CPATH-CB: Computational Thinking Showcase:
Computing Concepts Across the Curriculum

Abstract: In order to revitalize undergraduate education in computer science and address the need for
an increase in undergraduate majors, we propose a novel three-fold approach. First, we create a
community of college professors, high school teachers, and an industrial partner to plan and implement
an exciting first exposure to computer science. Second, we introduce Interactive Learning Modules as a
vehicle for bringing innovation to the classroom. Third, we foster the use of collaboration-based
experiences throughout the computer science curriculum.

Vision, Goals, Objectives, and Outcomes

Problem Statement

1. Thereis aneed for more computer science graduates.

There is a shortage of CS graduates. Of the top ten fastest growing professions, five are computer
related [1]. Interest in CS fell by 80% between 1998 and 2004, and has dropped 93% since the 1982
peak of CS majors nationwide [2]. The dwindling interest in computing programs is even more severe for
women. Consider graduation rates for women. Unlike many fields where the representation of women
has increased over time, computer science has experienced declines in the proportion of female
graduates. In order to match future demands for information technology, we need to increase the
participation of both men and women. Increasing diversity enhances the breadth of understanding in
leadership positions, gives a different perspective in the marketplace, increases creativity, and improves
problem solving, particularly in team situations [1].

2. There is alack of exposure to computer science.

At the 9-12 level, many students get little computer science education. Thus, when students arrive on
campus, computer science is often misunderstood, and therefore, not considered as a potential major
[2]. This is especially true in Utah (the location for this project) as the few computer programs that are
available at feeder high schools typically teach computer science as vocational training rather than in the
academic track. Entering students often do not plan to major in computer science as it just is not in their
view. This is particularly true for women. Before entering college, they have considerably less
experience with computers than their male counterparts [3]. In all levels of education, we believe there
are not enough courses which serve as a magnet for the computer science major.

3. Introductory classes are unattractive.

Often, introductory computing classes are unappealing as they focus on tedious details [4]. While
programming is typically the first exposure to computer science, it fails to excite many students. Such
students often find the introduction to computer science unappealing and intimidating. As Stanford
University’s John Gardner stated, “Twenty years from now we will look back at education as it is practiced
in most schools today, and wonder that we could have tolerated anything so primitive [1].” According to
Peter Denning, for most students, it looks like programming is the “make or break entrée into the field;
there’s no way in unless you can program[5].” Our goal is to showcase and teach the skills necessary to
thrive in computer science. We will show the breadth of applications of this “computational thinking” by
presenting computer science and X, where X is physics, mathematics, statistics, biology, chemistry,
economics, finance, business, and geology. Many previous attempts at a “new way” to teach computer
science still look remarkably like the old way — programming as a major component and/or calculus
prerequisite required. Computing programs need the new approach this plan identifies.

4. Women are not being attracted to computer science despite forces which should attract
women.

Women are underrepresented in computer science. Data indicate that the numbers are low and
shrinking. However, in Utah, we see even fewer female students in computer science than national
studies report. Since more than half of Utah’s university graduates are women, this is particularly
alarming. In addition, this shortage of women does not plague other departments in the college of



science. In the past two years for CS majors at Utah State University, women comprise 9% of the total of
declared majors. In the same period, 48% of all other science majors (physics, chemistry, biology,
mathematics, and geology) are women. One cannot successfully address the issue of a shortage of
computer science majors without seeking to increase the number of women in the major.

The fields which women typically choose are often low-paying and have a lesser chance of being
employed in their major. In 2006, according to the USU Employment Survey [6], starting salaries are
$49K for CS versus $28K for education and $35K for business. National salary statistics indicate $50.8K
for computer science, $43K for accounting, and $30.7K for education [7]. Yet, lower salary is not the only
disadvantage. While 75% in education report that their job is related to their degree, only sixty percent of
those who graduated in business report that their current job is related to their degree compared to
computer science, where virtually 100% of the respondents affirm job/degree match [6].

Project Goals and Outcomes:

The overriding goal of this project is to revitalize computer science instruction by developing a set of tools
and techniques that can be applied to a variety of computer science classes at various levels including 9-
12 and college, and to a diverse population of students. This revitalized program of instruction will serve
to increase both the number and diversity of computer science majors, thus addressing this country’s
critical need for more, better trained computer scientists. We will do this in a variety of ways.

1. Create a community of like-minded individuals to revitalize undergraduate computer science
education.
Utah State University, the College of Eastern Utah, and Snow College will work together to test and
implement the ideas across a range of classes and institutions of higher education. InTech Collegiate
High School, Logan High, and Thomas Edison Charter School will partner at the high school level by
beta testing some of these ideas in their classrooms. In the remainder of the document, these
entities will be collectively referred to as the Community. We will hold semi-annual meetings for all
participant groups at a central location. In addition, we will use video conference calls and
Blackboard Vista threaded discussions to collaborate on an on-going basis.

2. Create a library of multi-function Interactive Learning Modules (ILMs) which showcase
computational thinking without the often used emphasis on programming and mathematics.

We will produce a Library of ILMs (Interactives, for short) for Computer Science. Each Interactive can
be used for multiple lessons, which we term eObjectives. During the community building phase, we
will create a website which will facilitate discussions regarding the ILMs, serve as a repository for
ILMs, and as a collection point for the discussion of their classroom uses. To illustrate the function of
an ILM or Interactive, consider the proposed Interactive illustrated below.

Swap two types of balls.
Moves: next slot or jump over one.

The balls on the left are to be exchanged with the balls on
the right by a sequence of moves. Any ball can move into
an adjacent empty slot. Any ball can jump over a single
neighbor to an empty slot. Students interact with the
module by dragging the balls, identifying (and encoding) a
strategy, and observing how the number of steps grows
with the problem size. This same basic Interactive would
be used in multiple eObjectives. In an introductory course,
the exercise demonstrates strategy and planning needed to

Instructions Efficiency Data Step Through

[1] Move the piece in position 2 to position 3.
[2] Move the piece in position 4 to position 2.

[3] Move the piece in position 5 to position 4. solve problems. As an exposure to algorithmic thinking,
[4] Move the piece in position 3 to position 5. we consider the ability to write an algorithm to solve the
[5] Move the piece in position 1 fo position 3. problem for a varying number of balls. Abstraction is
E?% mg:g EEZ E:zzz o gg::ﬁ: i:g 222:::22 5 introduced as we construct rules which are general
[8] Move the piece in position 6 to position 4. purpose. Algorithm complexity and analysis are the focus
[9] Move the piece in position 5 to position 6. as we seek to evaluate the optimality of our solution.

[10] Move the piece in position 3 to position 5.

The graphical interface for another proposed
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Students from various Community campuses will be
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ILMs are motivated by the National Library of Virtual
Manipulatives. In 1999, the USU Mathematics
Department received the first of two major NSF grants
Substitution| Wansposiion| __Block | to produce a set of virtual Interactives to allow K-12
students to explore mathematics principles in an
interactive setting [8]. The NLVM is a resource from which teachers may freely draw to enrich their
mathematics lessons. This project has met with great success [9, 10] experiencing 4 million hits per
day. The founder of our industrial partner, Models for Thought, was integral to the creation of the original
Math Manipulatives.

Rather than employing a syntax first approach, the modules teach computer science using experiential
learning. Many students know very little about computer science, and even after taking an introductory
course, view computer science as “just programming”. Our goal is to introduce intriguing problems and
basic underlying concepts which computer scientists address, and allow students to experiment with tools
built on those concepts in an interactive and fun environment.

Two new computer science classes (Computing Concepts and Cyber Security) have been introduced
which seek to attract new majors. Both are general education classes taught at the freshman level.
These classes serve as the vehicles through which we introduce our ILMs. These classes are currently
being taught without ILMs, giving us a platform for comparison.

The interactive software approach encompassed by ILMs has several advantages:

closes the gap between what is learned in theory and its use

improves time-on-task and increases motivation even after failure

removes the stigma of failure, as missteps are private

provides a scaffolding [11] for learning, giving cues, hints, and partial solutions

personalizes learning so that students can control the pace and the topics they pursue

exhibits infinite patience and provides a self-regulated approach to learning[12]

encourages women to study computing by showing the practical uses of computer science[13]
corrects inaccurate impressions of job activities

The ILMs will be used in a variety of different modes — from an integral part of a group assignment to
optional exercises used to increase understanding in topics such as error propagation, number systems,
data representation, testing, hierarchical decomposition, Boolean logic, compression, searching, etc.
Students and/or instructors will select the modules that are of interest to them, but work in a controlled
environment in which to hone the skills of self instruction, so important to the computer scientist. It is our
belief that the ILMs will provide a superior learning environment[14]. People recall only 10 percent of what
they read; 20 percent of what they hear; 30 percent, if audio and visual are combined; 50 percent, if they
watch a demonstration; but close to 90 percent, if they perform a task themselves, even if only as a
simulation [15].

According to [16], interactive learning experiences in a game-like setting enhance many skills employers
want in employees:

e adaptation to rapid change e rapid information acquisition

e decision-making and strategic thinking e determining what needs to be done



e analytical thinking ¢ plan development/execution

e problem identification o self-direction

e information synthesis e ability to work independently and
e solution development creatively

Gee [14] agrees that gaming is an excellent way to teach computational thinking. ILMs will appeal to students
since they move away from the “tell and test” philosophy often used in traditional instruction. The time spent
using digital media by youth from 13-17 has now surpassed the time they spend watching television [17]. ILMs
also have the advantage that they are sharable; the student can show a friend what she/he is learning and thus
help that friend to learn the same concept. With its clear goals, technology-based exploration is more engaging
to the student than standard classroom instruction. The student understands why they are learning something,
and by manipulation and testing, is able to grasp the broad contexts and applications of a concept. The modules
will follow approaches for good game environments [16] by “keeping the player at the edge of his or her
capabilities, moving to higher challenges as mastery is acquired”. We agree that differences in factors — such
as experience, ability, and motivation — may have an important [16] effect on how materials need to be
presented. The ILMs will give students control over how the material is presented. While interaction is the
cornerstone of the approach, a variety of learning preferences will be supported.

A diverse advisory board of students (freshman through PhD) will be used to give feedback on problem
selection and explanation of how the demonstrated skills are important to computer scientists. The advisory
board graduate students will come from a variety of disciplines such as Education and Instructional Technology
and will be motivated by the ability to use the ILMs as a basis for their theses and/or reports. Undergraduate
students on the board will come largely from computer science as their participation can be motivated by
departmental incentives already in place.

3. At the high school level, provide support to the instructor by making available, online, engaging
activities which not only teach computer science skills, but present skills that are applicable to wide
range of problems and environments.

An additional goal of this project will be to make our introductory CS breadth physical science class Computing

Concepts (which will employ ILMs) a totally online course. This will allow high school students, even in remote

settings, to get a quality introduction to computer science while getting college credit. Furthermore, because of

the broad applicability of the ILMs, they will be of use for other high school curricula. We will produce a power
point presentation which explains how the Interactives can be used in computing curricula and specifically the
concepts they teach. High school girls and other underrepresented minorities will be shown using the software
in video clips on the Computing Across the Curriculum web site. The ILMs will be publicly available for use by

anyone wishing to teach computer science principles in an engaging and informative manner. We will use a

Wiki-type environment to host discussions and archive lesson plans on the use of ILMs. We will also visit high

schools throughout the state to demonstrate problem solving skills needed in computing, make important

contacts with high school math and computer instructors, and showcase the use of course materials that we
have prepared.

4. Identify key research questions to improve our understanding of attraction to computer science and
persistence in the major.

Research is needed to develop a clear understanding of which features of course work are important for
learning and why, and how to best design educational modules which result in desired learning outcomes. Our
community of researchers will be of enormous help. As students use the modules, we will gather a myriad of
demographic-based statistics to determine what works and what does not work. We will monitor such things as
choice of activity, persistence, time on task, use of instructions, perusal of help materials, and success - in order
to determine what resources are instrumental for success.

Most course assessments measure the responses of those that complete the course. Thus, those that drop the
class literally have no voice in the assessment. In order to recover from the problems in the status quo, we
need to discover the vulnerable times for a student. In this respect, the ILMs will offer a relatively unique tool for
assessment by generating data over the entire spectrum of users, not just those that complete the class. The
result will be a comprehensive and useful assessment.



5. Increase the number of freshmen who have a positive exposure to computer science and the
number of women who declare CS as their major.

We seek to give wider exposure to computer science in order to reach potential majors who would otherwise not
consider computer science. We are specifically targeting individuals in their first year of academic study at a
college or university. We have designed two new general education three credit courses to highlight computer
science employing minimal programming. This proposal will give wider exposure to computer science in order to
reach potential majors, having little computing experience, who would otherwise not consider computer science.
We are particularly optimistic about the ability to attract American Indians via using such a program in our
regional campus in the Uintah Basin near the Uintah and Ouray reservation. The reservation is the second
largest Indian reservation in the United States, covering over 4.5 million acres. The Higher Education program
administers tribal grant programs, scholarships, and other on-site programs. Many tribal students are not able to
complete a post-secondary degree because they are unprepared for college level academic work. This program
will enable students to increase their college-readiness.

The number of freshmen majors selecting computer science has long been held to be a good predictor of
graduates four or five years later [18]. The number of female CS majors is at a historic low. Creating classes in
the breadth physical sciences not only ensures a high enrollment, it allows us to focus on the breadth of uses for
computers and interest in current topics such as computer security. We will capitalize on these varied interests
while motivating computing as a major. Current introductory non-major CS courses at USU generally enroll
approximately 125 students per year. We anticipate the new courses will attract an additional 300 students per
year, based on typical enrollment for general education science courses. In addition to demonstrating and
teaching key computing concepts we will demonstrate the use of computers in society across a broad range of
disciplines. As Sue Rosser argues, “insuring science and technology are considered in their social context may
be the most important change that can be made in science teaching for all people, both male and female”[13].

6. Foster the incorporation of Interactive experiences throughout the curriculum
Not only will Interactive computing concepts be central to the introductory class, but ILMs will be provided for
B Sort Detective A=) use in a variety of classes such as data structures,

programming languages, and software engineering.
e o | eSS

o . DmNea” S:rtedln ’ The sort detect.ive shov_vn to the left is an example
16 16 Y i Interqcnv_e that is used in our data structures course.
1B 3E Working in small groups, students are asked to identify
s an which sort each button calls based on how much work is
15 a8 done, how many times the data is moved, and whether or not
3t oF data is kept in the original order when the keys are identical.
7H 7H This Interactive is enormously effective in teaching sorting
105 100 concepts like stability and obliviousness. We asked typical
+ He final exam questions about complexity, such as “You have
198 two algorithms which are of the same complexity, yet one is
much faster than the other on the test data. Give two
reasons to explain how this could happen.” In previous
semesters, this has been a challenging question. After
introduction of the ILMs, many students confidently stated,

“Well, it could depend of the particular input data. In sorting, for example, if data is mostly sorted, some sorts take
advantage of that initial order while others do not.”

We will create a wide variety of Interactives. Material will be taught more effectively by emphasizing problem
solving. In addition, we will raise the meta-cognition level as students consciously think about how they solve
problems.



[1]

[2]
3]
[4]
[5]
[6]

[7]
[8]

[9]

[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]

[22]

References

E. M. Mendoza and K. O. Johnson, "Land of Plenty Diversity as America's Competitive Edge
in Science, Engineering, and Technology,” Report of the Congressional Commission on the
Advancement of Women and Minorities in Science, Engineering, and Technology
Development September 2000.

J. Vegso, "Interest in CS as a Major Drops Among Incoming Freshmen," Computing Research
News, vol. 17, May 2005.

A. Fisher and J. Margolis, "Unlocking the Clubhouse: The Carnegie Mellon Experience,"
SIGSCE Bulletin, vol. 34, pp. 79-83, June 2002.

A. Jepsen and T. Perl, "Priming the Pipeline,"” SIGSCE Bulletin, vol. 34, June 2002.

P. Denning, "The Great Principles of Computing,” Ubiquity, vol. 4, 2004.

C. Petersen and R. Sleight, 2006 Employment/Education Survey of Recent USU Graduates,"
A. Office of Analysis, and Accreditation, Ed.: Utah State University, November, 2006.

S. Hargreaves, "College majors that boost your paycheck," in CNN/Money August 17, 2005.
"National Library of Virtual Manipulatives http://nlvm.usu.edu/en/nav/index.html," Utah State
University.

R. Heal, L. Cannon, and J. Dorward, "Teaching Teachers With Technology: Virtual
Manipulatives for Learning and Assessing Elementary Mathematics,” Proceedings of the
Society for Information Technology & Teacher Education.

R. Heal, L. Cannon, J. Duffin, and R. Wellman, Heart of Mathematics: Interactive
Manipulatives A collection of dynamic math applets on CD-ROM that accompany the text
Heart of Mathematics: An Invitation to Effective Thinking, 2 ed. New York: Key College
Publishing-Springer-Verlag, 2005.

L. S. Vygotsky, Thought and language Cambridge, MA: Massachusetts Institute of
Technology, 1986.

S. G. Paris and P. Winograd, "The Role of Self-Regulated Learning in Contextual Teaching:
Principles and Practices for Teacher Preparation,” D. 0. Education, Ed., 1990.

S. Rosser, Female Friendly Science: Applying Women's Studies Methods and Theories to
Attract Students. New York City: Pergamon Press, 1990.

J. P. Gee, What Video Games Have to Teach Us About Learning and Literacy: Palgrave
Macmillan, 2007.

D. Menn, "Multimedia in Education: Arming Our Kids For the Future,” in PC World. vol. 11,
October 1993.

N. S. F. (#Rec-0428259), "Harnessing the power of video games for learning," in Summit on
Educational Games, October 25, 2005.

"Connected to the Future: A Report on Children’s Internet Use," Corporation for Public
Broadcasting March 2003.

D. A. Patterson, "Restoring the popularity of computer science,” Communications of the ACM
vol. 48, pp. 25-28, September 2005.

"Occupational Outlook Handbook (OOH), U.S. Department of Labor; Bureau of Labor
Statistics," 2007,

A. Tucker, F. Deek, J. Jones, D. McCowan, C. Stephenson, and A. Verno, "A Model
Curriculum for K-12 Computer Science: Final Report of the ACM K-12 Task Force
Curriculum Committee,” October 2003.

J. Margolis, J. J. Holme, R. Estrella, J. Goode, K. Nao, and S. Stumme, "The Computer Science
Pipeline in Urban High Schools," IEEE Technology and Society Magazine, Fall 2003.

D. Clayton and T. Lynch, "Invited papers: Ten years of strategies to increase participation of
women in computing programs: the Central Queensland University experience: 1991--2001,"
ACM SIGCSE Bulletin, vol. 34, June 2002.




[23]

[24]

[25]

[26]

[27]

Shu-Hui Hsieh Chang, "Effectiveness of personal interaction in a learner-centered paradigm
distance education class based on student satisfaction,” Journal of Research on Technology in
Education, vol. 40, 2008.

Y. J. Dori and J. Belcher, "Effect of Visualizations and Active Learning on Students’
Understanding of Electromagnetism Concepts,” in Annual Meeting of the National Association
for Research in Science Teaching (NARST), Philadelphia PA, 2003.

K. J. Goldman, "Washington University Department of Computer Science and Engineering
Summer 2006 Professional Development Workshop
http://www.cse.wustl.edu/~grosspa/summer_workshop/index.html," 2006.

K. J. Goldman, "Teaching Introductory Computer Science with JPie,"” in ACM Special Interest
Group on Computer Science Education (SIGCSE), 2005.

K. Powers, P. Gross, S. Cooper, M. McNally, K. J. Goldman, V. Proulx, and M. Carlisle,
"Tools for Teaching Introductory Programming:

What Works?," in IGCSE 2006 technical symposium on Computer science education, 2006, pp. 560-

[28]
[29]
[30]
[31]

[32]
[33]

[34]
[35]

[36]
[37]

561.

G. N. Rouskas, L. Bullard, A. E. Craig, J. Joines, C. Miller, T. K. Miller, D. Raubenheimer, L.
Silverberg, and E. Wiebe, "Computing Across Curricula,” in ASEE Annual Conference &
Exposition Pittsburgh, PA, 2008.

T. A. D. Silva, "How | Learned a New Language Without Even Noticing," July 26th, 2006.

M. F. Graves and S. Braaten, "Scaffolded reading experiences: bridges to success,” in
Preventing School Failure. vol. 40, 1996, pp. 169-73.

J. Bickmore-Brand and G. S., "Scaffolding for improved mathematical understanding,” in
Language in mathematics Portsmouth, NH:: Heinemann., 1990, pp. 43-58.

"INetTest Software http://cil.usu.edu/usu.html.”

F. Genesee, "Second Language Learning Through Immersion: A Review of U.S. Programs,”
Review of Educational Research, vol. 55, pp. 541-561, 1985.

D. A. Wiley, "Scalability and sociability in online learning environments,” in Web-based
Learning: Theory, Research, and Practice Mahwah, NJ: Lawrence Erlbaum Associates, 2006.
"Citidel Computing and Information Technology Interactive Digital Educational Library
http://www.citidel.org/," 2008.

"USU Undergraduate Teaching Fellows." vol. 2007.

S.-H. H. Chang, "Effectiveness of personal interaction in a learner-centered paradigm distance
education class based on student satisfaction,” Journal of Research on Technology in
Education, vol. 40, 2008.




