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ABSTRACT

Management Science (MS) and Operations Research (OR) degree programs have been part of the University curriculum for over 50 years.  The broad goal of the MS/OR curriculum is to facilitate improvements in operational processes, decision making, and management by individuals and organizations.  The purpose of this research is to collect and analyze data on the MS/OR curriculum and degree programs offered in universities across the United States.  Information was complied on the following topics:  the school, college, or department housing the MS/OR curriculum and/or degree program, the course and degree offerings, overall program faculty counts, and general writing requirements.  

Seventy universities were surveyed with a total of seventy-seven academic entities in total.  Of the entities that offered a degree in MS/OR it is found that 10.39% house the degree independently or were not directly affiliated with a particular school, college, or department.  Thirty-one, or 40.26% of the MS/OR programs surveyed resided in Schools or Colleges of Business, while 39.96% resided in Schools of Engineering.  Computer Science, Mathematics, and Statistics departments were grouped together and designated as Schools of Science.  Eight, or 10.39% of MS/OR degree programs were housed in Schools of Science.    

INTRODUCTION



A number of authors have written about the status of the MS/OR field throughout the years (Ackoff, 1987; Churchman, Ackoff, and Arnoff, 1957; and Zimmerman, 1982).  These researchers studied MS/OR issue for specific time periods.  Each employed the use of a survey and in a sense took a snapshot of what educators and practitioners believed was ongoing in the field.  Harpell, Lane, and Mansour (1989) and Lane, Mansour, and Harpell (1993) completed research by using questionnaire responses from members of MS/OR organizations such as the Operations Research Society of America (ORSA) prior its becoming part of the Institute for Operations Research and the Management Sciences (INFORMS).  Other research has included using data from questionnaires from large U.S. companies on the use of MS/OR techniques (see Forgionne, 1983; Gaither, 1975; Radnor and Neal, 1973; Shrock and Ostrom, 1981; and Vatter, 1967).  Morgan (1989) provides a summary of many past studies with a survey of MS/OR surveys.  She concludes that these studies have been used as evidence of the widespread use and application of MS/OR within industry and the statistics on frequently used techniques are often used as a guideline for practitioners as well as educators (Morgan, 1989).  

Although comprehensive in their nature and at times longitudinal these studies fail to capture what the actual market offers with regard to MS/OR.  This research examines the educational market for MS/OR, specifically the school, college, or department housing the MS/OR curriculum and/or degree program, the course and degree offerings, overall program faculty counts, and general writing requirements.  A description of the methodology is presented next followed by an analysis of results and finally concluding remarks.  

METHODOLOGY

This work gathers data from seventy universities and seventy-seven academic entities from three main sources.  The first and foremost data source is the INFORMS web site (Operation Research and Management Science Program Highlight: Institution of Operation Research and Management Science., n.d.).  The INFORMS site is chosen based on its ongoing mission to disseminate MS/OR information.  Further information from each individual institution is then gathered via each institution’s web site.  In addition, a publication by the INFORMS Education Committee of Educational Programs in MS/OR is the initial basis for schools sampled.  The seventy universities and are listed in Table 1.

Table 1

MS/OR Sample Schools

	Air Force Institute of Technology
	Alabama A & M University
	Cal State University, Hayward

	Case Western Reserve University
	Clemson University
	College of William and Mary

	Colorado School of Mines
	Columbia University
	Cornell University

	Duke University
	East Carolina University
	Florida Institute of Technology

	George Mason University
	Georgia Institute of Technology
	Gonzaga University

	University of Illinois - Champaign
	Indiana University - Bloomington
	University of Iowa

	Iowa State University
	Kansas State University
	Kent State University

	University of Maryland
	M.I.T
	Miami University – OH

	North Carolina State University
	Northern Illinois University
	Northwestern University

	The Ohio State University
	Oklahoma State University
	Oregon State University

	Purdue University
	Rensselaer Polytechnic Institute
	Rutgers University

	Southern Methodist University
	Stanford University
	SUNY, Buffalo

	Temple University
	The George Washington University
	The Johns Hopkins University

	The Pennsylvania State University
	The University of Arizona
	The University of Georgia

	The University of Michigan
	The University of Tennessee
	The University of Texas – Austin

	University of South Carolina
	University of Connecticut
	Union College

	United States Air Force Academy
	United States Naval Academy
	University of Alabama

	University of California, Berkeley
	University of California, Irvine
	University of Central Florida

	University of Cincinnati
	University of Delaware
	University of Florida

	University of Massachusetts
	University of Miami - FL
	University of Missouri-St. Louis

	University of North Carolina
	University of Pennsylvania
	University of Southern California

	University of Virginia
	University of Wisconsin-Madison
	Virginia Tech

	University of Washington
	West Virginia University
	Wichita State University


MS/OR Program Categorization

Each MS/OR program is classified based on the school, college, or department housing the majority of courses and/or faculty.  After perusing each institute’s programmatic information, four major categories emerged:  schools of business, schools of engineering, colleges of science, and independents.  MS/OR programs that resided in mathematics, computer science, and/or statistics departments were aggregated under the college of sciences category.  It should be noted that the number of academic entities, 77, exceeds the number of universities, 70, as some universities contained MS/OR programs in more than one school or college (e.g., Virginia Tech’s Business Information Technology and Industrial and Systems Engineering programs).

MS/OR Course Offering Classification

Many different course monikers exist and vary widely by university and academic entity.  Therefore, course and degree offerings are classified by title based upon similar course content.  The following sixteen common course-offering classifications are developed:

Table 2

MS/OR Course-Offering Classifications

	Decision Making
	Economic Analysis
	Inventory Theory
	Linear Programming

	Location Theory
	Logistics Policy
	Mathematics of MS/OR
	Non-Linear Programming

	Optimization
	Philosophy Of Science
	Probability Theory
	Queuing

	Reliability
	Simulation
	Statistics
	Stochastic Processes


These course-offering classifications complement previous classifications presented by Harpell, Lane, and Mansour (1989), Lane, Mansour, and Harpell (1993), and Morgan (1989).  The distribution of subjects (in percentages) for all academic entities as well as each unique school, college, or department is presented.

MS/OR Faculty Numbers and Writing Level Measurement


The number of faculty devoted to MS/OR programs is based upon full-time faculty members listed on the academic entities web site.  Part-time, adjunct, or cross-disciplinary faculty are not included in the overall counts.  Mean, maximum, and minimum faculty numbers are given for each MS/OR academic category and in aggregate for all programs.


A measure of the writing requirement is studied to gauge two items:  level of MS/OR programs offered (e.g., bachelors versus masters and doctorate programs) and commitment to technique application.  It is hypothesized that as the writing requirement level increases the level of the MS/OR programs offered increases (i.e., a higher writing requirement equates to masters and doctorate programs).  The course offering classification Philosophy of Science corresponds most often to masters and doctorate level programs.  It is hypothesized that academic entities offering courses classified as Philosophy of Science and require higher writing requirement levels not only have higher-level MS/OR programs but also are committed to MS/OR technique application.

A relative scale of 1-3 was employed to measure the level of writing requirement with 1 being the lowest (e.g., almost no writing, thesis work, or lengthy project requirements), 2 being a mid rating with a moderate amount of writing required (e.g., programs with thesis work and/or final projects), and 3 being a high rating where major writing is required (e.g., capstone, thesis, and dissertation work).

ANALYSIS


Table 3 displays the percentage distribution of MS/OR programs per academic category.

Table 3

Distribution of MS/OR Programs per Academic Category

	Academic Category
	% Distribution
	Academic Category
	% Distribution

	Schools of Business
	40.26%
	Schools of Engineering
	38.96%

	Colleges of Science
	10.39%
	Independents
	10.39%


From table 3 it is clear that of the academic entities studied, MS/OR programs reside the vast majority of the time in Schools of Business and Schools of Engineering, 40.26% and 38.96% respectively.  A smaller percentage of MS/OR programs, 10.39%, reside in Colleges of Science while the same percentage, 10.39%, are independent entities.  MS/OR programs in Schools of Business are generally referred to as Management Science (e.g., The Pennsylvania State University, the University of Miami-FL, and the University of South Carolina) whereas Schools of Engineering may entitle the MS/OR program under a moniker such as Industrial and Systems Engineering (e.g., the University of Arizona and the University of Southern California) or just Systems Engineering (e.g., Georgia Institute of Technology and the University of Pennsylvania).


Despite the differences in MS/OR program names, content within each academic entity is standardized.  The distribution of course content, sorted from highest to lowest percentage of programs offering said courses, for all academic entities studied is listed in Table 4.

Table 4

Distribution of MS/OR Course Content for All Academic Entities

	Course Moniker
	%
	Course Moniker
	%
	Course Moniker
	%

	Statistics
	100%
	Probability Theory
	57%
	Location Theory
	32%

	Simulation
	84%
	Linear Programming
	47%
	Queuing
	25%

	MS/OR Mathematics
	82%
	Non-Linear Programming
	39%
	Logistics Policy
	21%

	Stochastic Processes
	63%
	Economic Analysis
	34%
	Reliability
	21%

	Decision Making
	58%
	Optimization
	34%
	Philosophy of Science
	13%

	
	
	Inventory Theory
	32%
	
	


According to the Lane, Mansour, and Harpell (1993) study, the four most important MS/OR techniques to teach are math programming (including linear and non-linear), statistics, simulation, and probability theory.  From table 4 it is apparent that the distribution of MS/OR course content findings are consistent with Lane, Mansour, and Harpell’s conclusions.  Academic entities report statistics and simulation being offered in 100% and 84% programs teaching MS/OR.  In addition, probability theory, linear programming, and non-linear programming appear at 55%, 47% and 39% of academic entities studied.  It is logical that these relationships exist as half of those completing Lane, Mansour, and Harpell’s survey were educators.  The similarities must exist if the educators completing the survey were truthful in their answers (i.e., saying what they do and doing what they say).


The next section analyzes each academic entity, Schools of Business (SOB), Schools of Engineering (SOE), Colleges of Science (COS), and Independents (IND) on distribution of course content.  Table 5 displays the distribution of MS/OR course content for each academic entity.

Table 5

Distribution of MS/OR Course Content Schools of Business, Schools of Engineering, Colleges of Science, and Independents

	Course Moniker
	SOB
	SOE
	COS
	IND

	Statistics
	100%
	100%
	100%
	100%

	MS/OR Mathematics
	74%
	81%
	100%
	95%

	Simulation
	74%
	100%
	63%
	88%

	Economic Analysis
	65%
	17%
	13%
	0%

	Stochastic Processes
	62%
	53%
	88%
	71%

	Decision Making
	52%
	50%
	88%
	75%

	Inventory Theory
	48%
	30%
	0%
	13%

	Linear Programming
	48%
	37%
	63%
	63%

	Non-Linear Programming
	48%
	27%
	50%
	38%

	Probability Theory
	48%
	67%
	63%
	59%

	Logistics Policy
	39%
	7%
	13%
	13%

	Location Theory
	29%
	47%
	25%
	0%

	Queuing
	23%
	27%
	38%
	13%

	Optimization
	19%
	43%
	75%
	13%

	Reliability
	6%
	43%
	0%
	13%

	Philosophy of Science
	3%
	23%
	13%
	13%


The following is thoughts are ascertained from analyzing Table 5:

(1) Schools of Business offer economic analysis and logistic policy at relatively higher percentages than other entities.  This is logical as part the mission of a School of Business is the study of supply, demand, and distribution of goods and services.

(2) Schools of Engineering offer simulation and probability theory in relatively higher percentages than other entities.  This most likely due to probability theory being cornerstone to other coursework offered in Schools of Engineering.

(3) Colleges of Science offer no economic analysis or inventory theory courses, but offer stochastic processes, decision-making, optimization, and linear programming at relatively higher percentages.  Economic analysis and inventory tend to be business-based subjects therefore get no coverage, whereas, stochastic processes, decision making, optimization, and linear programming are all based in the scientific method.

(4) Independents appear to match up well with Colleges of Science.  Many similarities appear, when comparing the percentages for Independents to Colleges of Science.  In addition, a relatively high percentage of Independents offer linear programming, a stalwart of classic MS/OR.

The number of faculty assigned to MS/OR programs reveals one portion of academic resources supplied by university as a whole.  The logic follows that the larger the number of faculty the larger the number of majors in a particular academic entity.  Mean, maximum, and minimum faculty numbers are given for each MS/OR academic category and in aggregate for all programs.  The overall size of academic institution does differ between academic entities however; the samples do provide a good cross section of university size and yield reasonable equity regarding this point.  Table 6 displays the data detailing number of faculty in MS/OR programs.

Table 6

Faculty Statistics Based on Number per Academic Entity

	Academic Entity
	Average
	Max
	Min

	Overall
	13.6
	50
	1

	SOB
	9.4
	36
	1

	SOE
	10.0
	19
	5

	IND
	18.7
	49
	2

	COS
	14.5
	50
	2


Table 6 reveals that the average number of faculty devoted to MS/OR programs is 13.6 with a maximum of 50 and minimum of 1.  This compares favorable to the overall faculty per program at US universities of 14 (Integrated Postsecondary Education Data System, n.d.).  The large range, 1 to 50, represents the disparity of large state schools versus smaller private schools (e.g., The Ohio State University versus Gonzaga University).  Independents had the highest average total faculty.  This is to be expected since these academic units stand alone having a higher degree of autonomy and the ability to attract and sustain greater resources.  In addition, many faculty are drawn to and retained by the Independents as they are truly MS/OR only programs.


A measure of the writing requirement is studied to gauge two items:  level of MS/OR programs offered (e.g., bachelors versus masters and doctorate programs) and commitment to technique application.  The hypothesis that the level of writing requirement is related to the level of the MS/OR programs offered (i.e., a higher writing requirement equates to masters and doctorate programs) is detailed in this section.  Table 7 displays the data on MS/OR program writing requirements.

Table 7

MS/OR Program Writing Requirement Measurement

	Academic Entity
	Average Writing Requirement

	Overall
	1.83

	Schools of Business
	1.55

	Schools of Engineering
	2.02

	Colleges of Science
	1.67

	Independents
	2.41


On average the MS/OR programs studied required a moderate level of writing.  Since the mix of schools sampled included some programs with graduate level (masters and doctorate) degrees the 1.83 rating is accurate.  Most programs with only undergraduate programs do not have a major writing component such as a thesis or dissertation.  Schools of Engineering and Independents have higher average writing requirement levels as more of these programs have masters and doctorate degrees; therefore, higher levels of writing are required.  This is seen in the higher average ratings of 2.02 and 2.41 for the respective academic entities.  The Independents house the largest percentage of graduate degrees and logically have the highest average writing requirement.   

CONCLUSION

Management Science (MS) and Operations Research (OR) degree programs have been part of the University curriculum for over 50 years.  The broad goal of the MS/OR curriculum is to facilitate improvements in operational processes, decision-making, and management by individuals and organizations.  From this research, we can see that MS/OR programs are taught in various types of academic entities, including Schools of Business, Schools of Engineering, Colleges of Science, and Independents.  All of the programs have some similarity such as all offering statistics subject, but the size of faculty group, the writing requirement level, and the popularity of subjects are really varied from school to school.  Generally speaking, independent departments have more serious writing requirements due to their doctorate programs and also have higher faculty numbers. 
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