Bulletin # : &

FLORIDA INTERNATIONAL UNIVERSITY _
UNIVERSITY CURRICULUM COMMITTEE | Academic Year: 20232/
Proposal for a New Course

e

11,

12.

13.

. School/College College of Engineering and Computing

Div./Dept. in Which Taught Computing and Information Sciences

COP 3 3 CIP Code (Leave this blank):
Alpha 1st Last 3 “C”-lec-lab Cr. Hrs.
Prefix Digit Digits “L”-Lab

Grading Method (select one): M Graded [ Pass/Fail
Course Title Computational Thinking

Abbreviated course Title (for computer class schedules, transcripts)

Computational Thinking
LIMITED TO 25 Characters (including spaces)
Statewide Course Numbering Subject Matter Area COmputer Science

Catalog Description/Major Topics (not to exceed 200 characters including spaces)
College of Medicine and College of Law: Aftach description not exceeding 1,000 characters including spaces.

Computational thinking principles, covering algorithms, data structures, problem-solving, problem
decomposition, creativity, and topics in recursion and ethical considerations in computing.

Attach detailed syllabus course outline and course justification on separate page(s).
Prerequisite(s): COP 2XXX - Python Programming | or COP 2210 - Programming | or COP 2250 - Programming in Java or Advisor's Permission

Corequisite(s):

. Objective(s) of Course:

Cultivate logical problem-solving approaches rooted in computational principles and reasoning. For
a complete description and course outcomes, please refer to the attached syllabus.

Does this course duplicate/overlap other courses at FIU? [®ENo []Yes
If yes, please explain:

What other closely related department(s) have been consulted about this course?
Department of Mathematics and Statistics

Is this course used for the gssessment of a program or a certificate (if yes, then send a notification to
assessment@fiu.edu)? No [:IYes

PROPOSAL REQUESTED BY:

/J / 7Y
Faculty Contact Gregory Murad Reis /YA LV//M[) " 09 104 2023
(Type name) ( / ‘7 (( igriature)
gmuradre @fiu.edu 305-348-7852
(Email address) (Phone number)
Chairperson (Dept./Div.) Jason Liu /%V 10 ;16 /2023
(Type name) (Signature)
Chairperson (Curr. Comm.) Alex Afanasyev M 10 / 17 120 23
(Type name) (Signature)
College/School Dean __Mark Weiss. Assoc Dean W fo W ecsa 10 ;20 2023
(Type name) (Signature)

Submit one original form. Attach one copy of the course justification and a draft of the course syllabus for this New
Course Proposal. The syllabus should include all components on the New Course Checkilist.

Faculty Senate 08/2023


mailto:assessment@fiu.edu

Justification for Computational Thinking

As the world increasingly leans on data-driven insights, the need for a workforce skilled in
both the topics of data science and the foundational logic that underpins it is essential. The
"Computational Thinking" course, proposed as a core component of the BS in Data Science
curriculum at Florida International University (FIU), is instrumental in fulfilling this need. It
focused on the cognitive and logical processes that are important to computer science and data
analysis. Beyond mere programming or data manipulation, computational thinking fosters a
structured and logical approach to problem-solving. This course introduces students to concepts
like abstraction, decomposition, and algorithmic design, laying the groundwork for understanding
how to methodically tackle and dissect challenges. The emphasis on propositional logic, ethical
considerations, and computational creativity ensures that students not only become adept
problem solvers but also responsible and innovative contributors to the tech industry. Introducing
a course like "Computational Thinking" into the curriculum aligns perfectly with FIU's mission to
produce students who can decompose a problem, that can think critically, dissect complexities,
and propose innovate solutions in the rapidly evolving data landscape.
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Subject: Memorandum of Understanding between the Knight Foundation School of Computing and Information
Sciences and the Department of Mathematics & Statistics regarding a new BS in Data Science

September 8%, 2023

To Whom It May Concern:

The Knight Foundation School of Computing and Information Sciences (KFSCIS) is proposing a Bachelor of Science
in Data Science, and the KFSCIS committee in charge of that proposal has discussed this with relevant leadership
within the Department of Mathematics & Statistics (DM&S). This Memorandum of Understanding is intended to
capture the content of that discussion and agreement.

1. In general, both DM&S and KFSCIS express their sincere desire to maintain collaborative, productive,
collegial, and friendly relations between the units in service of providing our students with as many of the
highest quality and flexible educational options as possible.

2. Inview of the above, DM&S has no objection to KFSCIS creating a Bachelor of Science in Data Science.
The degree name was agreed to be "Bachelor of Science in Data Science" to clearly distinguish it from the
DM&S’s major in Mathematical Data Science, to show that it is an approach to Data Science that
emphasizes computing and information sciences, and to distinguish it from a more mathematical course of
study.

3. DMA&S, in general, also has no objection to KFSCIS creating new Data-Science-related courses that
overlap with existing DM&S offerings, as long as those courses are named and designed in such a way as
to clearly indicate the computing and information sciences focus of the offering. For example, DM&S is
supportive of KFSCIS offering the following courses in their new degree: "Introduction to Data Science"
and "Advanced Data Science".

4. Regardless of the above, both units agree to continue to provide to the other unit’s leadership, in
accordance with the usual FIU processes, any other new course proposals that overlap with courses in the
other unit, for their review and consent.

5. The new degree lists several required mathematics courses. DM&S is willing to serve KFSCIS students in
these courses with the understanding that resources are available to DM&S to perform this service, such as:
MAS 3105 - Linear Algebra (as an alternative to MAC 2313 - Calculus I1I), MAD 2104 - Discrete
Mathematics (as an alternative to COT 3100), and STA 3163 - Statistical Methods I, STA 3164 - Statistical
Methods II, STA 4234 - Introduction to Regression Analysis, MAD 3301 - Graph Theory, MAD 3401 -
Numerical Analysis, and MAD 4203 - Combinatorics for a concentration in Statistical Modeling.

6. Finally, KFSCIS had no objection to DM&S proposing a new major in 2022 focused on Mathematical Data
Science inside their existing B.S. in Mathematical Sciences, homed in DM&S. DM&S will provide the
details of any further new proposed courses or major which overlap with Computer Science and consult
with KFSCIS in accordance with the usual FIU processes.

Louis Tebou Jason X. Liu
Chair, Department of Mathematics & Statistics Director, Knight Foundation School of Computing

; 6 .2 ; and Information Sciences
September 8, 2023 /)QW’/ L [ > . emmoes
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Knight Foundation School of Computing and Information Sciences
COP 3XXX Computational Thinking

Knight Foundation School of Computing and Information Sciences
Course Title: Computational Thinking Date: 10/16/2023
Course Number: COP 3XXX

Number of Credits: 3

Subject Area: Programming Subject Area Coordinator: Janki Bhimani

email: jbhimani@fiu.edu

Catalog Description: Computational thinking principles, covering algorithms, data
structures, problem-solving, problem decomposition, creativity, and topics in recursion and
ethical considerations in computing.

Textbooks: Applied Computational Thinking with Python: Design algorithmic solutions for
complex and challenging real-world problems by Sofia De Jestis and Dayrene Martinez.
ISBN-13: 978-1839219436. Publisher: Packt Publishing. Date: November 27, 2020
References (for further reading): Introduction to Algorithms: A Comprehensive Guide for
Beginners: Unlocking Computational Thinking by Cuantum Technologies. ISBN-13: 979-
8854326957. Independently published. Date: July 30, 2023

Prerequisites Courses: COP 2XXX - Python Programming I or COP 2210 - Programming I or|

COP 2250 - Programming in Java or Advisor’s permission
Corequisite Courses 0

Type: Core Course for BS in Data Science; Elective for CS and IT Majors.

Prerequisites Topics:
1. Programming fundamentals such as control structures, basic data types and structures,
functions, and object-oriented paradigm in at least one programming language.
2. Experience in solving simple computational problems using coding.

Course Outcomes:

1. Examine the key principles of computational thinking, including abstraction,
decomposition, pattern recognition, and algorithmic design.

2. Develop and implement efficient algorithms for problem-solving.

3. Explain propositional logic in computer science contexts, including the syntax,
semantics, and truth tables.

4. Critically evaluate arguments and reasoning through inference rules, recognizing and
avoiding logical fallacies.

5. Break down complex problems into manageable tasks or subproblems using top-down
design and stepwise refinement.

6. Describe the essence of computational creativity and its relevance in modern computing.
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7. Design solutions that integrate creative algorithms, considering elements like randomness
and generative art.

8. Explain the differences and trade-offs between recursion and iteration.

9. Implement recursive functions appropriately.

10. Critically assess computing solutions, considering ethical implications including such
considerations as privacy, security, Al biases, and intellectual property rights.

Association between Student QOutcomes and Course Outcomes

BS in Computing: Student Qutcomes
Graduates of the program will have an ability to:

Course Outcomes

1) Analyze a complex computing problem and to apply
principles of computing and other relevant 1,2,5,7,8
disciplines to identify solutions.

2) Design, implement, and evaluate a computing-based
solution to meet a given set of computing

requirements in the context of the program’s 1,2,5.7.8
discipline.
3) Communicate effectively in a variety of 6.9

professional contexts.

4) Recognize professional responsibilities and make
informed judgments in computing practice based on 9
legal and ethical principles.

5) Function effectively as a member or leader of a team
engaged in activities appropriate to the program’s
discipline.

Program Specific Student Qutcomes

6) Apply theory, techniques, and tools throughout the
data science lifecycle and employ the resulting 2,3,7,9
knowledge to satisfy stakeholders’ needs. [DS]

Assessment Plan for the Course and how Data in the Course are used to assess
Student Outcomes

Student and Instructor Course Outcome Surveys are administered at the conclusion of each
offering, and are evaluated as described in the School’s Assessment Plan:
https://abet.cis.fiu.edu/




Knight Foundation School of Computing and Information Sciences
COP 3XXX Computational Thinking

6.1. Arrays and Lists - Static and dynamic arrays,
insertion and deletion operations

6.2. Stacks and Queues - LIFO and FIFO,
implementation, and real-world applications

QOutline
Topic Number of | Qutcome
Lecture
Hours (Total:
37.5 hours =
15 weeks * 2
lectures/week
*1.25
hrs/lecture)
Introduction to Computational Thinking 3 1
1.1. Definition, importance, and real-world applications
1.2. Abstraction, decomposition, pattern recognition, and
algorithmic thinking
. Algorithms and Computability 3.75 1,2
2.1. Definition, characteristics, and examples
2.2. Time and space complexity, big O notation
. Understanding Logical Reasoning 3 34
3.1. Propositional Logic - Syntax, semantics, and truth
tables
3.2. Inference Rules and Logical Arguments - Modus
ponens, modus tollens, and logical fallacies
. Problem Decomposition 3.75 5
4.1. Breaking Down Problems - Identifying subproblems
and tasks
4.2. Top-Down Design and Stepwise Refinement -
Hierarchical problem-solving and iterative
development
. Exploring Problem Analysis 3 6,7
5.1. Identifying Problem Types - Well-defined, ill-
defined, and wicked problems
5.2. Problem-Solving Techniques - Brute force, divide
and conquer, backtracking, and greedy algorithms
Organizing Information: Ordered Structures 3 2,7
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7. Organizing Information: Unordered Structures 3 2,7
7.1. Sets and Dictionaries - Properties, operations, and
use cases
7.2. Hash functions, collision resolution, and
performance analysis

8. Computational Creativity 3 2,7
8.1. Concepts, goals, and examples

8.2. Creative Algorithms - Randomness, generative art,
and Al-based creative systems

9. Introduction to Recursion 3 8
9.1. Recursive Functions - Definition, base case, and
recursive case
9.2. Recursion vs. Iteration - Trade-offs, examples, and
real-world applications

10. Introduction to Searching Algorithms 3.75 1,2,7
10.1. Linear and Binary Search - Algorithms and
performance comparison
10.2. Advanced Search Algorithms - Interpolation
search, jump search, and exponential search

11. Introduction to Sorting Algorithms 3.75 1,2,7
11.1. Class 1: Bubble Sort, Selection Sort, and
Insertion Sort - Algorithms and performance analysis
11.2. Class 2: Merge Sort, Quick Sort, and Heap Sort
- Algorithms and performance analysis

12. Ethical Considerations in Computing 1.5 9
12.1. Ethical Theories and Frameworks -
Utilitarianism, deontology, and virtue ethics
12.2. Privacy, security, Al, Al Bias, and intellectual

property

Performance Measures for Evaluation

All assignments are assigned through the Canvas course site. The deadlines are strictly enforced.
For example, if the deadline is 11:59 PM, any assignment submitted after this time is considered
late. It is also each student’s responsibility to submit correct files and ensure the submission is
successful before the deadline. If students are unable to submit their assignment through Canvas,
they will need to send a copy of their assignment to the instructor before the stated deadline.
There will be three exams and each exam will be cumulative with an emphasis on the most
recently covered material. Exam details will be posted on the Canvas course site
(https://canvas.fiu.edu).

Assignment Total Points Percentage of Final Grade
Quizzes (11-Drop-1) 100 each 10%
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Homework Assignments (3) 100 each 30%

Exam 1 100 20%

Exam 2 100 20%

Exam 3 100 20%

TOTAL 100%

Letter Grade Distribution Table
Letter Range% Letter Range% Letter Range%
A 93 or above B 82-85.9 C 70 -73.9
A- 90 -92.9 B- 78 -81.9 D 60 - 69.9
B+ 86 -89.9 C+ 74 -77.9 F less than 60

Description of Possible Homework Activities

Homework 1: Logical Reasoning and Algorithms

Description: Students will be provided with several real-world scenarios. For each scenario, they

should:

a. Formulate the problem in propositional logic.
b. Design an algorithm (pseudocode accepted) to address the scenario.

Description of Possible Rubric:

Criteria Excellent (100) | Good (80) Average (60) Below Average | Poor (20) Weight
(40)
Logical
Formulation
- Accuracy Logical Logical Logical Logical Logical 25%
statements statements statements statements statements do
perfectly reflect | mostly reflect somewhat barely reflect not reflect the
the scenario the scenario reflect the the scenario scenario
scenario
- All major Most major Some major Few major Major 25%
Completeness | components of | components of | components of | components of components of
the scenario are | the scenario are | the scenario are | the scenario are | the scenario are
perfectly well addressed | addressed addressed not addressed
addressed
Algorithm
Design
- Correctness | Algorithm Algorithm Algorithm Algorithm Algorithm does | 25%
perfectly mostly somewhat barely addresses | not address the
addresses the addresses the addresses the the problem and | problem
problem and problem and problem and is unlikely to correctly or
would produce | would likely might produce a | produce a would not
the desired produce a good | satisfactory satisfactory produce the
outcome outcome outcome outcome desired outcome
- Clarity Pseudocode is Pseudocode is Pseudocode is Pseudocode is Pseudocode is 25%
perfectly clear mostly clear somewhat clear | not very clear not clear at all
and extremely and easy to and can be and is hard to and cannot be
easy to follow follow follow followed
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followed with
effort

Homework 2: Problem Decomposition and Solution Design
Description: Students are presented with a complex real-world problem, such as organizing a
school event, planning a road trip, or managing a small library. They are required to:

a. Decompose the problem into smaller, more manageable subproblems.

b. Design a step-by-step solution or algorithm (in pseudocode) for each of these subproblems.

For example, if the problem is "Organizing a School Event", subproblems might include
"Allocating Budget", "Scheduling", "Resource Management", etc.

Description of Possible Rubric:

processes are
exceptionally
detailed,
considering a
wide range of
challenges and
solutions

processes are
detailed,
considering
most potential
challenges and
solutions

processes show
some detail,
considering
some
challenges and
solutions

processes lack
detail,
considering few
challenges and
solutions

processes are
not detailed, not
considering
challenges and
solutions
adequately

Criteria Excellent (100) | Good (80) Average (60) Below Average | Poor (20) Weight
(40)
Problem
Decomposition
- Clarity Each Each Subproblems Subproblems Subproblems 25%
subproblem is subproblem is are somewhat are defined but | are not clearly
defined with clearly defined | clearly defined | with substantial | defined, with
utmost clarity with minor but with ambiguities pervasive
and precision, ambiguities noticeable ambiguities
leaving no room ambiguities
for ambiguity
- All major Most major Some major Few major Major aspects 25%
Completeness | aspects of the aspects of the aspects of the aspects of the of the main
main problem main problem main problem main problem problem are not
are excellently are well broken | are broken are broken adequately
broken down down into down into down into broken down
into detailed subproblems subproblems subproblems into
subproblems subproblems
Solution
Design
- Relevance Solutions are Solutions are Solutions are Solutions are Solutions are 25%
perfectly mostly aligned somewhat barely aligned not aligned with
aligned with the | with the stated aligned with the | with the stated the stated
stated subproblems, stated subproblems, subproblems,
subproblems, demonstrating subproblems, demonstrating demonstrating
demonstrating good demonstrating limited lack of
deep understanding average understanding understanding
understanding understanding
- Detail Pseudocode or Pseudocode or Pseudocode or Pseudocode or Pseudocode or 25%
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Homework 3: Object-Oriented Programming

Description: Design a simple project that showcases computational creativity. This could be a
generative art piece, a randomized story generator, or any creative project leveraging
computational techniques.

Description of Possible Rubric:

Criteria Excellent (100) | Good (80) Average (60) Below Average | Poor (20) Weight
(40)
Concept and
Design
- Originality The project The project The project The project The project 20%
showcases a showcases a showcases a showcases a does not
highly unique unique and moderately somewhat showcase a
and novel idea, somewhat unique idea, unique idea, unique or novel
demonstrating novel idea, demonstrating demonstrating idea,
exceptional demonstrating average below-average | demonstrating
creativity good creativity | creativity creativity poor creativity
- Relevance The project The project The project The project The project 20%
excellently effectively utilizes utilizes does not
utilizes utilizes computational computational effectively
computational computational creativity creativity utilize
creativity creativity techniquestoa | techniquestoa | computational
techniquesto a | techniquestoa | moderate limited degree creativity
high degree good degree degree techniques
Functionality
- Code Quality | Codeis Code is clean, Code is Code is Code is messy, | 20%
impeccably well-organized, | somewhat somewhat disorganized,
clean, well- and mostly clean, messy, less and not
organized, and | well- organized, and | organized, and | commented
thoroughly commented somewhat poorly
commented commented commented
- Functionality | The project The project The project The project The project 20%
works perfectly | works well as works as somewhat does not work
as intended intended with intended but works as as intended and
without any minor errors with some intended but has numerous
€ITOorS noticeable with many €ITOorS
errors errors
Documentation
- Explanation Documentation | Documentation | Documentation | Documentation | Documentation | 20%
is exceptionally | is clear, provides a provides a is unclear or
clear, providing | providing good | basic limited missing, not
detailed explanations of | explanation of | explanation of adequately
explanations of | the concept, the concept, the concept, explaining the
the concept, design design design concept, design
design decisions, and decisions, and decisions, and decisions, and
decisions, and how to how to how to how to
how to run/view the run/view the run/view the run/view the
run/view the project project project project
project




