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ABSTRACT
Computational Thinking continues to gain popularity and traction within conversations about
curriculum development for the 21 century, but little exists in the literature to guide the inclu-
sion of Computational Thinking into curriculum outside of K12. This Delphi study seeks to fill
part of the gap in the literature and instantiate conversation in the Higher Education community
about the importance of CT as a topic, and how it may be approached formally in curriculum de-

velopment.

Over 3 rounds of Delphi panel deliberation, several interesting and informative themes
emerged related to issues of domain expertise, interdisciplinary collaboration, and ensurance of
quality and integrity of computational knowledge, attitudes and practices through curricular initi-
atives. Additionally, potential solutions and vehicles for delivering strong outcomes are identi-

fied and discussed, through the lens of Landscapes of Practice (Wenger, 2014).

Keywords.: Computational Thinking, Higher Education, Curriculum Design, General Education



Chapter 1: Computational Thinking

In the emerging, highly programmed landscape ahead, you will either create the soft-

ware or you will be the software. It’s really that simple: Program, or be programmed.

Choose the former, and you gain access to the control panel of civilization.

— Douglas Rushkoff, Program or Be Programmed

Developments of technology over the last century have dramatically increased the de-
pendence of human beings on computers, systems, data, and automation. The increased use of
technology has changed aspects of life in many ways, the implications are only now beginning to
be realized and understood. Smart phones, tablets, computers, and an increasingly more-diverse
pool of chip-powered, connected devices, offer affordances that are able to leveraged towards
personal, professional and even societal gains. New forms of interaction between people and
technology have provided solutions to challenges and simultaneously created new challenges and
opportunities for new ways of working, living and thinking.

One highly anticipated area of technology-fueled growth, which is expected to lead to in-
creased opportunity for those with the required skillsets, has been termed the Internet of Things
or (I0T). The 10T, represents significant increase in connected, networked, intelligent-devices,
will create opportunities of many types (Feng & Yang, 2012; Gubbi, Buyya, & Marusic, 2013).
Gartner Research forecasts “that 6.4 billion connected things will be in use worldwide in 2016,
up 30 % from 2015, and will reach 20.8 billion by 2020 (Gartner, 2015, para. 2). The increase
in products and services related to the design, building and maintenance of these objects is ex-
pected to create demand for workers who will be need to be able to solve new types of problems,
from issues of personal data-privacy, to the inevitably large load that the increased number of

connected-devices will place on network, communications and data infrastructure. The McKin-



sey Company estimates the impact of [OT on the global economy may be as high as $6.2 trillion
by 2025 (Bauer, Patel & Viera, 2014) providing opportunities in the form of jobs and entrepre-
neurism which didn’t exist previously.

Embodied in these advances in technology and the resultant increase in human-computer
interaction, are a new set of skills and knowledge which only some students are being adequately
prepared with. Rapidly evolving technologies and industries mean that even more so today, and
increasingly so in the future, students entering systems of formal education around the world are
being prepared for environments, critical elements of which may be yet-to-be imagined. As
technology becomes more affordable, more powerful, and more ubiquitous, the relationships be-
tween human beings and computers continues to evolve in ways that create new and interesting
challenges and opportunities.

What knowledge, practices, and attitudes should be taught that will promote positive and
productive interactions between human beings and technology? What will it take to thrive in this
increasingly more technologically integrated world? Broad questions such as these are com-
posed of an even larger number of detailed, yet critically important questions, such as; does eve-
ry person need to know how to code, and is knowing how to code even enough to ensure a path
to success? For an increasingly larger number of people, the answer to these questions and others
is the idea of Computational Thinking.

Computational Thinking (CT), was popularized by Computer Science professor Jeanette
Wing in her 2006 article which boldly proclaimed the importance of a new skillset and way of
thinking that didn’t exist previously, and was a direct result of affordances of the tools and prac-
tices of Computer Science. Since the article was published, research on defining, assessing and

teaching Computational Thinking has been funded by grants from the National Science Founda-



tion (NSF), and the attention of top scholars and researchers at leading institutions and education
technology organizations. Though no unified definition for Computational Thinking exists and
there are disagreements about the nuances of its definitional composition, work towards the
teaching and assessment of Computational Thinking is being researched in practice at a number
of schools and institutions across the world.

Unlike the strong focus on K-12 education in Computational Thinking research and liter-
ature, little has been written to guide the incorporation of Computational Thinking into curricu-
lum in Higher Education. The lack of published consensus of experts within the literature about
basic questions like, how should Computational Thinking be taught, by whom, and how should
students faculty and staff be held accountable for the acquisition of Computational Thinking
Skills, Knowledge and Attitudes?

In addition to the lack of published research in Computational Thinking within Higher
Education, the very nature of curriculum development in Higher Education pose several addi-
tional challenges to the implementation of any large-scale coordinated effort in curriculum im-
provement. The primary difference between the development and management of curriculum in
Higher Education and K12 is the large degree of autonomy enjoyed by professors and faculty at
institutions of Higher Education around the world.

Institutions of Higher Education are largely autonomous in the creation and management
of curriculum, with ongoing accountability to accrediting bodies that are expected to oversee the
quality and integrity of degree granting institutions. These accrediting bodies are empowered
through the ability to approve distribution of government funded student financial-aid, a critical
element of revenue for all Higher Ed institutions. Accreditation from regional accreditors are

granted for periods of time punctuated by reporting and visitations by special representatives of



the accrediting organization to inspect and verify the agreed upon criteria for accreditation which
varies per accreditor and institution, drawing some criticism and calls for consolidation.

Nevertheless, within the periods of accreditation, faculty, college leadership and academ-
ic governing bodies are free to update, manage do what they please with the curriculum, without
Common Core Standards, requisite standardized testing regiments, and college admissions re-
quirements as a downstream director of energies. Because of this, faculty and students in higher
education have had more freedom to determine curriculum, and simultaneously less pressure to
do so which has led to a wide variety of levels of quality, rigor and approach across institutions
even teaching and certifying knowledge in the same subject matter.

This curricular freedom and lack of tight regulatory oversight, combined with a fractured
domain-centered organization of people and departments across typical college campuses make
initiating cross-curricular interventions particularly difficult. In the past, efforts to include Writ-
ing Across the Curriculum, or to integrate Critical Thinking or Cultural Competence within the
curriculum on a larger scale have struggled notably and provide examples of similar efforts from

which to learn from.

Purpose of Research

The purpose of this research is to fill the gap in the existing literature and instantiate
meaningful dialogue surrounding inclusion of Computational Thinking in the curriculum in
Higher Education. Selecting a panel of experts with relevant knowledge and perspectives in
Computational Thinking and Higher Education Curriculum, and Education, provides an oppor-
tunity for rapid synthesis of ideas, and the possibility of developing consensus on issues im-

portant to CT in Higher Education.



Research Objectives

The Research Objectives for this study are:

1. Determine expert consensus regarding how computational thinking should be includ-
ed in the curriculum in higher education.
2. Based upon the established consensus, elevate recommended best practices and/or

frameworks that support integration of CT in the curriculum in higher education.

Conceptual Focus

As a conceptual focus for this study, social-interactions between groups and individuals
will be framed within the larger window of Social Constructivism (Richardson, 2003), and dis-
cussed through the lens of Landscapes of Practice (Wenger, Fenton-O'Creevy, Hutchinson, Ku-
biak, & Wenger-Trayner, 2014), in which interactions between individuals and groups within
and across disciplinary boundaries are described and explained in terms of intersecting Commu-
nities of Practice. “Communities of practice are groups of people who share a concern or a pas-
sion for something they do and learn how to do it better as they interact regularly” (Wenger,
2009, p. 1) . It is within these social structures that important social interactions occur which are
governed and mediated by the knowledge and applied practices of a particular group, organized
around a common domain.

Within Communities of Practice, concepts of knowledge and identity are intertwined
through expertise that is distributed throughout social and cultural relationships, artifacts and
practices. Within the greater construct of Landscapes of Practice, boundary objects help to medi-
ate understanding across boundaries where different Communities of Practice intersect, and de-

scribes artifacts that have relevance across these very noticeable and impactful boundaries of



practice. With great skill and care, positive interactions may be intentionally facilitated by sys-
tems conveners, people with currency and credibility across landscape interactions.

Within the complex interdisciplinary nature of inclusion of Computational Thinking
within the curriculum in Higher Education, there exist opportunities to broker Boundary Encoun-
ters through Knowledgeability of systems conveners whose actions can bring groups together or
push them apart. Speaking to the strength and social uniqueness of each person’s Community of
Practice, Brown (2005) write;

When you share a practice, or when you have evolved a practice together, and you have

learned to read each other, and know what each other is really good at, and because of

that shared practice, there is a kind of trust and common ground that is built up, so that
basically knowledge circulates amazingly well within a community of practice, but usual-

ly not beyond. (p. 80)

According to Brown and Duguid (2001), this stickiness of knowledge is a strength for the com-
munity, but a barrier for those from the outside.

Because interactions at these boundaries are in part, defined by differences in perspective
and opinions across intersecting communities, both individual and their relationally defined iden-
tities are challenged and re-evaluation often occurs. Throughout our individual journeys through
Landscapes of Practice, and as we integrate and disintegrate our affiliation with certain commu-
nities, our identities evolve to build upon our existing experiences, we become complex and mul-
tifaceted beings with conflicts that require intentional mediation and attention. Through the lan-
guage of Landscapes of Practice, Wenger et al., (2014), help provide valuable insights into the

need to manage ones’ identity while traversing complex landscapes of practice.



All of the aforementioned aspects of interaction between practicing people and groups
have applicability when describing and exploring the tensions that exist naturally when multiple
disciplines interact, particularly when disciplines are required to interact through an externally
mandated curriculum change. In the university environment where groups of faculty are orga-
nized through disciplinary groups, within discipline-based departments, and where student are
educated largely in single discipline programs, the idea of interacting disciplines and practices is
particularly relevant.

Significance of the Study

It is an interesting and dynamic time in the evolution of formal education; particularly as
more and more change in educational practice comes in response to technological innovation.
While Computational Thinking has been identified as being a relevant 21* century skillset by a
number of authors in a variety of contexts, and it has been the subject of a broad set of conversa-
tions related to K12 education, there is yet to be significant conversation around the role of high-
er education institutions, administration, faculty and staff in furthering the development of cur-
riculum to support student acquisition of Computational Thinking. This study seeks to provide a
level of consensus needed to foster a shared understanding of the issues related to strategies for
mitigating impediments to progress and providing a valuable directive for faculty and institutions

interested in integration of Computational Thinking as a 21* century skillset.



Chapter 2: Computational Thinking in Formal Education

Introduction

In the 2006 article “Computational Thinking, ” Carnegie Mellon Computer Science (CS)
professor, Jeannette Wing re-introduced the concept of Computational Thinking (CT) to the
Computer Science community, and eventually to the academe at large. Wing argued powerfully,
several points which have helped catalyze the broader conversion surrounding Computational
Thinking. Wing boldly claimed that “Computational thinking is a fundamental skill for every-
one, not just for computer scientists.” (p. 33). Comparing CT skills to the proliferation of the
three R’s, as a result of the innovation of the printing press, Wing argued that Computational
Thinking will be important to master in order to solve problems in a world dominated by com-
puters and integrated system of machines, data and connectivity (Wing, 2006).

Though Computational Thinking was initially a term only known within the Computer
Science community, the seminal article by Wing has since permeated discussions between edu-
cational researchers, curriculum developers and educational practitioners at a number of levels.
Many have built upon Wing’s ideas and some have placed Computational Thinking as a critical
skillset for the modern world including Bundy (2007) who argued that CT is the foundation for
new, yet-to-be discovered opportunities for growth and evolution;

...the computational thinking revolution goes much deeper than that; it is changing the

way we think. Computational concepts provide a new language for describing hypotheses

and theories. Computers provide an extension to our cognitive faculties. If you want to

understand the 21st Century then you must first understand computation. (p. 1)



If Computational Thinking is indeed as significant as Wing, Bundy, and an increasingly
larger group of other experts have claimed, questions about how to formally define, assess and
teach Computational Thinking are paramount in issues related to curriculum development and
education policy in STEM fields in particular. Yet, authors and researchers within Computer
Science and within the sub discipline of CS Education, have had differing responses to the level
of attention that Computational Thinking has brought to the field and how it should be engaged.

Denning (2009) writes “I am concerned that the computational thinking movement rein-
forces a narrow view of the field and will not sell well with the other sciences or with the people
we want to attract” (p. 28). Resisting the idea that Computational Thinking could possibly have
the depth and breadth of a definition that could capture the complex nature of computer science,
Denning rejects the idea that CT is “a unique and distinctive characteristic of computer science”
and an “adequate characterization of computer science” (p. 30).

Citing a propensity for technological solutionism, Easterbrook, (2014) warns of the po-
tential to over emphasize Computational Thinking as a solution and the possibility that over fo-
cus on CT may unduly blind us from the need for alternate perspectives. Appling Computational
Thinking to situations in which it is not the ideal approach, may be detrimental to the progress of
addressing complex, contemporary issues and challenges (Easterbrook, 2014). Still, others in
Computer Science have embraced the perceived importance of Computational Thinking and
have begun to engage in research and discussion about how to meaningfully integrate CT into
the curriculum and assessments (Qualls & Sherrell, 2010; Settle et al., 2012).

Computational Thinking and Higher Education
Computational Thinking has not been thoroughly discussed in Higher Education as it has

been in K12 education. In recent review of Computational Thinking in Higher Education,
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Czerkawski and lii, (2015) examined 41 peer-reviewed journal articles obtained from searching
87 databases, using key words tied to Computational Thinking in Higher Education. As a result
of the emergence of Computational Thinking from Computer Science and into the domain of
Education, there exist several subdomains of CT research. Much of the literature from Computer
Science surrounding Computational Thinking has been either focused narrowly on defining or
assessing CT in particular contexts, Education Researchers and practitioners studying Computa-
tional Thinking have concentrated primarily on the K-12 environment. Relatively little has been
written to explicitly address the integrate Computational Thinking into the broader curriculum in
Higher Education, which is a gap that this study is hoping in part to help to fill.

A limited number of examples exist in the literature describing attempts at including
Computational Thinking in the curriculum in Higher Education. At DePaul University Perkovi,
Settle, Hwang, and Jones, (2010) provide a Framework for Computational Thinking across the
Curriculum, targeting “faculty without formal training in Information Technology” (p. 123) and
providing a number of examples of assignments and assessments across nineteen different cours-
es.

Czerkawski and lii (2015) provide a valuable survey of the literature pertaining to Com-
putational Thinking in Higher Education. The authors highlight the fact that “There is not yet a
coherent cross-institutional movement to incorporate CT as a fundamental skill-set, outside of
computer science and a few STEM disciplines” (p. 58). The authors also present several chal-
lenges that exist in developing curriculum for increased collaboration between Computer Scien-

tists and Educators and practitioners within a variety of other relevant domains.
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Landscapes of Practice in Higher Education

Any effort to integrate Computational Thinking into curriculum in higher education will
be challenged by the cultural differences in knowledge domains, including epistemological and
ontological beliefs and understandings. Each individual subject domain that has an opportunity
to productively integrate computer science and computational thinking into its practices and cur-
riculum comes with its own culture, language and history which must be negotiated with the
same components within Computer Science. Wenger et al., (2014) provide a valuable theoretical
lens for analyzing the nuanced interactions of people within and across disciplinary boundaries
of Communities of Practice (CoPs’). The larger context in which CoPs exist are described as the
Landscapes of Practice, in which participants continually navigate the boundaries of intersecting
communities. Through these interactions participants continually reevaluate their own identities
throughout their interactions within and through these boundaries extant in all social lives.
Knowledge exists within the members of the communities of practice, and is embodied in the
language, practices, complexly curated-knowledge of each particular group.

If Computational Thinking is indeed a set of Computer Science-based practices,
knowledge and attitudes, which may be applied in a variety of domains, then there is an inherent
intersection of domain interactions that are aptly described using the language defined by
Wenger et al. Expertise across multiple communities of practice, known as Knowledgeability
requires active navigation and renegotiation of identity and relationships within and across com-
munities of practice. The application of Computational Thinking within domains of inquiry out-
side of computer science, has created new, interdisciplinary fields with unique knowledge, prac-
tices and attitudes. As a result, a new level of knowledgeability is required to be able to produc-

tively navigate the complex social environment inherent to its identity.
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What is Computational Thinking?

In order to consider the integration of Computational Thinking into the curriculum in
Higher Education, one must be able to clearly define what CT is, and subsequently how it may
be measured. Though Computational Thinking as concept is becoming more recognized in the
work and language of researchers, educators and policymakers, consensus on a singular defini-
tion has been slow to form and is yet to be completely realized. Early conceptualizations of
Computational Thinking were heavily influenced by Wing (2006) who wrote, “Computational
thinking involves solving problems, designing systems, and understanding human behavior, by
drawing on the concepts fundamental to computer science” (p. 33). Wing’s own definition has
evolved, and in 2010 she refined her definition of Computational Thinking to: “the thought pro-
cesses involved in formulating problems and their solutions so that the solutions are represented
in a form that can be effectively carried out by an information-processing agent” (p. 1). Wing’s
use of the term information-processing agent allows for the inclusion of human beings along
with machines, to highlight the idea that the medium of the computation is independent of com-
putational thinking and processing. Expanding on the lack of mutual exclusivity of human and
machine processors, Wing elaborated that, “the solution can be carried out by a human or ma-
chine, or more generally, by combinations of humans and machines” (p. 1).

Since Wing’s broad introduction of the concept, several authors and researchers have of-
fered additional perspectives and descriptions of Computational Thinking highlighted below
(Barr, Harrison, & Conery, 2011; Grover & Pea, 2013; Wing, 2010). This has led to what
(Grover & Pea, 2013) refer to as the “definitional confusion that has plagued CT” (p. 39). In ad-

dition to different perspectives on the definition of Computational Thinking, there are broader
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disagreements about the importance of gaining consensus on a definition prior to engaging in
other CT related activities.

Even the degree to which the definition will be fixed or dynamic over time, given the
evolutionary nature of technology and CT related practices over time. Dr. Albert Aho of Colum-
bia University argued at the 2011 Workshop of Pedagogical Aspects of Computational Thinking,
that “Any static definition of computational thinking likely would be obsolete 10 or 20 years
from now” (National Research Council, 2011, p. 17), stressing the need to seek a definition flex-
ible enough to avoid obsolescence. Werner, Denner, and Campe (2012), argue that “efforts to
engage K-12 students in CT are hampered by a lack of definition and assessment tools” (p. 215).
Others, including Guzdial (2011) argue that researchers should begin to measure implementation

and implications of CT regardless of the lack of unified definition.

ISTE/CSTA Operational Definition

Emerging from the definitional confusion in the domain of K12 education is the opera-
tional definition developed by the International Society for Technology in Education (ISTE) in
joint collaboration with the Computer Science Teachers Association (CSTA). These two influen-
tial organizations in K12 computer and technology education, with the help of over 700 individ-
ual educators, researchers and practitioners, developed a definition that they contend “provides a
framework and vocabulary for Computational Thinking that will resonate with K-12 educators”
(International Society for Technology in Education & Computer Science Teachers Association,
2011, p. 1). Computational Thinking is described as “a problem-solving process” that includes
(but is not limited to) the following characteristics:

o Formulating problems in a way that enables us to use a computer and other tools to help

solve them.
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e Logically organizing and analyzing data

o Representing data through abstractions such as models and simulations

o Automating solutions through algorithmic thinking (a series of ordered steps)

o Identifying, analyzing, and implementing possible solutions with the goal of achieving

the most efficient and effective combination of steps and resources

 Generalizing and transferring this problem solving process to a wide variety of prob-

lems

(International Society for Technology in Education & Computer Science Teachers Asso-

ciation [ISTE/CSTA], 2011, p. 1).

Of particular interest in the ISTE/CSTA operational definition, is the addition of “a number
of dispositions or attitudes that are essential dimensions of CT” (p. 1). Included in these dispo-
sitions and attitudes are; persistence, confidence with complexity, tolerance for ambiguity, and
open ended problem solving, and communication and collaboration. While the addition of these
specific dispositions provides additional context to factors inherent to person’s proficiency in
applying CT, it also provides for interesting, possibly measurable criteria that are not typically
measured in the context of formal educational assessments.

While the operational definition provided by ISTE and CSTA is helpful in providing a
starting point for K12 educators to begin working on Computational Thinking, it is broad in na-
ture, poorly organized structure, and liberal in usage of 173 words. While there is no single point
of contention or explicit disagreement with any of the specific elements of the ISTE/CSTA oper-
ational definition, its lack of conciseness or elegance leaves much to be desired. The appended

section which addresses dispositions and attitudes seems to indicate a deficiency in the original
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definition itself, and simultaneously calls attention to the element of Attitude as a fundamental

element of Computational Thinking.

Definitions from Analysis of Literature

Selby and Woollard (2014) examined the literature for proposed definitions and descrip-
tions of Computational Thinking, which she then analyzed systematically for inclusion of specif-
ic terms. Through her review of the literature and subsequent analysis of each individual term
and concept within the larger CT discussions, she argued that “Computational thinking is a cog-
nitive process resulting in an automation that is developed by the use of abstraction, decomposi-
tion, algorithmic design, evaluation, and generalization” (p. 20).

Selby and Woollard’s definition comes from a well-reasoned analysis and careful consid-
eration of details of the existing definitions examined, but unfortunately the end product is one
that appears to be one whose many parts are not extremely well constructed integrated into a co-
hesive whole. Though succinct, the phrasing Selby and Woollard chose is highly cognitive and
theoretical in the construction of its terms, most of which when examined in isolation aren’t

event inherently computer science related.

CT Frameworks and Taxonomies

Beyond a simple definition, some authors and researchers have begun to categorize
Computational Thinking through the development of CT taxonomies and frameworks. One ex-
ample of the development of a framework was presented by Brennan and Resnick (2012), in the
context of their collaborative work with Scratch, the web-based multimedia and digital authoring
tool. The authors describe CT as composite of three distinct parts; “Computational Concepts,”
“Computational Practices,” and “Computational Perspectives” (Brennan & Resnick, 2012, p. 1).

Brennan and Resnick (2012) have specifically defined seven computational concepts which they
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argue “transfer to other programming (and non-programming) contexts” (p. 3), including, “se-
quences, loops, parallelism, events, conditionals, operators, and data” (p. 3). Computational
Practices include, Iteration and Incrementality, Testing and Debugging, Reusing and Remixing,
and Abstracting and Modularizing. Perspectives include, Expressing, Connecting and Question-
ing (Brennan & Resnick, 2012).

Brennan and Resnick’s framework provides an interesting alternative to the conventional
approach to a definition by suggesting that the complexity of CT can be best captured by a model
that consists of three requisite parts; Computational Concepts, Computational Practices and
Computational Perspectives. Though they do not propose a succinct, tidy definition, their
framework provides an invaluable organizational structure with which to think about CT, that
provides clarity without diverging significantly from the meaning of definitions provided by oth-
ers.

Similarly diverging from the need for a succinct definition, but building on a combination
of definitions and assessments from existing literature, in combination with interviews of STEM
practitioners, Weintrop et al. (2015) developed a CT-STEM taxonomy. The taxonomy they argue
serves to “categorize the constituent skills that make up this critical scientific practice” (p. 2).
The taxonomy contains four general categories; Data Practices, Modeling and Simulations Prac-
tice, Computational Problem Solving Practices and Systems Thinking Practices. Each category
contains a variety of subcategories which further differentiate into 22 more specifically-defined
concepts. Within the larger category of Data Practices, for example are Collecting Data, Creat-
ing Data, Manipulating Data, Analyzing Data and Visualizing Data, (Weintrop, Beheshti, et al.,

2015, p. 135).
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Weintrop et al. (2015), propose a system of categorization for the composite elements of
CT specifically for application within STEM disciplines to help promote integration of the iden-
tified CS principles into work in other domains. While this is a useful pursuit, and an interesting
taxonomy, each element of content in the taxonomy is categorized as a Practice, which begs the
definition of practice from the author’s perspective. Though great detailed information is pro-
vided about what defines the composite categories and their subparts, the organization of the
content presents CT more as a collection of categorically-related topics, which is less conducive
for a larger discussions of implementation in the higher education curriculum.

Though this review of the definitions of Computational Thinking has not been thoroughly
exhaustive, it provides a substantive survey of the current dialogue surrounding a formal CT def-
inition. It is upon this that an informed argument can be made for the selection of an operational
definition for the purposes of this particular study. None of the above examples by itself ade-
quately captures the essence of Computational Thinking for the purposes of the study, so one has

been adapted and is proposed below with accompanying rationale.

Operational Definition and Rationale

The above survey of the definitional literature has illuminated a few key points regarding
the compositional nature of Computational Thinking as described in the most referenced litera-
ture. One is that simple definitions are evolving into more complex frameworks and descriptions
of complex interactions between tools, goals and cultural influences. Notably in recent publica-
tions Computational Thinking has been more explicitly described in terms of Practices which
places greater focus on the active application of Computational Thinking towards a goal of some
sort (Brennan & Resnick, 2012; Pellegrino & Wilson, 2015; Rutstein, Snow, & Bienkowski,

2013). Additionally, several authors have suggested both Knowledge and Attitudinal compo-



nents (Brennan & Resnick, 2012; International Society for Technology in Education [ISTE] &
Computer Science Teachers Association [CSTA], 2011). It is with these ideas in mind that the
following definition is proposed.

Computational Thinking describes the collection of Computer Science based
Knowledge, Practices, and Attitudes which may be leveraged across domains in combination
with the affordances of computational tools and systems in the solving of complex, often ill-

defined problems.

Computational Thinking...

describes the collection of Computer Science based Knowledge, Practices, and Attitudes
which may be leveraged, in combination with the affordances of
computational tools and systems, in the solving of complex,

often ill-defined problems, across multiple domains.

Knowledge

Figure 1. Computational thinking operational definition.
The proposed operational definition is intended for this study only and no additional

claims are made to its applicability outside of this application. The proposed organizational con-
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struct provided with Table 1 that includes each of the definitions, frameworks or taxonomies pre-

sented above, categorized and arranged (though not at all altered in elemental composition) to
align with the components of the proposed operational definition. In each case, the existing def-
initions fit naturally in a category of the operational definition, demonstrating a base level of

construct validity.
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Table 1

Comparison of Established CT Definitions within the Literature

Computational ISTE/CSTA (2011) Brennan & Resnick Weintrop et al. (2015) | Selby & Woollard | SRI (2015)
Thinking is Operational Definition (2012) Framework STEM Taxonomy (2014) Computation-
the collection of Definition al Thinking
Computer Practices
Science
related:
Knowledge Concepts
e Sequences e Understanding the
e Loops Relationships
e Events within a System
e Parallelism
e Conditionals
e Operators
e Data
Practices Logically organizing | Practices e Thinking in Levels | Computational Analyze the
and analyzing data e [ltera- e Investigating a thinking is a cog- | effects of de-
Representing data tion/Incrementality Complex System | nitive process that | velopments in
through abstractions | @ Testing/Debugging as a Whole is developed by computing.
such as models and e Reusing/Remixing |e Defining Systems | the use of
simulations e Abstracting/ Modu- and Managing Design and
Automating solutions larizing Complexity e abstraction, 1mp1§ment
through algorithmic e Communicating e decomposition, | creative SOll{-
thinking (a series of Information about | ® algorithmic tions and arti-

ordered steps)
Identifying, analyz-
ing, and implement-

a System
e Using Computa-
tional Models to

design,
e cvaluation,
e generalization

facts.

Design and

(continued)
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Computational ISTE/CSTA (2011) Brennan & Resnick Weintrop et al. (2015) | Selby & Woollard | SRI (2015)
Thinking is Operational Definition (2012) Framework STEM Taxonomy (2014) Computation-
the collection of Definition al Thinking
Computer Practices
Science
related:
ing possible solutions Understand a Con- apply abstrac-
with the goal of cept tions and
achieving the most ef- e Using Computa- models
ficient and effective tional Models to
combination of steps Find and Test So- Analyze their
and resources lutions computational
e Assessing Compu- work and the
tational Models work of oth-
e Designing Compu- ers.
tational Models
e Constructing Communicate
Computational thought pro-
Models cesses and
e Programming results
e Choosing Effec-
tive Computational Cgllaborate
Tools with peers on
e Assessing Differ- corppqtmg
ent Approach- activities
es/Solutions to a
Problem

e Developing Modu-
lar Computational
Solutions

e Creating Computa-
tional Abstractions

e Troubleshooting

(continued)
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Computational ISTE/CSTA (2011) Brennan & Resnick Weintrop et al. (2015) | Selby & Woollard | SRI (2015)
Thinking is Operational Definition (2012) Framework STEM Taxonomy (2014) Computation-
the collection of Definition al Thinking
Computer Practices
Science
related:
and Debugging
e Collecting Data
e Creating Data
e Manipulating Data
e Analyzing Data
e Visualizing Data
Attitudes These skills are supported | Perspectives

and enhanced by a num-
ber of dispositions or atti-
tudes that are essential
dimensions of CT. These
dispositions or attitudes
include:

Confidence in dealing
with complexity
Persistence in work-
ing with difficult
problems

Tolerance for ambi-
guity

The ability to deal
with open ended
problems

The ability to com-
municate and work
with others to achieve

e Expressing
e Connecting
¢ Questioning

(continued)
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Computational
Thinking is
the collection of
Computer
Science
related:

ISTE/CSTA (2011)
Operational Definition

Brennan & Resnick
(2012) Framework

Weintrop et al. (2015)
STEM Taxonomy

Selby & Woollard

(2014)
Definition

SRI (2015)
Computation-
al Thinking
Practices

a common goal or so-
lution

leverage the af-
fordances of
computation
and Computa-
tional Tools

Formulating problems
in a way that enables
us to use a computer
and other tools to help
solve them

resulting in an
automation

in the solving of
complex, often
ill-defined prob-
lems.

Computational think-
ing is a problem-
solving process that
includes:
Generalizing and
transferring this prob-
lem solving process to
a wide variety of
problems

e Preparing Prob-
lems for Computa-
tional Solutions
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Assessing Computational Thinking

A critical aspect of inclusion of CT in curriculum in Higher Education, is the ability to
assess Computational Thinking itself. Assessment of Computational Thinking has been explicit-
ly addressed in the literature by several authors over the last decade (Brennan & Resnick, 2012;
Koh, Basawapatna, Bennett, & Repenning, 2010; Marshall, 2010; Werner et al., 2012). Similar
to the variation in definitions used, assessment approaches have also varied and have evolved
more recently into more complex and thoughtfully-designed measures. There are several reasons
for this, not the least of which is that assessment and instructional practices of any type are based
upon Ontological and Epistemological beliefs (Grix, 2002). These beliefs come embedded in
ones’ discipline, worldview, language making them particularly difficult to see, and sometimes
challenging to discuss. Ontology, what may be known and Epistemology, how it may be
known, (Schuh & Barab, n.d.) are discussed extensively within the philosophy literature and are
woven into the literature of other domains, but is scarcely found in discussions pertaining to edu-
cation, which prevents them from being considered in discussions, particularly at the practitioner
level.

Despite the fact that the definition and assessment of a concept are directly related, not all
of the widely-socialized, proposed definitions described in the previous section have developed
cohesive, well-designed, paired assessments. Taking for example, the operational definition of
Computational Thinking provided by ISTE and CSTA- little has been published by either ISTE
or CSTA regarding appropriate ways to assess CT through the construct they have devised,
though outside groups have incorporated it onto their own assessment efforts. In the second edi-

tion of ISTE’s Computational Thinking Teacher Resources document the authors explain:
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No definitive CT assessment is available yet. CT is both discrete skills (algorithmic
thinking, abstraction, etc.) and the composite skill of all of the components together (the
entire operational definition of CT), which makes for powerful and robust problem solv-

ing. (ISTE & CSTA, 2011, p. 1)

The following survey of published Computational Thinking assessments and subsequent
analysis of the benefits and challenges of each, serves to help frame the discussion about assess-
ment of CT in Higher Education. Singular assessments are described below, grouped categori-
cally with a brief analysis of the effectiveness and potential drawbacks of reliance upon the sin-
gular method of assessment for Computational Thinking. More sophisticated measures of as-

sessment are then presented with accompanying analysis.

Artifact-Based Assessment

Brennan and Resnick (2012), utilized three different approaches; all relating to the authentic
assessment of student-constructed digital artifacts within the Scratch environment. In the first
iteration of their assessment model, Project Portfolio Analysis, a specialized computer program
Scrape, was used to scan and analyze the students’ projects in terms of which coding blocks had
been used, versus the total possible number of coding blocks. In a second iteration of their as-
sessment, researchers conducted semi-structured, Artifact-Based Interviews with students, be-
ginning with general questions about Scratch and then about their participation habits and the
projects that they worked on more specifically. Having students describe the process of creating
their projects illuminated several aspects that were not seen in the previous product-oriented
method involving Scrape which represented only the result and didn’t include any information

about the evolution of the artifact or the processes of the learner.
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Discussion of Artifact Based Assessments

The authors acknowledged the benefits and deficits of each method of artifact-based as-
sessment, including the fact that using an automated computer program provided powerful visu-
alizations of the types of code blocks used in projects, but were product-oriented in nature of as-
sessment which led to blind spots. Focusing completely on a specific artifact does not include
any consideration about how it was produced.

Another weakness of the artifact based assessment approach described by Resnick and
Brennan illustrates a potential incongruence when attempting to measure Computational Think-
ing through artifacts alone. Specifically, they write “the presence of a code element in a project
is not necessarily an indicator that the designer possesses a deep understanding of the code ele-
ment” (Brennan & Resnick, 2012, p. 17). Additionally, data collection was largely mediated by
students’ memories, and communicated completely through whatever level of sophistication and
fluency of language was available to students at the time to adequately describe their experienc-
es. Also along the lines of these human-centered limitations are the potentially varying levels of
excitement and willingness to participate across the student sample.

Overall, artifact-based assessments provide valuable opportunities for students and edu-
cators alike to discuss and reflect upon learning that has occurred in the context of a project or
activity, in which the learner has been able to exercise some level of agency and pursuit of self-
interests. Artifact-based assessments also align well with the pedagogical practice of Construc-
tionism (Papert, 1980), which will be discussed in greater detail in following sections.
Semi-Finished Artifacts:

Also within the domain of computer game and simulation programming, Werner et al.

(2012) developed a Fairy Performance Assessment in which middle school aged learners en-
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gaged in activities within Alice, an online programming interface hosted by Carnegie Mellon
University and based upon the definition of CT provided by the Center for Computational Think-
ing. In addition to capturing simple demographic and survey information, the Fairy Performance
Assessment itself required students to program specific actions, solve functional errors and prob-
lems, and build upon or modify existing code within an ongoing narrative in which students ac-

tively interfaced.

Similarly, Brennan and Resnick (2012) also assessed Computational Thinking through
presenting constructed design scenarios in the form of pre-made Scratch projects, which they
categorized by complexity and aesthetics. Students were asked to explain, extend, fix and finally
remix an existing project. This approach allowed the collection of data that could be used to

9 6

evaluate students’ “process-in-action,” measured at three different points, as part of a systematic
exploration of “different ways of knowing, such as critiquing, extending, debugging, and remix-

ing, as well as fluency with different concepts and practices” (Brennan & Resnick, 2012, p. 21).

Discussion of Semi-Finished Artifact Assessment

Performance-based assessments are an effective way to measure a student’s Computa-
tional Thinking fluency within specific domain scenarios and situations, and allow for potentially
automated grading and feedback systems, and large scale data collection in ways that artifact-
based assessments are unable to provide. Through carefully crafted scenarios, and simulations,
learners can engage in the analysis of an existing artifact, and build upon, alter or otherwise mod-
ify the existing object into something new which serves a clear purpose and has value to the

learner.
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Transfer-Based Assessment

Within the context of their work in scalable game design, Alexander Repenning and col-
leagues have proposed Computational Thinking Patterns, which they describe as “abstracted
programming patterns that are learned by students when they create games and can readily be
used by students to model scientific phenomena” (Basawapatna, Koh, Repenning, Webb, &
Marshall, 2011, p. 246). These include; Cursor Control, Pull, Push, Absorption, Generation,
Collision, Transportation, Diffusion, and Hill Climbing (Basawapatna et al., 2011; Basawapatna,
Han Koh, & Repenning, 2010). Patterns were identified through phenomenological investigation
using a Grounded-Theory inquiry, investigating students’ ability to abstract CT patterns and
identify them within different contexts. Identification of the CT Patterns was undertaken through
the administration of a Computational Thinking Quiz in which students are asked to identify ex-
amples of CT Patterns in various scenarios which demonstrate CT Pattern identification in alter-
nate domains.
Discussion of Transfer-based Assessments

Transfer of learning from one context to another has had been discussed in both the edu-
cation and psychology literature extensively (Bransford & Schwartz, 2001; Kimball, Daniel &
Holyoak, n.d.; Royer, 1979). The following brief discussion is undertaken to help provide rele-
vant context for discussion of transfer of Computational Thinking skills. For a comprehensive

review of Transfer see (Bransford & Schwartz, 2001; Perkins & Salomon, 2015).

Transfer is differentiated in two main ways, in the context of Sequestered Problem Solv-
ing (SPS), or as Preparation for Future Learning (PFL). These two different views allow for con-
versation of Transfer in more detailed and meaningful ways, each providing a slightly different

way to think about transfer. Viewing transfer through the lens of Sequestered Problem Solving, it
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is understood as the degree to which learners are able to successfully apply skills and knowledge
in new situations. Put more simply, ‘how have your past learning experiences prepared you for

your current problem solving challenges?’

Through the perspective of transfer as Preparation for Future Learning, transfer is under-
stood as the degree to which learners are prepared for deeper and more meaningful learning ex-
periences which have yet to occur. In other words, ‘how have past learning experiences prepared
you to continue to learn in your new environment?’ One advantage of viewing transfer from the
PFL perspective is described in Bransford and Schwartz (2001). They argue, PFL:

...moves ‘affective’ and social concepts like ‘tolerance for ambiguity’ (Kuhn, 1962),

courage spans (Wertime, 1979), persistence in the face of difficulty, (Dweck, 1989), will-

ingness to learn from others, and ‘sensitivity to the expectations of others’ from the pe-

riphery towards the center of cognitive theories of learning. (p. 82)

Transfer-based assessments provide an interesting approach and minimally assure that
proposed educational activities are being evaluated in relation to knowledge that is applicable
across other domains and contexts. Basing ones’ concept of CT skills and knowledge is chal-
lenged by the same issues that plague formal education efforts across the globe: designing learn-
ing experiences in one context that prepares students to be able to demonstrate expertise in other
contexts which have yet to be encountered (and which invariably will occur within a completely
different environment and circumstances). Concerning to those who seek to establish CT as-
sessments and practices on Pellegrino and Hilton (2012) report “Over a century of research on
transfer has yielded little evidence that teaching can develop general cognitive competencies that
are transferable to any new discipline, problem, or context, in or out of school” (p. 8). While the

transferability of knowledge to new contexts is an important aspect of designing effective learn-
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ing experiences and environments, beginning with an investigation of what transfers from one
domain to another, as a base for arguing the requisite parts of an unrelated phenomenon, seems

tenuous at best.
Assessment of Deeper Learning

Recent advances in assessment practices, particularly in the sciences has helped to shift
the focus away from memorization of facts of a particular domain, and towards a more nuanced
measure of Deeper Learning ( Pellegrino et al., 2012). Defined as “the process through which an
individual becomes capable of taking what was learned in one situation and applying it to new
situations (i.e., transfer)” (p. 5). The 21* Century skills identified in the report are organized into
three general categories, the cognitive, intrapersonal, and interpersonal competencies recognizing

the interrelated nature of knowledge, action and interaction with others.

The assessment of Computational thinking specifically has been elevated recently by re-
search conducted by a team at SRI International. Funded by the National Science Foundation
(NSF), researchers at SRI have been working a multi-year project focused on what they’ve titled
Principled Assessment of Computational Thinking (PACT). Principled Assessments are “as-
sessment tasks to measure important knowledge and practices by specifying chains of evidence
that can be traced from what students do (observable behaviors) to claims about what they

know” (Bienkowski, Snow, Rutstein, Grover, & International, 2015, p. 2).

In order to define valid and measurable principled assessments, the practice of Evidence-
Centered Design (ECD), described by Mislevy, Almond, and Lukas, (2003), was conducted to
characterize Principled Assessments of CT. Evidence-Centered Design involves multiple levels

of analysis and synthesis including the formal steps of domain analysis, domain modeling, con-
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ceptual assessment framework, assessment implementation and assessment delivery. From this
process, six Computational Thinking Practices have been identified: (a) analyze the effects of
developments in computing, (b) design and implement creative solutions and artifacts, (c) design
and apply abstractions and models, (d) analyze their computational work and the work of others,
(e) communicate thought processes and results, and (f) collaborate with peers on computing ac-
tivities.

For each of the above practices, Design Patterns were developed including several com-
ponents that provide a valuable profile of the measured item. The elements of the Design Pattern
include; Focal Knowledge Skills and other Attributes (FKSAs), Additional KSAs, Potential Ob-
servations, Potential work products, Characteristic features and Variable features. Through this
principled examination of developed artifacts, observation of practice among other measures, the
group at SRI have advanced the assessment of Computational Thinking significantly while

providing powerful tools to help practitioners design better assessments of complex phenomena.

Learning with tools and technology

Though it has been argued that Computational Thinking is not strictly limited to techno-
logical applications, an undeniably implicit connection exists between CT and technology, which
has manifest in the large majority of reported formal efforts at teaching and assessing Computa-
tional Thinking through technology-mediated activities and assessments. Examining founda-
tional ideas surrounding learning with technology, (more specifically learning through program-
ming computers), begins with the work and significant contributions of Seymour Papert, co-
founder of the MIT Media lab and Artificial Intelligence lab, and father of Constructionism.

Papert developed the LOGO programming language with the goal of developing a new

way for learners to interact-with and engage meaningfully in mathematical and computational
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culture and thinking. LOGO was a simple programming language which output either a visual or
physical (turtle) response that students take in and think about in the context of a larger goal. A
significant divergence in Papert’s view of learning with technology compared to other educators
of the time, was his belief that the computer should be used by children as a tool with which to
engage in authentic and meaningful activities, motived by their own self-interest. (Papert, 1980)
Papert was critical of the idea that computers could be used to automate existing teaching meth-
odologies and practices without considering the ways the tool might help evolve and improve

practice. In Mindstorms, (1980) Papert writes;

IN MOST contemporary educational situations where children come into contact with
computers the computer is used to put children through their paces, to provide exercises
of an appropriate level of difficulty, to provide feedback, and to dispense information.
The computer programming the child. In the LOGO environment the relationship is re-
versed: The child, even at preschool ages, is in control: The child programs the computer.
And in teaching the computer how to think, children embark on an exploration about how
they themselves think. The experience can be heady: Thinking about thinking turns the

child into an epistemologist, an experience not even shared by most adults. (Papert, 1980,
p. 19)

This powerful idea has been built upon by many including several of the above men-
tioned researchers. More recently, author and media theorist Douglas Rushkoff has called for
people to make the choice to Program or Be Programmed; highlighting the same essential argu-
ment that Papert made about the way humans and machines interact. The dual nature of the in-

teractions in which the person may program the machine as readily as the machine may program
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the person, creates a tension and interaction which Rushkoff suggests is a critical point of con-

sideration for everyone who interacts with machines and computation.

Papert’s contribution to of Constructionism as a pedagogical practice was in part built
conceptually upon the work of Jean Piaget’s Constructivism as a learning theory. The idea that
value exists in the development of real world artifacts that demonstrate the application of the
skills and knowledge being attained provides an auspicious foundation for thinking about the de-
velopment of Computational Thinking practices, knowledge and attitudes made explicit through
technology and programming projects in formal learning environments. CT practices can easily
be engaged in and assessed in large part by the construction of culturally relevant artifacts
through a number of different modalities and within the context of many different domains.
Learners may construct games and media artifacts through Scratch, Alice, Minecraft, etc. using
web-based interfaces, or construct any number of other code-based artifacts, across a broad vari-
ety of coding languages and on a variety of platforms. Coding and engineering of software can
be engaged in alone or in conjunction with development of physical artifacts including hardware,

such as Arduino or Raspberry Pi and an increasing pool of newcomers to the marketplace.

Curriculum Initiatives in Higher Education

Even with a baseline understanding of what Computational Thinking is, how it may be
adequately assessed, and an overview of CT-related pedagogical practices, the question of how
to approach the inclusion in Higher Education Curriculum still remains. Fortunately, work has
been done in the past on integrating similar concepts and strategies across the curriculum in
Higher Education, with varying degrees of success. A brief overview of several of these initia-
tives is provided below to establish a context which may inform the similar challenges faced by

initiatives involving curriculum integration in higher education.



33

Writing Across the Curriculum

The Writing Across the Curriculum initiative, provides a rich example of integration of a
particular practice throughout the higher education curriculum. Mcleod (2014) defines Writing
Across the Curriculum as “as a comprehensive program that transforms the curriculum, encour-
aging writing to learn and learning to write in all disciplines” (p. 4). Still, with a variety of ex-
amples of applications of WAC to examine, some confusion may exist about which approaches

and efforts may hold the most promise (Russell, 1990).

Some of the challenges integrating general skills across domains of curriculum, as exem-
plified by WAC, are the issues surrounding ownership of the curriculum given the fractured na-
ture of academic departments, which Russell (1990) argues that is best described as an “aggre-
gate of discourse communities than a single community” (p. 54). While writing is a process that
occurs inside and outside of various disciplines and domains, the specific nature of the writing in
each discipline is distinct and in many cases is approached differently in both practice and in-
struction. Students’ who study History and students’ who study Business for instance, will both
be required to demonstrate proficiency in writing, but may be asked to do so through a variety of
assignment types and artifacts for assessment. Regardless of this important distinction, Faculty in
their disciplines may not view writing instruction as a part of their role as a subject domain ex-
pert, leaving students with little specific support for meaningful disciplinary writing.

Partly as a result of the institutional inability to ensure all learners received an adequate
level of baseline-instruction in writing, reform in Higher Education in the United States in the
early 20" century, led in part to the development of the concept of General Education courses.
Arguably, this approach of further segregating out the writing curriculum from its natural place

in discourse communities, to generalized approach to writing, failed to provide either strong gen-
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eral writing skills, or domain specific writing skills. The audience was too diverse, the instruc-
tion too low level, and with “no single community, no body of shared knowledge and values, no
clearly defined audience to write for” (Russell, 1990, p. 57).

Out of the Writing Across the Curriculum (WAC) initiatives, several key points have
been made which stand to inform and increase the success of similar goals related to Computa-
tional Thinking. Mcleod (2014) contends that “The most successful programs are multifaceted,
combining faculty development components with support systems and components that ensure
curricular change” (p. 4). Additionally, the recognition of the distinct differences between disci-
plinary groups within the university, and the challenges that these differences pose are key take-
aways from the WAC curriculum initiatives.

Critical Thinking in Higher Education

Another example of an initiative that was applied generally to Higher Education curricu-
lum, is the integration of Critical Thinking. Critical Thinking skills have been recognized as
valuable by educators across disciplines, but are seldom explicitly taught to students (Paul,
Willsen, & Binker, 1993). Similar to attempts to address writing skills in Higher Education, one
focus has been the focus on offering of a course or courses in Critical Thinking, which exists
outside of any particular domain of application, many times as a general education requirement.
While the approach of creating an intervention that exists outside of disciplinary application has
been a popular one and is described as “the least complicated institutional strategy to implement”
(Paul et al., 1993, p. 179) many have criticized the approach as providing a curriculum which too
narrowly defines Critical Thinking, or that doesn’t allow enough time to achieve master. Addi-
tional criticism has focused on the lack of application of Critical Thinking skills within later

courses as another shortcoming of focusing on a simple course offering solution.
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Similar to the Writing Across the Curriculum initiative, the integration of Critical Think-
ing in a coordinated way, outside of a simple course offering has been met with challenges in-
cluding disagreement as to what should be taught and how. The variety of perspectives on teach-
ing and learning across disciplines mean that even though a particular skill or content is valued,
and sought after, successful implementation is not guaranteed.

One way that proponents of Critical Thinking have been successful in implementing has
been through the leveraging of learning outcomes at an institutional level (Paul et al., 1993).
Setting expectations of student achievement outside of the individual degree programs and
courses has allowed for penetration across disciplinary groups and shifted responsibility to a

broader infrastructure, but that hasn’t necessarily led to a panacea of positive results.

Information Literacy in Higher Education:

Another example of a curriculum initiative that has been implemented in Higher Educa-
tion is the concept of Information Literacy. The ability to find, evaluate and make use of infor-
mation, is a skill that many argue has become fundamental for success in the information age.
Shapiro and Hughes (1996) described Information Literacy boldly as a “new liberal art that ex-
tends from knowing how to use computers and access information” (p. 3) which he claimed was
“as essential to the mental framework of the educated information-age citizen as the trivium of
basic liberal arts (grammar, logic and rhetoric) was to the educated person in medieval society”
(p- 3).

Similar to the evolution of Computational Thinking as a concept, Information Literacy
has been defined differently depending on the person or organization who is defining it. Similar
to the ISTE/CSTA operational definition of Computational Thinking, the Association for Educa-

tional Communications and Technology (AECT), in conjunction with the American Association
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of School Librarians (AASL) developed of Information Literacy Standards for Student Learning,
which have helped provide a foundation for implementation of Information Literacy curriculum.
Also similar to the Writing Across the Curriculum initiatives, efforts to include Critical Thinking
into the curriculum in Higher Education, the establishment of standards has been helpful, but
questions as to where the content should be covered and by whom, have been a significant part
of the implementation dialogue.

One noteworthy example of a coordinated effort at integrating Information Literacy into
Higher Education Curriculum is the model proposed by Eisenberg and Berkowitz (n.d.). The Big
Six, which focus specifically on; task definition, information seeking strategies, location and ac-
cess, use of information, synthesis, evaluation, has been implemented in thousands of schools in
the K-16 world and corporate training initiatives (Eisenberg & Berkowitz, n.d.). Integral to the
implementation of the framework is the level of embeddedness of the curriculum within the do-
mains in which it’s practiced, and the provision of intentional support for implementation.

Though the above review has not been completely exhaustive, several lessons emerge
from examination of historical curriculum initiatives and analysis of their’ successes and failures.
First among these are the importance of establishing ownership of the initiative is paramount to
the success of the initiative. While stakeholders in a given situation may recognize the need to
address student skills and abilities, ultimately what gets done is what is measured and reported.

Another issue inherent to curriculum reform identified in the survey of examples above is
the need to provide ongoing support for faculty and staff during implementation of the initiative
and beyond just when it is exciting and new. To simply issue a mandate and expect for the re-
sults to follow without proper levels of support and resources to help facilitate the implementa-

tion has proven problematic. Within the context of Writing Across the Curriculum, Russell
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(1990) warns of the myth of transience or “the belief within the American university “that if we
can just do X, y, and z, the problem [of poor student writing] will be solved-in five years, ten
years, or a generation-and higher education will be able to return to its real work” (p. 52). This
mentality of transience Russell argues contributes to the short sightedness and lack of support.
Polin (1998) similarly cautions against the over application of curriculum initiatives from
the outside when she writes; “The approaches, standards, activities, and concerns of both
postsecondary and K-12 education, seem to be a victim of “literacy” movements, e.g., computer
literacy, which tend to make of each new phenomenon a subject matter or curriculum unto itself”
(p. 10). Fatigue from initiatives continually appearing from outside of the academic departments
responsible for implementation has weighed upon the academic community and necessitates
consideration of issues of change management, and stakeholder engagement on multiple levels.
Additionally, the survey of initiatives illuminated the need to establish clear expectations
of student performance through the implementation of standards as defined by a professional or-
ganization, or even better an accreditation requirement from regionally accrediting organizations.
In the cases of Critical Thinking and Information Literacy, regionally accrediting bodies such as
the Western Association of Schools and Colleges have included these criteria as Core Compe-
tencies (WASC Commission, 2013). Historically, it has been clear that when institutions are

held accountable for certain activities by accrediting bodies, change occurs.

Summary

Computational Thinking has transitioned from a concept (Wing, 2006), to something that
is actively being taught, assessed and practiced in formal education and in the world. Though the
search for a universally excepted definition of CT continues, work toward teaching and assessing

Computational Thinking has gained momentum with the help of the ISTE & CSTA operational



38

definition, the Integration of CT into the Next Generation Science Standards, the U.K.’s Compu-
ting at School and the U.S. Common Core Curriculum.

Assessment of Computational Thinking has taken a number of forms and represents a va-
riety of approaches applied across different contexts. Work on the redesign of the Advanced
Placement (AP) Science Examinations, and the introduction of assessing Deeper Learning
through Practices, Core Ideas and Cross-cutting Concepts have helped to evolve assessment in
general and the assessment of computational thinking indirectly. Another recently published
framework for developing evidence-based, Principled Assessments of Computational Thinking
(PACT) promotes the design and validation of assessments which is another tool in the box of
educators and curriculum designers (Bienkowski et al., 2015).

Computational Thinking is actively being applied to a number of different domains and
disciplines in the research sciences. Recently, Wing (2016) wrote “today, with the advent of
massive amounts of data, researchers in all disciplines—including the arts, humanities and social
sciences—are discovering new knowledge using computational methods and tools” (p. 7). In-
deed, exciting opportunities exist in growing fields like Computational Genomics in the Life Sci-
ences, and Computational Linguistics in the Humanities, Applied Data Analytics in Business and
more. These new disciplines provide institutions of Higher Education an opportunity (and argu-
ably an obligation) to provide Computational Thinking somewhere in within the curriculum.

In Higher Education in particular where curriculum is not standardized as it is in K-12
and faculty own, and direct the development of the curriculum, the need for a framework, guide-
lines, and support for faculty are critical. At this intersection of opportunity and evolution is a
moment in time where certain questions surrounding how to best approach this task are particu-

larly relevant, and it is exactly those questions that this study intends to address specifically.
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Chapter 3: Study Design
This chapter presents a rationale for undertaking a modified Delphi study to examine the
Computational Thinking in Higher Education. Through this study, the author seeks to fill an ex-
isting gap in the literature surrounding how to include Computational Thinking in Higher Educa-

tion.

Research Question

This study will answer the following research question:

1) How should computational thinking be integrated into curriculum in higher education?

Research Design

A modified Delphi technique was chosen for the methodology of this study partly as a re-
sult of the relatively nascent development of the conversation surrounding the inclusion of Com-
putational Thinking in higher education curriculum, and the lack of significant extant research-
base in the literature. Though the concept of Computational Thinking has gained recognition, it
is not yet a term all educators, administrators and faculty would be familiar with. As a result, the
number of potential participants in the survey is limited. Particularly suited for nascent conver-
sations, the Delphi method has been demonstrated in the literature as an appropriate tool for con-
sensus seeking, through the engagement of experts anonymously in several rounds of statements
upon which the experts rate and provide feedback. Because “computational thinking has evoked
such a wide array of definitions, contexts, and goals, a consensus seeking method will be benefi-
cial to help provide a perspective about what is agreed upon and what has yet to be determined

regarding the integration of CT in higher education.
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The Delphi Methodology

Initially developed at the Rand Corp. during the 1950s by Norman Dalkey and Olaf Hem-
ler, The Delphi Technique has become a widely-accepted practice in social science research and
business forecasting (Hsu & Sandford, 2007). Initially introduced to provide an alternative to
existing practices such as developing crude computational simulations, or relying upon genius
forecasting of a single or small group of people (Gordon, 2009). The primary advantage of Del-
phi lies in its reasoned and systematic approach to gaining consensus among a panel of experts
convened around a particular topic of interest.

Through multiple rounds of application, the distinct phases of the Delphi technique help
to iteratively refine the discussion topic, with the intention of preserving consensus and agree-
ment within the group. Though the number of actual rounds of needed iterative exploration may
vary in individual situations to achieve the desired results, consensus in the literature points to a
minimum of two to three rounds as sufficient for most applications (Hsu & Sandford, 2007,
Nworie, 2011; Powell, 2003). Upon completion of each round, results are returned to the re-
searcher for processing which include both a qualitative and quantitative portion for each state-
ment.

In a traditional setting, gaining consensus within a group of experts through synchronous
discussion poses several challenges outlined in the literature. Of these challenges, modified Del-
phi is particularly adept at mitigating the natural tendency for persons with strong personalities
or a power advantage within the group, to influence the outcome of the conversation beyond the
proportional value of his/her contribution to the whole. With the modified Delphi technique,
consensus is built through rounds of anonymous, asynchronous dialogue mediated by the chosen

statements, the survey tool and the researcher.
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Though obtaining consensus among the panel of experts is the primary objective of Del-
phi; another valuable and noteworthy outcome of Delphi research is the highlighting of opinions
within the group that remain divergent (Nworie, 2011). Gordon, (2009) writes “The value of the
Delphi method rests with the ideas it generates, both those that evoke consensus and those that
do not. The arguments for the extreme positions also represent a useful product” (p. 4-5).
Through the structure of the Delphi method, ideas are parsed for ideas that stimulate new
thoughts and ideas, and at the same time helping to reaffirm existing understandings. It is the
analysis of these changes of thinking that offer interesting insights into the existing beliefs and
suppositions of the expert community.

Determining Consensus:

Each statement presented to the panel of experts was paired with a four point Likert-
scaled set of responses indicating the participant’s level of agreement with each statement. The
specific responses included Strongly Agree, Agree, Disagree and Strongly Disagree. In order for
consensus to be achieved, the criteria of 80% agreement or better of responses of strongly agree
and agree, or strongly disagree and disagree respectively.

Selection of Experts:

The selection of experts for participation in the modified Delphi process, is critical in the
strength of the process that has been modeled on existing literature on Delphi methodology.
Unlike traditional methods of survey in which the goal is to find a sample that represents the
general population so that results may be considered inferential to the population, the Delphi
method is built upon a different foundation- the idea that intentionally selecting participants with

particular expertise provides significant benefit to the study. “The whole premise behind the
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Delphi theory is that the panel members are in fact experts in their field in order to yield more
accurate results” (Bourgeois, Pugmire, Stevenson, Swanson, & Swanson, 1948, p. 2).

This inherent interdisciplinary nature of Computational Thinking practices, necessitates
that the design of curriculum and the practice of interdisciplinary work involve interactions be-
tween multiple disciplines. It also necessitates multiple perspectives from key stakeholders in the
conversation and as a result, the panel of experts for this study were carefully chosen based upon
their qualified expertise in one or more areas of the research question.

Researchers in Computational Thinking throughout the K-12 space were included largely
because the most widely cited and relevant literature about inclusion of Computational Thinking
in curriculum exists within in this area. Potential participants in this area were identified from
articles cited in the literature review.

In addition to researchers and authors in Computational Thinking, experts in domains that
apply Computational Thinking practices, knowledge and attitudes were also included in the orig-
inal invitation to participate. These practitioners were included to provide perspective on the
blending of domain expertise of Computer Science and the domain in which the application of
CT has been situated. Participants in this category include practitioners in strongly interdiscipli-
nary fields such as Computational Genomics, Computational Humanities, and more.

The third category of invited participants includes professors of Computer Science who
are involved in teaching and developing undergraduate Computer Science courses. This group
of practitioners provide a significant insight into the challenges and approaches to computer sci-
ence education in contemporary practice. This specialized understanding of both the content of
Computer Science and the effective practices in CS education provides important perspective

from in terms of what has been termed Pedagogical Content Knowledge (Shulman, 1987)
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The final category of invited participants contains experts in the area of curriculum de-
velopment in higher education. These practitioners and scholars provide valuable perspective on
the nuances of curriculum development and administration within higher education, which is ul-
timately the context for the application of Computational Thinking as defined in this study. Par-
ticipants include administrators in Higher Education who oversee Instructional Design, Assess-

ment, and/or Curriculum development.

Criteria for inclusion:

In order to be included in the sample of 15 to 20 participants on the expert panel for this

research study, participants were invited who

1. have at least 2 publications which contribute to the field of Computational Think-
ing

2. and/or who are actively practicing and teaching in one or more CT-related do-
mains including faculty whose work has been affected significantly by Computer
Science and Computational Thinking

3. and/or are Professors of Computer Science involved in the design and delivery of
introductory Computer Science education courses.

4. and/or who have expertise and experience in assessment and curriculum design in

higher education

Pilot Study

Expert feedback was sought in two phases to ensure to the survey questions are both val-
id and reliable. With the help of Dr. Judi Fusco, PhD of SRI International, the questions were
considered and discussed by Cognitive and Computer Scientist Dr. Patricia Schank, PhD., and

Computer Scientist of SRI International and Dr. Matthias Hauswirth, PhD Associate Professor,
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Faculty of Informatics, at the University of Lugano. Through audio recording, the researcher
was able to incorporate valuable feedback relating to the clarity and purpose of each question, as
well as their general valuation of the question in terms of possibility of generating valuable dis-
cussion. As a result of the feedback from this group of experts, the questions were modified in
several ways including the removal of compound questions and the clarification of some key

terms through the provision of additional context.

Subsequently, a more traditional, formal pilot was conducted and the survey sent to a total of
three pilot participants. These included Ashley Cross, doctoral candidate at Pepperdine Universi-
ty (also studying Computational Thinking), Andrew Shean, EdD. Chief Academic Learning Of-
ficer of Bridgepoint Education, Lisa Marie Johnson professor of Education at Ashford University
in the Masters of Arts in Teaching and Learning with Technology. Results of the surveys were
analyzed and the participants were interviewed post survey and minor modifications were made

to the instrument, summarized in Table 2.

Initial Pilot Questions

The first round of questions for the participant survey will include the following:

1. Computational Thinking is a critical skill for the 21st century and should be in-
cluded in a college curriculum outside of courses for introduction to Computer
Science for CS majors.

2. Computational Thinking is best offered as a stand-alone General Education course
to ensure that all students are exposed to CT at some point in their institutional
coursework.

3. A General Education course in Computational Thinking should be developed and

taught by faculty in the Computer Science department/college.
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Computational Thinking is best assessed through the construction of products or
projects.

Computational Thinking will eventually be covered in K-12 and does not need to
be included in Higher Education curriculum.

Similar to previous curricular initiatives like; “Writing Across the Curriculum”,
“Critical Thinking”, and “Information Literacy”, Computational Thinking will
eventually be considered an integral part of all curriculum majors.

Inclusion of Computational Thinking into curriculum in Higher Education should
be integrated into domain-specific courses and programs.

Faculty outside of Computer Science do not have the skills and expertise to effec-
tively integrate Computational Thinking curriculum and will be required to work
with faculty in Computer Science to develop appropriate curriculum.

Efforts to integrate Computational Thinking into disciplines outside of Computer
Science will diminish /over-simplify the concepts and thus make the effort inef-
fective.

The burden of oversight and ongoing management of Computational Thinking
falls on the Computer Science faculty at a given institution.

Integration of Computational Thinking into the curriculum in higher education,
will require a significant investment of time and money for Faculty Professional
Development.

The burden of oversight and ongoing management of Computational Thinking

falls on the Computer Science faculty at a given institution.
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Table 2

Feedback from Round 1 Pilot Study

# of # of Consensus? Change Rationale
Numeric  Qualitative
Responses  Responses

Question #1 4 3 Yes None
Question #2 3 2 No None
Question #3 3 3 No None
Question #4 3 3 Yes None
Question #5 3 3 Yes Yes Soften question by elimi-

nating “included” and re-
placing with “emphasized”.
Remove “eventually”.
Question #6 3 3 Yes Yes  Change “integral” to highly
“regarded” to emphasize
talked about over effective-
ly integrated.

Question #7 3 3 Yes Yes  Change “integrated” into
“focused on integration”.
Question #8 3 3 No Yes Add Computer Science to

clarify the type of skills and
expertise intended.

Question #9 3 3 No No
Question 3 3 Yes No
#10
Question 3 Yes No
#11
Question 0 0 No Yes Add new question: “Inte-
#12 gration of Computational

Thinking into curriculum in
Higher Education will be
unsuccessful, without being
mandated by accrediting
agencies.”

With the conclusion of the Pilot phase of the study complete, and questions revised, the
final questions were submitted to the Institutional Review Board of Pepperdine University. Up-

on review of the submitted application, approval was granted and the study was cleared to begin.
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Demographics

The 81 potential participants who received the initial invitation were carefully selected
based upon their study or usage of Computational Thinking, involvement in Computer Science
education and/or expertise in curriculum in higher education. Invitees represented institutions
across the globe and a variety of formal titles and roles, but were categorically distributed with
20 invitees in each of the four previously referenced types, Type 1-Researchers in Computational
Thinking, Type 2-Experts in domains that apply Computational Thinking practices, knowledge
and attitudes, Type 3-Professors of Computer Science involved in teaching and development of
curriculum, and finally Type 4-Experts in the area of curriculum development in higher educa-
tion.

All potential experts were recruited utilizing publicly available information obtained
largely through open internet searches. Because of the desire to provide confidentiality to partic-
ipants limited demographic information is presented. Table 3 contains basic demographic in-

formation for each participant.
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Expert Participant Demographics
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Participant Label Domain Specific Label Gender Highest  Categorical
degree  Designation
achieved
Expert Participant #1 Computational Thinking
Expert #3 Female PhD 3
Expert Participant #2 Computer Science Profes-
sor #1 Male PhD 3
Expert Participant #3 Computational Thinking
Expert #2 Female PhD 1
Expert Participant #4 Computational Thinking
Expert #1 Female PhD 1
Expert Participant #5 Curriculum Expert #3 Female PhD 4
Expert Participant #6 Computer Science Profes-
sor #2 Male PhD 3
Expert Participant #7 Computer Science Profes-
sor #3 Male PhD 3
Expert Participant #8 Curriculum Expert #1 Female EdD 4
Expert Participant #9 Curriculum Expert #2 Female PhD 4
Expert Participant #10 Computational Thinking
Expert #3 Male PhD 1
Expert Participant #11 ~ Computer Science Profes-
sor #4 Female PhD 3

Unexpectedly and without notice, an error occurred when selecting the revised version of

the survey from within the Qualtrics system, resulting in distribution of the original list of ques-

tions delivered in the pilot study, as indicated below.

Round-One Questionnaire

The first round of questions for the participant survey included the following statements:

1. Computational Thinking is a critical skill for the 21st century and should be included

in a college curriculum outside of courses for introduction to Computer Science for

CS majors.
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Computational Thinking is best offered as a stand-alone General Education course to
ensure that all students are exposed to CT at some point in their institutional course-
work.

A General Education course in Computational Thinking should be developed and
taught by faculty in the Computer Science department/college.

Computational Thinking is best assessed through the construction of products or pro-
jects.

Computational Thinking will be covered in K-12 and does not need to be emphasized
in Higher Education curriculum.

Similar to previous curricular initiatives like; “Writing Across the Curriculum”, “Crit-
ical Thinking”, and “Information Literacy”, Computational Thinking will eventually
be highly regarded as a part of all curriculum majors.

Inclusion of Computational Thinking into curriculum in Higher Education should be
focused on integration into domain-specific courses and programs.

Faculty outside of Computer Science do not have the CS skills and expertise to effec-
tively integrate Computational Thinking curriculum and will be required to work with
faculty in Computer Science to develop appropriate curriculum.

Efforts to integrate Computational Thinking into disciplines outside of Computer Sci-
ence will diminish /over-simplify the concepts and thus make the effort ineffective.
The burden of oversight and ongoing management of Computational Thinking falls

on the Computer Science faculty at a given institution.
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11. Integration of Computational Thinking into the curriculum in higher education, will
require a significant investment of time and money for Faculty Professional Devel-

opment.

Data Analysis

The series of surveys were administered over three rounds retiring individual items based
on the level of consensus received. Each round of survey question responses received produced
a combination of quantitative and qualitative data which are collected through statements and
questions which include both four point Likert scaled responses (Strongly Agree, Somewhat
Agree, Somewhat Disagree, Strongly Disagree) as well as an opportunity to contribute open-
ended responses, inviting additional thoughts which will be coded thematically, analyzed and

reported to the participants for additional consideration.

Items were removed from the survey when there was a clear consensus achieved of 80%
or greater when combining both Somewhat Disagree and Strongly Disagree and Somewhat
Agree and Strongly Agree in a given topic, or if a topic is unable to come to a consensus after

two rounds of attempts.

Data Collection Process and Survey Responses

The online survey and data collection tool, Qualtrics was provisioned by Pepperdine
University for use in the study and was employed throughout the study. The initial invitation to
participate was sent to all potential 81 participants on Aug 15", 2016. The invitation had several
components including a description of the study, invite participation in the study, and to obtain

informed consent from participants in the study itself.
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Chapter 4: Results
The purpose of this modified Delphi study was to obtain consensus on issues important to
the integration of Computational Thinking into curriculum for higher education from a cross-
functional panel of experts, who practice within higher education. In order to accomplish this
goal, data were collected over three rounds of survey-style questionnaires, over a total of a sev-
en-week period. Data collected were in the form of Likert-scaled multiple choice and open re-

sponses which were analyzed in between rounds and represented in subsequent rounds.

The Delphi panel ran for a total of three rounds. In the first round, six items met the
agreement criterion of 80% or greater of combined categories to be considered to have met con-
sensus. At the end of round two, an additional four items met the agreement criterion. After three
rounds of the modified Delphi, two questions were left having not reached consensus. Detailed
descriptions of the results are provided below with analysis as it pertains to main the research

question.

Data Analysis and Results

Round-One Results

The questionnaire for the study was administered through the Pepperdine Qualtrics sur-
vey system with an initial email invitation to prospective participants. Within the initial email
invitation, was included a link to the items for round one (see, Appendix D) so that experts could
immediately participate in the study. Of the 81 emails that were included to be sent, six failed to

be sent for reasons that could not be determined, and seven emails bounced back.

The survey was started by a total of 14 people, of which only 11 finished to completion

with three participants formally opting out in round one, generating a response rate of 16.1%. Of
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those who completed the first round responses, representatives from categories one, three and

four were represented, but no participants from category two elected to participate in the study.

Table 4

Initial Survey Metrics

Action Number of Individuals
Invitation to participate sent 81
Invitations successfully delivered 74
Undeliverable invitations 7
Participants who opted out 3
Round 1 eligible participants 71

Round one of the modified Delphi study began on August 15" 2016 and continued
through August 22™, 2016 for a total of 17 days.

Likert data from each participant were analyzed for consensus based on the previously
defined criteria of 80% or greater combined, and the open answer responses were evaluated for
themes and content, that was reported back to the group for further consideration in round two.
Round one of the Delphi study elicited a consensus on a total of six statements S1, S4, S5, S6,
S7, and S11 detailed in Table 5. All Items presented in boldface in Table 5 met the preset

agreement criterion of 80% and were removed from the next round survey.
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Summary of Round 1 Results
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Statement Item Strongly  Strongly =~ Remarks
Removed Agree/ Disagree/
in next Somewhat Somewhat
round Agree Disagree
Retired

S1- Computational Thinking is a critical skill ~ Yes 81% 19% 6

for the 21st century and should be included in

a college curriculum outside of courses for in-

troduction to Computer Science for CS majors.

S2- Computational Thinking is best offered as  No 36% 64% 5

a stand-alone General Education course to en-

sure that all students are exposed to CT at

some point in their institutional coursework.

S3- Computational Thinking should be devel-  No 64% 36% 0

oped and taught by faculty in the Computer

Science department/college.

S4- Computational Thinking is best assessed Yes 81% 19% 5

through the construction and analysis of prod-

ucts or projects.

S5- Computational Thinking will eventually be Yes 9% 91% 6

covered in K-12 and does not need to be in-

cluded in Higher Education curriculum.

S6- Similar to previous curricular initiatives Yes 100% 0% 5

like; “Writing Across the Curriculum”, “Criti-

cal Thinking”, and “Information Literacy”,

Computational Thinking will eventually be

considered an integral part of all curriculum

S7- - Inclusion of Computational Thinking into  Yes 100% 0% 3

curriculum in Higher Education

should be integrated into domain-specific

courses and programs

S8- Faculty outside of Computer Science do No 45% 55% 4

not have the skills and expertise to effectively
integrate Computational Thinking curriculum
and will be required to work with faculty in

(continued)
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Computer Science to develop appropriate cur-

riculum

S9- Efforts to integrate Computational Think-  No 36% 64% 3
ing into disciplines outside of Computer Sci-

ence will diminish /over-simplify the concepts

and thus make the effort ineffective.

S10- The burden of oversight and ongoing No 64% 36% 3
management of Computational Thinking falls

on the Computer Science faculty at a given

institution.

S11- Integration of Computational Thinking Yes 91% 9% 3
into the curriculum in higher education, will

require a significant investment of time and

money for Faculty Professional

Notable results from round one include initial consensus level agreement on six of the
eleven original statements, indicating that the group thought that Computational Thinking is a
critical skill that needs to be included in curriculum in higher education and that should be
learned throughout the various domains of study in Higher Education, and assessed through the
construction of projects and products. The group of experts also agreed that the inclusion of
Computational Thinking into curriculum for higher education will likely take the form of similar,

previous initiatives and will require significant investment of time and resources to administer.

The group could not come to an immediate consensus about whether CT should be a
stand-alone course, or be totally integrated into the curriculum of each domain. Nor could they
agree upon the specific ways the CT integration should be owned and managed given the highly
disciplinary nature of the Computer Science based principles, practices and attitudes inherent to

Computational Thinking.
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Round One Items in Agreement

The qualitative portion of the data collected provides insight into the reasoning of the par-
ticipants, and helps to illuminate some of the points of tension that exist, even within consensus
helping provide additional context into adjacent topics as well, given that many of the statements
are highly interconnected. For each statement that reached consensus, several comments were
notable in helping to determine the nature of the thinking behind the Likert scaled responses.
These are presented below for the six items that achieved consensus, S1, S4, S5, S6, S7, and S11

respectively.

CT as a Critical 21stC Skill

Regarding Statement # 1, “Computational Thinking is a critical skill for the 21st century
and should be included in a college curriculum outside of courses for introduction to Computer
Science for CS majors” consensus of 81% Strongly Agree/Somewhat Agree was achieved.
While consensus was achieved immediately on the first statement regarding the critical nature of
Computational Thinking and the need to introduce to students outside of Computer Science
courses, the qualitative data from the open response comment section for Statement #1 showed

some notable differences in opinion and perspectives exist within the general consensus.

Curriculum Expert #3 a member of Category Type 4;Experts in the area of curriculum
development in higher education, also expressed confusion about the meaning of Computational
thinking as a portion of her response; “Not sure I really quite get what 'computational thinking’
means since I don't have an example.” In retrospect, particularly for those who do not have ex-
pertise in Computational Thinking, an example of CT would have been helpful in better under-
standing the intended meaning of CT for the study outside of the operational definition provided

at the beginning of the survey.
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The comments of Computer Science Professor #4, illuminated the definitional confusion
and pushback on the recent focus on CT both are referenced in Chapter 2, survey of the literature
base of Computational Thinking. She writes: “CT is too ill-defined, and is already subsumed by
other concepts such as "algorithmic thinking", "logical thinking", all of which can also ultimately
lead to a computer-based implementation of a problem solution. So I think the underlying con-

cepts should be taught, but I'm not sure we need a new term for it.”

Computational Thinking Expert #3 who selected ‘somewhat disagree’ with statement S1,
made the distinction that; “It is more important to<sic> do this at the K-12 level than higher edu-
cation.” This perspective is certainly in line with the level of formal work that has been expend-
ed in integration of CT into curriculum of all levels, heavily favoring the K-12 environment, and
reflects the general consensus of researchers in Computational Thinking, that CT needs to be in-
cluded in learning from early ages. While this is true, he doesn’t seem to indicate a mutually ex-
clusive relationship between efforts at both levels, and can be seen as an indication of the need

for more coordination and support of CT education across grade levels.

Computational Thinking Expert #1 raises an interesting potential concern resulting from
the integration of CT in higher education curriculum, which is the potential for students to be
pushed into poorly taught courses that may negatively impact their perception of computer sci-

ence and CT inadvertently. She writes:

I also don't necessarily think that we should require students to take a course in it. Would
it be helpful for them? Yes. Have I see traditionally taught courses turn people off almost
permanently to CS in general? Absolutely. If it's not taught right, in a way to reach out to

a population who isn't already interested in computing, then it might be better not to do it.
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An important aspect of teaching Computational Thinking in a formal way is the pedagog-
ical approach that is taken, and this expert points out that there is a possibility that in rushing to
incorporate Computational Thinking into curriculum may lead to negative and detrimental expe-

riences for students.

Assessing CT

Also reaching a level of consensus of 81% in the first round of the modified Delphi, was
agreement on Statement # 4; Computational Thinking is best assessed through the construction
and analysis of products or projects. Similar to the responses collected pertaining to statement
#1, this perspective also confirms what was found within the literature review, which is that
largely Computational Thinking is assessed through analysis and construction of artifacts using

Scratch, Arduino, App building programs and more.

Of interest within the comments submitted from Computational Thinking Expert #3 who
selected strongly disagree added the comment: “The question is confusing. It is a thinking tool,
so not sure how does construction come into play.” Although he indicated an understanding of
the question, there was a detectable lack of connection between the idea of creation and analysis
of artifacts and assessment of Computational thinking, which he referred to explicitly as a

“thinking tool.”

Contrastingly, several expert participants including EP4, EPS and EP8 mentioned explic-
itly the benefit of using construction and analysis of artifacts for the assessment of Computation-
al Thinking. Curriculum Expert #3 argued: “Learning activities, such as constructing and ana-
lyzing products or projects are the best real world means of applying learning, especially with ill-
defined problems.” Acknowledging a potential difficulty in assessing CT explicitly, Curriculum

Expert #1 agrees that Projects and Products are ideal for demonstration of CT writing “It may be
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difficult to assess this specifically however it should be demonstrated in projects or products.” —

Curriculum Expert #1

As seen in the chapter two literature review, assessment of Computational Thinking has
required divergence from existing assessment and pedagogical norms, which will likely pose a

barrier for change towards system-wide integration into any level of curriculum.

EP6 cautions that though construction and analysis of artifacts are a potential method of

assessment, that likely additional means would be required..

Students need to work on interesting problems and develop potential solutions. Assess-
ment likely will involve products, but the realm of assessment is too broad to think that

only one mechanism or context can be used! -Computer Science Professor #2

This point is also consistent with the literature, in that CT has also been formally assessed
through other methods including problem solving and troubleshooting or debugging existing

programs (Grover, 2015; Kafai, Lee, Searle, & Fields, 2014; Mishra & Iyer, 2015).

CT in K-12

First round consensus of 91% Strongly Disagree/Somewhat Disagree was also achieved
around Statement # 5: Computational Thinking will eventually be covered in K-12 and does not
need to be included in Higher Education curriculum. Only one Computational Thinking Expert
#3 agreed with the statement, but declined to male The large majority of the comments made
supported the need for focusing on integration of computational Thinking throughout higher ed-

ucation in addition to K12.

I think it's going to be a long time before computational thinking is covered in K-12 uni-

versally. So in the meantime, it's great to reach out to students who are in higher educa-
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tion to enable them to broaden their skills and to see how this might be relevant to their

personal goals. -Computational Thinking Expert #1

EP3 sees benefit in integration within specific areas in particular and provides additional
considerations for integration of CT into curriculum in K12, that will potentially be issues in
higher education. These include the need for qualified teachers, and the need to coordinate with

teacher preparation programs to provide the foundations needed for CT integration.

One question is who will teach CT to K-12 students? At a minimum, K-12 and teacher
education institutions should be in sync in everything they do. In addition, the nature of
knowledge is interdisciplinary. If we teach CT to science, humanities, social and behav-
ioral sciences majors so many disciplines would benefit from it. -Computational Thinking

Expert #2

Ultimately there was little disagreement between the expert participants regarding the

need for CT in higher education.

CT across Departments

Expert participants unanimously agreed with Statement # 6: Similar to previous curricu-
lar initiatives like; Writing Across the Curriculum, Critical Thinking, and Information Literacy,
Computational Thinking will eventually be considered an integral part of all curriculum majors.

Two expert participants, EP11 and EP8 argued that CT is largely already present:

In truth, much of what is included in CT is already there. For example, historiography
covers a formal algorithmic approach to doing history research. What else is that but a

form of CT? —Computer Science Professor #4
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When it is better understood the integration of the information will be conscious but I be-

lieve that to some degree it is already there. —Curriculum Expert #1

Likely, simply because computers aren't going away. —Computational Thinking Expert

#1

One expert pointed out the challenges with integration of complex literacies across the

curriculum by citing past examples of similar initiatives at his institution.

This seems appropriate, but not necessarily realistic. Although "writing across the cur-
riculum" has gained widespread support, "quantitative literacy" has not. My news reports
and articles in the common press clearly show that the general population is often igno-
rant of any type of quantitative sense, but there is no push for such discussions across the
curriculum. Why would computational thinking have any more success than quantitative

literacy? —Computer Science Professor #2

CT across subject domains

Also within the first round, expert participants unanimously agreed with Statement # 7:
Inclusion of Computational Thinking into curriculum in Higher Education should be integrated
into domain-specific courses and programs. Curriculum Expert #1 noted that one reason that CT
should be integrated into domain-specific courses and programs is; “Because it is already

there....”

Another expert participant points out the need for CT to be situated into a particular con-

text for it to be useful and of interest.



61

Computational thinking focuses on problem solving, but practice in computational think-
ing requires problems to work on. Some type of domain-specific context is needed to

provide the needed, interesting problems. —Curriculum Expert #1

CT and Professional Development

Expert participants also agreed, 91% to 9% with Statement # 11: Integration of Computa-
tional Thinking into the curriculum in higher education, will require a significant investment of
time and money for Faculty Professional Development. One expert shares his experience with
Writing Across the Curriculum training and development and suggests that efforts to include CT

across the curriculum would pose similar challenges, requiring similar resources.

At Cornfield College, a small Midwestern liberal arts college..., "writing across the cur-
riculum" has been an active priority, and this has required substantial time and money.
For example, multiple workshops for faculty have been held every summer since 1971,
and there are regular discussions among faculty groups. A similar effort would be re-

quired for computation thinking across the curriculum.

At Pepperdine, the effort will likely be particularly extensive, because the com-
puter science is extremely small, under staffed, and almost invisible. Further, currently
there is a CS/Math major, but not a CS major on its own. Further, very few faculty at
Pepperdine have any idea of what CS or computational thinking might involve or where

it might fit at Seaver College. -Computer Science Professor #2

Another expert participant shared that the answer may not necessarily be professional de-

velopment in the traditional sense, but rather more of a grass roots effort.
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Maybe. I think the best way to start is ground-up. Encourage faculty who do have some
experience in CS to integrate it into a course. Provide some status or reward for investing
that time in a new or updated course and allow it to flourish for a bit before ramping it up.

—Computational Thinking Expert #1

Preparing for Round 2

For all items that did not achieve the predetermined level of >80% agreement between
expert participants, statements S2, S3, S8, S9, and S10, open responses were analyzed and repre-
sentative statements were selected to further facilitate discussion and collective inquiry amongst
the panel. Two representative comments were chosen in support and two in opposition to the
given statement, when possible. Unfortunately, not all of the statements received enough com-

ments to fully achieve this objective, the details are discussed in Table 6.

For item S2 “Computational Thinking is best offered as a stand-alone General Education
course to ensure that all students are exposed to CT at some point in their institutional course-
work” a total of 5 qualitative remarks were analyzed and two remarks were selected in disagree-
ment of the statement, while no remarks were available to be selected in support of S2. Partici-
pants in Round 2 were asked to reconsider their previous response in light of the provided state-

ments, and elaborate with additional qualitative remarks to further facilitate the discussion.
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Round 2 Response Reconsiderations

Remark 1 “A parallel would be that a stand-
alone course related to writing must be offered
for all students. At some colleges (e.g., at
Grinnell College), such an approach is well
documented to be an overwhelming fail-

ure. Required courses in writing, offered in
English or similar Humanities department must
require writing assignments for general audi-
ences --- often about short stories or novels or
poetry or.... As a result, many students are un-
Strongly Disa- motivated in writing their papers, and the pa-
gree/Somewhat Disa- 36% pers show the lack of motivation. Using other
gree approaches for writing (e.g., writing across the
curriculum) works very much better. I see no
reason to think that a required, stand-alone
General Education for computational thinking
would work any better.”

Remark 2 “If it's really necessary for solving
many kinds of ill defined problems, it should
be a part of multiple courses across the curricu-
lum and not just one that many students will
forget.”

Strongly
Agree/Somewhat 63%
Agree

There were no remarks in support of strongly
agree/somewhat agree

Unfortunately there were not any remarks received for statement #3 in round one, so no
comments were able to be provided back to participants, only the percentage of agreement and
disagreement for the statement was given, along with a note indicating a lack of comments for

that statement as seen in Table 7.
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Statement #3 Remarks
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Strongly Disa-
gree/Somewhat Disagree

There were no remarks in support

0
63% of strongly disagree/somewhat disagree

Strongly Agree/Somewhat
Agree

There were no remarks in support

0
36% of strongly agree/somewhat agree

For statement #8, “Faculty outside of Computer Science do not have the skills and exper-

tise to effectively integrate Computational Thinking curriculum and will be required to work

with faculty in Computer Science to develop appropriate curriculum”, a total of four statements

were received from participants in round one, all were provided to the participants of round two,

as shown in Table 8.

Table 8

Round 1 Remarks Regarding Statement #8

Strongly Disa-
gree/Somewhat Disa-
gree

45%

Remark 1 "That's a totally bogus statement. Much
of computational thinking and programming is
self-taught. Will a conversation between faculty in
different departments help? Very likely. Is it help-
ful to plan a trajectory so that students in a disci-
pline specific (in their major) class can have ave-
nues to pursue computation more deeply? Sure.
Right now, having never taken a class in CS ever,
I am a much better teacher of CS than many CS
faculty - at an introductory level."

Remark 2 “I do not believe this is a true state-
ment.”

Strongly Agree/
Somewhat Agree

55%

Remark 1 “Initially this may be true, but as the
field matures there will be more experts from vari-
ous disciplines.”

Remark 2 “Applied mathematicians, statisticians,
and many physicists certainly have relevant skills
and expertise. Many in Latin or religious studies
do not, and the latter will need to work with facul-
ty who have appropriate background. On the other

(continued)
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hand, there is little reason to think that faculty in
Latin or religious studies would have much inter-
est in such an endeavor --- they may buy into writ-
ing across the curriculum, but likely not anything
related to STEM across the curriculum.”

For statement #9, “Efforts to integrate Computational Thinking into disciplines outside of
Computer Science will diminish /over-simplify the concepts and thus make the effort ineffec-
tive,” a total of three remarks were received in round one, all were included in round two as
shown in Table 9.

Table 9

Statement #9 Remarks

Strongly
Disagree/ 63% Remark 1 “Just NO. Please don't ever say that. I find that
Somewhat statement quite offensive.”. .
Remark 2 “I don’t agree with this statement.”
Disagree
Remark 1 “If computational thinking is taught well, it can
Strongly provide many ipsights about problerp solving. If computa-
Agree/ tional thinking is taught poorly, it will not help and may be
Somewhat 36% counte}*productlve. The guestlon asked, ther;fore? seems to
Agree be asking about the likelihood that the material will be cov-
ered well. This seems to depend upon the teacher and
course.”

For statement #10, a total of 3 remarks were received, all were included with data for dis-

cussion in round two in Table 10.
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Statement #10 Remarks

Strongly Disa- 36% | Remark 1 “No. That would only build resent-
gree/Somewhat Disa- ment.”
gree
Remark 1 "When writing across the curriculum
works well, the English faculty often are involved
with faculty workshops and other activities to help
faculty in all disciplines polish their skills in help-
Strongly ing their students with writing. Similarly, it would
Agree/Somewhat 63% seem that "quantitative literacy" across the curricu-
Agree lum would likely involve mathematicians, and
"computational thinking across the curriculum"
would involve computer scientists."
Remark 2 “Again, it is not necessary to teach this
in isolation but more effective to integrate this.”

Round 2 Results

Round two of the modified Delphi study began on September 2", 2016 and continued
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through September 20", 2016 for a total of 18 days. Eleven of the twelve original panelists con-

tinued into in Round 2, which included only the statements that did not achieve the 80% or

greater level of agreement for retirement in the first round, S2, S3, S8, S9, and S10. In the se-

cond round, two statements, S2 and S3 achieved consensus, while S8, S9, and S10 did not. The

results are detailed in Table 11 with the following distribution of Likert responses.
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Summary of Round 2 Results

67

Statement Round | Retired | Strongly Strongly Remarks
Agree/ Disagree/
Somewhat | Somewhat
Agree Disagree

S2- Computational Thinking is best | 1 No 36% 64% 5

offered as a stand-alone General Ed-

ucation course to ensure that all stu-

dents are exposed to CT at some 2 Yes 20% 80% 7

point in their institutional course-

work.

S3- Computational Thinking should | 1 No 64% 36% 0

be developed and taught by faculty

in the Computer Science depart-

ment/college. 2 Yes 20% 80% 0

S8- Faculty outside of Computer 1 No 45% 55% 4

Science do not have the skills and

expertise

to effectively integrate Computa-

tional Thinking curriculum and will | > No 50% 50% 6

be required to work with faculty in

Computer Science to develop appro-

priate curriculum

S9- Efforts to integrate Computa- 1 No 36% 64% 3

tional Thinking into disciplines out-

side of Computer Science will di-

minish /over-simplify the concepts 5 No 30% 70% 7

and thus make the effort ineffective.

S10- The burden of oversight and No 64% 36% 3

ongoing management of Computa-

tional Thinking falls on the Comput-

Zro I’SLcwnce faculty at a given institu- No 50% 50% G
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In round two, expert participant opinion converged on two statements that reached con-
sensus, S2 and S3, indicating a rejection of the ideas that CT should be presented as a stand-
alone General Education course, nor should CT in the curriculum be developed and taught by

faculty in the Computer Science department/college.

As in the previous round, several comments were notable in helping to determine the na-
ture of the thinking behind the Likert scaled responses. These are presented below for each of

the given statements, S2 and S3 respectively.

CT as a Standalone Course

Expert Participants reached the threshold for consensus of greater or equal to 80% of
combined strongly disagree and somewhat disagree categories with regard to Statement #2:
Computational Thinking is best offered as a stand-alone General Education course to ensure that
all students are exposed to CT at some point in their institutional coursework. In round one, ex-
perts disagreed 63% and agreed 36% with S2, which indicates a shift of opinion from the first to

the second round.

Overwhelmingly Participants indicated within the comments in their own words that
Computational Thinking should be integrated into domain specific curricula for a variety of rea-
sons. Comments were provided in general support of integration across subject domains by Ex-

pert Participants #4, #5, #8, #9 and #10, examples are provided below.

Computational Thinking Expert #1 (Round 1) stated “I think the best use would be to in-
tegrate it within a students' discipline - as an extension of arts, humanities, social science re-
search, education, and so on.”, while Curriculum Expert #3 (Round 1) argued that; “If it's really

necessary for solving many kinds of ill-defined problems, it should be a part of multiple courses
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across the curriculum and not just one that many students will forget.” Curriculum Expert #1
(Round 2); “To be effective and really prepare students with 21st-century skills it must be em-
bedded throughout the curriculum and regular part of the curriculum”, while Computational
Thinking Expert #3 (Round 2) contends that; “CT should be embedded in the context of the dis-

ciplines rather than separate skills.”

Supporting her perspective that CT is inherently interdisciplinary, Expert Partcipant #9
referenced a quote from Jeanette Wing (2006) in her response: “‘Computational thinking is a
fundamental skill for al learners, not just for computer scientists.” To reading, writing, and math,

computational thinking should be a cross-curricular subject, not stand alone.”

Computer Science Professor #1 brought attention to the need for consideration of strate-
gic application and maximization of resources when deciding how to implement computational

thinking in curriculum for higher education. He writes:

It depends upon how a university wants to use it resources. Having a stand-alone general
ed course required by all students is more efficient in terms of faculty preparation. Inte-
grating such CT content across the curriculum would be better in terms of motivation for
student in varying disciplines, however, it would require significant resources to train
faculty beyond computer science. Most schools do not have the resources to do such
training, nor are they apt to find enough faculty in all disciplines who would want to take

the training.

This comment challenges the idea that the ideal application of Computational Thinking is

achievable, and affordable as an option to begin with by illustrating the tradeoff of depth and
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breadth of CT coverage in terms of the amount of resources required to implement the respective

solutions.

Computational Thinking Expert #1 provided comments encouraging thought about how a
standalone course could be created that would better serve students by differentiating offerings
when she wrote: “We know that learning is contextual. A single general CS class will probably
not help reach the breadth of students needed. Perhaps a general education class could help, but it
might be good to offer a few different versions.” EP4 also thoughtfully pointed out that the ques-
tion was more difficult to answer without knowing the nature of the course and its foundations.
She wrote; “I cannot fully agree without knowing more about the principles of such a course- the
values on which it is founded and how it will help students from different disciplines understand

how computing can be valuable for them.”

One expert participant, EP6, pointed out the historical wisdom gained through experience
in similar endeavors at their institution through providing context around efforts to improve writ-

ing across the curriculum. He writes;

A parallel would be that a stand-alone course related to writing must be offered for all
students. At some colleges (e.g., at Cornfield College), such an approach is well docu-
mented to be an overwhelming failure. Required courses in writing, offered in English or
similar Humanities department must require writing assignments for general audiences ---
often about short stories or novels or poetry or... As a result, many students are unmoti-
vated in writing their papers, and the papers show the lack of motivation. Using other
approaches for writing (e.g., writing across the curriculum) works very much better. I see
no reason to think that a required, stand-alone General Education for computational

thinking would work any better. —Computer Science Professor #2
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CT Should be developed and taught by CompSci Faculty

Expert Participants also reached the threshold for consensus of greater than or equal to
80% agreement of combined strongly disagree and somewhat disagree categories for Statement #
3: “Computational Thinking should be developed and taught by faculty in the Computer Science

department/college.”

EP 3 argued that “Computational thinking is an interdisciplinary subject and for it to be
successful, other content area experts should also be involved in the teaching of CT.” —
Computational Thinking Expert #2 (Round 1). Computer Science Professor #4 argued in round
1 “We expect that all faculty will help develop their students research and writing skills. CT is

no different.”

Computer Science Professor #2 makes the important point that CT will be implicit in
Computer Science programs and courses, but needs to be further delivered throughout various

disciplines by non CS faculty.

I agree that computation thinking should be part of each course taught by computer sci-
ence faculty. This is the nature of the computing discipline, so a CS course without com-
putational thinking would not be true to the discipline. However, I also believe that com-
putational thinking can (and should) be taught by faculty in other STEM areas (e.g.,
mathematics and physics) and perhaps some other disciplines (e.g,. economics). The
question does not specify that CS faculty should be the only faculty developing and
teaching such courses, and I did not read the question as expecting that only CS faculty

would be involved in such courses. —Computer Science Professor #2
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I somewhat disagree because if taught in the context of other gen ed courses, could be taught by

experts in those gen ed courses. —Curriculum Expert #3

Some remarks by participant experts suggested a strong role for CS departments in the
development and facilitation of CT across the curriculum; “CS departments should be heavily
involved in the development of any CT material as well as teaching it” —Computational Thinking

Expert #3.

In round two, expert participant 5 suggests more of an intentional collaborative approach;

“Best if they are the primary subject matter experts, but also include those from other disciplines
who could share how computer technology is best used in their fields and in interdisciplinary
problem solving.” This perspective was also supported by Computational Thinking Expert #3
who wrote, “Computational thinking needs to be developed collaboratively with CS faculty;
however, it could be taught by faculty in other fields as long as they understand computer sci-

ence concepts.”

Need for Professional Development

Several participants referenced the need for training and development for non CS faculty
in particular; “All instructors will need training and support to integrate this in courses.” —
Curriculum Expert #1. Computer Science Professor #1 took the perspective that the university
would need to incentivize faculty outside of computer science to participate in the development

and delivery of CT courses:

It would depend on a university being able to provide training to faculty not in CS, and
having faculty willing to receive such training. My experience is the challenge of finding

willing faculty from non-CS departments to be near impossible. It would require univer-
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sities somehow counting such training as valid rank and tenure application activities. |
have not found a school that would recognize such effort. Getting a faculty member to
abandon their normal discipline work to integrate CT without such rank and tenure

recognition is difficult. -Computer Science Professor #1

EP9 suggested training, but not necessarily targeting faculty that are already teaching,
rather focusing on the integration of computational thinking teacher education programs. “Obvi-
ously computer science instructors would need to be integrated into teacher education pro-

grams. ” —Curriculum Expert #2

Pedagogical issues in CS curriculum
One expert participant expressed concerns stemming from her preexisting beliefs about
the embedded pedagogical beliefs and practices of faculty who teach in computer science pro-

grams:

NO! Only a few CS departments are willing to consider different types of pedagogies,
and right now, for the general population, I believe that traditional CS pedagogies do
more harm than good. Too often even well-intentioned CS faculty who wish to reach out
to a broader audience speak way above the heads of novices - even myself.—

Computational Thinking Expert #1 (Round 1)

In round two, EP4 elaborated on her position with the following statement, admitting a

potential bias:

I guess that from my personal experiences I am strongly biased against the typical form
of pedagogy used by CS faculty. I do not dispute that many faculty have a very progres-

sive form of teaching that breaks down boundaries and engages students in different ways
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of thinking about computing and coding, but by far the majority I have encountered do

not. -Computational Thinking Expert #1 (Round 2)

Also in round two, Computer Science Professor #2 provided additional support for this

idea through his statement;

I also strong believe that computer science should NOT be the only faculty teaching ma-
terial related to computational thinking. For example, calculus may include Newton's
Method, differential equations courses may include approximation algorithms, social sci-
ence courses may discuss the development of simulations, students studying accounting
likely must learn algorithms for various computations, etc. All of this material is related
to computational thinking, and computer scientists should NOT be teaching those cours-

CS.

This perspective aligns with the literature in teaching Computer Science in which several
scholars are starting to question the impact of faulty pedagogical practices on the rate of comple-

tion and success in CS courses and programs.

Preparing for Round 3

For all items that did not achieve the predetermined level of >80% agreement between
expert participants, statements S8, S9, and S10, open responses were again analyzed and repre-
sentative statements were selected to further facilitate discussion and collective inquiry amongst
the panel. Two representative comments were chosen in support and two in opposition to the

given statement, when possible.

S8) Faculty outside of Computer Science do not have the skills and expertise to effectively inte-

grate Computational Thinking curriculum and will be required to work with faculty in Computer



Science to develop appropriate curriculum.

Please reconsider your prior selection after reviewing comments provided. Please share addi-

tional remarks in the open reply space below to help make your reasoning explicit.

Table 12

Statement #8 Agreement/Disagreement

Strongly Dis-
agree/

Somewhat
Disagree

50%

Remark 1 "I do not think that it is a fair assessment to say
that Faculty outside of Computer Science do not have the
skills and expertise to effectively integrate Computational
Thinking curriculum, however, collaborating with faculty
in Computer Science to develop appropriate curriculum
would obviously be beneficial."

Remark 2 “Some have the skills, some don't. And it isn't
necessarily discipline based. I have English and History
colleagues who cannot teach writing very well, even
though we expect them to. But they might actually have
excellent logical thinking and research skills and could
teach elements of CT.”

Strongly
Agree/
Somewhat
Agree

50%

Remark 1 “There may indeed be some faculty outside of
CS that have the necessary skills. However, there are not
enough such, by a large number, faculty to cover the de-
mand across disciplines"

Remark 2 “CT draws on concepts fundamental to CS, so it
makes sense that other faculty need to work with faculty in
Computer Science to develop appropriate curriculum.”

Q9) Efforts to integrate Computational Thinking into disciplines outside of Computer Science

will diminish /over-simplify the concepts and thus make the effort ineffective.

Please reconsider your prior selection after reviewing comments provided. Please share addi-

tional remarks in the open reply space below to help make your reasoning explicit:
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Table 13

Statement #9 Agreement/Disagreement

Remark 1 “This statement destroys the positive possi-

Somewhat Agree

Strongly 70% | Dbilities of the concept prior to it being put into action.”
Disagree/ Remark 2 “Exposure and perspective is important and
Somewhat Disa- will be gained by learning and listening to a variety of
gree instructors, some will be very good and some poor but
that is not exclusive to any specific discipline.”
Remark 1 “Unless students get to automation of algo-
rithms, it is not really CT and I don't see how non-CS
Strongly Agree/ faculty could sustain this.”
30%

Remark 2 “It depends on the training. Presently, there
are not enough qualified faculty outside CS to teach
CT."
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Q10) The burden of oversight and ongoing management of Computational Thinking falls on the

Computer Science faculty at a given institution.

Please reconsider your prior selection after reviewing comments provided. Please share addi-

tional remarks in the open reply space below to help make your reasoning explicit:



Table 14

Statement #10 Agreement/Disagreement

Remark 1 "I agree with the statement about resentment.
Also, I find that CS faculty, even those super motivated to
reach out to new students and across disciplines cannot
get past their own expert blind spots to teach novices ef-
fectively. We do not need mathematicians to teach quan-

Strongly Dis- 50% CRUVELY i

agree/ Some- titative literacy- that is much better done by people who

what Disagree understand why many students struggle with this."
Remark 2 “It should not be taught in isolation or overseen
by a specific group. The integration of this will require a
team of professors from a diverse group of faculty in dif-
ferent departments.”

Strongly

Agree/ Remark 1 "I think initially it would, but then eventually it

50% could possibly be shared."
Somewhat
Agree Remark 2 “Yes, but other faculty should be engaged.”
Round 3 Results
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Round three of the modified Delphi study began on September 20™, 2016 and continued

through October 3™, 2016 for a total of 15 days. Nine participants out of the original 11 made it

to the third and final round of the Delphi.

Round three of the modified Delphi included only the statements that did not achieve

consensus in the first and second rounds; S8, S9, S10. In the third round, only one statement, S10

achieved consensus with the following distribution. At the end of the third round, the study end-

ed with two statements remaining unable to meet the criterion for agreement among panelists.

These are discussed in this section as well.



Table 15

Summary of Round 3 Results
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Statement Round Retired Strongly Strongly =~ Remarks
Agree/ Disagree/
Somewhat = Somewhat
Agree Disagree
S8- Faculty outside of Computer 1 No 45% 55% 4
Science do not have the skills and
expertise
to effectively integrate Computa- 2 N 459, 550, 4
tional Thinking curriculum and will © ° °
be required
to yvork with faculty in Computer 3 No 449 56% 3
Science to develop appropriate cur-
riculum
S9- Efforts to integrate Computa- 1 No 36% 64% 3
tional Thinking into disciplines out-
side of Computer Science will di-
minish /over-simplify the concepts 2 No 30% 70% 7
and thus make the effort ineffective.
3 No 33% 77% 5
S10- The burden of oversight and 1 No 64% 36% 3
ongoing management of Computa-
tional Thinking falls on the Com-
puter Science faculty at a given in- 2 No 50% 50% 6
stitution.
3 Yes 12% 88% 3

For the only statement that achieved consensus in round three, S10, several comments

were notable in helping to determine the nature of the thinking behind the Likert scaled respons-

es. These are presented within the corresponding sections below.
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Burden of CT Oversight
Most participants somewhat or strongly disagreed with Statement # 10: The burden of
oversight and ongoing management of Computational Thinking falls on the Computer Science

faculty at a given institution.

No. That would only build resentment. Computational Thinking Expert #1 (Round 1)

I agree with the statement about resentment. Also, I find that CS faculty, even those super
motivated to reach out to new students and across disciplines cannot get past their own
expert blind spots to teach novices effectively. We do not need mathematicians to teach
quantitative literacy- that is much better done by people who understand why many stu-

dents struggle with this. -Computational Thinking Expert #1 (Round 2)

In both sets of comments there is an acknowledgement that this needs to be shared and
many faculty should be engaged. Yes, CS faculty should be involved. But the burden of

oversight should not lay on them. -Computational Thinking Expert #1 (Round 3)

When writing across the curriculum works well, the English faculty often are involved
with faculty workshops and other activities to help faculty in all disciplines polish their
skills in helping their students with writing. Similarly, it would seem that "quantitative
literacy" across the curriculum would likely involve mathematicians, and "computational
thinking across the curriculum" would involve computer scientists. -Computer Science

Professor #2 (Round 1)

I believe I wrote Remark 1 for Strongly Agree/Somewhat Agree, and I continue to be-
lieve my response. And, once again, the statement, as given, is problematic. I believe

that computer scientists should be involved, but this does not imply that computer scien-
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tists must be the ones doing the management. For example, if several courses will be
covering different perspectives on computational thinking, then staffing might be man-
aged and negotiated by the Dean's Office rather than the computer science department. -

Computer Science Professor #2 (Round 2)

Once again, this question belittles our colleagues across the curriculum. Computational
thinking applies to much work in many disciplines. Computer science faculty likely are
one group to be involved, but there is no reason to think that they are the only ones. As
with the other two, the implication of the question seems inappropriate here, and I am de-
lighted that there is a 50-50 split on this and some of the other questions that seem to

make bad assumptions. -Computer Science Professor #2 (Round 3)

Again, it is not necessary to teach this in isolation but more effective to integrate this. -

Curriculum Expert #1

It should not be taught in isolation or overseen by a specific group. The integration of
this will require a team of professors from a diverse group of faculty in different depart-

ments. -Curriculum Expert #1

To succeed it will need to be a collaborative and shared responsibility.-Curriculum Ex-

pert #1

Yes, but other faculty should be engaged. -Computational Thinking Expert #3

Items that did not reach agreement
There were a total of two statements that were unable to be retired after three rounds S8

and S9 as described in detail within the corresponding sections below.
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Faculty Skill Sets for CT Instruction

Expert Participants were split Strongly Agree/Somewhat Agree 44% to Strongly Disa-
gree/Somewhat Disagree 56% on their opinions related to statement # 8: Faculty outside of
Computer Science do not have the skills and expertise to effectively integrate Computational
Thinking curriculum and will be required to work with faculty in Computer Science to develop
appropriate curriculum.

Participant expert opinions varied as expected from those who suggest that faculty out-
side CT are necessary, to those who think that faculty outside of CS would require strong support
and collaboration. Computational Thinking Expert #3 points to the inherently interdisciplinary
nature of CT as a reason why collaboration needs to occur, “CT draws on concepts fundamental
to CS, so it makes sense that other faculty need to work with faculty in Computer Science to de-
velop appropriate curriculum.”

Expert Participant # 8 argued®... it is a gross generalization to say that others do not have
the skill set to teach this. Additional support and training may be needed for some faculty but I
believe others are very skilled.” Curriculum Expert #2 agreed and added, “I do not think that it is
a fair assessment to say that Faculty outside of Computer Science do not have the skills and ex-
pertise to effectively integrate Computational Thinking curriculum, however, collaborating with
faculty in Computer Science to develop appropriate curriculum would obviously be beneficial.”

Computer Science Professor #2 astutely suggested that a greater level of refinement was
needed in the question due to the need to further differentiate faculty types in terms of their dis-
cipline. “Applied mathematicians, statisticians, and many physicists certainly have relevant skills
and expertise. Many in Latin or religious studies do not, and the latter will need to work with

faculty who have appropriate background.” This raises an important distinction in that some do-
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mains are inherently more computationally integrated in their practice and may require different
approaches to development and facilitation of the curriculum. He added, “On the other hand,
there is little reason to think that faculty in Latin or religious studies would have much interest in
such an endeavor --- they may buy into writing across the curriculum, but likely not anything

related to STEM across the curriculum.”

CT Integrity Outside CompSci Departments

Despite the lack of consensus having been met for statement #9, the level of agreement
was as close as possible without meeting the 80% criteria, with most participants disagreeing that
Computational Thinking will be diminished and oversimplified as a result of integration outside
of disciplines related to Computer Science. Statement # 9: Efforts to integrate Computational
Thinking into disciplines outside of Computer Science will diminish /over-simplify the concepts
and thus make the effort ineffective. “It depends on the training. Presently, there are not enough

qualified faculty outside CS to teach CT.” —Computer Science Professor #1 (Round 2)

Conclusions

A modified Delphi study was used to answer the research question: How should compu-
tational thinking be integrated into the curriculum in higher education? The Delphi gathered a
panel of 12 experts in the field, as described in chapter three, and engaged them in three rounds
of voting on a series of statements about the implementation of CT in higher education. Expert

consensus was reached in nine of the eleven statements indicating several key takeaways:

e Computational Thinking is a Critical Skill for the 21* Century that will not be adequately

covered in K-12 education and should be covered in Higher Education
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e Computational Thinking is best integrated into curriculum domains, and not simply of-
fered as a standalone general education course

e Faculty in Computer Science, though not solely responsible for integration of Computa-
tional Thinking, should play a role in collaborating with faculty in other disciplines to of-
fer meaningful experiences to students over the course of their degree program

e Investment in Faculty Professional Development will be necessary, particularly if inte-
gration of Computational Thinking into curriculum for higher education is to follow the

model of prior curriculum initiatives such as Writing Across the Curriculum

Through the use of the modified Delphi technique, several key findings were illuminated
with regard to the research question, including insights into how curriculum should be devel-
oped, presented and managed on an ongoing basis, as well as some of the inter-relational chal-
lenges that may be expected as a result of any such efforts to integrate Computational Thinking
in higher education.

Participant experts who participated in the study agreed that Computational Thinking is a
critical skill for the 21 century and should be offered to students outside of Computer Science
Majors, affirming Wing’s (2006) contention, that Computational Thinking is “Computational
thinking is a fundamental skill for everyone, not just for computer scientists” (p. 33). Consensus
on this item also supports the idea that Computational Thinking is relevant for all students re-
gardless of their particular academic interest, and extends to students of all types. Expert Partic-
ipants also agreed that Computational Thinking, though more prominent in K-12 level research,
would not be adequately covered in K12 education such that it wouldn’t need to be addressed in
post-secondary education. These two foundational understandings set the stage for the remainder

of the conversation surrounding integration of CT, which assume the two to be true.
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Experts who participated in the study also agreed that Computational Thinking should not be
offered only as a standalone course, and rather should be integrated into the broader curriculum.
The reasoning provided by the panel varied from expert to expert. Statements included compari-
son of previous curriculum interventions, such as curriculum Writing Across the Curriculum, to
general opinions about the benefits and disadvantages of a singular approach. One expert point-
ed out that while a single offering would be logistically less complex to coordinate and offer to
broad audiences, lack of situated learning and sustained attention over time, mean that students
will likely forget whatever was discussed, and true learning will fail to occur.

Though it wasn’t explicitly mentioned by any of the expert participants, many disciplines in
higher education are evolving to include the knowledge practices and attitudes of Computational
thinking as a normal part of the evolution of disciplinary practice. It was surprising that the in-
herent interdisciplinary nature of Computational thinking was not more prominent in the discus-
sion and rather it was more focused on addressing the need to learn and practice CT in given
domains of interest, both for engagement of the learner, and to ensure that the practices, skills
and attitudes are appropriately situated into an authentic context.

Focusing again on the interdisciplinary nature of Computational Thinking, expert participants
agreed in responses that Computer Science faculty should not be solely responsible for develop-
ing and teaching computational thinking, but rather there should be deep levels of interdepart-
mental collaboration as it pertains to developing and delivering CT curriculum. Several com-
ments from participants helped to illuminate potential issues and sources of tension in determin-
ing who will oversee CT at a given institution, including the willingness of existing faculty to be
developed and to work outside of traditional organizational structures to provide a holistic solu-

tion that addresses student needs.
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Tension between groups of faculty working in different disciplines, may arise from a number
of areas, stemming from consciously and unconsciously held beliefs about epistemology and on-
tology, which manifest in differences of perspective about pedagogical approach, assessment
practices, and assignment type and relevance. Expert participants from both inside and outside of
Computer Science raised the issue that Computer Science courses and programs have been tradi-
tionally taught in conventional ways, that don’t necessarily align with what is known about
learning theory and effective instructional practices. Also well known, is that students who tradi-
tionally enroll in Computer Science courses are mostly Computer Science majors and, largely
students and practitioners that have been successful in a school environment, despite the com-
plexity of the subject matter. These combined leave significant concerns about the development
of Computational Thinking courses designed by CS faculty, and targeted at non-Computer Sci-
ence majors. It is important, particularly with complex material, success in which has been
shown to vary by race, socio-economic status and other factors of social and cultural significance
that students be given the best possible environment and experiences in learning Computational
Thinking, as to avoid unintended and often institutional discrimination that may arise from a
poorly designed experience.

Participant experts also agreed that Computational Thinking is best assessed through the
evaluation of student developed projects and products, which is consistent with much of the lit-
erature on Computational Thinking which has been conducted in K-12. While this is arguably
good, that experts recognize the appropriateness and benefit of Constructionism as a pedagogical
practice well suited for learning to thing computationally, it does pose some potential issues for
the development of curriculum that leverages these practices, including a lack of familiarity with

design and facilitation practices by the majority of faculty.
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The experts also agree that Computational Thinking will eventually be highly regarded as a
part of all curriculum majors similar to previous curricular initiatives like; “Writing Across the
Curriculum,” “Critical Thinking,” and “Information Literacy.” This is important because it con-
firms that there is value in examining the implementation and relative success of prior initiatives
in light of the specific challenges faced by contemporary CT related issues.

Experts were unable to come to consensus on two items related to the integration of Compu-
tational Thinking into curriculum; one relating to the skills and expertise required of faculty to
effectively facilitate the learning of Computational Thinking, and the other as to whether efforts
to include non-Computer Science professionals into CT related teaching and learning will dilute
the effectiveness of the effort. These two interrelated ideas illuminate a potential area of concern
for those involved in integration of CT into curriculum.

The ability of instructors, professors, and others to effectively think computationally them-
selves seems likely to be a prerequisite for facilitating the learning of CT for others. If teachers
of Computational Thinking first need first need to be able to think Computationally themselves,
the question of who can be an instructor and how can they be adequately prepared for the task

are relevant.
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Chapter 5: Discussion

Preparing future generations of students for a world that doesn’t yet exist, is a difficult
task involving a combination of research, consensus building and some speculation among edu-
cational leaders and policy makers, faculty and teachers alike. While the specific details of a fu-
ture world are elusive, there are several components which are widely agreed upon and should be
taken into consideration, as curriculum and learning experiences are designed. Among these are
the continued proliferation of digital technology and an abundance of real world, ill-defined
problems which require effective collaboration, communication and technical expertise of vari-
ous types.

Over a decade ago, Jeanette Wing (2006) suggested that Computational Thinking, was a
“Fundamental Skill” and “something that every human being must know to function in a modern
society.” Since her original article and bold proclamations about the importance of Computation-
al Thinking, the topic has grown to extend to research in assessment and pedagogical practices in
the area of K-12 education, and in Higher Education to a lesser degree.

In the realm of higher education, broad scale changes in curriculum development and de-
livery, can be even more complex than it is in K-12 environments, at least in part because of the
large degree of autonomy afforded to faculty in the ways in which they chose to teach their
courses. In addition to the large degree of autonomy of faculty and institutions of higher educa-
tion, the nature of organization of the university itself makes if challenging to affect change on
any significant scale. The organization of academic departments and control of the curriculum is
traditionally distributed widely across the university and can be fraught with differences of per-
spective on everything from which content is covered, to the ways in which it’s covered, and in

which order.
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Teaching practices at most universities mirror those of centuries past, in which the teach-
er or professor speaks or lectures to the class, who are most likely organized in desks, lined up in
rows, facing the instructor. The teacher asks questions and tests students’ knowledge of the ma-
terial. New models of teaching and learning, and the underlying epistemological assumptions
they are based upon are deeply embedded in the academic culture worldwide and slow to change.
Unfortunately for students all over the world, as widespread as these practices are, they do not
align with much of what is known about the nature of knowledge and learning. Gaps in perfor-
mance of formally educated people across the world demonstrate the systemic effects of these
practices, resulting in poor problems solving, communication and collaboration skills.

Outside of the walls of the ivory tower, the world continues to develop a greater depend-
ence on technology, and more and more jobs require people to be able to use computers for tasks
that are much more complex than just word processing and using simple databases. Greater
numbers of devices are being interconnected, creating a number of technology-related demands
for skilled human capital. Systems are becoming increasingly complex, and with them, the
skills, knowledge, and attitudes required to leverage technological innovations for ones’ intended
purposes. To be successful in a technologically innervated, connected world, one must not only
understand what the component parts are, but more importantly how to use them. The advance-
ment of human knowledge and ability through technological innovation has provided many op-
portunities for those willing and able to meet the ever developing landscape of challenges and
opportunities.

Educators, policy makers and administrators alike have an obligation to help meet the
needs of this increasingly technological reality by providing opportunities for students to build

knowledge, practices and attitudes that are compatible with the new reality. For the last decade,
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research in Computational Thinking has focused largely on defining the importance of, and na-
ture of CT, including discussions about how to measure and assess Computational Thinking
largely in primary education. Though not complete, the integration of Computational Thinking
into curriculum has already begun in K-12 schools around the globe, and in line with the re-
search, in higher education to a lesser degree.

Though there has yet to be anything published related to coordinated efforts to formally
integrate CT across the curriculum of an entire university to date, institutions have begun to offer
specific degree programs in Computational Thinking. In the Unites States, Gonzaga University,
located in Spokane Washington, offers a Bachelor of Arts Degree in Computer Science and
Computational Thinking. The National University of Ireland at Maynooth, offers a Bachelor’s
of Science in Computational Thinking through an accelerated three-year program.

Both programs offer a structured curriculum in Computational Thinking, designed to
meet the needs of the modern world explicitly through the teaching of CT Practices, knowledge
and attitudes from a different perspective. On their website, NUI Maynooth promotes their pro-
gram the follow way;

Our BSc in Computational Thinking has been specifically designed to answer calls from

industry for graduates with strong analytical competence, problem-solving skills and the

ability to think critically. Graduates will enjoy outstanding career prospect across a range
of areas such as software development and analysis, mathematical and financial model-
ing, bioinformatics, cryptography and security. (“Computational Thinking Uniting

Computer Science, Mathematics & Philosophy,” 2017)

Gonzaga takes an interdisciplinary approach, combining a non-CS based discipline of

study and providing a CS element. As described on their website;
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The Bachelor of Arts in Computer Science and Computational Thinking serves those stu-
dents with an interest in computing who would like to obtain the breadth of study in the
humanities and social and natural sciences provided by the Arts and Sciences Core Cur-
riculum, while building a solid foundation in computing. (“Computer Science and

Computational Thinking,” 2017)

While both institutions are leaders in the field for developing such programs, neither
seeks to integrate CT skills across the curriculum in an effort to address all students. In order to
address the gaps in skills and Computational Thinking more broadly, CT must be integrated
across domains of study. Experts in this modified Delphi panel reached a predetermined level of
consensus on several items that help to frame and inform the efforts of those who seek to inte-
grate CT across the curriculum.

Experts agreed that Computational Thinking is both a 21 century skillset relevant for
higher education, and best served through integration throughout the curriculum rather than of-
fered as a single course within the general education sequence. This poses a number of chal-
lenges for implementation that will likely frustrate efforts including the questions of control of
development and administration of curriculum, the level and nature of support provided to facul-
ty in integrating CT. Concerns exist regarding whether Computational Thinking will diminish as
it is integrated, and which skills and knowledge are necessary for faculty to be able to effectively
teach CT in their subject domains.

Efforts to include Computational Thinking into curriculum for Higher Education must
contend with several key issues illuminated in the study. Among these are implications for fac-
ulty and administrators at institutions of higher education, related to both the construction and

deliver of curriculum, and preparation of the faculty. The ability for an institution to provide
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high quality learning experiences that foster Computational Thinking, is ultimately dependent on
two main factors; a well-designed curriculum and the effective facilitation of learning, both re-
quire significant time and energy to develop.

Curriculum

Integration of Computational Thinking across the curriculum poses several different
types of challenges, and poses questions that need to be addressed thoughtfully by educators,
policy makers and administrators, alike. Depending on the subject domain of study being con-
sidered, some disciplines have evolved more rapidly to include elements of Computational
Thinking, e.g. Bioinformatics, Data Analytics, Digital Humanities. Not all practices and fields
have undergone the same level of change. Additionally within each practice or field, not all fac-
ulty have acquired the skills and gained the experience, to be able to effectively instruct and
mentor students within their discipline in matters pertaining to Computational Thinking.

The question arises as to whether it is reasonable or practical to attempt to integrate
Computational Thinking into courses and subject areas in which the discipline has not yet
evolved to include CT related practices, knowledge and attitudes. Doing so could have a number
of implications for the students, both positive and negative. While it would most certainly mean
that more students would be exposed to Computational Thinking, the likelihood is introduced
that the effectiveness of the effort may be diminished.

One concern raised by participants in this Delphi study was the possibility for an inten-
tional integration to be poorly conceived of, and/or executed, and ultimately damaging to the
student experience. As the great American Educational Philosopher John Dewey wrote pertain-

ing to potential for formal education to counterproductively harm the learner:
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The belief that a genuine education comes about through experience does not mean that
all experiences are genuinely or equally educative. Experience and education cannot be
directly equated to each other. For some experiences are miseducative. Any experience is
miseducative that has the effect of arresting or distorting the growth of further experi-
ence. An experience may be such as to engender callousness; it may produce lack of sen-
sitivity and of responsiveness. Then the possibilities of having richer experience in the fu-

ture are restricted. (Dewey, 1938, p. 25)

Particularly in the area of Computer Science, where issues exist in relation to success of students
based upon demographic factors, including socio-economic status, gender, and ethnicity, the idea
of ensuring that learning experiences and programs are designed well, and impact students posi-
tively is paramount. Consensus from this modified Delphi was clear about the need for more
than just Computer Science Faculty developing and teaching the curriculum related to Computa-
tional Thinking, but the way in which faculty from various CS and non CS disciplines should
collaborate is a complex matter for discussion.

The idea of collaboration is a simple one, and the practice of collaboration is often times
more complex. The differences in the ways that members of each discipline approach their prac-
tice, their underlying beliefs and cultural customs, all have significant implications for efforts to
collaborate. Wenger (2014), describes interactional tensions between individuals and groups
through the lens of sociocultural learning theories, providing language and conceptual frame-
works for description and analysis of complex human interactions. Viewing the issue of cross-
disciplinary collaboration through the lens of Landscapes of Practice elucidates several areas of
potential focus for those seeking to promote integration of Computational Thinking into higher

education.
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Each of the academic disciplines and domains of study constitute separate and often sig-
nificantly different Communities of Practice, in which meaning making and practices are inter-
connected and shared amongst members of the groups. As such, the interactions that occur at the
boundaries of the interacting Communities of Practice are of particular importance, and deserv-
ing of additional discussion. Boundary Objects, (Wenger, 2014) provide a practical and actiona-
ble focus for developing meaningful collaboration across boundaries, and can be strategically
included in integration efforts. One way in which this may manifest is through a shared docu-
ment or charter that is developed by CS and non-CS faculty pertaining to the integration of CT in
non-CS domains. Generating a common understanding of the greater issues and challenges
through the co-construction of a shared object provides structured opportunities for participant
stakeholders to communicate common goals and concerns. Having a shared ownership of the
charter and autonomy from specific top-down directives provides a sense of co-ownership.

While Boundary Objects are important, there are other components of the conceptual fo-
cus for the study which can be meaningfully applied to the conversation surrounding how to in-
corporate CT into curriculum for higher education. As mentioned in chapter 2, describes the in-
fluence of Systems Conveners, and the importance of Knowledgeability (Wenger, 2014). Along
with Boundary objects as critical components of intentional cross disciplinary collaboration,
there is a need for key people to occupy the position of System Conveners, or those who are able
to successfully leverage their knowledgeability across disciplines and COPs, to help facilitate
and guide boundary encounters.

The question of who can occupy the position of a Systems Convener in the context of
collaboration around integration of Computational Thinking in curriculum for higher education

is a good one with a number of potential answers. Ultimately it is the knowledgeability of the
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systems convener and the skillfulness with which they navigate the complex boundary interac-
tions that determine their level of success. One area ripe for this type of skillset and knowledge-
ability may be those practitioners who are actively working in domains which leverage CT prac-
tices, knowledge and attitudes.

Having had experience with the practical challenges of intentionally integrating CT with-
in ones teaching practices could provide valuable insights to those who aren’t as far along in the
process. Because of the specialized nature of disciplinary practices and COPs, it is not reasona-
ble to assume that success in one area would necessarily translate into other, but the experiences
and knowledge of those who are already actively engaged in the process, can inspire and inform
others, as well as be the base for groups focused on intentionally facilitating this type of collabo-
ration.

Within these groups that are intentionally focused on facilitating collaboration surround-
ing the integration of Computational Thinking into curriculum for Higher Education, another po-
tential source of systems conveners exist within professional organizations and accrediting bod-
ies. These organizations are uniquely situated in the higher education world to be able to help
drive initiatives and ensure adherence to agreed-upon standards which originate from outside of
the organization, providing urgency and focused momentum on issues of importance to the
group. Having an outside driver for change to monitor and evaluate progress would provide a

number of potential advantages for those seeking to further this type of initiative.

Institutional Support

As noted, there is a strong consensus and belief amongst the expert participants that fac-
ulty professional development is a key component to a successful integration. There are howev-

er disagreements about how this should specifically be approached. What motivators and incen-
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tives are effective in enlisting participation from faculty who are not personally inclined to par-
ticipate in activities above and beyond their existing workload and responsibilities? Questions
pertaining to who should determine what professional development should consist of, and how it
should be facilitated remain pertinent.

Though there is extensive literature on faculty professional development, real-world ex-
amples from case studies and phenomenological research on development of Computational
Thinking curriculum in particular would provide great benefit towards informing practice in this
area. Computational Thinking is not simply a curriculum that gets delivered through teaching
utilizing traditional means, but rather a way of thinking, knowing and practicing which requires
investment of time and energy to attain. As such, any it is likely that true integration of CT in
curriculum will require an intrinsically motivated group of effort, and not simply an imposed re-

quirement from administration or accrediting bodies alone.

Recommendations for Further Research

Research and discussion of integration of Computational Thinking into curriculum for
higher education is a relatively nascent field, with a small literature base, and many opportunities
for further research. This study has explored some of the foundational issues inherent to at-
tempts at affecting curriculum changes through integration of CT within higher education, but
does not explicitly address several remaining topics of interest which should be examined fur-
ther.

A large part of the remaining questions about integration of CT in higher education sur-
round the specific details of how each of the above recommendations are best implemented.
Questions about the effectiveness of approaches and practices related to integration of CT into

curriculum remain, the answers to which will be integral in ensuring success at scale. Design-
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Based Research, (Barab & Squire, 2004; Sandoval, Bell, & Sandoval, 2010; Wang & Hannafin,
2005) provides a particularly advantageous approach to investigating the implementation of
Computational Thinking in curriculum for higher education, iteratively and phenomenologically.
Through the use of structured iteration and cyclical improvements, much can be learned about
which practices and ideologies enacted produce the greatest possible return on investment of re-
sources and time.

One aspect of Computational Thinking that requires a deeper examination is the degree to
which the tools and pedagogical approaches taken in the K-12 environment are immediately
suitable for application in Higher Education. Programs like Scratch, Alice and Agent Sheets
have been used with much success in primary education, but are largely untested in higher edu-
cation and with adult learners. Will building multimedia assets and animations in scratch to
learn the foundations of coding syntax, variables or building with open source hardware be as
appealing for adults as it is for children? Would adults be more comfortable with direct instruc-
tion than constructionist pedagogical approaches? Should their level of comfort and discomfort
even be a deciding factor in selecting an andragogical approach?

Outside of the questions pertaining to pedagogical approaches and instructional practices
particular to CT in higher education, research involves the design and implementation of institu-
tional support for the development and integration of CT. Which professional development ap-
proaches yield the greatest return on investment of time and resources? How can compensation
and recognition, be applied in addition to enforcement of expectations, in order to advance the
integration of CT throughout the curriculum?

Important questions also exist regarding which organization or organizations will be pri-

marily responsible for the ongoing oversight and ensuring of Computational Thinking. Institu-
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tions of Higher Education are independent, but are partially overseen by many different organi-
zations including the Department of Education, regional and programmatic accreditation of vari-
ous types, such as ABET, the Accreditation Board for Engineering and Technology (ABET)
which accredits university programs in Engineering and Technology. The impact and role of
organizations such as these have been felt in related disciplinary initiatives with great success,
and may have a significant impact on the success or failure of CT integration initiatives.

While much remains to be discovered in terms of how to accomplish the important task
of preparing future generations of students for the evolving world, it is clear that being able to
effectively leverage the affordances technology is an increasingly critical aspect. While institu-
tions of higher education face many challenges with regard to large scale curricular initiatives,
there are already efforts underway advance the integration of CT in higher education which pro-
vide models of inspiration and continued iteration, as we seek to ensure that all students are ade-

quately prepared for the world that awaits.
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APPENDIX A

Recruitment Communication

Dear Participant Name,

My name is Michael Kolodziej, and I am a doctoral student in the Graduate School of Education
and Psychology at Pepperdine University. I am conducting a research study examining the inte-
gration of Computational Thinking in curriculum for higher education and you are invited to par-
ticipate in the study. If you agree, you are invited to participate in this modified Delphi study,
comprised of 2-3 rounds of providing responses and rationale surrounding statements involving
computational thinking and its potential application in higher education.

The study is anticipated to span no more than 4-6 weeks and each survey is anticipated to take no
more than 30 minutes to 1 hour to complete. Participation in this study is voluntary. Your iden-
tity as a participant will remain anonymous during and after the study.

If you have questions or would like to participate, please contact me at msko-
lodz@pepperdine.edu, or by phone at

Thank you for your participation,

Michael Kolodziej
Pepperdine University
Graduate School of Education and Psychology

Doctoral Student
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APPENDIX B

Information/Facts Sheet for Exempt Research

PEPPERDINE UNIVERSITY
Graduate School of Education and Psychology

INFORMATION/FACTS SHEET FOR EXEMPT RESEARCH

Computational Thinking in Curriculum for higher education: A Delphi Study.

You are invited to participate in a research study conducted by Michael Kolodziej principal in-
vestigator, and Dr. Linda Polin, PhD., Dissertation Chair at the Pepperdine University, because
you are (insert eligibility criteria). Your participation is voluntary. You should read the infor-
mation below, and ask questions about anything that you do not understand, before deciding
whether to participate. Please take as much time as you need to read this document. You may
also decide to discuss participation with your family or friends.

PURPOSE OF THE STUDY

The purpose of this research is to fill the gap in the existing literature and instantiate meaningful
dialogue surrounding inclusion of Computational Thinking in the curriculum in Higher Educa-
tion. Selecting a panel of experts with relevant knowledge and perspectives in Computational
Thinking and Higher Education Curriculum, and Education, provides an opportunity for rapid
synthesis of ideas, and the possibility of developing consensus on issues important to CT in
Higher Education.

PARTICIPANT INVOLVEMENT

If you agree to voluntarily to take part in this study, you will be asked to respond to between 2
and 3 rounds of statements related to the computational thinking and its potential application in
higher education curriculum. You will be asked to agree or disagree with specific statements and
provide rationale and additional comments in the corresponding open text answer box. It is ex-
pected that the research will be conducted over a period of 8-10 weeks, but only requiring be-
tween 20-60 minutes of participant time for each of the 2-3 rounds. Total time involved for par-
ticipants is expected to be less than 3 hours.

PARTICIPATION AND WITHDRAWAL
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Your participation is voluntary. Your refusal to participate will involve no penalty or loss of ben-
efits to which you are otherwise entitled. You may withdraw your consent at any time and dis-
continue participation without penalty. You are not waiving any legal claims, rights, or remedies
because of your participation in this research study.

ALTERNATIVES TO FULL PARTICIPATION

The alternative to participation in the study is not participating or completing only the items
which you feel comfortable.

CONFIDENTIALITY

I will keep your records for this study anonymous as far as permitted by law. However, if [ am
required to do so by law, I may be required to disclose information collected about you. Exam-
ples of the types of issues that would require me to break confidentiality are if you tell me about
instances of child abuse and elder abuse. Pepperdine’s University’s Human Subjects Protection
Program (HSPP) may also access the data collected. The HSPP occasionally reviews and moni-
tors research studies to protect the rights and welfare of research subjects.

The data will be stored on a password protected computer in the principal investigators place of
residence. The data will be stored for a minimum of three years. The data collected will be de-
identified with respect to specific participant responses.

INVESTIGATOR’S CONTACT INFORMATION

I understand that the investigator is willing to answer any inquiries I may have concerning the
research herein described. I understand that I may contact Dr. Linda Polin, PhD. at lin-
da.polin@pepperdine.edu if [ have any other questions or concerns about this research.

RIGHTS OF RESEARCH PARTICIPANT — IRB CONTACT INFORMATION

If you have questions, concerns or complaints about your rights as a research participant or re-
search in general please contact Dr. Kevin Collins, Chairperson of the Graduate & Professional
Schools Institutional Review Board at Pepperdine University 6100 Center Drive Suite 500

Los Angeles, CA 90045, 310-568-5753 or gpsirb@pepperdine.edu.

By clicking on the link to the survey questions, you are acknowledging you have read the
study information. You also understand that you may end your participation at end time,
for any reason without penalty.

You Agree to Participate
You Do Not Wish to Participate

If yvou would like documentation of your participation in this research you may print a copy of
this form.
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APPENDIX C

Pilot Results

Initial Report
Last Modified: 07/10/2016
1. Computational Thinking is a critical skill for the 21st century and should be included in
a college curriculum outside of courses for introduction to Computer Science for CS ma-

jors.

2.5

Strongly agree Somewhat agree Somewhat disagree Strongly disagree

1 Strongly agree - 2 50%

G 2 50%

agree
3 Sf)mewhat | 0 0%
disagree
4 Strongly disa- 0 0%
gree
Total 4 100%

Min Value 1
Max Value 2
Mean 1.50
Variance 0.33
Standard Deviation 0.58

Total Responses 4
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2. Please use the space below to share any relevant thoughts that may have arisen from the
previous question. What factors did you consider in addressing the question? Why did you

choose to answer as you did?

I see a similarity between critical thinking and computational thinking - similar to looking at his-
tory through critical thinking tools I see similar in using critical thinking tools to look at data an-

alytics, etc. Would be interesting to see a side by side comparison of the two

I chose Somewhat Agree because I am unsure how to define "critical skill" in the question. My
initial reaction is that "critical" implies life/death and I think that would be an exaggeration.
However, if we define critical in the context of "necessity" for career success in a continuously
globalizing economy I would lean more toward a Strongly Agree response. I would also like to
have seen the question refer to "programs" or "majors" or even "curriculum" rather than "cours-
es" since not all learning is course-based and that seems to limit your range of conclusions to be

drawn from the data gathered from this question.
Everyone needs tools for solving life's problems

Total Responses

3

3. Computational Thinking is best offered as a stand-alone General Education course to
ensure that all students are exposed to CT at some point in their institutional coursework.

1 Strongly agree 0

0%

Somewhat o

2 agree I 1 33%
Somewhat o

3 disagree I 1 33%
ek ! 33%
Total 3 100%

Min Value

Max Value

Mean

Variance

Standard Deviation
Total Responses
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4. Please use the space below to share any relevant thoughts that may have arisen from the
previous question. What factors did you consider in addressing the question? Why did you
choose to answer as you did?

Should be woven into topics vs in isolation

I am a longtime proponent of cross-disciplinary or integrated curricular approaches and believe
from personal and professional experience that to learn any skill disembodied from its applica-
tion in a domain of "relevance" to the leaner will fail to produce any form of meaningful out-
come related to "learning" (a la Ruth Clark's definition - a lasting change in performance and be-
havior). In short, embedding CT into learning domains where it is more likely to be applied
would result in greater transfer of CT skills to application. Although, one approach that "may" be
attempted is a survey style CT course for Ist year college students (or middle or high school
grade K12 learners) that shows how CT works in context of multiple areas of potential applica-
tion. This doubles to introduce CT and bring a greater degree of awareness to learners about do-
mains of potential application. Perhaps this survey CT "course" of student would be ideal for un-
declared majors/interests individuals OR as a required introduction to CT for all prior to moving
into major/interest areas of curriculum where CT is revealed more purposefully in the learner's
declared/known area(s) of focus.

It has to be executed correctly to be effective.

Total Responses 3

5. A General Education course in Computational Thinking should be developed and
taught by faculty in the Computer Science department/college.

% Answer ~ Response %
1 Strongly agree 0 0%

b Somewhat _ 1 339

agree

s e — 2 7%
disagree

4 Strongly disa- 0 0%
gree
Total 3 100%

Min Value 2
Max Value 3
Mean 2.67
Variance 0.33
Standard Deviation 0.58

Total Responses 3
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6. Please use the space below to share any relevant thoughts that may have arisen from the
previous question. What factors did you consider in addressing the question? Why did you
choose to answer as you did?

Why not woven throughout many courses and programs?

I my experience as an IDT professional and community college faculty-training administrative
professional working with CS faculty, this group of professionals is not likely to enjoy teaching
non-CS students and this could pose issues with the effectiveness of instructors teaching such a
course. Refer to my suggestions in Q4 about how to incorporate an integrated curriculum or sur-
vey course. Ideally, having instructors from the various domains explored for CT application
represented in the course (i.e., team style teaching) would be most effective for cross-pollination
of interpretations on the application of CT. CS is one domain and should not be either elevated
nor subjugated in preference for application. A CS instructor is likely, and understandably, going
to preference CS applications and may not be well equipped (except a rare, small population of
instructors who are holistic in their thinking about CT) to translate the application of CT beyond
CS effectively. An eLearning (self-paced) option where learners choose "branching leaning sce-
narios" based on a pre-test gauging areas of interest and potential domains of practice that leads
to personalized/customized modules to align to learner interests (and align to design factors in
Keller's ARCS Motivation Model) could be an option to consider as well.

CS needs to be part of the team but other departments should also participate. CS faculty will be
thinking of CS majors.

Total Responses 3

7. Computational Thinking is best assessed through the construction and analysis of prod-
ucts or projects.

- # Amswer ~ Response %
1 Strongly agree 3 100%

) Somewhat ‘ 0 0%
agree

3 Spmewhat ‘ 0 0%
disagree

4 Strongly disa- 0 0%
gree
Total 3 100%



Min Value 1
Max Value 1
Mean 1.00
Variance 0.00
Standard Deviation 0.00
Total Responses 3

8. Please use the space below to share any relevant thoughts that may have arisen from the
previous question. What factors did you consider in addressing the question? Why did you
choose to answer as you did?

Authentic and real world are always ideal

What do we mean by products and projects in this question? I am choosing Strongly Agree only
because any learner deliverable/artifact could qualify - from an analysis/application focused Pro-
ject to an actual working prototype of some Product. I would advise an example of what "else"
could be assessed - everything is, in one sense, a product or project!

Creating a project shows you know how to solve a problem.

Total Responses 3

9. Computational Thinking will eventually be covered in K-12 and does not need to be in-
cluded in Higher Education curriculum.

1 Strongly agree 0 0%

5 Somewhat | 0 0%
agree
Somewhat 0
S ——— I 33%
d e 2 67%
gree
Total 3 100%

Min Value 3
Max Value 4
Mean 3.67
Variance 0.33
Standard Deviation 0.58

Total Responses 3
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10. Please use the space below to share any relevant thoughts that may have arisen from
the previous question. What factors did you consider in addressing the question? Why did
you choose to answer as you did?

‘TextResponse
This is silly
Continuity among and reinforcement of CT learned in early, middle, and secondary grade school
with "higher" education (anything post-secondary) is a necessity to me. Including on-the-job
training works for me too here because as the saying goes (with knowledge/skill, anyway) - Use
it or Lose It. If it's something students only study in depth (e.g., like physics or geometry) in
grade-school, they'll not "learn" it nor be equipped to "transfer" the CT skills beyond that learn-
ing event/moment.
Higher Ed is an extension of K-12. It should be leading not ignoring.

Total Responses 3

11. Similar to previous curricular initiatives like; “Writing Across the Curriculum”, “Crit-
ical Thinking”, and “Information Literacy”, Computational Thinking will eventually be
considered an integral part of all curriculum majors.

1 Strongly agree - 1 33%

e — 2 7%

agree
3 Sf)mewhat ‘ 0 0%
disagree
4 Strongly disa- 0 0%
gree
Total 3 100%
Min Value 1
Max Value 2
Mean 1.67
Variance 0.33
Standard Deviation 0.58

Total Responses 3
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12. Please use the space below to share any relevant thoughts that may have arisen from
the previous question. What factors did you consider in addressing the question? Why did
you choose to answer as you did?

Still need more on ct before I can answer that but in some context [ agree

It is a bold assumption to suggest “Writing Across the Curriculum”, “Critical Thinking”, and
“Information Literacy” are considered an "INTEGRAL" part of curriculum majors in 2016. Inte-
gral to me suggests integrated/implemented. What data suggests this is the case? These are only
practiced episodically in curriculum, in my experience, and are sadly buzzwords more than val-
ued curriculum strategies in K12 and HE courses/programs and when implemented as strategies
for curriculum are often done so poorly. ALTHOUGH: if the questions is meant to imply that
integral means only "highly regarded , but rarely implemented effectively" then I would change
my answer to "Strongly Agree".

Done correctly, it can be an asset.

Total Responses 3

13. Inclusion of Computational Thinking into curriculum in Higher Education should be
integrated into domain-specific courses and programs

1 Strongly agree - 1 33%

e — 2 7%

agree
3 Sf)mewhat | 0 0%
disagree
4 Strongly disa- 0 0%
gree
Total 3 100%

Min Value 1
Max Value 2
Mean 1.67
Variance 0.33
Standard Deviation 0.58

Total Responses 3
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14. Please use the space below to share any relevant thoughts that may have arisen from
the previous question. What factors did you consider in addressing the question? Why did
you choose to answer as you did?

Ct specifics needed but generally yes

See my responses to Q6 and Q4.

It would be better if it were integrated into existing courses in order to make more sense to the
learners.

Total Responses 3

15. Faculty outside of Computer Science do not have the skills and expertise to effectively
integrate Computational Thinking curriculum and will be required to work with faculty in
Computer Science to develop appropriate curriculum.

1 Strongly agree - 1 33%

Somewhat

V)
2 aree ] I 33%
Somewhat o
S —— I 33%
4 Strongly disa- 0 0%
gree
Total 3 100%

Min Value 1
Max Value 3
Mean 2.00
Variance 1.00
Standard Deviation 1.00

Total Responses 3



115

16. Please use the space below to share any relevant thoughts that may have arisen from
the previous question. What factors did you consider in addressing the question? Why did
you choose to answer as you did?

Hard to say this as a generalization

Team teaching is probably most viable option with CT expert instructors (likely from CS pro-
grams) until all potential instructors are equipped with CT skills themselves. There will need to
be a phased implementation plan for CT in domain specific curriculum to accommodate for most
current instructor's lack of CT expertise in or outside of their domain. Will K12 teachers need
new license reuqirements for CT expertise? College faculty? Corporate trainers?

Collaboration between the departments will make integration easier provided everyone is on
board with the change.

Total Responses 3

17. Efforts to integrate Computational Thinking into disciplines outside of Computer Sci-
ence will diminish /over-simplify the concepts and thus make the effort ineffective.

1 Strongly agree 0 0%

b Somewhat _ 1 339

agree

s Gomeviel 2 7%
disagree

4 Strongly disa- 0 0%
gree
Total 3 100%

Min Value 2
Max Value 3
Mean 2.67
Variance 0.33
Standard Deviation 0.58

Total Responses 3
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18. Please use the space below to share any relevant thoughts that may have arisen from
the previous question. What factors did you consider in addressing the question? Why did
you choose to answer as you did?

Na

There is certainly a risk of over-simplification, yet it goes back to curriculum outcomes/goals
intended by design of such integration. Is it for awareness of application (e.g., how CT (like
physics) affects everyday and professional life) or actual mastery of application?

It gives students a taste. Higher Ed is meant to explore different ways of looking at the world.

Total Responses 3

19. The burden of oversight and ongoing management of Computational Thinking falls on
the Computer Science faculty at a given institution.

% Answer ~ Response %
1 Strongly agree 0 0%

Somewhat

2 | 0 0%
agree

3 Somevial 2 7%
disagree

4 oerevi ! 33%
Total 3 100%

Min Value 3
Max Value 4
Mean 3.33
Variance 0.33
Standard Deviation 0.58

Total Responses 3
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20. Please use the space below to share any relevant thoughts that may have arisen from
the previous question. What factors did you consider in addressing the question? Why did
you choose to answer as you did?

All - like ct - should have a role in it

I'd advise never letting the inmates run the asylum! CS faculty will be (most probably, like any
specialization area) limited in their appreciation of CT's application within and outside of CS
domains. Cross-disciplinary oversight and implementation is usually more effective for this type
of initiative.

If it is not a team effort, it is not going to work. Of others see it as someone else's project, it is
doomed.

Total Responses 3

21. Integration of Computational Thinking into the curriculum in higher education, will
require a significant investment of time and money for Faculty Professional Development.

__—__
2 67%

1 Strongly agree
Somewhat o
2 agree ] ! 33%
3 Spmewhat ‘ 0 0%
disagree
4 Strongly disa- 0 0%
gree
Total 3 100%

Min Value 1
Max Value 2
Mean 1.33
Variance 0.33
Standard Deviation 0.58

Total Responses 3
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22. Please use the space below to share any relevant thoughts that may have arisen from
the previous question. What factors did you consider in addressing the question? Why did
you choose to answer as you did?

Always with any new focus

How do we define "significant"? For the institution or the faculty? And, for a FT faculty (who
are paid in salary and release time from teaching (ironically) sometimes) to attend ProfDev or
the larger ranks of adjunct faculty who will have to do so usually on their own dime/time? Fact
is: Integrating ANYTHING into curriculum in higher education - even things people want to in-
tegrate - requires a significant investment of time and money for Faculty Professional Develop-
ment. (Mike, this question made me laugh out loud!)

Done right it will take time and money. Done wrong, it will take more time and money.

Total Responses 3
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APPENDIX D
Round 1 Research Survey Questions

Directions: For each of the provided statements, please select the answer that most accurately
conveys your level of agreement. Use the space below to share any relevant thoughts related to
the given statement.

For the purpose of this study, "Computational Thinking describes the collection of Computer
Science based Knowledge, Practices, and Attitudes which may be leveraged across domains in
combination with the affordances of computational tools and systems in the solving of complex,
often ill-defined problems."

S1-Computational Thinking is a critical skill for the 21st century and should be included in a col-
lege curriculum outside of courses for introduction to Computer Science for CS majors.

" Strongly agree

© Somewhat agree

© Somewhat disagree

-~

Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)

S2-Computational Thinking is best offered as a stand-alone General Education course to ensure
that all students are exposed to CT at some point in their institutional coursework.

-~

Strongly agree

-~

Somewhat agree

-~

Somewhat disagree

.

Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)
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S3-Computational Thinking should be developed and taught by faculty in the Computer Science
department/college.

" Strongly agree
© Somewhat agree
© Somewhat disagree

" Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)

S4- Computational Thinking is best assessed through the construction and analysis of products or
projects.

" Strongly agree
© Somewhat agree
© Somewhat disagree

" Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)

S5- Computational Thinking will eventually be covered in K-12 and does not need to be includ-
ed in Higher Education curriculum.

" Strongly agree
© Somewhat agree
© Somewhat disagree

" Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)
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S6- Similar to previous curricular initiatives like; “Writing Across the Curriculum”, “Critical
Thinking”, and “Information Literacy”, Computational Thinking will eventually be considered
an integral part of all curriculum majors.

" Strongly agree

© Somewhat agree

© Somewhat disagree

" Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)

S7- Inclusion of Computational Thinking into curriculum in Higher Education should be inte-
grated into domain-specific courses and programs.

-~

Strongly agree

-~

Somewhat agree

-~

Somewhat disagree

.

Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)

S8- Faculty outside of Computer Science do not have the skills and expertise to effectively inte-
grate Computational Thinking curriculum and will be required to work with faculty in Computer
Science to develop appropriate curriculum.

" Strongly agree

© Somewhat agree

© Somewhat disagree

-~

Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)
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S9- Efforts to integrate Computational Thinking into disciplines outside of Computer Science
will diminish /over-simplify the concepts and thus make the effort ineffective.

.

Strongly agree

-~

Somewhat agree

-~

Somewhat disagree

-~

Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)

S10- The burden of oversight and ongoing management of Computational Thinking falls on the
Computer Science faculty at a given institution.

-~

Strongly agree

-~

Somewhat agree

-~

Somewhat disagree

.

Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)

S11-Integration of Computational Thinking into the curriculum in higher education, will require
a significant investment of time and money for Faculty Professional Development.

" Strongly agree

© Somewhat agree

© Somewhat disagree

-~

Strongly disagree

Please use the space below to share any relevant thoughts that may have arisen from the previous
question. (i.e., What factors did you consider in addressing the question? Why did you choose to
answer as you did?)
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APPENDIX E
Round 2 Research Survey Questions

PEPPERDINE UNIVERSITY
GRADUATE SCHOOL OF EDUCATION & PSYCHOLOGY

Integration of Computational Thinking in Curriculum for Higher Education

Thank you for participating in round one of this research study. Six of the eleven statements
were retired after reaching an agreement level of 80% or greater. Retired items are listed below
along with a breakdown of the response distribution.

The remaining 5 items on the survey are those for which there is still no clear majority response.
Please be sure to comment in the open answer section following each statement to ensure rich
data is collected.

Before responding to items in round two, please consider the representative quotes from remarks
made in the first round pertaining to these items. Some of the remaining items did not have
comments to report.

Reminder:

For the purpose of this study, "Computational Thinking describes the collection of Computer
Science based Knowledge, Practices, and Attitudes which may be leveraged across domains in
combination with the affordances of computational tools and systems in the solving of complex,
often ill-defined problems."

Retired Questions (>80% consensus attained)

Q1) Computational Thinking is a critical skill for the 21st century and should be included in a
college curriculum outside of courses for introduction to Computer Science for CS majors.

Strongly Agree/Somewhat Agree 81%

Strongly Disagree/Somewhat Disagree 19%

Q4) Computational Thinking is best assessed through the construction and analysis of products
or projects.

Strongly Agree/Somewhat Agree 81%

Strongly Disagree/Somewhat Disagree 19%

Q5) Computational Thinking will eventually be covered in K-12 and does not need to be includ-
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ed in Higher Education curriculum.

Strongly Agree/Somewhat Agree 9%

Strongly Disagree/Somewhat Disagree 91%

Q6) Similar to previous curricular initiatives like; “Writing Across the Curriculum”, “Critical
Thinking”, and “Information Literacy”, Computational Thinking will eventually be consid-
ered an integral part of all curriculum majors.

Strongly Agree/Somewhat Agree 100%

Strongly Disagree/Somewhat Disagree 0%

Q7) Inclusion of Computational Thinking into curriculum in Higher Education should be inte-
grated into domain-specific courses and programs

Strongly Agree/Somewhat Agree 100%

Strongly Disagree/Somewhat Disagree 0%

Q11) Integration of Computational Thinking into the curriculum in higher education, will require
a significant investment of time and money for Faculty Professional Development.

Strongly Agree/Somewhat Agree 91%

Strongly Disagree/Somewhat Disagree 9%

Q2) Computational Thinking is best offered as a stand-alone General Education course to ensure that
all students are exposed to CT at some point in their institutional coursework.

Please reconsider your prior selection after reviewing comments provided. Please share additional
remarks in the open reply space below to help make your reasoning explicit:

Strongly Disa- Remark 1 “A parallel would be that a stand-alone course

gree/Somewhat Disa- 36% related to writing must be offered for all students. At some

gree colleges (e.g., at Grinnell College), such an approach is
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well documented to be an overwhelming failure. Required
courses in writing, offered in English or similar Humanities
department must require writing assignments for general
audiences --- often about short stories or novels or poetry
or.... As a result, many students are unmotivated in writing
their papers, and the papers show the lack of motiva-

tion. Using other approaches for writing (e.g., writing
across the curriculum) works very much better. I see no
reason to think that a required, stand-alone General Educa-
tion for computational thinking would work any better.”
Remark 2 “If it's really necessary for solving many kinds
of ill defined problems, it should be a part of multiple
courses across the curriculum and not just one that many

students will forget.”

Strongly
There were no remarks in support of strongly
Agree/Somewhat 63%
agree/somewhat agree
Agree
C
Strongly agree
© Somewhat agree
© Somewhat disagree
~

Strongly disagree

Please share additional remarks below to help make your reasoning explicit:
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Q3) Computational Thinking should be developed and taught by faculty in the Computer Science

department/college.

Please reconsider your prior selection after reviewing comments provided. Please share additional
remarks in the open reply space below to help make your reasoning explicit:

Strongly Disagree/Somewhat

There were no remarks in support of strongly dis-

0

Disagree 63% agree/somewhat disagree
Strongly Agree/Somewhat 36% There were no remarks in support of strongly
Agree ° agree/somewhat agree

" Strongly agree

© Somewhat agree

© Somewhat disagree

~

Strongly disagree

Please share additional remarks below to help make your reasoning explicit:

Q8) Faculty outside of Computer Science do not have the skills and expertise to effectively inte-
grate Computational Thinking curriculum and will be required to work with faculty in Computer
Science to develop appropriate curriculum.

Please reconsider your prior selection after reviewing comments provided. Please share addi-
tional remarks in the open reply space below to help make your reasoning explicit:

Remark 1 "That's a totally bogus statement. Much of com-
putational thinking and programming is self-taught. Will a
conversation between faculty in different departments help?
Very likely. Is it helpful to plan a trajectory so that students
in a discipline specific (in their major) class can have ave-

:EZZ?Sg(l)}r]n]g\t&fﬁglt Disa 459, nues to pursue computation more deeply? Sure.
= (V]
gree Right now, having never taken a class in CS ever,  am a
much better teacher of CS than many CS faculty - at an in-
troductory level."
Remark 2 “I do not believe this is a true statement.”
Stronel Remark 1 “Initially this may be true, but as the field ma-
Agre eg/Syomewha ¢ 550, tures there will be more experts from various disciplines.”
(V]
Agree

Remark 2 “Applied mathematicians, statisticians, and




127

many physicists certainly have relevant skills and exper-
tise. Many in Latin or religious studies do not, and the lat-
ter will need to work with faculty who have appropriate
background. On the other hand, there is little reason to
think that faculty in Latin or religious studies would have
much interest in such an endeavor --- they may buy into
writing across the curriculum, but likely not anything relat-
ed to STEM across the curriculum.”

Strongly agree
Somewhat agree
Somewhat disagree

D IS S B

Strongly disagree

Please share additional remarks below to help make your reasoning explicit:

Q9) Efforts to integrate Computational Thinking into disciplines outside of Computer Science

will diminish /over-simplify the concepts and thus make the effort ineffective.

Please reconsider your prior selection after reviewing comments provided. Please share addi-

tional remarks in the open reply space below to help make your reasoning explicit:

Strongly Disa-

Remark 1 “Just NO. Please don't ever say that. I find that

0
gree/SOmewhat Disa- 63% statement quite offensive.”
gree . .
Remark 2 “I don’t agree with this statement.”
Remark 1 “If computational thinking is taught well, it can
Stronol provide many insights about problem solving. If computa-
A reeg/Syomewha ¢ 36% tional thinking is taught poorly, it will not help and may be
Agree ? counterproductive. The question asked, therefore, seems to
£ be asking about the likelihood that the material will be cov-
ered well. This seems to depend upon the teacher and
course.”
" Strongly agree
© Somewhat agree
© Somewhat disagree
~

Strongly disagree
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Please share additional remarks below to help make your reasoning explicit:

Q10) The burden of oversight and ongoing management of Computational Thinking falls on the
Computer Science faculty at a given institution.

Please reconsider your prior selection after reviewing comments provided. Please share addi-
tional remarks in the open reply space below to help make your reasoning explicit:

Strongly Disa- 36% Remark 1 “No. That would only build resentment.”
gree/Somewhat Disa-
gree Remark 2 “I dont agree with this statement.”

Remark 1 "When writing across the curriculum works
well, the English faculty often are involved with faculty
workshops and other activities to help faculty in all disci-
plines polish their skills in helping their students with writ-
ing. Similarly, it would seem that "quantitative literacy"

Strongl X . . ..
gy o across the curriculum would likely involve mathematicians,
Agree/Somewhat 63% " . . . "
Aoree and "computational thinking across the curriculum" would
& involve computer scientists."
Remark 2 “Again, it is not necessary to teach this in isola-
tion but more effective to integrate this.”
" Strongly agree
© Somewhat agree
© Somewhat disagree
~

Strongly disagree

Please share additional remarks below to help make your reasoning explicit:
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APPENDIX F
Round 3 Research Survey Questions

PEPPERDINE UNIVERSITY
GRADUATE SCHOOL OF EDUCATION & PSYCHOLOGY

Integration of Computational Thinking in Curriculum for Higher Education

Thank you for participating in round one of this research study. Eight of the eleven statements
were retired after reaching an agreement level of 80% or greater. Retired items are listed below
along with a breakdown of the response distribution.

The remaining 3 items on the survey are those for which there is still no clear majority re-
sponse. Please be sure to comment in the open answer section following each statement to en-
sure rich data is collected.

Before responding to items in round three, please consider the representative quotes from re-
marks made in the second round pertaining to these items.

Reminder:

For the purpose of this study, "Computational Thinking describes the collection of Computer
Science based Knowledge, Practices, and Attitudes which may be leveraged across domains in
combination with the affordances of computational tools and systems in the solving of complex,
often ill-defined problems."

Newly Retired Questions (>80% consensus attained)
Q2) Computational Thinking is best offered as a stand-alone General Education

course to ensure that all students are exposed to CT at some point in their institutional
coursework.

Strongly Agree/Somewhat Agree 20%

0
Strongly Disagree/Somewhat Disagree 80%

Q3) Computational Thinking should be developed and taught by faculty in the Computer Science
department/college.

Strongly Agree/Somewhat Agree 20%

0
Strongly Disagree/Somewhat Disagree 80%
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Previously Retired Questions (>80% consensus attained)

Q1) Computational Thinking is a critical skill for the 21st century and should be included in a
college curriculum outside of courses for introduction to Computer Science for CS majors.

Strongly Agree/Somewhat Agree 81%

Strongly Disagree/Somewhat Disagree 19%

Q4) Computational Thinking is best assessed through the construction and analysis of products
or projects.

Strongly Agree/Somewhat Agree 81%

Strongly Disagree/Somewhat Disagree 19%

Q5) Computational Thinking will eventually be covered in K-12 and does not need to be includ-
ed in Higher Education curriculum.

Strongly Agree/Somewhat Agree 9%

Strongly Disagree/Somewhat Disagree 91%

Q6) Similar to previous curricular initiatives like; “Writing Across the Curriculum”, “Critical
Thinking”, and “Information Literacy”, Computational Thinking will eventually be considered
an integral part of all curriculum majors.

Strongly Agree/Somewhat Agree 100%

Strongly Disagree/Somewhat Disagree 0%

Q7) Inclusion of Computational Thinking into curriculum in Higher Education should be inte-
grated into domain-specific courses and programs

Strongly Agree/Somewhat Agree 100%

Strongly Disagree/Somewhat Disagree 0%

Q11) Integration of Computational Thinking into the curriculum in higher education, will require
a significant investment of time and money for Faculty Professional Development.
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Strongly Agree/Somewhat Agree 91%

Strongly Disagree/Somewhat Disagree 9%

S8) Faculty outside of Computer Science do not have the skills and expertise to effectively inte-
grate Computational Thinking curriculum and will be required to work with faculty in Computer
Science to develop appropriate curriculum.

Please reconsider your prior selection after reviewing comments provided. Please share addi-
tional remarks in the open reply space below to help make your reasoning explicit:

Remark 1 "I do not think that it is a fair assessment to say that
Faculty outside of Computer Science do not have the skills and ex-
pertise to effectively integrate Computational Thinking curriculum,
Strongly Dis- however, collaborating with faculty in Computer Science to devel-
agree/ sov op appropriate curriculum would obviously be beneficial."
Somewhat ’ Remark 2 “Some have the skills, some don't. And it isn't neces-
Disagree sarily discipline based. I have English and History colleagues who
cannot teach writing very well, even though we expect them
to. But they might actually have excellent logical thinking and re-
search skills and could teach elements of CT.”
Remark 1 “There may indeed be some faculty outside of CS that
Strongly have the necessary skills. However, there are not enough such, by a
Agree/ sov large number, faculty to cover the demand across disciplines"
Somewhat ’ Remark 2 “CT draws on concepts fundamental to CS, so it makes
Agree sense that other faculty need to work with faculty in Computer Sci-
ence to develop appropriate curriculum.”
" Strongly agree
© Somewhat agree
© Somewhat disagree
~

Strongly disagree

Please share additional remarks below to help make your reasoning explicit:

Q9) Efforts to integrate Computational Thinking into disciplines outside of Computer Science
will diminish /over-simplify the concepts and thus make the effort ineffective.

Please reconsider your prior selection after reviewing comments provided. Please share addi-
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tional remarks in the open reply space below to help make your reasoning explicit:

Remark 1 “This statement destroys the positive possibilities of the
Strongly 70% | concept prior to it being put into action.”
Disagree/ Remark 2 “Exposure and perspective is important and will be
Somewhat gained by learning and listening to a variety of instructors, some will
Disagree be very good and some poor but that is not exclusive to any specific
discipline.”
Strongly Remark 1 “Unless students get to automation of algorithms, it is not
Agree/ really CT and I don't see how non-CS faculty could sustain this.”
30%
Somewhat Remark 2 “It depends on the training. Presently, there are not
Agree enough qualified faculty outside CS to teach CT."
C
Strongly agree
© Somewhat agree
© Somewhat disagree
~

Strongly disagree

Please share additional remarks below to help make your reasoning explicit:

Q10) The burden of oversight and ongoing management of Computational Thinking falls on the
Computer Science faculty at a given institution.

Please reconsider your prior selection after reviewing comments provided. Please share addi-
tional remarks in the open reply space below to help make your reasoning explicit:

Strongly Disa-
gree/ Some-
what Disagree

50%

Remark 1 "I agree with the statement about resentment. Also, I
find that CS faculty, even those super motivated to reach out to
new students and across disciplines cannot get past their own ex-
pert blind spots to teach novices effectively. We do not need
mathematicians to teach quantitative literacy- that is much better
done by people who understand why many students struggle with
this."

Remark 2 “It should not be taught in isolation or overseen by a
specific group. The integration of this will require a team of pro-
fessors from a diverse group of faculty in different departments.”
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Strongly
Agree/ Remark 1 "I think initially it would, but then eventually it could
50% possibly be shared."
Somewhat
Agree Remark 2 “Yes, but other faculty should be engaged.”
" Strongl
gly agree
© Somewhat agree
© Somewhat disagree
~

Strongly disagree

Please share additional remarks below to help make your reasoning explicit:
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APPENDIX G

IRB Letter of Approval

Pepperdine University

24255 Pacific Coast Highway
Malibu, CA 90263

TEL: 310-506-4000

NOTICE OF APPROVAL FOR HUMAN RESEARCH
Date: August 01, 2016
Protocol Investigator Name: Michael Kolodziej
Protocol #: 16-05-291
Project Title: COMPUTATIONAL THINKING IN CURRICULUM FOR HIGHER EDUCATION
School: Graduate School of Education and Psychology
Dear Michael Kolodziej:

Thank you for submitting your application for exempt review to Pepperdine University's Institutional Review Board (IRB). We appreciate the work you have done on your
proposal. The IRB has reviewed your submitted IRB application and all ancillary materials. Upon review, the IRB has determined that the above entitled project meets the
requirements for exemption under the federal regulations 45 CFR 46.101 that govern the protections of human subjects.

Y our research must be conducted according to the proposal that was submitted to the IRB. If changes to the approved protocol occur, a revised protocol must be reviewed
and approved by the IRB before implementation. For any proposed changes in your research protocol, please submit an amendment to the IRB. Since your study falls
under exemption, there is no requirement for continuing IRB review of your project. Please be aware that changes to your protocol may prevent the research from
qualifying for exemption from 45 CFR 46.101 and require submission of a new IRB application or other materials to the IRB.

A goal of the IRB is to prevent negative occurrences during any research study. However, despite the best intent, unforeseen circumstances or events may arise during the
research. If an unexpected situation or adverse event happens during your investigation, please notify the IRB as soon as possible. We will ask for a complete written
explanation of the event and your written response. Other actions also may be required depending on the nature of the event. Details regarding the timeframe in which
adverse events must be reported to the IRB and documenting the adverse event can be found in the Pepperdine University Protection of Human Participants in
Research: Policies and Procedures Manual at community. pepperdine.edu/irb.

Please refer to the protocol number denoted above in all communication or correspondence related to your application and this approval. Should you have additional
questions or require clarification of the contents of this letter, please contact the IRB Office. On behalf of the IRB, I wish you success in this scholarly pursuit.

Sincerely,
Judy Ho, Ph.D., IRB Chairperson

cc: Dr. Lee Kats, Vice Provost for Research and Strategic Initiatives
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