Computer Science MS Program Modification

Outline, Rationale, and Assessment

I. Introduction

The old (current) Computer Science MS Program at NEIU consists of the following core courses plus 15-18 hours of electives:

1. CS-400 Discrete Modeling and Analysis

2. CS–401 Software Engineering

3. CS-402 Advanced Systems Programming

4. CS-404 Analysis of Algorithms

5. CS-409 Topics in Compiler Theory

6. CS-490 Master’s Project or CS-495 Master’s Thesis

Depending on the electives chosen, the purpose of the old program had been to either prepare students for Ph.D. study or for positions in industry which require in-depth programming skills.

Computer Science is a rapidly changing field. For a number of reasons, the Department realized its programs were becoming outdated. Last year the Department investigated the inadequacy of the undergraduate program and made major changes to the program. This year the Department investigated the inadequacy of the MS program. The results of that investigation follow.

II. Inadequacy of the Old Program

In the 1990’s Northeastern CS graduates obtained programming jobs at companies such as Lucent, Motorola, Northrop, CNA insurance, and Walgreen’s. However, there were massive layoffs in the early part of this century, and many of those programming jobs seem to be gone forever. There are a number of reasons for this including the disappearance of the year 2K problem, outsourcing, and greater efficiency.  So a program that prepares students only for programming no longer serves the students.

The Department investigated where there should be CS jobs in the near future. They did this by reading literature and studies, talking with colleagues at other institutions,  meeting with an Advisory Board consisting of individuals in IT departments from major companies in Chicagoland such as Walgreen’s, and obtaining feedback from alumi at the Alumni Career Panel Session.. They learned that industry is looking for people who know how IT departments fit into the overall business structure, who know how to manage projects, and who can analyze problems and make business decisions using computational methods. 

A second place in which the Department learned that there is a need for individuals knowledgeable in computer science, is elementary and high schools. Computer science courses are increasingly being taught in elementary and high schools; however, most teachers are not equipped to teach CS courses.

Based on their investigation, the Department developed the new program discussed next.

III. The New Program

The new program has three concentrations: one for individuals who want to enter careers in industry, one for high school teachers who want to obtain an endorsement to teach computer science, and one for individuals who want to pursue a Ph.D.. This last concentration is similar to the old program. First we show the background and core courses. After that we show the courses in each concentration.

Background Courses: (These courses may not be used towards a degree.)
These courses are primarily for teachers who have no previous coursework in computer science. They must complete these courses before enrolling in courses which count towards their M.S. degree. The following table shows the background courses:

	Course Number
	Course Name
	Semester Hours
	New Course?

	CS-405
	Elements of Discrete Structures
	3
	Yes

	CS-406
	Object Oriented Development
	3
	Yes


Core Courses:

The purpose of the core courses is to give all student a solid foundation in the fundamentals of computer science. The following table lists the courses in the core.

	Course Number
	Course Name
	Semester Hours
	New Course?

	CS-400
	Discrete Modeling
	3
	No

	CS-404
	Analysis of Algorithms
	3
	No

	CS-490 or CS-495
	Master’s Project

Master’s Thesis
	3

6
	No

No


Each of the concentrations will require an additional 24-27 hours making the total CS hours required 36. A certain number of those hours will consist of required courses in each concentration. The remaining hours are electives. Next we describe each concentration and list the required courses for the concentration.

Management Information Systems Concentration:

This concentration is designed to prepare students for the application of computer science and related technologies to solving business problems. The following table lists the required courses in the concentration. 

	Course Number
	Course Name
	Semester Hours
	New Course?

	CS-401
	Software Engineering
	3
	No

	CS-412
	Web Application Development
	3
	Yes

	CS-413
	IT Project Management
	3
	Yes

	CS 415
	Design of Database Systems
	3
	No

	CS 419
	Informatics
	3
	Yes

	CS 420
	Object Oriented Design
	3
	Yes


 2-3 electives. Recommended: CS 331 Computer Networks, IT Project Management, CS 460 Computer Security, ECON 401 Fundamentals of Business Economics.

Teacher Endorsement Concentration:

The purpose of this concentration is to provide teachers with the coursework necessary to obtain an endorsement for teaching computer science. A teaching certificate is required to enter this concentration. The following table lists the required courses in this concentration. 

	Course Number
	Course Name
	Semester Hours
	New Course?

	CS-331
	Computer Networks
	3
	No

	CS-407
	Elements of Data Structures
	3
	Yes

	CS 411
	Professional Computing
	3
	Yes

	CS 412
	Web Application Development
	3
	Yes

	CS 416
	Artificial Intelligence and Robotics
	3
	Yes

	CS 417
	Video Game Programming
	3
	Yes


2-3 electives. Recommended: CS 403 Authoring Techniques in AI, CS 420 Object Oriented Design, CS 426 Exploring Numerical Methods, CS 460 Computer Security

Computer Science Concentration:

This concentration is for students who want a fundamental knowledge of computer science beyond that which is obtained in the core. It is designed for students wishing to pursue a Ph.D. in computer science. The following table lists the additional required courses in the Computer Science Concentration.

	Course Number
	Course Name
	Semester Hours
	New Course?

	CS-325
	Theory of Computation
	3
	No

	CS-331
	Computer Networks
	3
	No

	CS 401
	Software Engineering
	3
	No

	CS 402
	Advanced Systems Programming
	3
	No

	CS 408
	Advanced Operating Systems
	3
	No

	CS 409
	Topics in Compiler Theory
	3
	No


2-3 electives. Recommended: CS 311 Modern Computer Architecture, CS 415 Database, CS-426 Exploring Numerical Methods, CS 460 Computer Security
IV. Courses Changes

Next we list the course changes necessary to the program modification.

The following courses are added to the program:

CS-405 Elements of Discrete Structures

CS-406 Object Oriented Development

CS-407 Elements of Data Structures

CS-411 Professional Computing

CS-412 Web Application Development

CS-413 IT Project Management

CS-416 Artificial Intelligence and Robotics

CS-417 Video Game Programming

CS-419 Informatics

CS-420 Object Oriented Design

CS-455 Cyber Risk Management

The following existing courses have catalog description changes, prerequisite changes and possibly name changes:

CS-307 Programming Languages

New Catalog Description: This course provides an introduction to the fundamental concepts of programming languages, their structural definition and run time implementation. It equips the students with the tools necessary for the critical evaluation of existing programming languages, and the learning of new ones.  In addition, it prepares students for the study of compiler design. 
New Prerequisite: CS-304 or CS-407.

Rationale: As to the prerequisite change, the old prerequisite of CS 301 (Computer Organization w/Assembly) is not needed for the modern way of presenting programming languages to students.  Since this course carries graduate credit, the new CS 407 (Elements of Data Structures) can be added as an alternative to CS 304 for graduate students taking the course. Concerning the description change, the old catalog description mentioned dated languages such as SNOBOL. This new description removes this problem of becoming dated by not mentioning specific languages.
CS-326 Introduction to Numerical Methods:

New Catalog Description: This course provides an introduction to numerical methods using a computer. It includes one of the numerical software packages or programming languages, and topics such as errors in computation, function approximation, sequences, nonlinear equations, determinants & matrices, and systems of linear & nonlinear equations.

New Prerequisite: MATH-106 or equivalent. 
Rationale: Rapid advances in computer hardware and software applications make revision of courses like CS-326 inevitable. To make this course more adaptable to these advances, we propose certain changes in its course description and prerequisites.

CS-330 Telecommunications

New Catalog Description:  This course describes the basic principles of modern data communications and presents the techniques and algorithms that deal with data compression, error detection and data encryption.  Also, the different kinds of modems are presented and their operation is analyzed.  The course finishes with a reference to cellular telephony.

New Prerequisite:  CS 207 or CS 406

Rationale:  The lectures for this course are given either in a smart classroom or in the computer science lab.  There, students have direct access to PCs.  During the semester, several topics of the course presented in theory are simulated on the PC.  This way the student has a much better understanding of the theory and its practical considerations.  The programs for the simulations are developed in class, initially.  The students continue the program development at home either as homework or project.  This new pedagogy requires the programming background obtained in CS 207 or CS 406.

As for the new catalog description, this course describes the basic principles of modern data communications and presents the techniques and algorithms that deal with data compression, error detection and data encryption.  Also, the different kinds of modems are presented and their operation is analyzed.  The course finishes with a reference to cellular telephony.

CS 404 – Analysis of AlgorithmsPRIVATE 

New Catalog Description: Analysis of Algorithms provides different design methodologies to design and analyze algorithms. Topics include incremental, divide-and-conquer, dynamic programming, greedy, backtracking, and branch-and-bound methodologies. This course also covers sorting & searching algorithms, and an introduction to computational complexity & Intractability. 

New Prerequisite: CS-304 or CS-407, Co-req: CS-400. 

Rationale: The purpose of CS-404(Analysis of Algorithms) is to explore different methodologies for designing and analyzing algorithms. We need to have a more suitable description for this course, and to update its prerequisites based on the changes in our Master’s program.  The new course description is more appropriate for this topic, and with the addition of CS-407 (Elements of Data Structures) to our graduate courses, the new requirements should provide a stronger background for this course.
CS 426 – Exploring Numerical MethodsPRIVATE 

New Catalog Description: Exploring Numerical Methods covers necessary elements involved in the design and analysis of a computational method. Topics include errors in numerical methods, floating-point & interval arithmetic, measuring the efficiency of numerical methods, interpolation & curve fitting, numerical differentiation, numerical integration, and numerical optimization.
New Prerequisites: CS-200 and MATH-203. 

Rationale: Numerical mathematics, the main objective of this course, is about the design and analysis of numerical methods. Usually the analysis aspect of numerical mathematics is the more challenging part of the task, and requires more time to be properly discussed. Our Master’s program in computer science has one course in numerical methods, and we should include topics in it that serve our students the most. Therefore, we need to revise this course, and have a better name, description, and prerequisites for it.

The following existing courses have only prerequisite changes:

	Course 
	Old Prerequisites
	New Prerequisites

	CS 311
	CS 207, CS 301
	CS 207 or CS 406; and CS 301

	CS 331
	CS 301, 304
	CS 207 or CS 406

	CS 400
	CS 201, 304
	CS 201 or CS 405

	CS 401
	Graduate Standing and CS 402
	CS 304or CS 407

	CS 402
	CS 304, 308, 333
	CS 304 or CS 407; and CS 301

	CS 408
	CS 308, 333, 402
	CS 304 or CS 407

	CS 409
	CS 333
	CS 304 or CS 407

	CS 415
	CS 315
	CS 207 or CS 406

	CS 430
	CS 330; Math 202
	CS 304 or CS 407

	CS 431
	CS 330; Math 202
	CS 304 or CS 407, and CS 330 

	CS 435
	CS 201, CS 304
	CS 304 or CS 407; and CS 400

	CS 440
	Graduate Standing
	CS 304 or CS 407; and CS 400

	CS 450
	CS 402
	CS 301, CS 311; and CS 308 or 408

	CS 460
	Admission to M.S. Program
	CS 304 or CS 407; and CS 400

	CS 470
	CS 409
	CS 304 or CS 407; and CS 400


Rationale for these changes

1. CS 311, CS 331, CS 402, CS 409, CS 430, CS 431, CS 450: The lectures for these courses are given either in a smart classroom or in the computer science lab. There, students have direct access to PCs. During the semester, several topics of the course presented in theory are simulated on the PC. This way the student has a much better understanding of the theory and its practical considerations. The programs for the simulations are developed in class, initially. The students continue the program development at home either as homework or project. This new teaching pedagogy requires the programming background obtained in CS 207 or CS 406.

Furthermore, CS 402, CS 409, CS 430, and CS 431 deal with the manipulation of data structures and therefore also require the knowledge obtained in CS 304 or CS 407.

Additionally, CS 311, CS 402, and CS 450 require the knowledge of assembly language (CS 301) because they entail a good deal of low level language programming. For example, Students in CS 402 develop their own assembler.

Finally, CS 431 is the continuation of CS330. So it requires that courses as a prerequisite.

2. CS 435: The old prerequisites for this course were CS 201 and CS 304. Since this is a graduate course, the discrete structures requirement should be the more advanced graduate course, CS 400, rather than the undergraduate course CS 201. The programming requirement is still the content of CS 304. However, in the new graduate program, the course CS 407 contains the material in a CS 304 plus additional material. So it would also serve as a prerequisite.

3. CS 440: For some reason the catalog says the prerequisite for this course is merely graduate standing. This is not correct. It requires the discrete structures in CS 400 and the programming in CS 304 or CS 407.

4. CS 470: The field of pattern recognition has changed, and is no longer closely aligned with compiler theory (CS 409). The current background needed for this course includes the discrete structures in CS 400 and the programming in CS 304 or CS 407.

5. CS 400: The purpose of this course is to develop the mathematical maturity of the computer science students through the study of important themes such as mathematical reasoning, combinatorial analysis, and discrete structures. This course does not require programming, and there is no need to have CS-304 (Data Structures) as one of its prerequisites. Therefore, CS-201 (Discrete Structures), or our new course CS-405(Applied Discrete Structures) should be the only prerequisite for this course. 
6. CS 460: Admission to the Master’s Program is inadequate preparation for this course.  The new prerequisites (Data Structures and Discrete Modeling and Analysis) provide a good preparation for students who need to study and analyze the various computer security tools needed to protect an organization from cyber attacks. 
7. CS 408: A substantial portion of the material in this course deals with in-depth, advanced material of the same nature as that in CS 308. Therefore, in this course it is most effective and practical to cover CS 308 material as background alongside the new material. Requiring CS 308 as a prerequisite to CS 408 is unnecessary and could be burdensome to the student. CS 304 covers material at the same level as CS 333 and is now the course all students must take, and CS 402 is at the same level as CS 408 rather than a prerequisite.
8. CS 415: The material in this course consists of detailed, advanced materials similar to that in CS 315 but of a more advanced nature. It is more effective and practical in this course to cover CS 315 material in a condensed form as background, together with the advanced material. Requiring CS 315 as a prerequisite is therefore unnecessary. 
9. CS 401:  Changes in technology and IT environments resulted in a new orientation for the software engineering career.  That made our prerequisite of Systems Programming obsolete.  A course in data structures, either at a graduate or undergraduate level will suffice.
V. Goals, Outcomes, and Performance Criteria

In turn we discuss the goals, outcomes, and performance criteria of the core courses and each of the concentrations.

Core Courses:

The first goal of the core courses is to provide the student with the foundation necessary to pursue any area of computer science. The second goal is to give the student experience working on a large-scale CS related project.

The outcome relevant to the first goal includes understanding algorithms and analysis and the mathematics necessary to computer science. 

The performance criterion used to measure the first goal is performance in the class in which the courses are taken.

 The outcome relevant to the second goal is the completion of a large-scale CS related project and the production of a written report describing that project.

The performance criterion used to measure the second goal is evaluation of the project by the advisor and a co-advisor who did not work with the student on the project.

Management Information Systems Concentration:

The goal of this concentration is to prepare students for careers in industry.

The outcomes relative to this goal are 1) obtaining employment in the field; and 2) progressing in the field after the first job.

The first performance criterion will be to administer an exit questionnaire to learn which students seek employment and to track those students. The second performance criterion will be to periodically present the program to the Advisory Board for review and the update the program based on their recommendations. 

Teaching Endorsement Concentration:

The goal of this concentration is to prepare students for teaching computer science in elementary and high schools.

The outcomes relative to this goal are 1) obtaining an endorsement in CS from the State of Illinois; and 2) progressing in the teaching of CS at their institutions.

The first performance criterion will be to administer an exit questionnaire to learn which students obtain teaching endorsement in CS. The second performance criterion will be to survey the students a year later to see how they are progressing.

Computer Science Concentration:

The goal of this concentration is to prepare students for graduate study at the Ph.D. level. 

The outcomes relevant to this goal are 1) acceptance to a Ph.D. program; and 2) obtaining a Ph.D..

The performance criterion will be to administer an exit questionnaire to learn which students apply to Ph.D. programs. Those that apply will then be tracked see if they are accepted and later obtain the degree.
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