplace.

Fate this rasource: (Awerage: 4.3 / 3 Submitted] . -1 -1 -+ - N Bookmark this Resource Share |

é:]llnk'mg Failure Mara Praductiva

Source: Harvard Businoss Roview

Anjali Sastry and Kara Pann, authors of Fadl Battar, offer a three-step approach for harnassing failure.
Fatn this rasource: (fworage: 4.6 / 4 Submitted) | -1 -1 -1 010 N Bookmark this Resource Share

@jd_ﬂml K12 Lab Matwork

Source: Stanford Dasign School

This rasaurce, from the Stanford Dasign School contains sarmple projects and facilitator guides, == well as opportunities to engage
with K-12 sducators ancund the world engaging in Dasign Thinking.

Fate this resource: (Awerage: 4.5/ 2 Submitted) | - -0 © '. © N Bookmark this Rssource Share |

@:_ IDIign Thinking for Educators

i this and tha toalkit in tha uppar right comar of this websita. The toolkit contains graphic organizars,
lasson guides, and rescurces to help toachars gat started bringing design thinking into the dassroom.
Fata this resource: (Sverage: 4.8 ! § Submitted) R R N Bookmark this Resource Sharn

@Hmwmﬁﬂgn Thinking in Class, Stop by Stap
Buthor: Anne Stovans
Source: MindShift, KQED

This blog post contains & set of | y askod questi for taach sbout engaging in design thinking in their
classrooms.
Rato this resource: (Aworage: 4.7 / 7 Submitted] | - - -0 -+ N Bookmark this Resource Share |

é‘j Design Thinking with Elamantary Students (First Grade]

Barthor: David Lea
This vides chroniclas a design challange for first gradars callad "Define the Ultimats Animal®.
Fata this resource: (fwerage: 4.9 / B Submitted) et tr e v A Bookmark this Resourcs Share |

E‘j H students dasigned thair own schools_..

Barthor: Charles Tsai
Thi kst small town in Amarica experimants with solf-directed leaming at its public high school. & group of studants gets to croat

https://place fi.nesu adujmad/resourcelib/view. phptid= 408 E Page 2 of 3
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thoir own school-within-a-schoal and they learn only what they want to loarn. Dooes it work? Charles Tsai finds out by spanding a
woak with the Independent Projoct.
Fata this resource: (Swerage: 4.7 1 3 Submitted) BT Ve B e N Bookmark this Rssource Sharn |

an-ﬁuﬁnn. Imagination and tha Fires Within: Dasign Thinking in a Middle School Classroom

Barthor: Maursen Carroll, Shalloy Goldman, Leticia Britos, Jaima Koh, Adam Royalty, and Michaal Hornstein

This 2010 study by ressarchars at the Stanford University Dasign School sxamines tha benafits of design thinking in a middle scha
contaxt, spacifically on student creativity and perseverance.

Fiarto this resource: (Awerage: 5/ 2 Submitted) . -+ - -+ - M Bockmark this Resource ~ Shars |

Data Literacy

E‘j What Is Data Litaraoy?

Source: Data-Pop Allianca

This animation explains ona definition of data litaracy croated by the Data-Pop alliance, a collaboration of several univoersities
exploring uso of "Big Data® to determing ways to promote social goad.

Rato this resource: (Awerage: 38/ 8 Submitted) | -+ -7 -1 -1 - N Bookmark this Resource Shars |

é_:]Thl.lgu of Insight: Telling Starias With Data

Source: Googla Nows Lab

#As data has becorme more prominent, it has changed the face of journalism. In this video, pionears in data joumnalism speak about
the rele and importance of using data in reporting, walk through some axamples of their work, and share their thoughts on whare
the industry is hoadad.

Fata this resource: (fwerage: 4.6 1 § Submitted) iy trie e N Bookmark this Resourcs Share |

é‘j The Aga of Data Litaracy

Barthor: Uldis Loiterts

Source: TED= Talks

How doas gur brain process stories and does it like data? YWhat about the combination of bath? Uldis Loiterts alaborates on the
guestion of bringing the information — and the stories to the peaple whila capturing their attention on contant with the help of
infographics.

Fate this resource: (Average: 3.7 / 3 Submitted] © -+ - -1 -. N Bookmark this Resource Share |

@j Data Journalism Handbook

Bathor: Jonathan Gray, Liliana Bounegru, Lucy Chambers [Editors)

In many ways, data litaracy and data journalism are complimentary. This handbook is dasigned for dats journalists who are now
the fiald and contains background, tips and tricks, and practical examplas.

Fata this resource: (fwerage: 4.8 / 2 Submitted) o v v v A Bookmark this Resourcs Share

"';j Big Data Apvolution

Source: MPR TED Radio Hour

Onca invisible details of our lives can now be tracked and turned inte data. Will this maka lifo sasior or mare complicated? How wi
big data reshapa the warld?

Fiate this resource: (Awerage: &/ 3 Submitted) . - - -+ -+~ N Bookmark this Resource ~ Shara |
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it saavms pratty straightforward. Food is sitting in the window upwards of ten minutes bafors it's being senvved. Obwiowsiy,. tha
peopls working here aren't any good and need fo be firad.®
Whila this might be tha right conclusion to draw (particularly an an empty starmach), it is likely that there is mora going on than
mpets the eye. Whila it's human nature to immadiately jump to a problam’s soluticns based solely on its symptoms, it's also
possibla that the symptoms might be the result of a variety of problems which may or may not ba immadiataly clear. Yes, the

rastaurant may have issuss with staff parformance. But sincs no one comas to work wanting o do a poor job, wa should dig a lietl
bit deapar into tha problam. ..

It's possible that the restaurant may be understaffed, or the staff may not be propedy trained. It's also possible that they have ona
sarvar cavaring all of the larger tables, or that they have table sssignmants that require the server to run all the way across the
rastaurant. Tha food window might not ba visible to the sarving staff, or it might not ba cloar that an arder requires their attention.
Thera miay evan be a combination of thess possibilities happening all st onoa. Based on this, it becomes clear that bafors you can
begin to identify a problam, you have to understand the context.

ou can think of the contaxt as the warld in which a problam resides. Problams arise from tha intaracticns among paople, systarms
ser Dasigning ions to thase p 15 requiras a thormough undarstanding of all of the paople, systoms, and emvironms

that maka up the problem, and == wall as an understanding of how thesa interactions can causs (or expose) differant problems.

Samp dasign procasses refer to this phasa of the procass as the "Empathy® staga. Empathy is an assamial alamant of good dasign
and it must rarmain contral to tha design process in order to fully undarstand the context of a problam. You can't design solutions i
the abstract - you have angage problems first-hand, axparisnce thair richnass, and develop a relationship with the peopls imoles
In this course, wa include ampathy == pant of “Understanding the Contaxt”™ bacauss wa not only noed to understand the concams
and noeds of the peopls involvad, but also how thase peopla interact with othar aspects of the problerm, and how this interaction
will inform potantial solutions.

Unit Goals

In this wnit, you will:

hitps:/fplace i nesu edufmed/videaressursefviaw, php Yid=4095 Page 1 of 2
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» Explore the data collection process.

» Undarstand tha nead to sxplore the contaxt of a problem bafors trying to saolbes it
» Discuss ways ta data to

» Apply dota collection strategias in the classroom.
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Introduction Learning from Data
Lsaming from Data #As educators, it's likely that you've heard the phrase “data rich and information poor” at some point in your life. This phrase
capturas the very raal risk of colleating a large quantity of data without gonarating an actual understanding of tha problam. [n this
Activity: Telling Stories with Data igwn, wen will wallk ugh a data inwastigation cycla stop-by-stap using a real problam as an exarmple.
[y . rer—— Imagina that youw ann asked to build a gardan for your school. The gardan will grow fruits and vegatablas that can be sold at cost i
cammunity citizans who nead sccess to inecpansive frash food. Though hypothatical in this cass, this actual sconario is playing oo
Discuss: Data in tha Classraarm in schoolks all aver the country, and is a groat example of digital-age problom solving in action.
Collection

Eam Micro-crodantials
The first step in the process is to collect data. In traditional research, you start with your guastionis] in mind, and atternpt to find o

Unit Faedback callact data that answoars your question(s). In a digital-age problem solving context, however, you collect data for the purpase of
developing your quastions. In fact, you will ba collecting additional data throughout the antire design oycle, latting this data halp
Coursa Homa guida any maodifications to the quastions you are asking. Additionally, designers mix qualitative and quantitative data, and use a

wariaty of datasets to ansurs that they can find multipls data points to validate a conclusion or indicate & nosd.

» Cuantitative data ara data in the forms of s and statistics. O itative data may coma in tha form of data collected
fram survays, research, frequancy counts, exponsas, locations, et
» Qualitative data are data that ane nat typically byzod ically, but rather through trends and pattorns that amarnge in th

collection. Qualitative data may coma in the form of intarviews, obsarvations, written documants, e,

In gur garden example, you might want to collect data about soil and sunlight conditions around the school. You might also seak ¢
public data sourcos abouwt tha average temparatura and rainfall at difforent times during the schaol yoear, what crops could ba graov
given the conditions, characteristics of an ideal garden, and what supplies you might need. However, bocausa designers are also
forusing on designing for real people, a designer would want to go out into the community, tali to tha people who are actually the
ones who will purchase the fruits and vegatables, and find out what they noed. This may include asking abouwt thair currant diet an
finding out what fruits and vegatablas they know how to cook with. it will also likaly involve finding out if this is a sarvice that thay
would actually nead and if there are amy patential obstaclos to themn using it. Thera are no “wrong questions®, and it is abways
possible to colloct more data as new guastions arise.

Analysis

All of thesa data together would toll you what orops you can grow, what orops you should grow, and what is needed to get these
crops out into the community. At this paint the sacond phase of the data collection procass begins: data analysis.

In this phase of the process, you process all of tha data that you oollected. You begin by reviewing all of the qualitative data that w
collacted and look for themes in the data {this is known as grounded theoryl. In the process, you would also usa a variety of
statistical techniguas to organine and review your quantitative data. Whila this can invohe mors advanced statistics, you can often
get what you nead from looking at a simpla g b ‘two d Wou can lsarn mora about thess terms and ideas in
the Core Resources ssction of tha unit.

The mast challenging part of this process is often in identifying how to link two unmalated data sets (e.g., average tomperatura and
avaraga rainfall) to a third dataset (e.g., ideal crops for a spedific location]. This will be done diffaremtly depending on the data
callacted, but the simplest procass is typically tha most ideal. Tha result will likeky be o data sat that is incomplata, and you’ll find
wourself noeding to collect more data to incorporate into your analysis before you procosd furthor.

Interpretation

After your data hawve boon analyzed, you will turn to the interpretation phase of the data collection process. In this phase, you are
lnoking at your datasat in arder to try to figura out what the data are telling you.

In tha interp ion phasa, it is i to bo awars of biasas. In & nal istics, bias is hing that wa try vary hard ta
t's impartant to not let our own biases influsnce our imerpretation of tha data, the opinions, biases and parceptions «
our stakeholders are an important and vital source of data that should be included as a part of cur data collection and should
influsnca our intarpretation of it. Whan infrastructurs projects are built, many peopla who are in faver of a project don't want the
project to disrupt thair commuta or create too much noise at their housa. It's important to hoar and consider thase concarns in tha

final design.

hitps://place fi.nesu. edu/mad/page view. phplid=2008 Page 1af 2
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In order to genarate buy-in from stakeholders in the process, it's important to share interpretations of the data once thay have beet
llacted. Thase rep ions may take the form of y rop infograp iva stories, or through making data
ilable in datab or data And while you may share raw data with your stakeholders, it's more likely that

they will ba focused on what you've leamed from the data and what you've identified as a resulting noed. In dasign, these

ies would be taik to the specific stakeholder group, and used to both validate your interpretation and to collect
additional data.

In our school garden example, it would make sense to shars a list of the crops that could be grown compared to the crops that
potantial clients might want to buy. If food insecurity is an issue in the ares, you would want to show data to validate the garden a
a need. Additionally, your design could be further informed by othar trends that you happenaed to identify in the process of collecti
and analyzing the data (i.e., community hoalth statistics, diatary concerns, etc.).

Because correlation does not equal causation, we would conduct a8 lysis at this point to determinae if the needs wa
identify ara actually the noeds that exist. Oftenti in schaol gard: i bars are rel to purchase frosh fruit:
and vegetables not because they don't noed them, but bacause they don't know haw to cook with them. It's critical for a designer {
understand thase root causes when identifying problems, which will be covered in Unit 3 of our course.

Action

Once the need has beon identified, it is time to use the data to take action. This is the process of using the data to help inform
solutions and to evaluate rasults, which will be covered in much groater detail in Units 4 and 5. From a data collection standpoint,
these are additionasl places to collect, analyze, and interprot data. Onos you build your garden, for o, which crops Iy
grow well and which ones don't? What do people buy? What other needs have you addressed by creating your garden?

h Ipl fi.ncsu.ed d/page/view.php?id=4096 Page 2 0f 2
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Intro-duction
Dig inl Introduction
Activity: Milas Apart and “During my doctor’s appointmant, the doctor ssked me fo describe my symploms, followed by 8 whole bunch of questions. | tha

Kilomstars to Go_.. had to go back for lots of tests and spaak with a few spaciaiists. Finally, affer weaks of waiting, [ was abls to get a diagnosis®

This prooass, though frustrating, is Digital-Age Problam Solving in action. Befors rendering a disgnosis, tha doctor had to sngaga
Cark Risumiss a process of data collection, gathering qualitative data from spaaking with the pationt along with quantitative data from the |ab

. . rasults. Cnoa the doctar had ancugh data to triangulate possible causas, only then ware they able to render a diagnosis.
Eam Micro-crodantials

Digcuss: In My Classroarm

Unit Faedback

Coursa Homa
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A Save To My Bookmarks
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It may ssam stranga that wo're halfway through a coursa on problom sohving and yot wa have yot to actually sobes anything. It ma
also ssam countarintuitive that we've broken down collecting data and defining problams into two ssparate units. Tha reasaons for
doing so should become clearer as this unit (and coursa) progresses. In the last unit, we fooused on collecting data along with tha
importance of baing attentive to the many potential scurces of data that exist. Now wa turn our attention to the essantial process
actually translating thase data into action. By breaking these out into two steps (and comesponding units), we halp ansure that wa
arp collecting data without having to maks it fit into our preconceived notions of the situation. However, as always with design

thinking, thesp staps do not axist in iselation and aren't intended to ba moved ugh saqL y. Far iplo, it's likaly that at
sarma point in tha process you will detormine that you need additional data.

Considar any of the cases we have discussed thus far. Onoa we have collected data we are going to ba much more capable of
idamifying the actual problem. You may find that you identify ona or mora “high leverage™ problems, which is a problam that can
addirass many or all of the concerns raisad by the data. bt is also possiblo that you will identify sovaral smaller problems, with sach
neading to be addressed individually (or with some link betwsan them). It's aiso likely that the problam is something unexpectad ¢
is roally just a symptom of a larger problem. In tha digital age, problems are often complax and rmulti-faceted, and requina lots of
work to idamtify with precision. And even once you have identified prabl additicnal data callaction will probably be nocossary

Computational Thinking Strategies
Computational thinking providas us with a fow strategies to help identify problams:

Decomposition
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Decomposition is tha procass of breaking down of problams inte thair smallest parts. Sormetimes it's impossible to braak a proble:
down complately, but tha genaral goal is ta hava sach component of the problam addrassed separately whila also praserving the
relationships armong differant alements. This may take differant forms, but may look somathing like this tree diagram:

I .

Abstraction is tha procass of removing extraneous or irralevant details from a problem in order to maka it simplar and mora sasily
understoad. Altarnatively, abstraction is the act of creating g cases by i ying common across a variaty of
situations. For axampla, consider a new distribution lina at a company lika Amazon. At most modemn distribution facilities, machin
doal with containors that hold abjects, wharsas humans doal with the specific items to prapara for dalieery. Far the machine, the
type of itern is irmelevant - it onby neads to know the location in which the item is stored. For the human, tha the only relevant facto
is tha size and/or tha waight of the item. The spacific item - whathar it's an HD TV or a 4K TV, for exampla - doesn’t matter for tha
purpases of packing and shipping. This idea s directly 1o the dootor from Unit 1. A person who comes to a doctor's offics
rmay have a varioty of symptormns that are irrelovant or sescondary to an ilinass. The doctor neads to lsam how to discard thesa fron

Abstraction

considaration whan making their disgnosis.

=
Unit Goals
In this wnit, you will:
» Explore the process for defining a problom basad on data.
» Conduct a root causa analysis.

» Explore the computational thinking skills of dec ition and abstraction.
» Apply stratogios in tha classroom.

hitps:/iplace.fi.nesu sdufmod)videaressurce/view, phptid=4108 Page 2 of 2
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Introduction Dig in!

Dig inl “IF | wears givan ong four fo save the planaf, | would spand 59 mi fafining the probiam and one minute resoiving &7 -Albar
Einstoin [passibly, accounts diffar)

Activiry: Miles Apart and

In Unit 2, wa disoussad the process of collecting and analyzing data in order to undorstand the peopla, armvironmant, and structura
impacting & prablam. Wa hava now reached the phase of the proceass whoro wa actually dafine the problami|s) wo want to addross

Whila thora are many ways to do this, we have cutlined one process for you hare.

Kilomatars to Ga...

Cora Aesourcas

Eam Micro-cradentisls Step 1: Conduct a Root Cause Analysis

a tha conclusion of the data anahysis, hopefully soma problems will smarge as the primany ones. The first stap, howover, is to
ansura that the problams that you hawve i i ara the root p For pla, somstimas studants parform poorly on tase

Unit Fasdback not because of acadomic ability, but because of environmantal facters such as a lack of food or sleap. Thus, scadermic tutoring ma:
winld minimal dmmic gains for the student, as it doas nat addrass their actual neads (i.a., tha root problam).

Discuss: In My Classroarm

Courcs Homm A fishbone disgram is a useful ol 10 halp illussrate this process. Balow is & partially-complatad exampla. Az the “head” of tha fish

the p ] that's boan [i.e., “Bad coffen™). In sach block across the top and battom are tha people,
anvironmental factors, and structures at play. They can be goneral (a.g., propla, procedures, efc.) or spacific |e.g., Johnny,
purchasing department, atc.), and are represantad by long diagonal lines with armows pointing 1o the center. The straight horizonta
armows pointing towards thase lines [a.g.. the “bonas™] ame either the symptoms of the larger problam or ather probloms that are
componants of the larger problem. Tha smaller diagonal lines broak these companents down furthaer. Based on your data oollectio
continue this process going along wntil you can stop answaring “winy® [you may nead to still collsct additional data).

Too rauxch
e

"‘.\ - % T sy
\ "Tl‘ T preund:
\ -'Ll'ﬁ'lm’ 3 Flier
7 T
F ) Bl ermam 4 Dty cups
f o ) Erewtme oo Bad coffe

¥ [
Bad . ?..r cupdated e . -r::{ﬁceml
Liks dorvt by gk y mooug
o

Imapge via Wikipadia

& igh it's cou intuitive, tha p ‘that designars and [ s are vary raraly tha ones at the haad of the

fish. Thay're the ones along the smallast level of arrows. Soma prablams are called *high-leverage® bocause solving a fow of tham
could potentially impact the entine systam.

Step 2: Decide Your Scope

When you begin to identify problems, it becomes increasingly tempting to want to fix all of them. While this might be possible at
timas, it's likaly that you'll heve to pricritiza those that are most important. Thare are four key considerations:

https://place fi.nesu edujmad/page fview. phplid=4202 Page 1of 3
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» What's tha simplast problam to address? Somatimas it can ba best to tackle the sasiest problom first.

* What probloms are tha highest leverage? In othar wards, what problems can be addressed that will have tha largest impact o
the system as a whola?

» What are your essantials? Thare ara cortain alamants of a systarn that must ba addressed in ordar to ssa amy prograss in tha
ovarall procoss.

The fourth consideration is a litthe more complicated. Design thinking is. by its very nature, imended to be unconstrainad. Givan th
designars ara ancouraged to think of possibilities iraspective of the system as it curmantly axists. That said, thare are insvitably
going to ba constraints that can't beignored. With this in mind, It is halpful to define the problems based on whethar or not they a
in your “sphara of + “sphara of ir i or "sphare of contral™:

» Problams in your "sphera of concarn® are problems that impact you but ar beyond your control. For exampls, many designa
in schools get bogged down in the issus of insufficient funding. If you wars to dafine this problam as thers “not baing snoug
money.” you might quickly find that this problom excosds your ability to influsnca it. That doesn't mean that you shouldn't tny
but simply that you would want 1o consider dafining your problem in a way that works within these constraints.

» Problams in your "sphera of influsncs” are outside of your dinect control, but can be addressad by peopla in your natwori.
Thase probloms are usually vary sasy to address by ansuring all of your stakeholders are at the table.

» Problams in your "sphera of cantrol” are problams whare you have immediate acoass to everything required to bagin working
on a salution. This makas salving probloms a little oasier, but makes it much more tampting |and makes the procass move
rmuch faster] o fargo stakehaldar input, potentially resulting in a lack of buy-in fram thosa who might foel excluded from the
Procass.

In ganeral, mas: prablams will have componants across all threa of thesa sphoros. As a rasult, it's important to consider how you
might bring the right praple into the design process at the most advantageous times.

Step 3: Write it Down!

Once you hawe decided on the scope, you can begin to write it down. In this staga, the process itself is mon impartant than the
product itsedf. It's not important for the problam to represented in a refined manner - oftentirmas at this stage a drawing or doodis
will complately suffice. The impartant thing is to summarize your scops along with the alemants of the fishbone that you plan to

el Skatchnating is a popular hiad in this process, but an cutling will work just fine for those who might ba loss artistically
inclined.

Step 4: Create User Stories

In Unit 2, wa discussad the topic of “empathy.” and ona way of empathizing in the design process is to create user stories. Those
stories can halp guida our problems to enswna that the parsonal parspactive isn't loss in tha process. Usar staries can be spacific |:
named individual] or mors genaral. The typical format is ¥ am [person] and [probiem they'ra having) because [sympfom ]
Tharefora, | nead . For exampla, "l am a high schoal student and | have low tast scores bacause | do not havs adequate
nutrition at home. Therofore, | neod sccess to haalthy food on a daily basis.” When sclutions are developad, they should address
wour user stories. Multiple usar stories will overlap, both in terms of the probloms they face, and tha noads thoy have - that's to b
expected and is validation that you're covering a problom from all perspactivas.

Step b: Decompose and Abstract

Loaking across all of your planning docurments, tha next stap is to create work streams to begin to create solutions. This process
begins by grouping everything craated so far by thair common features or charsateristics. Frorm this paing, they can be broken

down. In computer scienca, this is known as fi i d position, as p arn baing broken down by thair componant
functions. A flow-chart is usually the best ian far this
https:{fplace.fi.ncsu.edu/mod/page view.php?id=4292 Page 2 of 3
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In thess examplas, a functional tearn could ba formed to addross some of the elerments in thase charts imoro will be discussed on
this in Unit 4].

Part af this i “Ak 1.7 In al ing & prablam, imral dotails ama duded and carr
are idantified land what type of excoptions existl. For axample, if our student is struggling in school bocausa they don't have
adoquats accass to food, wo noed 1o croate a casa for how to ensure that all students have snough 1o aat. We could decompasa th
furthar by identifging that we noed to address food sccess both in school and out of school. While it's important to address tha
neads of sach student individually, creating genaral cases allows us to create solutions with tha farthest reaching impact.

botwoan problam:

https://place fi.nesu edujmad/page fview. phplid=4202 Page 3 of 3
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Introsduction

Introduction

ig I
Dig In Bertie County, Norh Caroliing, is predominantly an agricultural community. Dosgite this cormmunily foous, it is also considared &
b a food desart. Much of the population ved in poverly, and the antire county had only ona grocary sfore with limited accass &

Discuss: Brainstorming
fresh, local produce. So local leaders decided to beild & ity farmars’ markel run by and for the local population.

Core Rescuncas The scanario depictad sbove isn't o hypothatical one — this was a real design project undertaken by lecal high school studants
working on the Studio H program, and was dapicted in the award-winning documantary i ¥ou Build Ir. After angaging ina

Eam a Micro-credential process of data collection and problems dafinition, the students identified this challenging problem 1o attempt to sobve. A1 aach
stap of the design and build p tha v d ineut fram the community, collactad more data, and mada revisions

Disouss: In My Classroom to thair design basad on the fasdback that they received. lf's important to underscors the distinetion in this process: in design

thinking, you are designing with your staksholders, whersas in traditional dasign you ara designing for tharm.

Unit Feedback

Ar this point in the course, wa've angaged in a process of data oc ion and |p 1 definition. Mow, it is finally time to start
Coursa Homa crawting solutions.

Computational Thinking and Design - Unit 4 - Introduction

[ ## Liston to a Podcast | # Asad a Transcript |
A Save To My Bookmarks

Ratn this Video:

Average of ratings: 3.8 {4 Submittad)

The core principla of design thinking is human-centered design. In this typo of design, you are attempting to sclva real problams f
roal ppapla. As a result, evary solution will ba spacific to its individual Far la, a house designod for a larga family in
rural arsa would be different than ona for an individual person in a densa urban arsa. The problem that has been identified neads
be responsive to the data that has boen collected and the peopls who will be impactad by your solutions. When creating solutions
stakoholdars should always be dlosely invohved, having the opportunity to provide fesdback and suggest ravisions. Dasign thinkin;
is by its very natura erative, so you should slways be ravisiting your original findings, collecting mora data, asking more questior

and refining your dasign.

In the previous unit, wa discussed the computational thinking skills of I: and . Onoa p hawe boaan
decompased, you'll then face the challenga of having to addrass them. In computational thinking, the procass of defining which of
wour procedunas will run simultaneously is raf i to a5 parallelizati

hitps:/fplace.fi.ncsu adufmod/videoresourcefview. phptid=4313 Page1of 2
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Theso stops ara aro often v pr in Iwas and requirs thoughtfulnoss and creativity. In computational thinking, a
sat of steps to complate a task are referred to as an algodthm. In computer sciance, algarith ara oftan st by detailed (o.g..

rmove forward 30 matars, stop, turn right, move forward & maters, etc ], wharsas with peopla thesa staps can ba a mors ganaral.
Eithor way, all good algorithms reflect a series of steps that any person or maching can implemant axsctly the same way avary tim
In tha upcoming sections of this unit, you will lsarn more sbout designing algorithms to solve real problems with human beings &
the cantar.
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Introduction Dig In!

Dig Inl Designing Sclutions
i this staga in the dasign procoss, wa have immested significant amounts of tima and anargy in order to undarstand what our

stakoholders nead from whatewar solution wa idantify. Wa have defined thoss reguirements, identifisd the problams, and
d aspd tham inte tasks. Aftar all of this work, we can finally get to create something new. Soma design modal

Discuss: Brainstorming

Cora Aesourcas

braak cut the "designing solutions® componont into twoe soparato ] and p ing. Sinca thoso two
companants an intricately intarbwined, we are including them together.

Eam a Micro-credantial

Bayond awarything already shared in the coursa, there are four key idarations for designi it in & design thinking
Digcuss: In My Classroarm cantaxt
Unit Fasdback 1. Throw things againet the wall: It's unusual [and potantially problematic) for thare to ba only one solution davalopad and
agroad-upen sclution. The first stop in dasign thinking is to croate as many ideas as passibla — soma of tharm will ba bad,
Coursa Homa somo will ba unfeasible, soma will be overly complax or will miss soma of the requiremants, and mast will be thrown out.

Howewer, whan all of the ideas ara laid out and reviewsd, a small number will probably stand cut as promising. But all of the
other ideas on the tabla may seres to improve the standouts, sithar immediataly or later on in the prooass.

2. Fallure is & leaming experence: Dasigns fail and not all ideas are workabla. However, in design thinking, every failurs is an
oppartunity to refing future dasigns, learn what doesn't work, and gat additional feadback. For that reason, it's important that
the team has a shared understanding that no idea is too crazy and that no work is useless or discarded.

3. Designs are iterative: In traditional design mathods, a finishoad product is presanted for svaluation. In design thinking, ideas a
prasentad in unfinished forms soveral timaes during tha design process. Feedback from stakeholders is solicited and designs
arn tastod. Changes an mada frequantly and sarly in the process.

4. Usos rapld prototyping: It's sasior for peopls to react to somathing thay can soe clearly. Rapid pratotyping is o technigue wha
designers create simpla, sasy-to-create protobypes to test designs and feedback for futurae iterations. Thay may ba a set of
drawings, a 30 print, a wnit of functionality in code, a mock-up of a finished product, atc. The general idea behind rapid
prototyping is that you are creating a simplified varsion of the product for the purposes of gatting fasdback and making

improvarments.

This is an imansive prooass, and it's important for designers to resist the temptation to start building immadiatahy. While this
feadback cycle can ba frustrating, it is ulhti v tha most sial part of the p ifor and taschars alika). Itis
important to return to the data and our stakeholders oftan — to make sura that the things that wa build work for our stakehaldars,
rmnat the requirements, and salve the problams that we have identified.

Parallelization

#As solutions are being created, it's logical to break them wp inte small pieces that can be addressad separataly or by diffarent war
teams. In computational thinking, the prooess of idantifying tasks that can be run in parallel is called parallelization, and tasks ara
saquanced in one of thres ways:

1. in paralis!. Problams that can be approached in paralled rely on work stroams that can be undertaken at tha same tima becaus
the wark on one straam won't conflict with another. Thare are times, howavar, when the order in which workstreams compla
is importamt, and results can vary if thay am not done in a particular order. In paralle] tasks, a race condition occurs whan the
rasult of one or mors tasks depands on the order in which thay complate.

2. Sequantially or serially. Tasks are undertakon one at a tima. Whan one task is complete, tha next one can bagin. This is
genarally slower, but is necessary in soma cases. Sequantial tasks are tasks completed one at a time in a specific order. Seria
tasis aro done ona at a time, but order dossn't matter. Tasks are usually complated sarially dus to a lack of rescurcas, and an
usually completed saquentially becauss the ardaer in which tasks are complated is important to the result.

3. Paraiiel-soquential or pa ial. This is ially o ination of tha bwo previous approaches. Tasks are grouped, and
aach group is completad in parallel. Within the group, tasks may ba complated sequantially, sarially, or in parallal.

Cooking provides us with great examplas for all thres scanarics.

1. Cooking meat and vagetables for a meal can be done in parallel lie., thay usually happan at tha same tima but in diffarent
dishas). H you're using a slow cooker, you may be cooking sevaral things in parallel, but the ordaer of completion doas matter
(tha meat can’t finish cooking too rmuch eariar than the potatoas or it may not tasts good) which may result in & rscs
condition.

2. Decorating a cako is samathing that happons sequantially — you have to bake tha caka, cool tho cake, and docorate the caks
in that order. And satting tha table is dona serially — whother you put the plates out first or the glassas dossn't matter, but y

probably don't want to do both at the same tima.
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3. The entira procass of progaring, cooking, and serving the maal is a series of parallal-sequential and parallal-serial pvents.

Algorithm Development

Within aach task, it may ba necessary to create an algodthm. An algorithm is a detailed stop-by-stop set of nules or proceduras to |
followed. Wa follow algorithms every day. whother wa are driving to wark, baking a cake, grading papars, or playing a board gami
Algarithrms have hwo main charactaristics:

» They are specific. Don't skip stops (alscc don't maks ¥ ). Consider the classic pla for teaching about algorithm
rmaking a poanut butter and jolly sandwich. Whila we assume avarpona knows that they have to opon the package of broad &
gat the bread out, an algorithm would make no such assumption. Gatting a piece of bread from the package involves picking
up the package. remaving tha twist tie, opaning the package, reaching in, grabbing a piece of bread, and remaving it from th
package.

» They are Giwan i i ¥ ar anything that imp rts an 1 waould achi

exactly the same result, avary tima.

Algarithrms genarally consist of several alomants:

» Tha individual s staps in the algori
» Conditional statemants [iffelso). Conditional statemants are decision paints within tha algorithm that allow E hing —
differont routas to ba taken in the algorithm based on if a condition is true or falsa. For example, i¥ the trafific lght is rod than
stop, othanwise, keap going.
» Loops which define that a sarias of steps should be repaated sither a cartain number of timas (repaat 10 times), or until 2
i changas (drive ight ahmad until yow ses 2 gas station on pour mghtl.

Flowcharts ara a graat tool for displaying an algarithm. In computer scienca, the following shapas are used in a flowcha to haelp t
readar understand sach slement:

Marme Symbol  Purpose

Orwal ar Circla Il' ) Denotes tha baginning of an algarithm; may aslso be used to denota the and

Daoubla Bax D“ Donotos tha end of an algorithm or a stop point

Flow — %  Indicates direction of the flow of the algorithm
LineRay

Parallalogram ||’ 7 Rapresants input or autput recaivad in the program

Ractangla | Denotes a procass that the program will canry aut

Diamand Denotes a conditional dacision point; typically will have one flow line entering and twa leaving (om
for & trua condition, ona for falsa]

Irruageas: by Dirwin Cinisk Db wizei) [OC BY-68 &5 wia Wikirrveatin Comrenons

Considar the following madical axampla balow. & doctor may usa this algorithm to determinag if the patient is 2t risk for weight-
ralated illnass. Tha doctor will begin by assessing the BMI and taking maasurormants if noeded. Based on risk factors, thoy'll maks
degisions about how best to advise the patient.
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Imagw vie Wikipacia
Algorithmic thinking is » oritical of i (and arguably math and sci ing 1). They g | princip
of algorithmic thinking is that nothing happ by accident or by magic — that every output is a result of clearly defined inputs
following a clearly definad p in math. ics, for lo, it is usoful to both identify the type of problem to be solved, and

from that dats, identify the specific step-by-step method to be used {for
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Solving: ax?+hx+e=0 Start

Declate wariables a, b, ¢ oand d
Dreclare x1 and 22

l

| Fead the values for a b, andc

Display
Mo Eeal Answer.
Fedl to take the  [ves ke
st [
Negative value. Vo
[Root 1: 21 = (b +sqre(d))f(eay | | Diplaythe
answer, 1
| Boot 2: 22 = (b - sar(die*a | —
=0
b
Display the roebs i
The tweo roots, xl and =2
# Ead [
I i Chid Sgeunslty
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Intreduction

Introduction

Dig In: Building a Tasting Flan
Tha failure of tha Samsung Galaxy Note 7 is one of tha most significent product f@ilures of the past few years. The Nofa 7 was

Astivity: Lisaming Frosm Failurs widaly anticipated, sxpsctsd to ba axtramady popular, and haralded as a stap forward in mobile phone tachnology. Howavar,
shortly after s started recaiving thair raports started to amarge of phonas catching on fire. Dospite 2 sarias of
Cans Risstarnsk countormoasures and recalls, oh continuad fo loaa. Making the problam worse was Samsung's inabilify fo racreats the
failure in their labs and fo identify @ resolution. Thay were forcad to recall and scap the phonas ot @ cost of bilions of dolfars. Th
Earm a Micro-credantial phonas ware banned from air travel {and airlines kad to purchass spacial fre-containment gaar in case someona brought one o

board amywayl and cellular providars aventually banred them from their networks.

Dipuas: b Wy Claenocin Whils Samaung did & thoraugh job of tasting the cornpanents of the phons [and the phons itssH), ey didn't do 36 In resl world

Activity: Putting It All Togethar mndrtl-unl - ﬂ'wﬂndh:l-multl'-n IBQIII-I'II'I':B"IB I:I'fﬂ‘ll.l.llli of tha phone. This failure cost Samsung significantly, and could
potantially have compromisad their standing in the mobila phone market.
End-of-Course Survey
Computational Thinking and Design - Unit § - Introduction
Daowrnload Your 10-Hour Cartificate

of Completion

Course Home

[ ## Listen to a Podcast | # Read a Transcript |
A Save To My Bookmarks

Rato this Video:

Avaerage of ratings: 4.5 |2 Submitted)

In education, assessmant has a stigrma attached 1o it that wa're going to ask you to put aside for this unit. The stigma of tasting an
assessment in aducation and in other fields make testing and assessmant tha most maligned, misunderstood, and overleoked
alermant of the design process. Dasigners aro often tempted to skip tasting and maove on o the next thing, and can sormatimes ba
afraid of the failures mads visible in testing. However, rigorous testing enables dasigners to croate tha best possible product and
craate somathing that peopla are axcited about using.

In a design thinking wnt is and 8, WOrsus iti went, which is lin dosigr
thinking, failure is an opportunity for growth. With sach testing and fesdback cycla, there's an opportunity to iterate and tweak tha
design to make tha praduct bettor with each round.

Whila testing and assessmont is tha last unit in cur course, it isn't the *final* componant of the design process — it's simply the no
phasa. Aftor tasting, wo may decide our product noeds to be different or we may need to collect mara data, in which casa we waul
move back to those particular phasas of the design proosss. The goal is to repeat the process until you have something that is don
and ready for usa. During testing, you should also ba collscting additional data. In seaing how users interact with the product or

sarvica, wa will have additional data that may ancouraga us to modify our dasign or original conclusions from our data collection.
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Anothar kay of dasign thinking is that solutions should ba easy and obvious for end users to navigats, so tasting with
actual users is vital. For this reason, many software companies increasingly furm to public bata testing for additional feedback.

Thera are two computational thinking skills that are useful in evaluation:

» Simulation allows us to oreats models of cur real-world salutions that are realistic but aasier to creats and implement.
Simulation allows for testing of a solution to ba completed, while still allowing the design to ba sasily tecaked if noeded.
Exarmples of simulations include model making, banch testing, and 30 printing.

» Butomation is the ability of machines to complete repatitive tasks. Automation is bath a way of creating a salution and an
evaluation maasure. As a salution, wa officad tasis to a machineg or system of machines to be complated. But wa can also us

Ly inas to test i idar a p bility spinner to test for randomnass) or a rig to tast 8 naw farming systam.
Automation usually allows rog iwn tasks to ba platad faster and mare consistontly than can be dona by humans.
https:{fplace.fi.ncsu edufmeod) videoresourcafview. phpTid=4338 Page 2 of 2
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Dig In: Building a Tasting Plan Whila testing is introduced in the final unit of the course, it is important for designers to enter the design process thinking about
testing. In @ design-thinking context, a project isn't considerad "completa® until it has gona through several rounds of testing and

Activity: Learning From Failura rovision. A carnprehansive testing plan halps ersure that the product will work as anticipated and meoat tha user requiremants. In
computer sciance, thare an five phases of testing: unit testing. integration testing, system testing, acceptanca testing, and

Core Rescurcas ragression tasting. Whan a dasign fails testing, it will usually ba dus to ona of thros failurs types: failwre of requiremants, failura of

design, or failure of implementation.
Eam a Micro-credantial
& key diffarentiator in design thinking is that dasigners usa testing ta refine their ideas and products and create better outoomas.

Discuss: In My Cl - Testing halps us identify and improwe our systems — a “failure” does not indicate a deficiancy or inadequacy of the system, but
rathar an opportunity for making the systam better. Additionally, in all digital-age problam-solving contaxts, testing and evaluatior

Activity: Putting It All Together is formative — it should ba done sarly, often, and consistently. Bacausa avaluation is a key to iteration, we never want to go too fa
into a project bafore conducting real-time ions.

End-of-Course Survey .
Testing Types

Dowmload Your 10-Hour Cortificate Unit Tesﬁng

of Complation

Unit teesting is the most granular level of tosting. Unit testing is whare aach individual componamt of tha final system is tasted in
isclation. This is a way to ansure that sach individual componant is functioning as anticipated. In computar programming, aasch
individual function will undargo wnit testing. In auto mechanics, this is whers sach individual component of the car would bo teste
individually to ansure that gach componant is working as axg ing. wa oftan do unit tasting to test each of tha
alermants of our lesson plan to ensurs that they are guality activities that our learning objectives.

Coursa Homa

In lasson pl

What unit tasting looks like will vary based on the typa of application. But consider a simpla programming function that detarming
if & numbar is odd or even. & unit test plan would ba similar to the tsble balow — thres columns, ona for the input, one for the
expocted result, and one for tha testing result. In a difforant typa of systom, you could substitute “input® and "output” for othar
similar words liLe., "stimulus® and "responsa”, "action” and "result®, ste.]. The kay companents of a raliable wnit test remain the
same:

» Tost emror cases. [ is technically an even number, but it's an unusual case that needs to be tested. A non-integer value should
alsa produce an amar.

» Tost a variety of inputs. Tasting 2, 4, and & arp valid, but what happans if you inpur 2,822 423 388 5127

* Tost all possible cases. If your function has cases to output "odd®, "avan®, *srmor®, and "not an intager®, you should develop to:
cases that will produce sach rasult.

» Try to break it. In a function like tha one dascribsed, could the computer round the number? It's important to test to make surs

Inpart Expocted Output Actual Output
o Evan
2 Evan
4 Evan
282 24REEAA4AL Evan
-2 Evan
-BB4TERA416358 Evan
11418 Mot an integer
Mot an integer
Mot an intogar
3 Odd
AER4ETEI2T Odd
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Hallo world] Errar

Integration Testing

Integration testing is tha procass of tasting the largor systorm by connocting several *functional units” togathar. In cur auto
mschanics axampla, integration testing would tast that an antire subsystom of the car works as it's supposed to (i.e., if all of tha
pans of the transmission pass unit testing, does the entire transmission function as expected in unit testing?). The testing scenaria
design for integration tasting are wvary similar to wnit tasting. Just as in unit tasting, it's important 1o test all possible outosmes for
the program as woall as anti-axamples (when usars do something wrong or unexpacted). Additionally, in integration testing. it is
possibla for arors to ba introduced in the interactions batwean functions, which may maks them harder to diagnosa. Considar the
spaon shuttle axample from Unit 3, whare ona function expacted metric units and tha othar axpacted Imperial. Each would hawa
pa=sad a successful unit test, but would have failad an intagration test. It is also possible for sach activity in our lassons to ba grea
but for tha antire lessan to not come together as wall as wae had hopod.

Requirements Testing (Systern and Acceptance Testing)

In computar scisnca, reguiramants tasting is split up into fwoe companants — system and sccoptance tasting. Thay 're the samae,
except one is done by the designor and tha other by the end usar. In a digital-age problem-solving contaxt, this woeuld be done
callaboratively, evan if separataly.

Reguirements testing ensuras that the final systerm meets the initial requiremants. In Unit 2 of the course, we discussed “dafining
the problam® and decomposing that problam inte smallar elements to ba solved. Reguirernents testing compares the design and
functionality of ouwr salution to our initial reguirements and helps us determina if the design we have created actually sabees the
problams wa have identified.

Usar storias are an essential cormponant of this process. |deally bafora the solution is created [so as not ta bias test planning), a
saries of stories are created that define the way a user would interact with the systemn. For sach user action, tha story identifias tha
expectad resction from the design. It's impartant to design user stories for all possibla users, and our smpathy maps are great too
ffior creating thesa storias. Usar storias usually follow a format such as *l am a and | naad ta da sol

and should happen_* Thera may ba many of thesa cards for sach type of users, including failure cas
(what happans if a user can't or shouldn’t do somathing thay may want to do). Getting feedback on user storias directly from the
ond usar is critically important in the dosign procass to idontify both missing requiremants and failed user tasts. In a lesson plan, 2
raguiremants test is the test of studant undar ling, admini: luations, salf- oec.

Regression Testing

Sinco dasign is itorative by naturs, it is possible that somathing that was working is broken by changes alsowhara in the systam.
Regression tasting is a plan, usually inwolving re-running integration tests and reguirements tests, to ansune that no new failures a
introduced by a changa in the systam. Using cur car axample, whan we are rapairing our car transmission, wa may socidentally
disconnasct tha windshisld washer cabla.

Failures

Whila failures and iteration are important alomants of the design-thinking prooess, undarstanding the reason bohind a failure is
sssantial to resobing it

Tha first tea failure types ar “misoallaneous cases™

» Fallure by design: Espacially in designs whera safaty can be at risk, some systems will be designed to fail if a cortain serias of
conditions aoour. But also, evan in simplar systams, designars might choasa to build in failure points for usar exparisnca or
a wariaty of other reasons.

» Fallure of asssssment validity: Your system may or may not work as expected, but it fails tasting becausas tha sxpected result
of the tast ara not cormect. Somatimas this may be a lack of undarstanding or a mistranslation of how the system is supposed
to work for the purpose of genarating test casas, or a typo or similar arror can create an assessmant which is invalid.
Aszassmants may also not sccurataly maasura the systom they are testing. Additionally, many unit and integration tests ara

so that a comp may perfarm many tests guickly and automatically. An arror in the tasting systam can causs a
false arror in tha unit test results.

The following throa failure typas are failures st the different layers of the design process, starting with the most granular:

» Fallure of imgd fon: This typically occurs at the unit- or intagration-testing phase. A failura of implementation means
that the design of the system may ba correct, but an amor in ona of the functional units [tha implemantation of the design] is

causing an mmor.

» Fallure of design: The raquiremants may ba gathared appropriately, but tha design created is flawed or does not meet the
reguiramants or sabee the problam.

» Fallure of mquirements: This is the mast commaon failune, and the hardest one to identify. A failure of reguirements cocurs
becausa our initial data collection and ition was missing key data or incomplate, designars didn't cormacthy

idantify the problem fram tha data, or the data wa gathared was not clear ancugh to develop a workable solution to tha
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problom. Maow requirerments may also come ta light based on unforessan complications or the sysform may work as oxpoactod
but be non-abrious to the end users.

Onca the failure type has boen identified, it's important that we keap our deasigns and everything wa've learned, maks a plan o
addrass whatever issuo we hava idantified, and iterate. If our design or requiromants aro invalid, it may ba necassary to ratumn to ¢
oarlior phase of the process and bogin again. It's parfoctly reasonable in a digital-age problam-solving process that our
reguirements will be incormplete to start with, and we may iterate on a flawed design several times bafore amiving at a solution the
works woll. However, good designars will also be aware of scope-creap. With oach iteration, stakeholders will be tempesd to add
additional raquiramants to any systam becausa it's an “incrermental changa®. Howewer, mainly through expariance, good designan

larn whan a requiroment is a and W ion to a project, and whan it simply moves to a new project.
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