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I. INTRODUCTION

In the past three decades the world of mathematics has

evolved from a single discipline to a clustei' of interactive

subjects now usually termed "mathematical sciences." These

sciences include,in addition to the traditional disciplines

such as logic, number theory, algebra, geometry and analysis,

the applied areas-off-statistics, operations research, and

computer science. The use of mathematical models in the

b
behavior and social sciences has increased to such as extent

\-
that ,there are _nOW'distinot disciplines in mathematical

economics, mathematical biology mathematical psychology,

mathematic-al demography and mathematical linguistics. In

Mathematics Today, a set of, eSsays4ommissioned in 1978 by

the National Science Foundation to illustrate the development

and use of mathematical concepts in,current scientific

research and related professional inquiries, Lynn (1978) has

noted'"even fields such as political science and history have

not been immune,to the expanding influence of matheMatics:

For example, the recent. (and frequently controversial) intro-

duction of statistical'technique§ into historical research

has .giVen rise to a., new speciality termed "cliom-etricS"

(from Clio, the muse of history);" In light of these

developments, Steen suggest§ "there remain fevir areas of,

human intellectual 5Aty that have not been shaped signifi-

cantly by the mat ematical sciences.

The co t m
j

orary,influehce of the,mathematical sciences

in model graduate professional schools of management, business,



urban affairs and administrative science is most likely to be

observed in an interdisciplinary field called "decision

sciences." This interdisciplinary field was created in 1968

to represent people interested in the application of mathe-

matical and behavioral methods to problems in organizational

decision systems. At that time, a group of 30 faculty members

representing applied mathematics in 25 schools from across

the country met in Atlanta to establish the American InstitUte

of Decision Sciences (. A.I.D.S.), a non-profit national education
e5

association to encourage interdisciplinary communication. The

quarterly journal, Decision Sciences, first published by

A.I.D.S. in 1970, is the major publication for the more than

4,500 academicians and practitioners now involved in the further

development of the discipline.

The intent of this essay is to explore and document how

the application of the decision sciences in the interdisci-

plinary training, research and development activities of model

graduate professional schools of mana9ement, turban and public

affairs, business, government, and regional planning MIGHT BE

LINKED to current efforts to improve leadership development

and training programs in vocational education.

We will view leadership as the influence that individuals
-.-

exercise to cause movement of individuals and the organiza-

tions they comprise toward specific goals. Opportunities for

leadership development programs in vocationa,1 education are

many and include graduate training for positions such as

-2-
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state and local directors of vocational education, research

,specialists.and curriculum developers, deans and direc ors

of occupational education in post-secondary institutions,

teacher educators in vocational as well as career education,

and planning and evacuation consultants in private organiza-

tions and agencies. 1

The essay treats three major topics and addresses (in

the order presented), three corresponding sets of questions.

The first set of questions provides a framework for

describing the decision science, the first major topic;

1. What are the mathematical sciences?

2. What are the contemporary influences of the mathe-

matical sciences in graduate profession education?

3. What are the decicvion sciences?

4. How have the mathematical sciences influenced the

formation of the decision sciences?
4

5.. What are the primary instructional domainsof the

decision sciences?

6. What are the primary research domains (issues and

problem areas) addressed in the decision sciences?

The response begins by documenting the perspectives of

National Academy ldf Sciences on the importance of, research

and education ini:the mathematical sciences in 1968, precisely

the time the decision sciences first appeared in academic
Sx

circles. It then moves forward through the 1970's and ends

w.ith a view from the decision sciences on the issue, is there

a common core of mathematical sciencesskills that all

practitioners should possess?

-3-



The second group offers a guide for examining the

influences of the decision sciences in graduate professional

schools (or colleges) traditionally associated-with the

managerial and social sciences.

7. What elements of the decision sciences are likely .

to appear as required course work in first profesr

sional degrees (i.e., M.B.A. programs) offered in

leading graduate schools of management and adminis-

tration? .

8. Are similar (or different) elements of the decision

sciences likely to be included in the required core/

courses for first professional degrees (i.e., Master

of Public Policy,, Public Administration or Urban

and Regional Planning) in model graduate schools of

government, planning and public affaiis?

9,,,. What instructional strategies are used to link

decision sciences with the,new quantitative methods

and statistics specializations dffered in graduate

professional schools of government, law, and public

affairs.

10. From the perspective of policy research institutes
,

and practicing. policy scientists, what arp the most

important decision science skills to emphasize in

formal training programs?

11. How have the decision sciences influenced the graduate

study options in university departments of computer

and information sciences?

12. How do the decision sciences differ prom the informa-

tion sciences?

These questions permit additional opportunities to

continue the discussion of how various professions and specific

institutions (primarily universities) are approaching the

development of mathematical methods and techniques as practical

tools" that can be used in every day situations.



The final group explores opportunities to link the

decision sciences with leadership development an& training

efforts in vocational education.

13. What are the major instructional domains (core

competency areas and specializations) addressed

in graduate vocational education leadership

development and training pi.ograms?

14. How can the decision sciences influence educational

management and administrative leadership?

15. How can the decision sciences influence4curriculum

and instruction?

16. How can the decision science influence leadership

in the development of research skills?

17. In what ways can the decision sciences influence

efforts to improye and extend the emphasis of the

social and behavioral sciences in interdisciplinary

vocational teacher education programs?
18. What are some specific directions for the immediate

future?

The last cluster yields two opportunities for linkage.

Responses to questions thirteen through seventeen identify

two professional study areas that have close ties with

vocational education. are;human resources, development

and educational technology. 2
For both areas, we will examine

first professional (master's level) degree programs that have

used elements of the. decision sciences effectively to bridge

the,gap between practitioners land mathematical scientists.

Responses to the last question identify alternatives that

can be implemented in educational leadership development

programs.

-5-
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II. MATHEMATICAL SCIENCES

Mathematics can be described as the art of symbolic

-reasoning. 3 Mathematics is present whenever chains of
a

manipulations of abstract symbols are used. These chains may

occur in the mind of a human being, as marks on a paper, or in

an electronic computer. Symbolic reasoning appears to have

been first used in connection with counting. For this reason,

)*T(athematics is sometimes described (thotigh not accurately) as

the science of numbers. Actually, all symbolic reasoning can

be reduced to the manipulation of whole Numbers. It's

precisely this fact that makes the digital computer into the

universal tool it is.

This uncomplicated, but accurate, portrayal of mathematics

as the art of symbolic reasoning was presented in the intro-
c

ductory pages of the 1968 National Academy of Sciences

publication entitled The Mathematical Sciences: A Report which

was designed to inform professional mathematicians and scientists,

as well as scientifically oriented laymen, concerning the nature

and scope of modern mathematical research and the manifold

applications of mathematics in various sciences and technologies,

especially the new applications influenced by.the computer

revolution.

To present a clear picture of the contemporary state of

both research and education in mathematics and related disciplines,

the National Academy of Sciences report develops three useful

-7-
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perspectives. First, Lt offers a two-part classification to

fr

label each ofthe mathematical disciplines as either basic o'r

applied.

Second, it provides a sing -le term,'Mathematical Sciences,

to suggest that it is essential to maintain strong and continuous

interactions between the applied and basic mathematical disci-

plines. On this point the report is quite specific. It

prescribes "an interaction in which ideas and people must move

in both directions."

Third, the report documents the use of'mathematical methods

in several disciplines outside the mathematical sciences to

bring to the attention of professional mathematicians, scientists

and scientifically informed laymen the fact that in 1968 the

number of such instances was steadily increasing and, more,

important, that the boundary lines between mathematical

sciences and "sciences that use mathematics" were often diffi-

cult to draw. In 1981, thirteen years since the rep9r. t was

issued, both trends are still with us.

A brief description of the classification scheme and a

few comments on the related disciplines or"the sciences that

use mathematics" as they are viewed in the National Academy

of Sciences report follow.

Core Mathematics

The foundation of all mathematical activities is the

central core of mathematics--the raditional disciplines of logic,

4
-8-
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number theory, algebra, geometry and analysis that have been
1

the domains of the so- called "pure mathematician.". In the

central core, mathematical ideas and .eedhniques are analyzed,,

generalized, codified and transformed into tools of wide

applicability.

Applied Mathematical Scien6 s

The other category in he Nationairicademy of.Sciences

classification, applied mathematical sciences, has four major

areas that have particularly direct and important relationships

with other sciences and technologies. These are computer

science, statistics; operations research and physical mathe-

matics (usually referenced as classical applied mathematics).

Both computer science and Statistics have dual sources of

identity and intellectuale.force. -I-ach case, only one source

is mathematical. Accordingly, the N.A.S. report suggests a

more accurate term, partly mathematical sciences, which they

sometimes use to recognize the individual character of these,

_fields and their strong extramathematical components.

Computer science is both mathemltical and something else.

rt can not exist'without mathematics. However, it would be

utterly unproductive withOut the computer. ."

'Statistics could not operate without mathematics, especially

without the mathematical theory of probability. Equally, it

could not exist without an appropriate theoretical framework to

.guide interpretations and inferences. Like computer science,

4statistics is both mathematical and something else.



s -
We 14411-oon observe that three'of the four applied mathe-

matical sciences-- operations research, statistics, and computer

science--are essential disciplinary resources for the formation

of the decision sciences. At this point, we assume most

professional educators have hhd some experience with statistical

methods, have an informed perspective on the application of the

computer in some field or organizational setting, but are not

likely to have had either formal training or extended first-

hand experiences with operations research. Therefore a brief

description ofthis applied mathematical science follows.

Brooks (1970) suggests that operations research can be

viewed as applied decision theory. This view treats operations

research as problem solving by developing mathematical models.

These models are frequently designed to yield (compute) optimal

solutions (maximum or minimum values) for accurately specified

sets of objectives and.decision rules (mathematical functions).

This view also implies that operations research is intimately

bound up with computer systems and with machine arithmetic.

Gupta and Cozzolino (1974)share this position, but have

suggested that new 1b.perationS research problems are often

solved by recognizing.their structural similarities to many

pastv.situations. Once these similarities are specified,

existing mathematical models can be applied. Many basic

oper5ations research texts such as Miller and Lieberman (1975)

and Wagner (1975) provide case studies with applications to

decision problems encountered in industry, government and

education.



Specialized Areas Of Application

Along with the four ma,in applied' dmathemattical sciences,

the N.A.S. report acknowledges that these-'are still newer

"small specialized areas of applicatipn" where no self-

identifying community of mathematical scientists yet exist.

Among the small specialized areas-detailed in the'1968 report

are mathematical biology, mathematical psychology, mathematical

economics and mathematical. linguistics. 5

A supplementary volume to the National Academy of

Sciences (1968) report entitled The Mathematical Sciences:
4.

Collection of Essay okfers twenty-two,essays that document

achievements, traditions and prospects in a rich variety of

special areas of application, including those listed above. 6

These twenty-two essays, plus the more recent ones offered

in $teen (1978), illustrate clearly how the mathematical

sciences are penetrating into fields of knowledge that have

been shielded from mathematics until not long ago. Two

historical perspectives on the recent dynamics in the mathe-

matical sciences and their penetrations into the graduate

studies programs of the social and behavioral sciences in

the 1970's follow.

Mathematics in Finance

In the revised edition of Quantitative Techniques for

Financial Analysis Valentine and Mennis (1980) have noted that

when the first edition of their text was issued in 1971,



alw

"quanti(tative techniques.were just beginning t 'be applied

,7in a major way to financial analysis.' Theocomputer was

available in many investment organizations; however, in

1971 it was seen primarily as "a massive number cruncher

that could digest and array large bodies Of numerial data

the analyst used as part of the daily work."

At that time, the interest of universities in graduate

courses dealing with mathematical techniques of financial

analysis and investment management were growing, but had

not yet had a significant impact bn the investment profession. 8

Nevertheless, the Institute of Chartered Financial Analysis

believed that mathematical methods and techniques would be of

growing importance to practicing financial analysts., Accord-

ingly, these mathematical techniques were established as a

regular topic in the C.F.A. examination program.

To provide a useful basis for this part of the examination,

the Financial Analysts,Research Foundation commissioned the/

1971 edition of the'taletine and Mennis text which was to

emphasize the "practical application of quantitative tools

to the techniques of professional financial analysis or

portfolio management."

In the 1980 edition the authors provide several insights

to suggest that dynamic' changes were underway in the field.

For example, the financial,analysis literature had proliferated

and was now treating many new mathematical applications. The

emphasis on mathematical methods and techniques in the C.F.A.

-12-



examinations and the infusion of many mathematically-oriented

analysts into the professi4 contributed to the significant ,

increases in the use of the mathematical Sciences in daily

field operations. Moreover, they note present computer

applications in investment organizations are no longer

restricted to just number crunching, but are used "to analyze,

to construct portfolios, and to explore and challenge many

investment ideas intuitively held for years."

To get n informed perspective on an essential, training

question in graduate professional schools (Is there a common

core of mathematical science skills that all practitioners

should have?), we can examine the contents of the C.P.A.

sponsored text summarized in Table One.

The first three chapters address what the N.A.S. report

classification calls the central core of mathematics--the

traditional disdiplines of logic, algebra, geometry and

analysis that are often seen solely as the analytic tools of

the so-called pure mathematician.

The remaining chapters appearing in Table One draw their

material from the applied mathematical sciences. The basis

for chapters four through seven is statistics. Par chapter

eight it is linear programming, mathematical optimization

and other decision- oriented mathematics from operations

research. The last two chapters treat computer science

issues and skills.

-13--



TABLE 1

CONTENTS OF VALENTINE AND MENNIS (1980)

IntrOduction: What this book is about..,.The growth of quanti"--

tative techniques. Problems in learning quantitative-tools.

Approaches used in this book. Simplifying the problem of

reading quantitative material. Models: Their nature and value.

1. Notation, or the language of symbols and What they mean

2. A review of elementary algebra

3. The mathematics of compound growth explained

4. Elementary statistics

5. Probability theory, or how to treat uncertain events

6, Hypothesis testing, or how certain are patterns in the

real world

7. Regression, or how to express the relations among

variables

8. Portfolio models

9. The computer and programming

10. Computer usage

Sit

Based on entries in the table of contents of Jerome L. Valentine and
Edmund A. Mennis, Quantitative Techniques for Financial Analysis
(Revised Edition). Financial .Analysts Research Foundation, 1980.
Released through Richard D. Irwin, Inc. Homewood, Illinois.



Twav trends deserve mentions. Firs 'caltside mathematics,

the physical sciences and engineering, one seldom encounters

the,N.A.S. classification for the mathematiCal sciences.

. Hence, what the N.A.S.'report is calling the partially mathe-

matical sciences, statistics and computer science, are more

frequently just called "quantitative methods.°

This single reference for these two applied mathematical

sciences is most common in the social and managerial sciences.

In fact, graduate degree programs in professional schools of

business, government, social and,ehavioral scienoe, and

education often now "advertise" majors or specializations

with these titles and orientations. 9

Appendix One elaborates for eighteen different depart-

ments,distributed over several colleges.and schools at

Ohio State University, a set of "selected" graduate courses

that have been introduced or influenced in the 1970's by

the mathematical sciences and quantitative methods movements. 10

A second trend to be extracted frOm our discussion-of

mathematics in finance is one that will reappear in almost

all graduate studj.es programs introduced in subsequent

chapters.
)
,Here the reference,is to the fact that basic mathe-'

matics, or what we have,come to know as the central core of

the mathematical sciences, provides essential skills for

economic understanding and financial management.

In an essay entitled "Mathematics as a Tool for Economic

Understanding" Schwartz 19 -Y/refines our perspective on

-15-



the importance of mathematics to.practitidners in the following

way ell

Applicationvof the,cautious procedures Q science

and of mathewtics proceeds slowly, whereas the daily

affairs of hurrying mankind demand constant resoultion.

Thus, where adequate knowledge and objective theory do

not exist, fragmentary heaps of fact and primitive

common sense reasoning will be drawn upon to fill the

gap. For this reason, both personal decisions and social

commitments of vast consequence often rest on doubtful

and inadequate understanding. ,Moreover, just as a

person committed to a given course flay resist and resent

efforts to point out irrational aspects of his behavior,

so societies can resent and even repress criticism of

intellectual structures, correct or not, which are

regarded as essential to a social consensus and around

which srgniticant interests may have collected. In

such situations, mathematics has often been used as a

tool for defusing controversy and for allowing ideas

running counter to some dominant doctrine to be developed

in a neutral fokm.

We will try to illustrate the way in which mathemat-

ics can contribute to our understanding of social issues.

In order to do this, and specifically in order to make

the point that mathematical reasoning need by no means

remain remote and abstract, we will venture to reason

'about hard-fought areas of current controversy. This

makes it all the more necessary for the'reader to remember

that our reasoning, like all applications ormathema-

tics to the real world, is not at all incontrovertible,

but merely represents a set of conclusions to which one

can(by led by assuming one particular model of reality.

Any such model is but one of many possible models of

differing adequacy which can lead to different, and

-16-



sometimes diametrically conflicting deductions. Our

reasoning can therefore not tell us that our conclusions

concerning reality are correct,-but only that they are

logically possible. (270-71)

Schwartz's final statement suggests that practitioners must

be conversant both with the formal rules of mathematical

reasoning and their limitations if they are to properly use

mathematics as a tool to understand social issues.

Mathematical Social Sciences

The Inter-university Consortium for Political and Social

Research (I.C.P.S.R.) at the University of Michigan is an

international resource for scientific cooperation. Its

purpoSe is to maximize the availability of social science

data and minimize the inconvenience and cost of training and

studying social and historical phenomena.

Since 1962 I.C.P.S.R. has collected over 5,000 computer--

readable data files on social phenomena. From its original

twelve members interetted mainly in political science

research, the membership (including almost all major" United

States research universities) has grown to more than 240

institutions sharing the world's largest collection of computer-

% readable data in all fields of social sciences.

The I.C.P.S.R. Training Program in Theory and Technology

Of Social Research serves consortium member colleges and

universities by offering a comprehensive continuing education
4

iprogram of studies in research design, statistics, data

. -17-



analysis, and social methodology. In general, emphasis in

the training program focuses on courses and subjects which

are not normally an integral part of the curricula of member

institutions. This includes several courses that, to use

the N.A.S. study reference. confuse attempts to draw the

boundary line 'between the "mathematical sciences," and

"sciences that use mathematics." For this reason, I.C.P.S.R.

offerings frequently take on the convenient descriptor

"Mathematical Social Sciences." Table Two provides an

overview of these mathematical social science offerings

and links each course with an instructional strategy. Appendix

Six contains descriptions. for each course entry in Table Two. 11

The I.C.P.S.R. bulletins suggest'that their training

program's instructional environment differs from that of all

but a few statistics departments in two imp,Ortant respects.

First, mathematical methods'are studied hin the broader

context of substantive social science res arch. Second,

almost all instruction is coordinated wi h and reinforced by

active participatory data analytic expe/iences.

An overview of the historical devflopment and responses

of I.C.P.S.R. to the social and behav oral scientists' need

for continiung education in the mat atical sciences from

the early 1960's forward follows.

Early in the 1960's quantitati7e empirical social research

in I.C.P.S.R. was essentially equivalent to basic survey

research and innovative strategies/for manipulating data. 12

-18-



TABLE 2

I.C.P.S.R. 1980 TRAINING PROGRAM

Track I: Developing Quantitative Skills

Elementary Mathematics for Social Scientists (lecture)

Introduction to Computing (workshoillw

Introduction to Statistics and Data Analysis (lecture/
workshop)

Track II: Toward Structured Data Analysis Projects

Critiques of Social Research (lecture)

Data Analysis and Public Policy (lecture)

Dynamic Analysis (lecture)

Dynamic Models of Political Economy (lecture)

Evaluation Research Methodology (lecture)

Formal Theories of Social Scientists (lecture)

Mathematics for Social Scientists (lecture)

Applied Multivariate4,Analysis (lecture/workshop)

Applied NonparametAc Analysis .(lecture /workshop)

Experimental Studies of Social Phenomena (lecture/
workshop)

Introduction to Linear Models (lecture/workshop)

Intermediate Linear Models (lecture / workshop)

Introduction to statistic and Data Analysis II (lecture/
workshop)

Multi-Level Analysis (lecture/workshop)

7rack III(a): Frontiers of Social Methodoloc'

Advanced Linear Models (lecture/workshop)

Causal Models (lecture/workshop)

Discrete MultiVariate Analysis (lecture.workshop)

Exploratory Data Anaiyals. (leCture/workshop)

Models with UnmeasuedVariables (lecture/workshop)

Multivariate Dimensional Analysis (lecture/workshop)

Time Series Analysis (lecture/workshop)

-19--



TABLE 2 (con't)

1.C.P.S.R. 1980 TRAINING PROGRAM

Track III(b): Methods of Analysis in Particular Substantive
Areas

Asian American Research Methods (workshop)

Data Processing and Data Management in the Criminal
Justice Field (workshop)

Empirical Research Issues on Aging (seminar)

Quantitative Analysis of Crime and Crimimal. Justice
(lecture/workshop)

Quantitative Historical Analysis I (lecture/workshop)

Quantitative Historical Analysis II (lecture/workshop)

Track III(c): Common Concerns of Computing Specialists and
Data Librarians

Database Management for Complex Data Sets (workshop)

Data Management, Library Control, and Computer
Readable Information (workshop)

Introduction to computing with SPSS (workshop)

Small Computer System Software and Hardware (workshop)

Source: Inter-University Consortium for Political and Social Research
in the Theory and Technology of Social Research. Institute
for. Social Research, University of Michigan.

-20-



Late in the 1960's some 1eadinq,universities had

employed taculty with strong substantive interests in social

science to teach graduate courses in research methods, survey

research, elementary statistics and, in rare instances, data

analysi-u. Many students4who were introduced to mathematical

social sciences in those days continued to expand their

study of statistics and social methodology in psychometric

and econometric methods or in mathematics and statistics

departments.

In the early 1970's three. trends, the interest of many

research scholars in the so-called "behavioral revolution,"

the growing number of data archives placed before social

scientists for secondary analysis, and the recognition

(especially -among younger scholars) of the importance of

developing computing and data analysis skills, all contributed

to expanding interest of social and behavioral scientists in

the basic and applied mathematical sciences.

The I.C.P.S.R. responded to these trends by expaidffng

its data archives and extending its training efforts for

college and university faculty and non-academic research

scholars to include a core of courses in elementary research

methods and survey research and a more advanced schedule of

lectures and workshops in which specialized analytic

techniques were introduced. These training programs resemble

those now in Track I and Tracli II of Table Two. While these

programs emphasized statistical analyses, care was taken to
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proet those analynes within the contest ot undeistandhng

nuhstanfive noial phenomena.

!foia) research in the 1910's Inn; heen distinguished

by a more advanced computer hardware, OD extensive array 01

software (some of which was developed for social sciences) ,

an expanded distribution of faculty with interests in social

mc;.tbodology and readily available sources of data.

The I.C.P.S.R. training program's took many forms.

Lecture/workshops focusing on recent technical advances of

applied multivariate analysis were introduced to provide

faculty and graduate studinits from institutions which

already had extensive m odoloqy offerings an opportunity

to remain with those o cutting edge. Course options

in Track III(a) of Table o are of this variety.

Workshops emphasizing policy analyses rather than

quantitative analyses--were added to the curriculum to enable

college and university personnel and research scientists

to develop research skills that ha special bearing on

specific substantive problems. These workshops appear in

Track III(b) of

workshops were o

able Two. To increase their impacts, some

ganized around a "data confrontation"

format, an instructional strategy that will reappear in

subsequent descriptions of the mathematical and decision

sciences in public policy programs.
CZ.

Courses that focus on the technology of social research,

including computing, data management, and daa librarian
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methodology, were developed. These training options appea

in Track III (c) of Table Two.

In August 1980.the Survey Research Center, another

organizational unit of the University of Michigan's Institute

of Social Re earch, completed its Thirty-Third Annual Summer

Institute o Survey Research Techniques. Highlights of

this annual institute always include the formal sampling

theory courses and the corresponding workshops on WIlich

participants focus on actual probability sampling designs,

and plans from surveys completed around the world.

To get a second opinion on an essential training

question in graduate professional schools (Is there a common

core of mathematical science skills that all practitioners

should have ?) , we can quickly review the contents in Table

Two and the more detailed information in Appendix Six.,

The three Tradk I introductory courses in mathematics,

computing and statistical methods are the core skills for

the I1C.P.S.R. program. They are expectedto introduce

prerequisite skills for Track II lecture/workshops in

either Introduction to Statistics and Data Analysis II or

Introduction to Linear Models. More important, however,

thp three Track I courses ,constitute the minimum backgrou

for those who expect to participate in Track III(b), a

group of instructional units emphasizing theapplicatipn of

s.

quantitave methods of analysis in particular substantive areas,

rather than emphasizing research methodology itself.
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These common core skill resemble those prescribed for

the C.F.A. practitioners. The level and content in mathe-

matics, statistics and computing are similar. One significant

difference is that the I.C.P.S,R. participants are not

introduced to any of the decision-oriented mathematical

methods of operations research. You may recall that the

chapter on portfolio analysls in basic text for C.F.A.

practitioners links operations research tools with financial

analysisand investment management.

Departments of Mathematical Sciences

It is safe to assume that university departments of

mathematical sciences or, in a few instances, mathematical

systems, are most often found in teaching rather than

research universities. Established research universities

almost always maintains separate departments for applied

mathematical sciences such as statistics, operations research

and computer science. In the research university, pure

mathematics, the central core of the mathematical sciences,
C

also enjoys separate departmental status.

For example, this organizational arrangement appears

at The Ohio State University. Mathematics and statistics

are separate departments in the College of Mathematical and

Physical Sciences. Computer science resides in the Depart -

merit of Computer and Information Sciences. Operations

research is an integral part of the Department of Industrial

and Systems'Engineering. Both departments are members of

the College of Engineering.



This organizational arrangement contributes to a

second trend, a prevailingtendency in other research

university departments to develop their own specialized

graduate courses that apply the mathematical sciences t

specific interests of their disciplines. -Evidence for this

trend at Ohio State appears in the Appendix One list of

specialized mathematical methods courses. 13

These departmental trends often parallel, but on a

smaller scale, the efforts of the I.C.P.S.R. over the years

to develop and study mathematical methods *in the broader

context of a substantive domain and to collect relevant

computer-readable datasets that can be used in instruction

to reinforce methods skills.

Teaching universities, on the other hand, frequently

have all of the central core and applied mathematical sciences

located in a single department. 14 This
)
consolidation is

most likely in teaching universities who have recently

initiated or significantly extended their graduate studies

programs-

The single department arrangement is illustrated in

Appendix' Seven, a description of the Sangamon State Univer-

sity Department of Mathematical Systems. As the public

affairs university in the Illinois state system of higher

education, the mandate of the university is to address

public affairs within the framework of a liberal arts curri-

culum and to stress practical experience, professional

development and innovative teaching.



The Mathematical Systems graduate program has four

concentrations, mathematics, statistics, computer science

and operation research/systems analysis. Students may

pursue a Master of Arts in Mathematics, M.A. in Statistics,

M.A. in Computer Science or, in the operations research

concentratio (1, M.A. in public systems analysis or M.A. in

Operations Research.

The mathematical systems program has, a well defined
Z.;

inventory of service courses in the applied mathematical
4

'sciences to accommodate other public affairs graduate programs

such as educational administration, public affairs reporting,

health serVices administration, legal studies public adminis-

tration and community services. These ,range from courses

dealing with applied statistics, attempting to reduce

anxiety about mathematics, structuring math games, to a

special probability sampling theory course for interpreting

this domain of statistical methods for prospective public,

sector accounting and auditing specialist. These diversified

offerings illustrate the tendency in teaching universities

for mathematical sciences departments to develop specialized

courses for other departments, a trend that stands in direct

opposition to those suggested for research universities.

Later we will explore the implications of this distinction.

We now turn to the decision sciences, an interdisciplinary

professional studies field that appears to capture

some of the perspectives and trends presented here for the

mathematical sciences and "the sciences that use mathematics."



DECISION SCENTES

The joint influence of the mathematical sciences and the

mathematical social sciences in leading graduate professional

schools of management business, urban affairs and administra-

tive science is most likely to be observed in a new inter-

disciplinarY field called "decision sciences."' This interdisci-

plinary field was created in 1968 to represent people interested

in the application of mathematical and behavioral methods to

problems in organizational decision systems.

The Emerging Decision Scieces

Although certain mathematical models have become extremely

useful for specific applications, conventional, graduate pro-

grams in many instances still do little to provide systematic

tools for addressing a wide array of organizational problems. 15

In the emerging decision sciences, however, mathematical

models and computer systems are presented as logical extensions,

of problem-solving thought. Many decision sciences programs,
o

such as the original master of decision scienceAM.D.S.).program

initiated in 1969 at Georgia State University, now believe an

essential objective of the decision sciences curriculum is to

develop "hands on" skills in the area of minicomputer decision

models and management information. 16

A central focus of the beginning graduate programs in

decision science at Georgia State University and The University

of Pennsylvania is the preparation of general administrators

and managers who can master the decision-aiding tools associated

with advanced information processing equipment.



Our examination of the decision sciences moves in two

directions. First, we will review the curriculum guidelines

developed by the American Institute of Decision Sciences

(A.I.D.S.). Second, we will examine the research and grad,uate

study programs in the Wharton School Department of Decision

Sciences. Both directions provide opportunities to observe

the importance and integration of the mathematical, social and

behavioral sciences in this emerging field.

Disciplinesland Skills

Statements provided in Guidelines for the Decision

Sciences Curriculum, a 1976 report prepared by the Curriculum

Development Committee of A.I.D.S., are the current positions

put forth for the design of university-based instructional

programs.17 Their widely accepted description for decision

science follows.

DECISION, SCIENCES UTILIZES MATHEMATICAL STATISTICAL,

BEHAVIORAL AND COMPUTER SCIENCES TO MODEL DECISION PROCESSES

IN GOAL SEEKING (BUT NOT NECESSARILY PROFIT-MAKING) ORGANIZA-

TION.' IT IS A SCIENTIFIC APPROACH TO THE RESOLUTION OF

COMPLEX ORGANIZATIONAL PROBLEMS THAT CUTS ACROSS TRADITIONAL

DISCIPLINARY BOUNDARIES AND SYNTHESIZES RELEVANT PORTIONS OF

EACH TO DEVELOP USEFUL MODELS OF DECISIONS.

Decision Sciences programs are similar to traditional

Master of Business Administration programs in their interdisci-

plinary focus. Committee suggests that they differ
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from them primarily in the extent to which they utilize mathe-

matical relationship's and the power of the 6pmputer to model

decision processes and to organize information systematically

in order to understand the complex relationships which exist

in most real-world situations. The committee reports "In its

use of the mathematics, it strives for usefulness rather than

elegance for its own sake. In its use of the behavioral

sciences, it seeks to make explicit the multi-faced relalion-

ships which influence or even determine the nature of the

problem to be solved."

THE GOAL OF THE DECISION SCIENCES PROGRAM IS TO PREPARE

SIVDENTS WHO CAN PAg'TICIPATE IN MANAGEMENT AS MODELERS OF

DECISION PROCESSES AND ORGANIZERS OF INFORMATION. THE SPECIFIC

CONTENT OF THE PROGRAM IS LESS IMPORTA4TTHAN ITS PHILOSOPHY

AND THE WAY ITS PARTS ARE INTEGRATED TO ACHIEVE THE PHILOSOPHY.

Much like the)I.C.P.S R. approach to instruction where

mathematical models are studied within the broader context of
.1)

substantive social science research, A.I.D.S. guidelines

claim decision science programs must include a considerable

amount of theory and method, but must also design the opportunity

to apply then} to real-world problems. -On the point, the guide-

lines are clear, "organizations are the laboratories where

these skills are developed." Hence, the context of substantive

interest is the daily world of the practitioner.

General requirements for development of decision science

programs are offered in Table Three. These requirements begin

with formal mathematics and move in the direction of skills for

problem formulation and resolution.18



TABLE 3

GENERAL REQUIREMENTS FOR DECISION SCIENCE PROGRAMS

1. Provide mathematical competence in matrix algebra and symbolic logic,
plus differential and integral calculus. Additiohal training in
differential equations, calculus, and linear algebra would be
desirable, but not mandatory.

2. Provide a thorough grasp of the concepts of probability and
statistics such that they can be used in the deSign of decision
models and analysis of data.

3. Emphasize general concepts, intuitive proofs, and applications for
a broad range of models rather than rigorous theoretical develop-
ment of a few., However, there should be sufficient theoretical rigor
to permit formation of meaningful judgments on the likely effects
of violating assumptions to fit real-world problems.

4. Provide meaningful coverage of useful modeling approaches including
financial economic and behavioral models (e.g., models of cognitive
processes, group structure and processes, and organizational
structures and processes) as well as the standard quantitative
models such as linear programming, decision theory, queueing, and
simulation. Models should be viewed as frames of reference
around which a system can be formed rather than unrealistic, over-
simplified problems. Students should be exposed to a broad range
of realistic model applications.

;)1

5. ConforT to, the American Association of Collegiate Schools of
Business (AACSB) guidelines for training in business administra-
tion. (Some modifications of this requirement might be possible
if the program is not housed within a college of busines but
even then it should contain adequate training in informati s stems,
planning, and control.)

6, Include meaningful exposure to the resolution of complex, real-
world problems which cross traditional functional boundaries as
part of all coursework. As a practical matter; some of the exposure
may have to come in the form of cases and games.

7. Provide for some degree of specialization in one pf the functional
fields of business. (If the program is-not housed in a college
of buseiess, specialization might be in a field within the host
college,)

. Provide a thorough understanding of, and ability to communicate with
people in order to facilitate problem formulation and implementation
of proposed solutions.

Based on American Institute for-Decision Sciences Curriculum. Development Committee.
Guidelines for Decision Sciences Curriculum. A.I.D.S., 1976.



Before we turn to an interpretation of these guidelines

in the "decision sciences program at the Wharton School, a

final perspective from the A.I.D.S. Committee report to their

academic colleagues deserves review.

A decision science program should help graduates become

effective modelers of decision processes in the broadest

sense. They must possess the ability to take the usual

mixture of. accurate, inaccurate, missing and duplicate data

and develop information which relates to the organizations

objectives. While they will make use of mathematical models

when relevant, they must know when to use less-sophisticated

information decision systems. They will be aware that since

decisions are made ultimately by people, their success in

getting programs accepted will depend on effective documenta-

tion and many human factors.

In Decisiotl Sciences at the Wharton School, one finds the

following statement "Spectacular growth in the use of computer-

based information systems and quantitative approaches to

managerial decision-making has created a need troth for managers'

who can properly use sophisticated decision-aiding systems and

for research toward understanding and designs such systems.

The Department of Decision Sciences at the Wharton School was

founded in 1974 in response to these needs."19

At present this University of Pennsylvania department has

degree programs at the BS, MBA, and Ph.D. levels, as well as
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in several areas of executive education. Two of these are

the department's commitment to provide decision science courses

inthe Wharton Executive MBA program and a four-week compre-

hensive course in information systems offered annually to a

selecit group of managers.

Research Domains

Research in decision sciences includes and attempts to

integrate,a diverse set of related fields that have developed

over the past two decades primarily in schools of business and

management. These are traditional management science focysing

on planning, scheduling and inventory control; the study of

information systems. particularly database management, decision

support systems and office automation; and the psychology of

decision processes, with a focus on risk and'uncertainty.

"Marked by this diversity, departmental research as a unifying

theme: understanding and improving decision-making."

The three fields, traditional management science (with its

focus on the use of mathematical models), information systems

(with its emphasis on the potential of advanced information

processing equipment) and the psychology of decision processes

(with its concentration on the theories and models of the social

and behaviofal sciences) use the "unifying theme" to produce

the four research domains elaborated in Table Four.
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TABLE 4

RESEARCH DOMAINS IN THE DECISION SCIENCES

i Research in

1. Decision Process provides new knowledge about how to design

better man-machine interfaces and how to adapt problem-

solving methods to the needs of the decision maker.

Research in this domain has been concerned with the way

individuals and groups collect and use information, and

how their actions are thereby'affected. Both developmental

and experimental research methods are used.

2. Management Information Systems investigates how best to

provide information for organizational decision making.

Research in this domain has been concentrated in the areas

of data base management, office automation, activity

systems and computer networks.

3. Management Science studies formal models and methods for

structuring and solving certain classes of managerial

problems. Research in management science domain has

been concerned with the developMent of quantitative

approaches for aiding managerial decision making.

4. Decision Support Systems carries the promise of integrating

these three domains through interactive computer-based

models. Research in this domain has been concerned with

creating a meaningful. dialogue between designers and

users of interactive computer-based systems. Two

projects underway are concerted with how to design

decision-aiding tools for operational and policy-related

questions.

' d

Based on inforpat'ion found in Decision Sciences at the Wharton School,

'a University'of Peuisylvania release detailing the academic affairs
of the Department of Decision Sciences.



Instructional Domains

At both the undergraduate and the graduate levels, the

Department of Decision Sciences offers an introductory core,

plus higher-level specialized courses in decision processes,

inforMation systems and operations management. These instruc-

tional domains are almost identical to the first three research

domains detailed in Table Four.

The departmental credo is straightforward and speaks

directly to those who wish to link training in academic

environments (graduate professions levels for our purposes) to

performance in the field. It states "the Department believes

that the understanding of information systems, modeling and

decision processes will improve the performance.of managers.

We do not study or teach technology for its own sake. We

believe that the combination of newly developed techniques with

traditional expertise in accounting, finance, and management

will prove powerful and effective."

A brief overview,of the graduate level introductory core

courses follows.

ORGANIZATIONAL AND ECONOMIC IMPLICATIONS OF INFORMATION SYSTEMS.

Focuses on the role of the information system in governing'

the behavior of an organization. Topics include planning

and control systems, the role of analytical and simulation

models in decision making, the economics of.information,

implementation of an integrated system, and the organizational

and social implications of information technology.



MANAGEMENTDECISION ANALYSIS. A quantitative methods Course

oriented around case studies involving resource allocation,

decision analysis,' and simulation. wile course is particularly

appropriate for students with some quantitative background

who are interested in an extensive and practical treatment

of management decision-making methods. ethodologies for

structuring analysis are presented for problems in both the

public and private sectors.' Readings and cases deal with

decision problems in a variety of managerial contexts, such

as banking, manufacturing, process industries, utilities,

ana service sector systems.

AGEMENT INFORMATION SYSTEMS. This course considers the

computer, its history, components and architecture; the

managerial use of computers for data processing, planning

and decision support; and the process of systems analysis

and design whereby technology is brought to bear on the

problems of management.

INFORMATION SYSTEMS FOR FUNCTIONAL AREAS. Designed to enable

the nonspecialist to understand information technology in

order to use it more effectively. Topics include file

organization and processing, data base management, integration

of information systems, economic evaluation of information

systems and the management of the implementation process. A

major design case is used to illustrate general concepts.

DATABASE MANAGEMENT. Examines various theories of data, 6

including the hierarchical model, the relational model, the

entity-set model, and the network model. Implementation of

data base management systems will be considered with a focus

on the Wharton Alerting Network Database (WAND) system. The

course alsor,studies topics related to the application of

data base management systems, including data base design,

cost trade-offs, and the implementation of application programs.
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INFORMATIONS SYSTOMS ANPIXSIS AND DESIGN. A case-ofiented emir:A, in

systems analysis, design, and implementation. Emphasizes the

need for intomation system that effectively meet the current

needs of an organization, are flexible and.thus.can meet

future unanticipated requirements, and operate of

OPERATIONS PLANNING AND CONTROL. Decisions associated with

the management of operations are central IC) organizations in

the public and private sectors. This course explores alter-

native :app roach to specific problems in the area, illustrat

ing them with iblished applications and cases. Topics include

invent( control, planning and allocation of capacity, and

the design f listribution systems. Emphasis is on medium

and long-term planting problems, and analytical, informational,

and functional methods available for resolving cost/performance

trade-offs in areas central to the control of operations.

MODEL-BASED INFORMATION SYSTEMS. Using the case method, this

course addresses the design and implementation of those computer-

based information. systems which contain decision models. The

purpose is to examine the ways in which information systems

can be used to interface models with users and with each

other and to identify the critical decisions in the life-

cycles of these systems which affect their success.

FOUNDATIONS OF DECISION SYSTEMS. Examines theoretical aspects

of problem solving. cognitive processes, and artificial

intelligence, as well as the structure and underlying tech-

nology of model-based planning and control in organizations.

Approaches are developed for the validation and performance

evaluation of decision support systems.



SEMINAR IN INFORMATION SYSTEMS. _Pre.sentations by faculty and

advanced students introduce res ?arch in Information Systems.

Individual research projects are initiated early in the course

by the students, andcare subsequently presented to the class

and discussed in seminar format. Student research topics

have included, for example, the design of a query language

for office automation, and the implegpntation of data base

design software.

STATISTICAL CONTROL OF OPERATIONS. Decisiop-making for

control comprises a large part of the operations manager's

job. To the body of standard methods available for dealing

with such problems, new techniques and technologies have been

added recently, which show promise for operations and manage-

ment control, especially in the broader context now under-

stood to be the domain of operations milagement. This course

explores both the traditional and the new methods for making

control decisions. Emphasis is on understanding the features

and interrelationships of the Methods, and on assessing their

applicability in control problems, rather than on building

technical skill in their 'use.

MATHEMATICAL PROGRAMMING. Mathematical programming problems

occur in a variety of areas including the decision sciences,

economics, operations research, accounting, finance, and

marketing. This course is an introduction to math programming

for students who would like-to be intelligent and sophisticated

consumers of math programming theory, but do not plan to

specialize in the area. Decision topics covered include linear

and nonline functions, continuous and discrete variables,

and constra ed vs. unconstrained problems.

SEMINAR IN DECISION PROCESSES.' Introduces models of the

decision process drawn from economics, mathematics and cognitive.

psychology. Topics include the analysis of decision criteria,

flAWIta i-hg,nrw i-hr.nry human information provPssina and



A more detailed description for several of these courses

appears in Appendix Two. In the following chapter, which

analyzes MBA programs (or similar first professional degrees)

in twenty-two leading graduate schools of management and

business, we will have another opportunity to examine in more

detail precisely how the graduate introductory core courses

in decision science are utilized in other, first professional

degree programs ap the Wharton School. 20

Executive MBA Program

The Wharton Executive MBA is designed to enable mid-

career executives to attain a Wharton MBA while retaining job

responsibilities. Like most executive degree prograMs, it's

struTired curriculum provides in-depth graduate level training

which builds on a practitioner's work experience. Courses in

quanteative methods, interactive programming and management

information systems are the decision sciences components in this

executive program.

It should be mentioned that the mathematical skills and

more important, the expectations foif their use, are no

different for the executive MBA candidate. This means that

mid-career executives whose last labor pains in mathematics

occured before the "Modern Math" revolution will more likely

take at least one of the noncredit offerings described in

Appendix Two.



Continuing Education

The increasing complexity of organizational operations

has placed growing importance on the proper use of computer-

based information systems. A crucial elementin their

success is the systems designer, who serves as an essential

link between the. information user and the systems programmer..

The Department operates the Wharton information systems

program, a comprehensive four-week course developed to

educate selected personnel in the skills required to design,

implement and evaluAte advanced; information systems. 'The

course is conducted at the graduate level and approximates

in content (and approach) much of the material covered in the

department's sequence in formations systems.

Improved Performance

The department's credo becomes an important consideration

for the movement from a focus on the "workings" of decision

sciences toward exploratory efforts to link them with vocational

educational leadership development programs.

In brief, the position is an understanding of information

systems, mathematical modeling and decision processes will

.improve the performance of managers. Decision sciences are

not substitutes for the development of other traditional skills.

In combination with traditional expertise in accounting

finance and management, decision science skills will prove

powerful and effective. Practitioners taking decision science



CHARTING,

IV. MANAGEMENT AND ADMINISTRATION

Essay Question addressed is Number Seven

What elements of the decision sciences are likely to

appear as required course work in first professional

degrees (i.e M.B.A programs) offered in leading

graduate schools of management administration?

Response

In progress is a conteat analysis of the core course

requirements in the M.B.A. or equivalent first profession

master's degree programs in the 22 "top" graduate schools

of management and business.. The analysis classifies each

core set of courses according to the decision science

domains elaborated in Table 4 (page 33 of this monograph).

Trends will be reported. For the moment the pattern in

these 22 institutions appears to.follow that established

for the Wharton School M.B.A. described in Appendix Two.



CHARTING

V. URBAN AND PUBLIC AFFAIRS

Essay Question Addressed is Number Eight

Are similar (or different elements of the decision

sciences likely to be included in the required first

professional degrees (i.e., Master of Public Policy,

Public Administration, or Urban and Regional) in model

graduate schools of government, planning, and public

affairs?

Response

Attached is a set of core course requirements for the basic

M.A. program at the Carnegie-Mellon University School of

) Urban and Public Affairs. This case study provides a

"representative" first professional degree program for a

"top" school in the urban and public affairs category.

Using the four decision science domains in Table 4 (page

33 of this monograph') an analysis can be made and reported

in the text. At this time, the reader may wish also to

examine a sitnlar M.A. program offered at the New School

for Social Research. See Appendix ,Three.

The general trends appear to be the following:

Management Science. There are several math

modeling efforts in urban and public affairs

core courses. These efforts focus on public

rather than corporate applications that

prevail in many M.B.A. programs.

Informations Sciences. Here the focus is

on government rather than corporate data bases.

Course requirements and instructional strategies



Decision Processes. In public and urban

affairs courses are more likely to focus on

public rather than on individual managers

and corporate problem solving choice and

policy analysis.

There is a common set of skills for all

publiC"-managers and officials. It treats

both "quantitative" and "analytical" perspectives.

See Appendix Four.

Model schools of management and urban affairs

often merge core course requirements (including

ecision sciences requirements) for an en ire

t of first professional degrees. This

the case for the w School of Social Iles arch

programs, offered in the Graduate School of

Management and Urbax Professions.

Carnegie-Mellon/M.S. Core Curriculum Descriptions follow.



SCHOOL OF URBAN AND PUBLIC AFFAIRS,

Carnegie-Mellon UniNiersity

M.S. Core Curriculum Descriptions

INTRODUCTION TO COMPUTER SCIENCE. This course covers the

fundamentals of computing, from both a hardware and software

point of view. Extensive exercises are required. Course

covers basic concepts of flowcharting, programming languages,

numerical and symbolid-computation. The course concentrates

on using the computer as a tool for problem solving in a

time sharing environment.

FINANCIAL ACCOUNTING. This course provides the student with

an understanding of how financial information for the private

sector is prepared, organized and analyzed. Accounting is

viewed as a comporient of the total information system, and an

attempt is made to develop a vocabulary and set of rules for

dealing effectively with this component. The first portion

of the course concentrates on transaction analysis, while the

latter portion concentrates on financial analysis.

GOVERNMENT ACCOUNTING. -This course provides an introduction

to governmental and non-profit accounting or SUPA students.

The course builds on the foundations of th financial accounting

course, covering such topics as fund acc cInting, budgeting
processes and an overview of governmental forms. The course

also places an emphasis on the systems approach to accounting.

METHODS AND APPLICATIONS OF OPERATIONS RESEARCH. The first

seven weeks follow the self-paced linear programming module:

transporation and network flow, feasible lists of activities,

simplex method sensitivity analysis, duality, The remainder

of the course stresses the modeling of problems in the public

sector emphasizing issues in regulation and equity.

INFORMATION SYSTEMS FOR THE PUBLIC SECTOR. Focuses on

applications and management of information systems to the

public sector. Data structures, the organization of large
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SCHOOL OF URBAN AND PUBLIC AFFAIRS

Carnegie-Mellon UniVersity

M.S. Core Curriculum D.Rscriptions

databases, data management system design and implementation

are surveyed. Computer architecture, operating systems and

software development are lso considered. Attention is given

to issues of public sector implementation of large databases

and the distribution of public knowledge.

HISTORICAL PERSPECTIVES ON URBAN PROBLEMS. This course is

designed to meet the needs of SUPA for an interdisciplinary

introduction to the city as a social and physical system.

It emphasizes the historical and cross-cultural development

of cities and the interaction between qualitatively defined

forces (ideological, economic, and sociological) and an

existing physical and social structure. Primary focus is on

the rise of the industrial city and the development of

American cities, including comparisons between American,

European, and nonwestern urban areas.

The course is divided into the following units: the urban

system, demography, urban ecology, mobility, urban attitudes,

urban politics, social pluralisms, and visions of the future.

PHYSICAL-TECHNICAL SYSTEMS. Subject matter in the Physical-
,

Technical Systems courses is different each year. Organized

around significant problems of society, economic and political

considerations. Projects involving team efforts are emphasized

and generally directed toward issues of urgent current

interest, and the course is normally closely coupled with some

public institution which is interested in the results of the

activity. The courses are usually taught jointly by faculty

from within SUPA and from other departments or colleges of

the University who are actively interested in the problems at

-issue. Each course is organized around recognition of needs,

problem definition, information gathering, formulation of
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alternative solutions, hypothesis testing, design and

evaluation. Typical problems could be from such areas as

housing, health care, land use analysis,.law enforcement,

environmental quality, or transportation. They have included

projects such as determining cost effective strategies for

control of air pollution sources during episodes of high

pollution, analyzing the road management maintenance system

of Allegheny County, preparation of model legislation and

regulations for the control of noise, development of models

for the siting of solid waste processing facilities, the use

of communications as a substitute for travel and the design

of integrated utility systems. Small groups work on these

projects using the whole range of problem-solving techinques

including the building of hardware. Problem solutions may

include the design of a new institution, the preparation of

plans, etc., and can also include follow-up information

systems for evaluation, correction, control, and implementation.

Project activity culminates with the presentation of the

students' results in a formal document to the interested

public or private body.

SYSTEM SYNTHESIS AND DESIGN. This course is intended to

provide an opportunity for the students to gain experience

and understanding in the formulation and solution of problems

in the public sector. As such, it is intended both to

complement the theoretical courses, as well as to integrate

the facts and techniques students have learned and to enable

them to put these to a practical test.

The operation of the course involves the class in the definition

and solution of one or more major public problems. These

problems vary from year to year, but they are drawn from such

areas as provision of low-income housing, design of an urban
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justice plan, design of a management information system for

public officials, or the design of a network of community

service facilities within the center city.' The class

examines these problems from relevant viewpoints, including

the definition of system objectives, user requirements, as

well, as the examination of technological and procedural

alternatives in designing the systems and consideration of the

political problems in implementing solutions. The class pro-

ject leads ultimately to one or more project reports.

Organization of the class into teams handling various aspects

of the problem in a typical project way, with interaction

among the teams. The class is expected to design experiments,

conduct inquiries and collect data, and they are also expected

to use expert advice from the faculty, industry, government,

or the public as the needs arise.

QUANITITATIVE METHODS OF PUBLIC MANAGEMENT. Quantitative

Methods for Public Management (QMPM) is designed to fulfill

the requirement of a one year, first level graduate course

in statistics and data analysis for students of public policy

analysis and/or public management. The course is innovative

in its teaching approach and covers a diverse set of traditional

and contemporary data'analytic procedures. Developed at

Carnegie-Mellon University's School-of Urban and Public Affairs,

it has been taught on an experimental basis for two years.

Evaluation of student attitudes, data analytic competence and

ability to apply techniques learned in the course to other

areas indicates that QMPM has decided advantages over traditional

approaches. A federal grant supported development of the course,

and many schools have now adopted the approach it pioneered'.

QMPM will cover exploratory data analysis, regression, survey

analysis, traditional confirmatory statistics, modes and
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ORGANIZATIONAL ANALYSIS. Organizational Analysis is a semester

long course broken into two minis; one prior to the intern-

ship and one immediately following the internship. Therefore

the course is integrally related to the internship experience.

At SUPA the internship serves as a laboratory in which the

students test the hypotheses espoused in the class. The

thrust of the course is designed to help the student under-

stand what makes organizations function. Once a consensus

has been evolved*as to how they function, we explore the

methods by which an effective manager operates within the

framework of ethical and emotional constraints to accomplish

his ends. In short, the course is designed to motivate

students to think critically about organizational structures.

The second esigned to help the student consider alter-

native strat ,1,1r .,Vb accomplishing ends within an organizational

context. Students are presented with current organizational

problems, and are asked to develop a variety of creative

solutions.

. As a basic organizational strategy, the course requires

competency in reading, writing and oral presentation. We use

the presentation coaching system, as well as video type equip-

ment, to'aid in assuring that all students can satisfy the

requirements for this basic organizational strategy. Additionally,

the course has a weekly workshop, primarily directed and designed

to encourage people to consider alternative ways of increasing

their value to other members within the organization. All

students are required to take a communications diagnostic

as a means of determining level of competency.

While much of the course, including the internship, is essentially

applied, it is also rooted in the research and development
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contingency tables. Exploratory data analysis emphasizes

careful attention to the basic nature of data, their mani-

pulation and organization, the application of robust estima-

tion procedures for fitting models, graphics and the use of

residual analysis in the evaluation of fits. Empirical data

are used throughout the course to give students operational

experience with policy relevant applications.

ECONOMIC PROCESSES. This one year sequence in economic

analysis covers topics in micro-economics, welfare economics,

cost benefit analysis and macro-economics, as well as institu-

tional material related to planning, programming and budgeting.

The first portion of the course is devoted to micro-economics

and focuses on the functioning of a private enterprise

economy. Special attention is 'iven to the properties of

pricing systems and to the conditions under which they will

or will not operate efficiently.

Building upon the background of micro-economics. we begin the

study of welfare economics, and develop the tools of cost-

benefit analysis in order to demonstrate their usefulness in

planning and evaluating governmental programs. Special

emphasis is placed on the intricacies of obtaining adequate

measures of the benefits of programs, on evaluating these

measures, on the problem of determining conditions under which

accounting and market data are suitable indications of social

costs, and upon the treatment of incommensurables. Distinct

efforts are, made to develop both an appreciation for the

power, as well as the limitations, of this type of analysis.

Large parts of the course are devoted to special studies and

cases. The portion devoted to macro-economics covers such

basic problems as inflation and unemployment, as well as an

exploration of the available tools for managing the aggregate



CHARTING

VI. QUANTITATIVE ANALYSIS AND STATISTICS

Essay Question Addressed is Nine

What instructional strategies are used to link decision

sciences with new quantitative methods and statistics

specializations offered in graduate professional

schools of government, law, and public affairs?

Response Themes to be Developed

1. For a research university elaborate graduate quantita-

tive analysis and statistics course, classify courses

accoring to the four decision science domains in

Table 4 (page 33 of this Monograph) , analyze instructional

trends associated with courses in each domain, and

report findings in narrative or chart if arfpropriate.

The case study in this case is The John F1. Kennedy

School of Government, Harvard University.

2. Repeat the exercise for a teaching university. The

case study will be the Sangamon State University, a

public affairs school located in Springfield, Illinois.

See Appendix Seven.

3. Discuss trends for teaching statistics by case study

method. (Fairley and Mosteller, 1977).

4. Discuss other instructional strategies, For example,

see SETUPS in Inserts and references such as McRea

and Wilde (1979), Stokey and Zeckhauser (1978) and

Pool (1976).

5. Following are the Kennedy School of Government

quantitative analysis and statistics courses.

(M11 to M959)



Ml 11. ANALYSIS FOR DECISION MAKING. Surveys the use of

analytic methods such as benefit-cost analysis, discountinq,

and mathematical modeling in public choice. Emphasizes

decision analysis, a methodology for structuring one's

thinking about complex choice situations in which uncertainty

is a critical element. Note: Open to all students, but

particularly oriented toward those in the professional schools

who will need to use and understand Analyses of public policies.

M113 ANALYTIC FRAMEWORKS FOR POLICY. Develops abilities

in using, analytic frameworks in the formulation and assess-

ment of public policy. A variety of analytic techniques,

particularly those directed toward interactive decision problems,

are considered. Emphasis is on the application of techniques

to policy analysis, not on formal derivations. Students

encounter case studies, methodological readings, the computer,

a final exam, and a term paper that requires the development

of an analytic model and application of it to a real world

decision situation. Note: An understanding of intermediate-

level microeconomic theory and elementary techniques of op-

timization and decisiOn analysis are prerequisites.

M119 SEMINAR ON PUBLIC AND ORGANIZATIONAL DECISION MAKING.

Investigates selected topics in group, as contrasted with

individual, decision making. Emphasizes problems relating to

incomplete information, structure of communications, divergences'

of interest within the organization. Students are expected

to present papers during the second term. Note: offered by

the Department of Economics as Economics 2190hf.

M120 - INTERACTIVE DECISION ANALYSIS. Students will partic-

ipate as players in a series of experimental games designed

to illustrate various strategic, interactive, decision problems.

Through role-playing exercises, students will be led to



"discover" some of the basic notions of the theory of games.

Some topics that will be covered are competitive analysis,

auctions, competitive bidding, competitive contracting, distrib-

utive and integrative bargaining, environmental mediation,

principles of arbitration, fair division, coalition analyst's.

Note: Open to all students in the Public Policy program and

other students who have had an introductory course in decision

analyglts-, or who are familiar with this material through self-

study. M111 can serve as a co-requiSite.

M123 - LARGE-SCALE MODELS FOR POLICY ANALYSIS. Surveys-the

main theory and computational approaches found in successful

applications of large-scale planning models. Topics include

input-output systems, linear and nonlinear programming

models,,consumption and production models, and decentralized
. k

procedures for planning. Attention will be given to prOblem
- .

formulation, methodological issues, and specific applications.

The second half of these lectures Will be devoted to the

ilres*that arise in combining models. The construction of a

model for policy analysis sometimes uses existing submodels

to describe, certain sectors of the economy. Princi:Dles to

guide the combiningof models with a consistent framewotk will

be/ ormulated. AppliCations of these principles to energy-

...6c nomy models and models for development planning will form

the final topic of this course. Note: Calculus4 elements

of linear algebra, and microeconomics are prerequisites.

M221 - MICROECONOMICS AND PUBLIC POLICY (Micro I). Introduces

microeconomic theory to students who have had little previous

exposure to economics. Designed to, oonvey basic tools for

lanalysis of public policy questions and for more advanced

' economics courses. Note: Students seeking a somewhat more,

advanced and more quantitative course should investigate M222.

M222 - MICROECONOMICS AND PUBLIC POLICY (Micro II). Introduces

microeconomic theory to non-economics graduate students with



little previous exposure to economics. Designed to convey

basic tools for analysis of public policy questions and more

advanced economics courses. Note: Colierage similar to M221

but slightly more advanced and addressed to students with

greater previous exposure to quantitative analysis. Offered

by the DepartMent of Economics as Economics 2060.

M223-7 ECONOMIC THEORY. Continues an intensive study of micro-.

40onoinic theory relevant to public policy analysis, including

such topics as industry regulation, Leontief models with

substitution, general equilibrium, taxation, and redistrib-

ution. The presentation of theoretical topics will be organized

around a few illustrative public policy issues. These may

include pricing in regulated monopolip.s and public enterprises,

energy' planning, and policies for equalizing educational

opportunity.
lk

M224 - MACROECONOMIC THEORY AND POLICY. Explores modern macro-

economic theory and its application to policy. Determination

of the level, composition, and growth of national income and

product will be discussed, as well as some of the\following

issues: employment and inflation; fluctuations and growth;

problems of macroeconomic management: fiscal and monetary

policy; "incomes" policy; "Keynesian" versus' "classical

Monetarist" controversies; issues of fact, theory, strategy,

and value. Note: Offered by Economics Department as Economics

2061b

M225 - THE MACROECONOMIC STRUCTURE OF THE U.S. ECONOMY. Acquaints

students with the major national accounting schemes currently

in use, especially the National Income and Product Accounts,

and Input-Output--the motivating paradigm, defining concepts,

logical structure, and problems of implementation. Explores

the salient magnitudes that characterize the U.S. economy,

to help students become numerate; illustrates the problems

that arise When one tries to use the numbers to answer



particular questions, questions about the allocation of

resources (consumption versus investment, public versus

private uses, etc.); the distribution of income; the organi-

zational structure of the economy (e.g., the size and role

of government). The course incorporates two or three major

exercises in estimation; the cost of.rising energy prices

and the distributional impact of inflation are possible

topics. Note: Enrollment limited to 20 students. All par-

ticipants will be expected to have some familiarity with

microeconomic principles.

M228 ECONOMIC PRINCIPLES AND PUBLIC POLICY. Explores and

develops economic principles applicable to a wide range

of government policy. Specific topics include energy, crime,

taxation, health care, income maintenance, population,

environmental protection. Emphasizes common principles and

analytical methods, not development of expertise in particular.,

fields of policy. Note: This course is offered by the Depart-

ment of Economics as Econymics 1021, and is not open to

students who have taken M271.

M271 LAW AND PUBLIC POLICY: POLICY ANALYSIS. Explores ways

of thinking about policy choice and problem solving that have

origins outside the law but are increasingly important for

lawyers in private and public life. Decision analysis,

including formulation of the problem, identification and

evaluation of alternatives, choice of action--both normative

and as benchmarks for predicting behavior--is examined.

Bargaining--formal and informal interactive processes among

-individuals or organizations when interests partly conflict-

is also discussed, as well as social processes in which a

large number of individuals interact anonymously. Will focus

on evaluation of outcomes and of social intervention to affect

outcomes, giving special attention to market behavior.

Application to contemporary issues are presentea for' illustra-

tion. Note: Offered by the Faculty of Law as Law and Public



Policy Al. Open to /IPA students in the Kennedy School, to

Law students, and to students in other graduate programs of

the Univdrsity.

M302 - TESTING AND SORTING, AND THE DISTRIBUTION OF INCOME.

Seminar will explore conceptual models of testing and sorting,

whose application ranges from minimum competency testing for

high school graduates, to mainstreaming of the handicapped,

to selecting individuals for jobs, to defining acceptable

criteria for admissions processes or insurance rating. Empirical

studies on subjects such as the reliability of tests and the

effects of various sorting mechanisms on the size and distrib-

ution of income will be reviewed. Each student will be

expected to,prepare a major paper. Note: Intermediate

economic theory and introductory econometrics are prerequisites.

M310m - DEMOGRAPHIC ANALYSIS FOR POLICY. Studies the use of

two tools-tstandardization and population projection--for

analyzing and predicting demographic efforts. Applies these

techniques to policy areas in which the size and age structure

of a population are a significant and predictable influence,

including the educational system, crime, the labor force,

social security, and the evaluation of environmental risks.

Students will be asked to analyze a case of their own choosing..

M331 - DATA ANALYSIS AND STATISTICAL TECHNIQUES. Introduces

the student to statistical methods of special interest and use

to lawyers. Methods of statistical analysis are examined in

the context of concrete legal problems, in which statistics

are used to resolve private controversies or issues of public

policy. Note: Open to MPA candidates in the Kennedy School,

to Law students, and to students in other graduate.programs

of the University.

M332 - EMPIRICAL ANALYSIS FOR PUBLIC CHOICE. Applies probability

models and statistical techniques to questions of public concern.



Topics include the analysis and prediction of individual

discrete choices. Social experimentation and the analysis of

experimental data versus observations collected by more

traditional surveys are considered. Empirical studies used

throughout the course to demonstrate methods of analysis. A

major fedture will be individual empirical papers.

M333 - POLICY APPLICATIONS OF BASIC STATISTICS. Covers, in

. rapid format, basic ideas in collecting and interpreting

quantitative evidence for Policy. Topics include measures of

variation, major probability distributions, estimation and

inference from samples, significance testing, regression and

correlation, interpreting data from, tables, analysis of

variance, and qualitative responses. Examples targeted to

illustrate policy consequences of different ways of interpreting

data. Cases include settings where regulations or legisla-

tion can be influenced by quantitative studies. Note: Course

is designed for people who have prior experience or course

work in statistics and data analysis. May be taken as prepara-

tion for M335. Those with no prior exposure;to statistics

and data analysis should take M331.

M334 DATA ANALYSIS. Explores how models can be build and

assessed at the same time, how possible breakdowns in assump-

tions can be diagnosed and cured in applying regression analysis

and related statistical techniques to policy problems. The

issues discussed respond to the difficulties frequently faced

by the analyst: there is no convincing a priori model to test;

and there is no guarantee that the assumption of least squares

is met. Each student will prepare an original empirical

analysis of a public policy issue. Note: Previous training

in regression analysis required.

M335 - DEVELOPING EMPIRICAL EVIDENCE FOR POLICY. Treats issues

of designing and interpreting studies to provide empirical



evidence playing a crucial role in public decision making.

Three stages are presented in the development of evidence:

Structuring a quantitative inquiry, collecting data, and

drawing conclusions from analysis of the data. Topics

include choice of experimental design, including random-

ization and matching, and cross-sectional versus longitudi-

nal studies; choice of unit of analysis; sample surveys;

creation of indices; issues of data quality, including bias

and imprecision; multiple regression; aggregating results from

several studies; Monte Carlo simulation. Will focus on those

circumstances which require the analyst to exercise statistical

judgment. Illustrated with examples from fields such as day

care policy, police patrol, health policy, preschool programs.

Note: An introductory statistics course, such as M331 or

the Graduate School of Education's P012, is a prerequisite.

M805 - SEMINAR: USES AND LIMITATIONS OF SOCIAL SCIENCES IN

PUBLIC POLICY. Presents analysis and criticism of the concepts,

techniques, and data brought to bear by some of the social

sciences on social problems of one sort or another, of the

institutionalization of these efforts in public and private

agencies, and of their inherent and other limitations and

possibilities. Note: Open to qualified undergraduates.

Offered by the Department of Government as Government 242.

M959 WRITING FOR GOVERNMENT. Surveys the skills appropriate

to various forms of written' communication in government,

including internal memoranda, studies or reports, bill

drafts, testimony, press releases, speeches. Intensive

exercises and critiques. Note: Enrollment is limited.

Permission of the instructor is required.



VII. THE PERSPECTIVE OF POLICY RESEARCH INSTITUTES

In 1977 there were more than 100 universities graduate

programs that offered degrees in public policy or one of its

variants such as public affairs, public administration and

policy analysis. In that same year Coulter (1977) suggested

the nature of policy sciences was nbt yet well established. To

illustrate this position, he referenced a current survey of

chairpersons of political science departments and directors

of interdisciplinary programs to indicate that there were a

variety of perspectives regarding the relative importance of

instructional policy study issues such as "matter versus

substance" and "policy formation versus policy evaluation."

An examination of the empirical evidence in this survey--

and other contemporary literature on the alternative paths

for public policy studies and its curriculum---lead hiM to

the position that virtually all of the research on policy

science reported to date had taken the "perspective of

academicians responsible for training policy scientists. He

suggested an other important viewpoint was that of the policy

research institute, a major employer of policy scientists.

To proviide information on this perspective, a "purposive

sample" with response information from 34 major United States

policy research institutes with large federal government

contracts to complete behavioral science studies was analyzed.

We turn now to a bribf review of his design and findings.



TABLE 6

RATING OF DISCIPLINES INCOULTER (1977)

Discipline Mean
Score

Index*of
Disagreement

1.

2.

economics
public administration

2.47
2.00

33.4
44.4

3. sociology 1.85 55.0
4.5 business administration 1.82 47.7
4.5 political science '1.82 49.4
6. social psychology 1.76 62.5
7. demography , 1.71 53.1
8. psychology 1.62 67.9
9. law , 1.59 49.3

10. anthropology 0.88 95.9
11. history 0.73 90.5
12. agricultural economics 0.71 123.2
13. philosophy 0.32 146.8

Question: "Various academic disciplines claim relevance to the
social/behavioral analysis of public policy. In terms of the
experience of your research firm, how would you rank the fol-
lowing disciplines with respect to their usefulness in public
policy analysis? Circle your answers." (Extremely useful = 3,

appreciably useful = 2, somewhat useful = 1, not useful = 0.)

Components of Policy Science. Coulter suggests policy

science can be viewed from four different (but interrelated)

training components. These are discipline, process, substance

and technique. Questionnaire items, response scales and

information on the response distributions for each of these

training components appears in Tables Six through Nine.

Disciplines. From the viewpoint of practicing'policy

scientists, is there a single most useful discipline? Given

agreement that policy science is "multidisciplinary" (or

interdisciplinary), what combination of disciplines is

perceived to be most valuable?



`,TABLE 7

RATING OF POLICY PROCESSES 'IN COULTER (1977)

Policy Processes

1. public finance and budgeting
3.5 planning
3.5 service delivery
5. implementation
6. organization theory
7. administrative process
8. citizen participation
9.5 legislative process
9.5 judicial process

11. accounting
12. personnel administration

Mean
Score

Index of
Disagreement

2.15 44.6
2.12 41.5
2.12 44.8
2.00 53.5
1.91 43.4
1.82 43.9
1.50 64.0
1.41 52.5
1.41 52.5
1.38 68.8
1.26 65.9

Question: "In addition to disciplinary perspectives, a
graduate training program can also include one or more policy
process specialties. For the ones listed, please rank their
desirability. Circle your answers." (Extremely useful = 3,
appreciably useful =2, somewhat useful = 1, and not useful= 0).

Table Six results suggest the perspective provided, by

graduate training in economics is perceived to bd-more useful-

than any other. The relatively low index of disagreement

(which is the coefficient of relative variability computed as

100 times the standard deviation divided by the mean) also

indicates the status for economics approaches unanimity. In

second place, but below the value placed on economics is public

administration. General agreement appears for the three

disciplines (closely clustered) of sociology, political science

and business administration.

Policy Process. Without regard to preferred discipline

Coulter uses the questionnaire item in Table Seven to focus on



TABLE 8

RATING OF SUBSTANTIVE POLICY A(EAS IN COULTER (1977)

Policy Area
Mean
Score

Index of
Disagreement

1. public health 2.53 34.1
1. transportation 2.35 31.1
3. law enforcement and

criminal justice 2.29 43.7
4. energy 2.25 45.1
5.5 Environment and natural

resources 2.21 41.3
5.5 manpower 2.21 36.4
7. poverty and social welfare 2.09 44.5
8. economic development (LDCs) 2.06 47.6
9. community development 2.03 39.4

10. education 1.97 45.7
11. housing 1.88 43.1
12. mental health 1.70 48.5
13. status of minorities 1.41 78.1
14. family planning 0.88 87.5
154: agriculture 0.82 115.6
16. foreign policy 0.75 97.4

Question; "Most contract research apparently requires exper-
tise in one or more substantive or policy areas. Several such
areas are listed below. With reference to a graduate training
program to train social/behavioral contract research profes-
sionals, how desirable do -you feel each is as a major or policy
specialty? Circle your answers. (Extremely useful = 3, ap-
preciably useful = 2, somewhat useful = 1, not useful = 0).

what if anything should the policy scientist working in a policy

research institute know about the processes by which public

policy is shaped?

While responses from the practitioners provide insights,

no single, clear-cut policy process entry emerges. Coulter's

interpretation (supported in the reported distributions) is

that "policy preparation in policy science is best served by

studying public finance and budgeting, planning, service delivery



TABLE/eel

WING OF ANALYTICAL TECHNIQUES IN COULTER (1977)

Analytical Technique

1: program evaluation
2. benefit/cost analysis
3. experimental design and

analysis of variance
4. sampling
5.5 survey research
5.5 questionnaire and protocol

design
7. multivariate statistics
8. computer programming
9. case study methods

10. econometrics
11. mathematical statistics
12.' use of "canned" programs
13.5 linear programming
13.5 psychometrics
15., sociometry
16. the calculus

Mean
Score

Index of
Disagreement

2.76 22.1
2.71 19.2

2.65 20.4
2.59 21.1
2.50 37.2

2.50 31.6
2.41 29.0
2.23 36.8
2.18 39.9

'2.12 41.5
2.n5- 35.9
1.94 50.5
1.62 56.8
1.62 62.3
1.50 66.0
1.32 76.5

Question: "Please rank each of the following kinds of analyti-
cal and methodological skills in terms of their usefulness to a
social/behavioral scientist in your firm." Circle your ans

) 161, and not too useful = O.
(Extremely useful = 3, fairly useful = 2, only slightly usef =

Policy Areas. The institute questionnaire also inquired

about the value of substantive policy area training in graduate

school preparation for a policy science career. Coulter's

position on responses to policy area items in Table Eight is

that those items with mean scores above 2.0 are seen by

practitioners as "appreciably useful."

Analytical Techniques. The Table Nine results for the

ranking of the sixteen techniques suggest that a "impressively"

larnr, nilmhpAr. rx1rAuenn *n hen c i-14%nifin_ rdmndmixnm an alnmrat-m,



Program evaluation and benefit/cost analysis draw both

high ratings and substantial agreement among responding

practitioners. In this instance, Coulter notes "both of these

are complex, synthetic techniques in that each requires a

series of sequenced steps involving both conceptualization and

measurement and thus assumes a variety of technical skills."

Among these are the skills from the mathematical sciences and

the mathematical social sciences. In Coulter's list, they\

include the "highly rated" analytical skills entries for

experimental design and analysis of variance, sampling, survey

research and questionnaire and protocol design. The response

patterns for multivariate statistics, computer programming,

case study, econometrics and mathematical statistics (a central

core or pure mathematics discipline in the National Academy

of Sciences classification for the mathematical sciences described

in Section Two) all suggest that these are highly valued tools

cf policy science.

Comparisons Among Training Com' ,nts. Table Ten results

indicate that analytic technique i le most useful, while

training in an academic discipline is least valued (but still

an essential perspective given a mean score of 1.92 with this

decision rule for ranking).

Conclusions. In light of the research needs of policy

research institutes, economics.is "the choice disciplinary

avenue to policy science competence." However, the response

-62-



TABLE 10

COMPARISON OF IMPORTANCE OF

DISCIPLINE, PROCESS, SUBSTANCE AND

TECHNIQUES IN COULTER (1977)

Training Components Mean Score

1. Technique 2.54
2. Substance 2.24
3. Process 2.07
4. Discipline 1.92

Decision Rule for Ranking:ne answer to the question "what
should the relative emphasis be on these four components in a
policy science training program?" is provided by computing
the average of the entries in the top half of each training
component.

patterns from practitioners suggest that disciplinary avenue

to policy science is less important than analytic expertise,

policy substance or policy process.

Coulter's overall position on his study deserves careful

examination. He notes "Two equally plausible interpretations

of the evidence are possible. The pessimistic conclusion is

that policy science is incoherent. The optimistic conclusion

is that policy science is flexible. In either case, since

it isrstill in its infancy, there is sufficient time to

develop a policy science that is both coherent and flexible."
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VIII.

CHARTING
_ .

COMPUTER AND INFORMATION SCIENCES

Essay Question Addressed is Eleven

How have the decision sciences influenced the graduate

study options in university departments of computer

and information sciences?

Response Themes to be developed.

1. Computer and Information Science (C.I.S.) and Decision

Science (D.S.) are both interdisciplinary and draw

from the same disciplines. Among these are the pure

And applied mathematical sciences and the'social and

behavioral sciences.

2. C.I.S. and D.S. have similar research domains and,

hence, overlaping research topics and projects.

C.I.S. at Ohio State. the case study for this

chapter has sponsored research in these areas:

1. Theoretical information science
2. computer networks and distributed processing
3. software engineering and program testing
4.* artificail intelligence
5. exiomatic data specification
6. data security and data base computers
7. theoretical models of programming language
8., computer graphics
9. analysis of algorithms

3. C.I.S. and D.S. have similar instructional domains

and, hence, overlaping instructional emphasis. At

O.S.U., these emphasis are:

1. General theory of information.
2: Information storage and retrieval.
3. Theory of automata and theory of computation.
4. Artificial intelligence.
5. Pattern recognition.
6. Computer programming, including system programming
7. Theory and processing of programming languages.
8. Digital computer architecture and organization.



9. Numerical analysis.
10. Man-machine interaction and systems.
11. Formal and computational linguistics.
12. Management information systems.
13. Biological information processing.
14. Social, economic, and psychological aspects-

of information production and processing.

4. C.I.S. and D.S. have overlap in their career emphasis.

At O.S.U. the options for a first professional

(master's degree) are these:

4

OPTION I

OPTION II

OPTION III

OPTION IV

OPTION V

OPTION VI

OPTION VII

OPTION VIII

OPTION IX

for the student desiring a theoretical-
foundation in" computes and information
science,
for the student-ffiDecializing in
information systems.
for the student specializing in
computer systems.
for the student. specializing in
numerical analysis.
for the student specializing in
operations research."''
for the student specializing in bio-
medical information processing
for the student specializing in
administrative science.
for the student specializing in mathe-
matics.
for students specializing in ,computer
hardware and software who have
appropriate undergraduate background.

5. Information Specialit ir0Schools of Libra d
r

'T'"?
Information Science often have ins tr 110,and

research tasks similar to those in ecision'Sciences.
, .

Accordingly, see'insert on Drexel University.
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IX. LEADERSHIP

Essay Questions Addressed

13. What are the major instructional domains (core

competency areas and specializations) addressed

in gra6lkte vocational education leadership

development and training programs? s

14. How can the decision sciences influence educational

management and administrative leadership?

15. How can the decision sciences influence curriculum

an&instruction?
16. How can the decision science influence leadership

in the development of research skills?

17. In what ways can the decision sciences influence

efforts to improve and extend the emphasis of the

social and behavioral sciences in interdisciplinary

vocational teacher education programs?

X. FUTURE DIRECTIONS

Essay Question Addressed

18. What are some specific directions for the immediate

future?

NOTE; THESE TWO SECTIONS WILL BE ADDRESSED IN THE WORKSHOP
SESSION ON FEBRUARY 18. APPENDIX THREE CAN BE STUDIES.
AS' PART OF THE RESPOSE TO QUESTION 14, APPENDIX FIVE
FOR QUESTION 15 ANDOAPPENDIX SIX FOR QUESTIONS 16 AND
17.
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NOTES

1. This elaboration of positions was found in Opportunities

for Advanced Graduate Study in Vocational and Practical

Arts Education at The Ohio State University, jointly

published by the Department of Agricultural Education,

Department of Home Economics Education, Faculty for

Industrial Technology Education, and the Faculty for

Vocational-Technical Education in cooperation with the

National Center for Research in Vocational Education.

2. -Human resources development is a general field and subject

to wide interpret:Ation among universities. What I have

in mind is the perspective illustrated in The Ohio State

University Human Resources Management Seminars.

Individual workshops include (1) Effectively Administering

Your,, Human Resources, (2) Current Human Resources Legis-

lation, (3) Applying Compensation Administration Techniques,

(4) Effectively Managing Conflict Situations, (5) Applying

Job Analysis Techniques, and (6) The Job Attitude Survey

as a Management Tool. Details and objectives for each

of these workshops appear in an announcement entitled,

Human Resources Management Seminars: Spring Series 1981

available from The Ohio State University, College of

Administrative Science, Division of Continiung Education.

See .also Parnes (1976).

3. The discussion of the various disciplines of the mathema-

tical sciences relies extensively on this source which

will be cited as National Academy of Sciehces (1968).

4. In National Academy of Sciences4 (1968, Chapter 5) a

revealing statement on just what "something else" might

imply is as follows: "just as it's still a methodological

science, a computational science, and a behavioral science,

statistics continue to be a mathematical science."

Another view on "something else" can be found in the

International Encyclopedia of Social Sciences. See

especially the treatments of "Probability" in (Volume 12,

48,7-505) and "Statistics" in (Volume 15, 206-232).
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5. Such fields are excellent reminders to those who view

mathematics solely as "the science of numbers" that

mathematics is the art of symbolic reasoning and, therefore,

is far more versatile than just a computation device. Two

excellent nontechnical discussions on this topic are

Kemeny (1969) and Smith (1979).

6. This volume will be cited as National Academy of Sciences

(1969) .

7. Trends elaborated in this section rely on remarks offered

in Valentine and Mennis (1980). Brief quotes acknow-

ledged here are from the preface.

8. An illustration of this type of graduate offering is The

Ohio State University course Business Finance 823:

Quantitative Me ods in Investment Management which is

described in App ndix One.

9. For example, at The Ohio State University there is a Ph.D.

program in quantitative methods in the College of Adminis-

trative Sciences and a doctoral level specialization in

quantitative methods (emphasizing primarily statistics)

in the College of Education. An excellent and detailed

description on graduate quantitative methods programs in

schools (or colleges) of education in the United States

and Canada appears in Bruno and Fox (1973). For a view

toward its potential in educational organizations see

Bruno (1976) and McNamara (1979).

10. An examination of the appendices provides several additional

contemporary illustrations for the 1968 N.A.S. report

projections suggesting that the mathematicl sciences

would have a strong and continiung influence on fields

that had been shielded from mathematics until recent years.

11. The section on the mathemptical social sciences draws

extensively on information provided in the University of

Michigan's Institute for Social Research announcement

.entitled Inter-University Consortium. Political and
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Social Research 1980 Training Program in The Theory and

Technology of Social Research. (Available from I.S.R.,

Box 1248, Ann Arbor, Michigan). Appendices are listed

in the monograph in the Order they were constructed

during my project residence here at the Advanced Study

Center. While this procedure bypasses the usual conven-

tion (to number them in the order they enter the narrative),

the alternate sequencing might be of some significance in

.following my progress through the ten month inquiry.

12. The use of a term such as "quantitative empirical social

research" rather than "mathematical social sciences" in

this section follows the practice established in I.C.P.S.R.

publications and announcements.

13. Readers who reside in established rssearch universities

are encouraged to study their graduate bulletins and

prepare similar lists as a means to explore new graduate

degree options in support fields.

14. Teaching universities are institutions with master's

programs (often with large numbers of part-time students),

few (if any) doctoral programs, small operating budgets

dedicated exclusively to research, and no significant

capital expenditures for research and development facilities.

Teaching universities are often state supported, regional

institutions that historically have had large commit-

ments to undergraduate teacher education programs. In

many instances most enrollments in their current graduate

studies programs are also in teacher education and related

fields.

15. The current impact of traditional academic operations

research in the field is the issup,. See Ackoff (1979a,

1979b) for a view on the need to merge operations research

with the social and behavior sciences. This merger can be

seen in a profes'Sional graduate studies program called

"social systems science" which Ackoff and several operations

research colleagues have implemented in the Wharton School.
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16. Statements on the MDS at Georgia'State University appear

in two announcements, M.D.S. at. Georgia State University

and Department of Quantitative Methods. Both are distri-

buted by the College of Business Administration at

Georgia State University.

17. This document is available from A.I.D.S., Department of

Quantitative Methods, Georgia State University, Atlanta,

Georgia, 30303. When referenced it appears as A.I.D.S.

(1976). Brief quotes in this section are from pages

2 through 5.

18. In general, basic (formal). decision science mathematics

follows the directives provided by the Mathematical

Association of America (1966) guidelines for applied mathe-

matics and adhers to a curriculum in the mathematical

training strategies offered for students in the biological,

management and social sciences which suggest it is

"important to recognize that they need mathematics primarily

as a language for scientific reasoning, and thatthey do

not need as much training in detailed techniques as mathe-

matics and physical science students." (Mathematical

Association of America, 1964, p. 5)

19. This publication remains the best, single source I have

uncovered on the decision sciences since I began my.

Advanced Study Center project in April 1980. The elaborat

tion of decision sciences efforts reported in this case

study draws heavily on this source and my field visit to the

Decision Sciences program at the University of Pennsylvania

in June 1980. Readings in Decision Sciences, (a journal

first published by A.I.D.S. in 1970) were also helpful as

were decision science entries offered in 1980-81 catalog

(and other publications) of the Stanford. University Graduate

School of Business and similar document entries (including

the 1980-82 doctoral program announcements) from the J.L.

Kellogg Graduate School of Management at Northwestern

University.
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20. An alternate structure for the domains of decision science

appears in the Stanford University program which uses five

rather than three primary domains for organizing research

and teaching. Their domains are (1) Applied Probability,

and Stochastic Control, (2) Applied Statistics and

Econometrics, (3) Decision Theory, (4) Mathematical

Programming. and (5) Operating Systems. In their doctoral

program, each student must choose three of these areas.

A special area, Management Science may be substituted

for one of the three areas by students who wish to focus

their research and teaching interest in the application

of "quantitative" approaches to operating systems or

marketing. A second alternate, structure for decision

science domains appears in the Department or

Managerial E onomics and Decision Sciences at Northwestern

University: Both alternate perspectives readily appear

in the current graduate catalogs.



REFERENCES

4ssell L. Ackoff. The Future of Operational Research is Past.
Journal of the Operational Research Society 30, no. 2(1979):
,93-104.

Russell L. Ackoff. Resurrecting the Future of Operations.
Research. Journal of the Operational Research Society,
30, no. 3 (1979): 189-199.

Edward A. Bender. An Introduction to Mathematical Modeling.
New York: Wiley-Interscience, 1978.

Robert F. Borulland Janet Reis. The Student, EValuative Data,
and Secondary Analysis. New Directions for Program
Evaluation, 8(1980): 59-72.

J.E. Brooks. Operational Research in Educational Administration.
Education and Urban Society, 3(1970): 7-40.

James E. Bruno. Educational Policy Analysis: - A Quantitative
Approach. New York: Crane, Russak and Co.. 1976.

James E. Bruno and James N. Fox. Quantitative Analysis in
Educational Administrator Preparation Programs, ERIC/UCEA
Series on Administrator Preparation. Columbus, Ohio:
University Council for Educational Administration, 1973.

Philip Coulter. Policy Science: The Perspective of Policy
Research Institutes. Policy Studies, 6, no. 2 (Winter
1977) : 6-10.

Patrick C. Doreian and Norman P. Human. Modeling Social
Processes. Progress in Mathematical Social Sciences.
Volume 8. New York: Elsevier, 1976.

William B. Fairley and Frederick Mosteller (eds.). Statistics
and Public Policy. Reading. Massachusettes: Addison-
Wesley, 1977.

Stephen E. Fienberg. Quantitative Training for Evaluation
Research. New Directions for Program Evaluation, 8(1980):
49-57.

Gene V. Glass and Frederick S. Ellett, Jr. Evaluation Research.
Annual Review of Psychology, 31(1980): 211-28.

Shiv K. Gupta and John M. Cozzolino. Fundamentals-of Operations
Researcher for Management. San Francisco, California:
Holden-Day, 1974.

F.S. Hillier and G.J. Lieberman. Introduction to Operations
Research. Second Edition. San Francisco, California:
Holden-Day, 1974.

-72-



Ronald A. Howard. The Foundations of Decision Analysis. IEEE
Transactions on Systems Science and Cybernetics, Vol SSC-4,
no. 3 (September 1968): 211-219.

Gregg B. Jackson. Methods for Reviewing and Integrating
Research in the Social Sciences. Washington, D.C.:
Social Research Group, George Washington University, 1978.

Samuel A. Kirkpatrick. Quantitative Analysis of Political
Data. Columbus, Ohio: Charles E. Merrill, 1973.

Richard I. Levin and Charles A. Kirkpatrick. Quantitative
Approaches to Management. Third Edition. New York:
McGraw-Hill, 1975.

Duncan MacRea, Jr. and James A. Wilde. Policy Analysis for
Public Decisions. North Scituate, Massachusetts:
Duxbury Press, 1979.

James F. McNamara. Practical Significance and Mathematical
Models in Administrative Research. In Glen I. Immegart
and William L. Boyd (eds.). Problem Finding in Educational
Administration: Trends in Theory and Research. Lexington,
Massachusetts: Lexington Books, 1979.

MathematicalAssociation of-America. Tentative Recommendations
for the Undergraduate Mathematics Program of Students in
the Biological, Management and Social Sciences. A report
to the Committee for the Undergraduate Program in Mathe-
matics. Berkeley, California: CUPI 1954.

Mathematical Association of America. A Curriculum in Applied
Mathematics. .Report to Committee on the Undergraduate
Program in Mathematics, Berkeley, California: CUPM, 1966.

William T. Morris. Decision Analysis. Columbus, Ohio: Grid,
Inc., 1977.

National Academy of Science. The Mathematical Sciences: A
Report. Publication No. 1681. Washington, D.C.: N.A.S.,
1968.

National Academy of Science. The Mathematical Sciences: A
Collection of Essays. Cambridge, Massachusettes: M.I.T.
Press, 1969. /

Herbert S. Parnes. A Conceptual Framework for Human Resource
Policy: Implications for Vocational Education Research
and Development. Occasional Paper 14. National Center
for Research in Vocational Education, 1976.

-73-



Jonathan Pool (ed.). Computer Assisted Instruction in Political
Science, Instructional Resources Monograph No. '4.
Washington, D.C.: Division of Educational Affairs,
American Political Science Association, 1976.

E.S. Quade. Analysis for Public Decision. New York: Elsevier,
1975.

Jacob T. Schwartz. Mathematics as Tool for Economic Understanding.
In Lynn A. Steen (ed.). Mathematics Today. New York:
Springer-Verlag, 1978.

Aage B. Soresen. Mathematical Models in Sociology. Annual
Review of Sociology, 4(1978): 345-71.

Lynn A. Steen (ed.). Mathematics Today: Twelve Informal
Essays. New York: Springer-Verlag, 1978.

Edith Stokey and Richard Zeckhauser. A Primer for Policy
Analysis. New York: W.W. Norton & Company, 1978.

Hirotaka Takeuchi and Allan H. Schmidt. New Promise of
computer graphics. Harvard Business Review, 58, no. 1
(January-February 1980): 122-131.

Ralph E. Strauch. A Critical Look at Quantitative Mehtodology.
Policy Analysis, 2, no. 1 (Winter, 1976): 121-144.

Jerome L. Valentine and Edmund A. Mennis. Quantitative
Techniques for Financial Analysis. Revised Edition.
Financial Analysts Research Foundation. Homewood,
Illinois: Richard D. Irwin, 1980.

Hafvey E. Wagner. Principles of Operations Research. Englewood
Cliffs: Prentice-Hall, 1975.



Appendix One

SELECTED QUANTITATIVE METHODS COURSES

From

THE 1979-80 OHIO STATE UNIVERSITY BULLETIN

Prepared by

James F. McNamara
Advanced Study(Center
Ohio State University

1960 Kenny Road
Columbus, Ohio 43210
(Tel. #800-848-4815)

For Discussions Regarding.

THE MATHEMATICAL SCIENCES IN VOCATIONAL EDUCATION

LEADERSHIP DEVELOPMENT PROGRAMS

(A 1980 Advanced Study Center Project)

O

1-1
7.9

(July 1980)



ACCOUNTING

ACCT 522 - Financial Accounting (5 hours). Application of
accounting techniques and theory to recording and reporting of
financial data; emphasis on collection, summarization, and reporting
of data in accordance with generally accepted accounting principles.

ACCT 631 Computer Accounting in Business (5 hours). The
design, programming, and auditing of computer based accounting
information processing systems.

ACCT 711 - Introduction to Management Accounting (5 hours). A
survey of accounting principles from the viewpoint of management;
income measurement; analysis and interpretation of accounting
data, internal reports.

ACCT 811 Business Controls (3 hours). Examination of business
planning and the controls over operations and property; the use
of accounting data in the management enterprise.

AGRICULTURAL EDUCATION

AGR EDUC 885 - Research Methods (3 hours). Principles and
techniques of research appropriate for planning, conducting, and
reporting research in vocational, technical, and extension
education.

AGR EDUC 886 Research Design (3 hours). Development of effective
design for research problems in vocational, technical, 'and extension
education, including theory, model -, and sampling.

AGR EDUC 887 - Analysis and Interpretation of Data (3 hours).
Application and interpretation of descriptive and inferential
statistics for research in vocational-technical and extension
education, including the use of the computer.

BUSINESS ADMINISTRATION: FINANCE

BUS-FIN 721 - Managerial Finance.(4 hours). Financial management
of business units with emphasis on finance organization structure,
collecting and using financial data, judging profitability,
liquidity, sources of capital internal financial operations.

BUS-FIN 728 -'U 'antitative Methods In Managerial Finance (4 hours).111

Application of mathematical and statistical methods in formulating
and solving problems of financial management.

BUS-FIN 729 - Cases in Managerial Finance (4 hours). Analysis of
qualitative and quantitative financial factors involved in
managerial decisions in actual busin: :s cases.

BUS-FIN 821 - Seminar in Corporate Financial Analysis (3 hours).
Critical study of the growing number of analytical techniques and
research findings that lie betweerl present practices and the
frontiers of financial research.
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BUSINESS ADMINISTRATION: FINANCE (continued)

BUS-FIN 823 Quantitative Methods in Investment Management
(3 hours). Recent developments in quantitative methods applied
to investment analysis and portfolio management including the
Markowitz portfolio model, random walk hypothesis, utility in
risk analysis and valuation models.

BUSINESS ADMINISTRATION: MANAGEMENT SCIENCE

BUS-MGT*391 - Decision Sciences: Operations Research Techniques
(4 hours). Examines the use of operations research techniques in
managerial decision making processes; constrained linear optimizationi
non-linear optimization, network analysis, queuing theory,
simulation.

BUS-MGT 491 - Decision Sciences: Statistical Techniques (5 hours).
Examines the use of statistical techniques in managerial decision
making processes; sampling and estimation, hypothesis testing,
chi-square tests, simple and multiple regression, time series
analysis.

BUS-MGT 601 - Business Statistics (2-5 hours). Price and production
indexes; analysis of time series; linear correlation applied to
economic and business problems.

BUS-MGT 691 - Decision Science: Managerial Applications /(3 hours).
Building and using mathematical models for planning and control
of administrative procesSes. Integrates quantitative tools from
391 and 491 with functional business areas.

BUS-MGT 734 - Analysis and Design of Operating Systems (4 hours).
Analysis and design of modern operations, including model building
and computer simulation.

BUS-MGT 801 - Quantitative Methods in Business (3 hours).
Derivation and application of analytical, mathematical, and
statistical techniques to the solution of recurring management
problems.

BUS-MGT 802 - Systems Research Organization and Methodology
(3 hours). Modeling adaptive management systems of complex
organizations such as health, business, and education.

BUSINESS ADMINISTRATION: MARKETING

BUS-MKTG 650 - Marketing (4 hours). Critial survey of field of
marketing; structure, functions, policies, costs, and problems
analyzed from consumer and other viewpoints; emphasis on principles,
trends, and quantitative expression.

BUS-MKTG 758 - Marketing.Research (4 hours). The role of research
in the solution of marketing problems; emphasis on available data
analysis and methods of the field of investigation.

1-3



a

BUSINESS ADMINISTRATION: MARKETIM; (continued)

BUS-MKTG 807 Principles and Techniques of Marketing Research
(3 hours). Principles of research methods in business and the use
of research by management; scientific method in bnqiness, sampling
theory, variable analysis, research cases.

BUS-MKTG 858 Multivariate Analysis in Business Research (3 hours).
Advanced consideration of correlational data an,Ilyis techniques
(regression, discriminant analysis, factor. analysis, canonical
analysis). Emphasis is on comparison of techniques and underlying
.theory and assumption.

3US -MKTG 859 - Twics in Cluster Analysis and Multidimensional
Scaling (3 hours).. Examination of the theoretical bAckground behind
multi-dimensional scaling and cluster analysis with the objective
of developing sufficient understanding for problem-solving with
the techniques.

CITY AND REGIONAL PLANNING

CTR PLAN 770 - Introduction to Quantitative Methods in Urban
Planning (4 hours): Introduction of mathematical models in urban
planning; descriptive statistics, probVDility, decision theory,
and use of digital computer.

CTR PLAN 771 - Applications of Quantitative Methods in Urban
Planning (4 hours). Applications of statistical analysis in urban
planning; hypothesis testing and parameter examination methods;
computer analysis of urban planning data.

CTR PLAN-780 - Workshop in Urban and Regional Planning Techniques
(3 hours). Techniques in the urban and regional planning process:
spatial 'distribution and management'of population and economic
growth in the city and the region, stressing the applied aspects
of the techniques as used in the profession.

CTR PLAN 832 - Urban Planning Data and Forecasting (5 hours).
Sources of information, data, handling, forecasting, and basic
Studies in urban planning.

CTR PLAN 833 - Consequence Analysis in Urban.Planning (3 hours).
Urban planning studies using cost-benefit, cost-effectiveness,
systems analysis,.and.PPBS approaches.

CTR PLAN 834 - Decision Analysis in Urban Planning (3 hours).
Application of decision theory and analysis to case studies in

. urban planning.

CTR PLAN 870 - Workshop in Quantitative Methods in Urban Planning
(3 hours). Workshop application of quantitative, planning methods
to an urban or regional planning problem.
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COMPUTER AND INFORMATION SCIE10E
, .

CMP IFSC 100 - computerf-in Sbciety (3 hou;). An introductory
course 'of general,interilt to aii,students, .trotting the actual
and potential role of th computer in'.our:soefielty; does not teach
or require computer programmng-

.

tMi5IFSC 505 r. Fundamental Concepts -
Sc holirS),I bduction t

.

computer and inforMat. -4.ewce-

.computation theory and at

CMP(iFSC 511' - CoMputer'l
Science (3 hours). Dev
tedhniqUeepplicable t
-Icience for students.wi

f4U5niputer and Information
he,fundOmentairconcepts of
brete mathematics, logic,

`!

yste Pragramming,for Administrative
opriteW0f programming skills and
prpble s and practices in administrative . tl

n6 prior,computer prOgramming:
.

CMP Introduction.to Computingift"-theciffumanities
(3.9hours). Use of non-numerical prbgramming. language for editing
and:collatingtexts, fo forming ,i.ndiscdS and ,concordances, and
for studied of style,qat utlbn,'ana,litbx-ary influence.

CMP'IT§C Computer
ompute
ence us
mputers'

-IntlroduCtio
1 Or,atdryl_exper
elfcations of c

business..'

nc41 forJlih cpooi Teachers.(5 hours).
,,:organizat3ton',,hardware and softwear;

bat h processing-and, time-sharing;
th'emphasis'on useS education and

4 .

CMP IFSC 610 -, Principles, 'Man-Machine Interaction (5 hours)..
Systems concepts, their jilearement,arildmodeling; behavioral
proCesses; sensin9, feaihin4,,memorcompiex i mation .

processing, and'ddcision_makin4; interface theo nd interactive'
systems. ,,,,. , ,

*CMP IFSC 752' - Tchniques- or SiMulatio of Information Systems
.(3 Aours). Introduction' the'method logy and techniques of the
design of-computer ,simula ion of information systems.

CMPIFSC 765 - Manaemdgt Information Systems (3 hours). Theory
and,plactice of management information systems from the viewpoint
of computer=andinformation science; systems approach to management
and organization; Signific ce of information.

ECONOMICS

ECON 532- Public...Expenditure and Cost-Benefit Analysis (5'hours).
Economics of public choice, public goods, non-market allocations,
collective decision- making, and net-benefit maximation; case
studies:

ECON 550 - Economic Development (a, hours). Empirical and theoretical
consideratioti'of long-term economic changes, including changes in
industrial 'structure, technology, and level of national prOduct;
emphasis on deyeloping economics.

I
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ECONOMICS (continued)
)06

ECON 581 Economics of the Labor Market (5.Sours), Materials
and methods of labtot market analysis; the measurement and behavior
of unemployment, employers' and employees' labor market behavior;
wage determination and labor allocation.

ECON 600 - Applications of Mathematics in Economic Analysis
(5 hours). Coverage.of the most common' applications of:mathematiCs,
to economic analysis and econometrics; the necessary tools from.
matrix algebra and calculus,are provided. 7'.

. ECON 631 - Federal Finance and Fiscal Policy (5 hours). The
economics of government spending and taxation; analysi's of, the
fiscal role and instruments of government and'their effects on
the economy.

ECON 633 - State and Local Government Finance (5 hours).
Economic analysis of revenues and expenditures of state and local
governments; vertical and horizontal relationships between agencies
and units; specific-problems in these areas:

ECON 640 - Probability and Statistical DeciSion Theory (5 hours).
Theory of probability.and.stochastic processes; statistical
inference, tests of significance and analysis of variance;
statistical decision theory/ .

ECON 641 - Applied Regression andcorretapn!liffalysis 5 hours) .

The general linear regression model; mUltiple-Orrelation, path
analysis, analysis of variance and"testsof significance;
specification errors

".

ECON 740 - Inference and Decision Analysis under Uncertainty
(5 hours). Distribution thelty,point;and intery 1 estimation-,
statistical hypothesis testing, deciSiontanaiysis under uncertainty.

ECON 741 - General' Linear Regression Analysis (5 Guts). Multiple'
regression analysis; the 'general. linear model; non-linear and
distributed lag. models. .

EDUCATIONAL FOUNDATIONS AND RESEARCH.o.,
0

69"' Quantitative Te'chniques:forlfducational- Decisions''
(3 hOurs) Principles and problems associated with utilization
of quahtitative techniques and procedures for educational decision
making.

ED-F&R 786 Inttoduction to Inquiry: Quantitative' Methods
(3 hours). An introduction to quantitative techniques, with
mphasis on application in_educational settings.

CP.-4R 789 - Population Analysis.and Educational Plannin 3,hours).
designed to study population trenda, movements, and ,

di' "biltions as they relate to more effective, planning for
- -

schan'systems.
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EDUCATIONAL FOUNDATIONS AND RESEARCH (continued)

ED-F&R 791 - InfOrmation Processing in Education (4 hours).
Major emphases acre placed on current applications, limitations,
problems, and potential of data,,processing, information system,
and computer techkdogy in edudation.

ED-F&R 807 - Educational Survey Research Methods (3 hours).-
A study of the design principles, sampling and data-gatheting
methods used in the conduct of educational survey research.

ED-F&R 808 - Experimental Design in Education I (3 hours)..
An examination of logical principles, especially
the analysipf variance, upd rlying basic experimen,tal designs
employed.iri-educational research.

ED-F&R 809 --, Experimental Design in Education II X3 hours). An
examination of intermediate quantitative principles underlying
experimental

t
design in education, such as repeated measures

c4esigns, hierarchial designs, and the analysis of covariance.

ED-F&R 820 Program/Project Management (3 hours). The use of
management information systems in the planning and controlling of
educational research and development projects, with particular
emphasis on network planning tecahiques.

EDUCATION FOR EXCEPTIONAL CHILDREN

ED-EXCEP 986 - Developmental Assessment I (3 hours). Use of
testing and observational techniques in developmental assessment
with major emphasis on'collect#g and evaluating data related to
global cognitive and affective'qunctioning.

'ED7EXCEP 987 - Developmental Assessment II (3,hours) Continuation
of 986, with emphasis n the techniques develOped to assess
specific abilities and disabili i?es for educational planning.

ED-EXCEP 988 - Developmental As essment III.(3 hours). Continuation
of 987, with emphasis on'the an lysis, synthesis, and interpretation
of data.

ED-EXCEP pevelopmental Assessment IV (3 liOUrs). Continuation
of 988, with-'eMphasis on intervention and the-evaluation of
interventic4tethniques.

GEOGRAPHY

GEOG 580 - Elements of Cartography (5 hours). A study of the
Cartographic techniques of map compilation and presentation
including generalization, symbolization, reproduction, and
simple computer-mapping.

GEOG 670 - Populatibn Geography (5 hours). Analysis of population
distributions, locational arrangements of growth, densities, and
migration flows; spatial relationships between population
variaPles and social, economic,- and'environmental factors.

1-7.
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GEOGRAPHY (continued)

GEOG 800r-.Seminars in Regional Geography (375 hoUrs). The
developmdnt of theory in regional development and its application
to selected problems.

6

GEOG 850 - Seminars in Urban Geography (3-5 hours). The develop-
ment of 'theory in urban geography and its application to
selected problems.

GEOG 870 -SeMinars in Population and Social Geography.(3-5 hours).
The 'development of theory in population and social geography and
its application. to selected problems.

GEOG:823 - Application of Quantitative Methods 4n 'Geography
(4 hoUrs). Application of quantitative methodslt.o geographic
problems; spatial: statistics, area sampling, maps of residuals,
regionaliz'ation,methods, and simulation maps.

GEOG 983,SPecial Topits'in Quantitative Geography (5 hours) .

Applications. of: and statistical models to
probleMsAn ge(?graphIcal'ariAlysis.

HOSPITAL,AND:HEAwCSERVICES ADMINISTRATION

HHSA 831-7 Plannintffor'Health Organizations (3 hours). Description
of techniques:and:Methods essential for planning with an emphasis
on applications in social tOhnical systems and a special emphasis
on-health-Systems.

HHSA 85O Seminar in Hospital Policy and Decision-Making (4 hours).
Policy proce44'and methods of'decisicin making; assignment and
solution ollfantgerial problems,;-.,case studies, with emphasis on
strategy implemenation.I( 8

4

HSA 8 ,,Evaluation in Health and Other Social Systems1(3 hours).
odels OP evaluation including experimental designs, quasi- designs
and ca 6, ,4tudies with discussion of barriers to effective use of
evaluation results in health administration decision-making.

HHSA 1)61 -7, Behavioral and Normative'Deci$iOn Approaches (3 hours).
Decisions as'ilmade by individuals, groups And organizations
,cOmpri ing the health deliyery systems; examination of decision-
;Maker ehavior; strategies to improve decisions.

INDUSTRIAL AND SYSTEMS ENGINEERING

IND ENG 501(- Work Systems Analysis and Measurement (3 hours)'
Analysis of work content; measurement of the performance of
man - machine systems; establishment of standards for the evaluation
of work.

1-8
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INDUSTRIAL AND SYSTEMS ING (continued)

IND ENG 649 Quantitati ign Methods in Systems Engineering I
(3 hours). Model form n and solution methods for system
design problems with emphais on matrix and vector space methods
for static and dynamic' systems.,.

IND ENG 650 Quantitative Design Methods in Systems Engineering II
(3 hours). Use of mathematical techniques; including finite
calculusi,FOtirier* analysis, and assorted transforms in the analysis
of industrial engineering systems.

IND ENG 653 - Engineering Data Analysis (3 hours). Graphical,,
and other specia techniques for estimating parameters and testing
goodness of fit f non-normal distributions to engineering data.

IND ENG 654 - Simulation of Complex,Systems (5 hours). Introduction
to the analysis of systems via discrete, continuous, and combined
discrete-continuous computer simulation models. Generation of
random variables.

IND ENG 660,- Quantitative Health Systems Management-Methods
(3 hours). A survey of operations. research mefrhods applied to
health delivery. Includes model des n and analysis and
application projects in area hospit ts.

IND ENG 662 - Introductigato'ApPlied Decision Analysis.(3 hours).
Introduction to decision.analysis 'and its application. Deals
with modern utility theory and the_application of this theory to
engineering decisions under risk. o'

*. - ._ .

.

IND ENG 755-'ApPlicatie)n of _Benefit-Cost Analysis.(3 hours)'. ,

Multi 3e criteria dedision making; application of benefit-cost
ailalySiscoS -:effectiveness analysis, ancL,Aulti-a'ttribute
ddcision -E.bpO y.-

0 -IIND ENG 762 7'Applied,DecisidnAnalysis (3 hours). Exploration
of s rategies for translating decision analyses,.staffisttdies, 7-,

. and ngineering dec4.9ns:into practice; examination c4 available
data in psychology, sociology, anc;/-*rganizational, analysis?

'V' .14
! .10;1'_

.IND NG 842 -, Operations R search I'(3 hours) : IntrodUctionto 1.
the ature and probleMs of operations research and the Study'of..
actu 1 case histories in t e field. '. ..4

IND ENG 843 - Operations search II (3 hours). The gositpn
of the model in operation res arch and the study of the portant
techniques"tandformal app °achees to research problems.

IND ENG 844 Operations Research III (3 hours). Consideration
of topics'in operatipns in research including research methodology
in the various sciences, and the conduct of actual operations
research investigatiOns.

1-9
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LABOR AND HUMAN RESOURCES

LHR 653 - Human Resource Planning (4 hours). Survey of concepts
and techniques of human resources planning, with special emphasis
on projections of human resource requirements.

14
LHR 852 - Issues in Human Resource Policy (4 hours). Analysis
and evaluation of selected public policies and programs relating
to human resource allocation, conservation,and utilization.

LHR 854 - Evaluating Human Resources Programs (4 hours). A
review of evaluation technology and its application touman
resources programs.

AG,LHR 867 - SOminar in Public Sector Human Resources Administration
(4 hours). Analysis of problems in public sector human resources
management with emphasis on the nature of the employment relation-

c ship, research strategies, and policy evaluation.

MEDICAL RECORD, ADMINISTRATION

MED REC 501 - Health Information Documentation, Analysis,
Storage ana Retrieval SystemS '(5 hours). Introduction to patient
information systems; quantitative and qualitative evaluation of
record format and documentation; -0* medical record administrator's
responsibjlities for design, Icfple' ation, management of systems.

)

mgc, REC 503 -- Health Informa
M'dthodology (5 hours). ComV*
of health and administrati
sources,I collection and rep
administra le,in resew

a th S 00114
REC 51

,1

regis
Hie

rd at ument0requirement alth
and data s4tur'itYt

tilWand Research
-presentation and analysis
a!S, "including definitions,
litems;'medical record

methoddl(gg

lative and ConfiVpntiality I sues ofi

IP
(3 hpurs). Evaluation oh he medical
consistent with medical an legal
cal, delivery system ; / confidentiality

/

/

POLI ICAL SCIENCE

PoLI
-
SC 570 -

forecasts of the fdtii
philosophers and Sci'

ve World Futures (5 hours). Examines
ade by computer simulation, and by
fiction writers; discusses, ways to

change the future throui gh political means.
"*If'

POLIT SC 679 - Policy Analysis (5 hours). An analysis of the
policy process4Mphasizing the determinants of public policy,
theories of public choices,;,and the implementation, impact, and
evaluation of policy decisiOns.

1-10
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POLITICAL SCIENCE (continued)

POLIT SC 684 - Introduction to Political Science Research Methods
(5 hours). Introduction to political science research with
emphasis on. survey and experimental designs, data generation
techniques, data processing, and computer utilization.

POLIT SC 685 - Methods of Quantitative Analysis: Elementary
(5 hours). Explication, interpretation, and application of
techniques for quantitative analysis of political data;
descriptive and inferential statistics, with emphasis on bivariate
analysis.

POLIT SC 686 - Methods of Quan itative Analysis: Intermediate
(5 hours). Descriptive and in erential statistics with emphasis
on multivariate analysis; additional topics offered as desired
and possible: scaling, index construction, sampling, measurement
reliability. °

POLIT SC 702 - Public Opinion and Political Behavior: Psychological
Foundations (5 hours). The formation, organization, and change
of attitudes about American politics; methods of survey design,
and analysis including computer adaptations.

POLIT SC 747 esearch Methods in International Politics (5 houts
Examines a number of research techniques and approaches common in
international politics such as content analysis, simulation,
mathematical modeling and factor analysis:-

.oilSC 779 - 4eadings olkthe PolicyProcess .(5 hours) .

Consideration of the b7 &theories, concepts, and techniques
used in the policy an4 1.g; tfie'deterniinants of public policy';
and the impact and evalwtion of_public pOlicy.

.

POLIT SC 786 - Causal Andlysis'(5 hoiirs). AnalySis of causal
models by SimontBlalock techniques, recursive and nonrecursive
path estimation; special topics include measurement error,
standardization, and ordinal data.

.

.

POI,,IT SC 787 - DiMenSional,Ahalysis urs) . Topics in Jude
measurement and data theory, unfol zng, .koRimity and dom nahce
(Guttman) scaling, multidimension sbain44 and factor a alysis.

POLIT SC 788 Mathematical Theories of Politics(5 hours).
Introduction to various major mathematical thebries of political
phenomena and the role of formal analysis in political scienoe'."

3A0A
4POLIT SC 190:,- Scope and Methods of Political. cience (5. hours): '

9t

An introduction to political science as a scholarly discipline;
examination of trends, conceptS, and scientific Oundations; an
overview of theorybuilding and theory testing..
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POLITICAL SCIENCE (continued)

POLIT SC 803 - Research in Public Opinion (5 hours). Development
and execution of a research design focusing on a problem in
American public opinion; consultation on substantive and
methodological problems offered by instructor.

POLIT SC 813 - Research on Executive and Bureaucratic Politics
(5 hours). Development and execution of 4 research design ..,

focusing on a problem in American, executive. and bureaucratic
politics; consultation with instructor on substantive and
methodological problems.

POLIT SC 817 - Research in Legislative Politics and*Policy-Making
(5 hours). Development and execution of a research design
focusing on a particular problem in American legislative research;
consultation on substanti ft. awl-Methodological problems offered
by instructor.

POLIT SC 867 - Research in Mathematical Political Theory (5 hours).
Design and execution of research focusing on a problem in mathematical
political theory.

PSYCHOLOGY

PSYCH 511 - .Psychological Testing (3 hours). An overview of
theoretical and practical aspectsof the assessment and prediction
of human`Ahavior; topics include achievement, intelligence,
personality, attitudes; interests, and interpersonal relations.

PSYCH 541 - Educational and Vocational Appraisal (4,hours).
Theory and techniques of-appraisal of individual characteristics
as related to the formulation of future educational and vocational
Plans.

P51YCH 609 - Introduction to Quantitative Models.in'Psychology
( hours). Review,of mathematical model buildi g in psychology
thLemphasis upon probabilistic techniques applied to aspects
earning, memory, and perception.

15§CH1610 Introduction to Quantitative Learni g Models (4, hours) .
A continuation of 609; emphasis on non- Markoviai models.

AOPSYCH 615 - Intzoluction to Mathematical Psychology (3 hours),
Survey of current topics in mathematical psychology; topics include
measurement and scaling, decision theory,. signal detection theory,
information theory, and mathematical learning theory.

PSYCH 616 Psychological Scaling (3 hours). Course covers one-
dimensional and multi - dimensional procedures for scaling; ordinal
and metric procedures are discussed; theory and'methods covered.

1-12
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PSYCHOLOGY (continued).

PSYCH 621 - Personnel Psychology (4 hours). Content and methodology
of personnel psychology, including such. topics as job analysis,
interviewing, test validation, selection and placement systems,
performance appraisal, and training.

PSYCH 800 - Advanced Experimental Laboratory (3-15 hours).
Advanced training in the experimental and quantitative methods in
the several areas of general experimental psychologyiand comparative
psychology.

PSYCH 810 - Methodological Foundations of Experimental Psychology
(5 hours). Problems of definition of psychological concepts,
formulation and testing of hypotheses, theory, construction, and
formulation of empirical genealization with reference to design
of psychological experiments.

o'PAt

PSYCH 815 - Decision Processes (4 hours). Introductory couW in
the application of statistical decision theory as a normative
model and analytic technique in the experimental study of cognitive
processes.

PSYCH 820 - Fundamentals of Factor Analysis (3 hours). Basic
common factor analysis model and its application in psychology;
Mbdel, communality estimation, factor extractlon,orthogonal and
'Pp.,9lique rotation, factor scores, interpretation, components

PSYCH 821 - Seminar in Field and Experimental Resear4ch Methods
(3 hours). Logic of the research process, uses and limitations of
major research strategies, and application of specific data
'gathering techniques with special emphasis'on field settings.

PSYCH 823 = Theory/of T st
approaches includ ng traditional mental test theory, assess-

ment theory, and decisi n theory in!relation to constructing and
fop use of various types of tests.

.
. .

PSYCH 825 - Statistics in Psychologyl (4hourS). First of a two-
'quarter sequence in inferential statistics; basic concepts of
sets, probability, distributions, and foundations of inference
anO6ttimation; special applications to psychology.

PSYCH 826 - Statistics in Psychology II (4 hours)., Continuation
of 825; theoretical justification and uses of various inferential
techniques; topics: t, x2,.F distributions, correlation'an&-
regression, non-parametric techniques. ,:.n,

PSYCH 827'- Analysis of Variance (4 hours) A cover' of .

statistical inference in analysis of variance de lysis
of variance designs include randomized blocks, re sures,
mixed models, aid related contrast tests.

. -

.t k.
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PSYCHOLOGY (continued)

PSYCH 828 - Correlational Analysis (4 hours). Techniques and
rationale of using quantitative and qualitative data for prediction;
test and battery analysis and validation.

PSYCH 833 - Methodological Problems in Developmental Psychology
(3 hours). A bridge from formal statistics to current research
in developmental and educational pgichology with repeated measure,
time series data, indices of change, etc.

PUBLIC ADMINISTRATION

PUB ADM 802 - Legal Environment of Public Administration (3 hours).
An examination and analysis of the constraints imposed upon
public administrative processes by the legal environment including
judicial policy-making and the evolving legal order.

PUB ADM 804 - Seminar on Governmental Information Systems
Administration (3 hours). Critical study of the administration
and design of management information systems for public agencies;
selected case studies.

PUB ADM 805 - Semihr on Systems Analysis for Public Policy
Decision (3 hours). Studies in the application of systems
analysis to administrative and policy proble44m.the public
sector; selected case--Studies and problems.

PUB ADM 806 - Public Budgeting and Spending Decisions (3 hours.).
% udgeting as analysis of resource allocation, planning evaluation;
abd control; tools of analysis, for programbudgeting and measure-
ment of program results; case studies.

PUB ADM 850 - Policy Problem Seminar I (3 hours). Multidisciplinary
seminar*integ ated with field .experience in the solut =ion dT actual
public aldmini trative and policy problems;"organized around
problem areas

PUB ADM!867 - Seminar in Public Sector Human Resdurces
Administration (4 hours). Analysis of probleMs in publi see. or
-human resources management with emphasis on the nature of the
employment relationship, research strategies, and policy
evaluation.

RURAL SOCIOLOGY

RURL SOC 642 - Concepts and Theories in Rural Sociology.(5 hours).
A comparative analysis of rural-urban social systems. Analysis
of the decline ofraral-urban differences and the development of
interdependency among rural -urban subsystems.

1-14
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RURAL SOCIOLOGY (continued)

RURL SOC 666 - Rural Poverty (5 hours). Evaluation of the factprs
which tend to create and perpetuate social and economic deprivation.
The socio-economic conditions of poverty subgroups ace analyzel
in depth.

RURL SOC 688 - Social Impact Assessment of "Domestic Deve1Opmeklr
(5 hours). Discussion of concepts and MOthpds, associated with
social impact assessment of 'planned change"programs. 'Primary
emphasis will be placed upon public development programs.

RURL SOC 744 - Rural Sociology Demographya4(5 hours). Application
of demographic principles to rural Communities, rural institutions
and rural social problems with emphasis on population change and
migration.

SOCIAL WORK

SOC WORK 570 - Interpretation of Social Welfare Informatin (3 hours
Examination of different kinds of social welfare data with a
focus on content analysis; case study and descriptive information
with a primary emphasis on interpretation.

SOC WORK 571 Introduction to Research Methods in Social Work
(5 hours). Science and society; research designs; measuring
variables; data collection, processing and analysis; participation
in researc project is required...

SOC WORK 787 - Seminar on the Application of Experimental Designs
to Social Work Research (3 hours). Evaluating the plausibility
of findings from research 'using experimental designs as compared
with the plausibility tf findings from other designs when an
experimental design was :lot feasible.

SOC WORK 920 - Seminar in Socia re Policies and Programs I
(5 hours). Analysis and evalua policll formulation and

matrix of conditions and issues in policy developm nt.
ytical model study aimplementation; utiliAtiOn of a

SOC WORK 970 - Seminar in Social Work Research I (5 0ours)
Examination and evaluation of research designs and their purposes;
basic methodology, construction of hypotheses, data collection,
statistical methods.

SOCIOLOGY

SOCIOL 650 - Introduction to Q4ntitative Research,Techniques in
Sociology (5 hours). An introduction to the analysis...of
sociological data; measurement theory andtechniques.of interpretation;
sampling porocedures in Sociological:reseah',Ori.d 'implications for
inference and generalization.



SOCIOLOGY (continued)

SOCIOL 651 Approaches to Sociological Inquiry hours) . Theory
and practice in essentials of the research procese; comparison of
alternative approaches and design models; questionnaire construction,
interview techniques, and related problems.

SOCIOL 706 - Experimental Research Methdds (5 hours). Survey and
analysis of research designs and statistical techniques permitting
control and/or assessment of error variance in sociological
research by experimental method.

SOCIOL 707 - Problems in Quantitative Analysis (5 hours). A°

survey of'advanced problems in the multivariate analysis of
sociological data; topics covered include elaboration and
specification, causal inference in nonexperimental research and
path analysis.

SOCIOL 752 - Principles and Techniques of Scale Construction
(5 hours). Approaches and techniques in the development and
testing of social aleastirement instruments.

SOCIOL 754 Demographic Analysis (5 hours). An exposition of
census data and vital statistics,, demographic rates, life tables,
cohort analysis, and similar elementary techniques and data
sources in demography.

SOCIOL 756 Migration and Social Mobility (5 hours). Theories
and models of population mobility; determinants and consequences
of the migration process; policy implications of rural-urban migration.

SOCIOL 791 Sociological Methods of Community Analysis (5 hours).
Methods, techniques, sources of data, and objectiVes of correhunity
analysis.

v
SOCIOL 846 - Semin r in the Demography of Urbanization (5 hours).
An alalysis of urb n phenomena using demographic data and
techniques; an ana ysis of the effect of urbanization on demographic
proce ses. 1

STATI TICS

STAT 525 - Statistical Methods (5 hours). Basic concepts of
probability and statistical inference; application to models
involving binomial, Poisson, and ncmal distributions, and linear
regression.

STAT 600 - Statistics Laboratory (1-,5 hours)." Experience is
giVen the student Ap working with real data through association
with curretirgafaCts in the Statistics Laboratory.

A
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STATISTICS (continued)

STAT 635 Statistical Analysis of T Series (3 hours). Time
series models; estimation of the spect density function;
transformations of time series; predictiOn theory applications.

STAT 641 - Linear Models (3 hours). The general linear Model for
regression and experimental desiqns; properties of least square
estimates; distribution of quadratic forms and the analy,Sis'of
variance table.

STAT 651 - Survey Sampling Methods (3 hours). Sampling from
finite populations, domains of study, stratification, ratio and
regression estimates, systematic sampling, one- and two-stage
cluster sampling.

STAT 655 - Multivariate Data Analysis (5 hours). G
analysis of multivariate procedures, clustering and
procedures, multivariate normal proceedings, correl
regression in multivariate analysis, modern dataa.r1,
techniques for multivariate data, applications.

Cal
ification
and

is

STAT 656 Applied Multivariate Analysis (5 hour's16,. MuItivariate
statistical procedures specially related to the hor*1 distribution
multivariate analysis of variance, classificati.1064:Principal
components and elements of factor analysis, applications,
nonparametric multivariate procedures.

STAT 661 Applied Nonparametric Statistics (5 hours). Noncalculus,
treatment of ndriparametric tests, confidence intervals, estimation;
topics include one- and two-sample problems, one- and two-way
analysis of variance, multiple comparisons, correlation.

STAT 665 Discrete Data Analysis (4 hours). Introduces qualitative
or Categorical data analysis, contingency tables; cross-sectional,
prospective, retrospective and controlled comp rative trials;
,sample size determination, combining evidence, and(misclassification
erroris.

STAT 671 Simulation and Monte Carlo Techniqu s (5 hours). Th
use of digital computer program in simulating he operating
characteristics of.a 'complex system and'in ap roximating solutilons
by random sampling; programming applications.

STAT 742 Analysis of Variance (3 hours). Theory-.of the general
linear model; leaSt'square estimates and properties, especially
in non -full rank models; analysis of variance technique; factorial
deSigns.

7:1

STAT' 74,6 Dps-4.1*-and Analysis of Experiments (3 hours), A
1*contirillaticui4T 742; various experimentaI'designS; analysis of
,:covarianc4VMixed and random models.

a
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STATISTICS (continued)
vit

STAT 751 - SUrveySampling Theory (4 hours).. Theory of .sampling-
from finite popOations, simple random and. unequal probability
Sampling, stratification, ratio and regression estimates, cluSter
sampling; recent developments.

STAT `755 -.Multivariate Analysis I (3 hours) . Multivariate
'normal distribution, Wishart distribution, Hotelling's-T,
multivariate analysis of variance, multiple correlation, roots
of determinant equations, discriminant functions, and applications.-

STAT-756 - Multivariate. lalysis V.i.(3 hours) . Continuation of
755.

STAT 824 - Statistical becision Theory I (3 hours). Introduction
to the theory of games, statistical games, admissibility and
completeness, complete class theorem, principles of sufficiency
and invariance, sequential games.

1-18,-

4 .t/ 96



DEPARTMENTS OFFERING QUANTITATIVES METHODS

Aycounting

AgriduAural Education

Business AdMinistration; Finance

Business Administration: Management Science

Business Administration: Marketing

City and Regional Planning

Computer and Information Science

Edonomics

Educational Foundations and Research

Education for Exceptional" Children

Geography

'Hospital and Health Services Administration

Industrial and Systems' Engineering

Labor and Human Resources

-Medical Record Administration

Political SCiene

Psychology

Public Administration

RuralSoCiology

Social Work

Sociology

Statistics
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WHARTON SCHOOL MBA PROGRAM

DEPARTMENT OF DECISION SCIENCES
UNIVERSITY OF PENNSYLVANIA

Sample Program with Major Reguirement in Decision Sciences F

Management Core (6 Units)

BA 800 Accounting .

BA 803 Management and'Organizational Behavior .

BA 805 Economic Analysis and Policy (Microeconomics)
BA 806. Economic Analysis and Public Policy v
BA 807 QUantitative Methods II
BA 808 Statistical Analysis

Noncredit Skill Courses

BA 814
BA 815
BA 891
BA 892

Problem Solving Using the Computer
Quantitative Methods I
Oral Communication
Written Communication

(Managerial Disciplines (4 Units)

BA 713
BA 812
BA '904

' BA 905

Financial Analysis
Legal Aspects of Business
Management of Industrial Relations
O'rganizatibnal Policy

Decision Science (9 Units)

BA 650 Management Decision Analysis
BA 651 Stochastic Decision Systems
BA 655 Operational Planning and Control
BA 659 Advanced Topics in Quantitative Methods
BA 660 Management Information Systems
BA 661 Systems Analysis, Design & Implementation
BA 662 Information Systems for Functional Areas
BA 664 Database Management
BA 672 Model-Based Planning Systems

0

Based on.MBA Reguirements detailed in Wharton Graduate Division
Course Guide 1979-1980
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MANAGEMENT CORE
EA800
Accounting
Associate Professor brennan'
Fail, Spring, Summer

GENERAL DESCRIPTION:
The :rode of accounting is the accumulation,.analysis.and
presentation of relevant financial,data of--an enterprise to
serve,the needs'of decision makers. The provision of ulti:-
ple-purpoSej.nforMation.to.serve the needs of owners,'
creditors and many Other types of interested.parties outside
the film.'s management is referred to as financial accounting.
Providing data for the internal needs of management is referred .

to.as managerial'accounting. The obiectivecf-this course is
to introduce `the student to the basid concepts, standardS.
andApracticesof financial .reporting:.

The first one-third of the course is devoted to-Iinanckal,'
aFcounting: the basic financial reports or statements;
analysis- and - recording of business transactions; underlying
'6"oncepts and procedures; 'the preparation of the statements,

The.middle-one=third of the course is-devoted.to a more
detailed Study ,of some aspects of :financial Accounting that-
have, wide-spread signifidance inventors; ,long-term
productive assets; bonds and other liabilities; stockholders'
dquitY; the statement of 'changes in financial,PositiOn.-

The last part of the course is concerned with managerial
acCoUnting; which is oriented toward internal control by
-management: °acdounting for production costs.-
cost- volume - profit relationships; special problems of
overhead costs; ,standard costs.

COURSE FORMAT:
All assignMents in preparation for.class consist,of text
readings and the solving of related problem materials.
Teaching method used'in class sessions is the discussion of ,

-the topical area, with the assigned problems serving as a
means of coordinating the discussion.

COURSE REQUIREMENTS:
Thereare-two midterm examinations and a final examination.
A midterm examination is scheduled at the end of each of-the
first two segments of the course, emphasizing those parts of
the course, and the final examination emphasizes the last
part of the course.

PREREQUISITES:
None.

COURSE MATERIALS:
Davidson, Stickney and Well, Financial

Accounting: An Introduction to Concepts, Methods and
Uses, Dryden Press, 1979, 2nd edition.

LoUderback and Dominiak, Managerial Accounting.
Wadsworth Publishing Co., 1978:



tBA803
Management and. Organizational Behavior
Profeesor Schein and Staff
Fall; Spring

A

GENERAL:DESCRIPTION:
ManageMent and Organizational Behavior is a core course
designed to provide basic grounding in three major areas of
management: 1. behavior of individuals and small groups;
2.' design and change of organization structure; 3.
Strategy making, piannin2 and control procesSes. The course
content will be based on'concepts,from successful managerial
practice, relevant theories and empiricalresearch. The
purpose is to Provide knowledge cpncerning significant
managerial "choices of compensation schemes, organization
forms, product/market strategy, etc. The basic grounding is
toTrovide accePtdiAe levels ,of competence for those
students taking only-one Management course and a foundation
for more advanced Management coursesfor those continuing or
majoring in Management.

Management and Organization Behavior is a multi-section
course. As such, each section will follow the same
syllabus, use the,same text, use the stone- cases and take a
common final exam. On the other hand, to take advantage of
the various unique skills of the faculty,, each one may use
various teaching techniques to transmit the, same content.
In addition, each faculty membe'r may add various articles or
cases that may be needed. Students are asked to purchase a
fee card t6 cover these materials.

COURSE FORMAT:
'Case study and 1Scture.

COURSE REQUIREMENTS:
Case study papers, presentations, and exams subject of
indiVidual instructor.

PREREQUISITES:
None.

COURSE MATRIALS:
Bulk packet to be obtained from Wharton Duplicating.
Hampton, Summer and Webber, Organizational Behavior and

Practice of Mana ament, 78.
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oBA805,
Economic Analysis and Policy, (Microeconomics)
Professor Phillips
Fall, Spring, SuMmer

GENERAL DESCRIPTION:
This course deals with theory of the consumer,, theory of the
firth, organization of competitive markets, monopoly, market
power, government regulation and taxation, social choice',
public goods and externalities, and public policy. This
course is taught at\an intermediate level tailored to MBA
candidates. Special sections emphasize particular
applications. \-

COURSE FORMAT:
Lecture.

COURSE REQUIREMENTS:
Solving problems alone nd with groups of students. Exams
by individual section.

PREREQUISITES:
None. The student who has never previously studied
economics might find it useful to skim through an
introductory economics text such as Samuelson's Economics or
Mansfield's Economics. The level-of mathematics used
assumes that the student has already successfully completed
the Wharton elementary calculus requirement (either by a
waiver or by BA815). Students who majored in economics as
undergraduates (or who have taken a large number of
economics courses already) should not be taking this course.
Th0y are encouraged to take the waiver exam or substitute
with another course.

COURSE MATERIALS:
The principal text used in the course will be Microeconomics
(second edition) by Edwin Mansfield or an equivalent text.
Large segments will also be read from F.M. Scherer's

ti Industrial Market Structure and Economic Performance. These.
books ,are available in the bookstore. Several copies have
been placed on reserve inLippincott Library. The non-text
readings have largely bepn accumulated in a bulk pack for
each section. The bulk pack is available from the Wharton
Duplicating Center, Dietrich W-33. Outside readings which
are not in the bulk pack are on reserve in Lippincott.
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BA806
Economic Analysis and Public Policy
Associate Professor Santomero and Staff
Fall, Spring, Summer

GENERAL DESCRIPTION: 4

This is a course required of all students, except those
who-7haying prior training in macroeconomics, money, and
banking and stabilization policy at an intermediate/advanced
leyel--obtain aowaiver'either by credentials or by passing
an examination. (The waiver examination is usually heldin
early September and January). The purpose of.BA806 is to
'trainothe student to think systematically about
bacroeconomic,policy, to be able to evaluate the economic
environment within which business/government decisions are
made.: The course emphasizes the use of theory to under$tand
the. operation and impact of policy. Specifically, 'the
course studies the determinants of the level of national
income and of interest rates; the supply of money; the
analysis of inflation and of the balance of payments; and
the .formulation of the operation and working of stabilization
policies.

COURSE: FORMAT:
Clasarbom slecturea arid, discusion. The balance may be

-.2-expected to vary s- reflecting the preferences of the
individual instructors.

COURSE REQUTREMENTS:\
Two midterm examinationa and one final examination are given'
in common for all instructors. Individual instructors may
supplement these with other assignments.

PREREQUISITES:
1. BA815 or equivalent.
2. No formal prerequisite of prior training in economics is
stipulated. However, students with no college level course
work in economics frequently experience considerable
difficulty, since the subject matters covered in BA806 ar9
extensiye the coverage is at an intermediate/advanced
level, and topics are developed rather rapidly. Students
with no prior training in economics are urged to remedy
this, minimally, by private reading Qf a basic introductory
text. (Those by McConnell, Mansfield or Samuelson are
particularly recommended for self study).

COURSE MATERIALS:
These vary from term to term.
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BA807
Quantitative Methods II
Associate Professor Hershey and Staff
Fall,-Spring, Summer

GENERAL DESCRIPTION:
This core course /introduces the basic concepts and methods
of "Operations Research" or "Management Science" and their
application to the analyses of management decision. problems.
The focus of the course is on those methods of decision
analysis which have proven most useful in avariety of.
private and public contexts. The general *tent of the
course includes mathematical modeling, decipion analysis
under (assumed) certainty, constrained optitnil'ation, and
decision analysis under uncertainty. This is reflected in.
such specific topics as inventory analysisil linear
programming, sensitivity analysis, probability theosFyi
decision trees, and simulation.

COURSE ALTERNATIVES:
The, course is designed for students with limited quantitive
'backgrounds. Students with quantitative training or
experience (e:g. in engineering, science, mathematical
etc.) are urged to consider substituting a more advanced
course which will offer a better educational,' experience.

COURSE FORMAT:
Class sessions will be conducted as a mixtur otif lecture and
discussion, making use of some case studies4a d problem
assignments. All sections will cover the same basic
material, but -may have minor variations in emphasis. A
special health care section is taught in the fall using a
number-of cases and problems drawn from the health industry.
Students who are not Health Care Administration\ majors need
special permission from the DecisionSciences Departmept to
enroll for this section.

The course will meet for an introductory session', on 'the
first day of classes. This will provide an opportunity for
all entering students to discuss their course selections and
substitution options with their instructors before the drop

cand add period.

)'COURSE REQUIREMENTS:
A common midterm and final examination are given to all
sections, as is a computer-based case project. ProbleM
assignments are due weekly to help the student assess his or
her comprehension of the material.

PREREQUISITES:
BA815--Quantitative Methods I. (The two can be taken
concurrently only with special permission.)

COURSE MATERIALS:
Textbooks to be determined. --
(Bulk packet readings from Wharton Duplicating (W-33 DH).



4.13A8018-

Statistical Analysis for M4nagement
Professor Hamburg and Staff
Fall, Spring

GENERAL DESCRIPTION:
Probabilistic models are developed in this course for
decision making and inference in the presence of
uncertainty. The calculus of probability is developed and
is illustrated by such discrete random variables aa the
binomial, Poisson, and hypergeometric. Among continuous
random variables particular attention_is given to the normal
distribution because of its importance in classical
statistical methods. Sampling procedures are treated, and
methods are developed for making inferences about mean
values, measures of dispersion, and proportions from
samples. Chi-squared tests of goodness of fit and
independence are developed. The relationships between
variables are investigated by simple linear correlation and
regression, and extensions are given to multiple regression
4kalysis and analysis of variance for several predictor
lidriables. The course is designed to develop critical
judgment and t.,o foster managerial decision-making ability
using quantitative tools.

COURSE FORMAT:
Primarily lecture, recitation-class and discussion format.

COURSE REQUIREMENTS:
The student'is required to carry out a multiple regression
analysis for several predictor variables using the computer
assigned problems; two midterm examinations; a final
examination.

PREREQUISITES:
A working knowledge of differential and integral calculus.

CARSE MATERIALS:
Hamburg, Morris, Statistical Analysis for Decision

Making, 2nd edition, Harcourt Brace Jovanovich, 1977.



NONCREDIT SKILLS COURSES
.BA814
Problem Solving Using the Computer'
Director of the Wharton Computer Center and Staff
Fall, Spring, Winter, 'Summer

GENERAL DESCRIPTION:
The MBA program is geared toward producing 'managers. The
tools available to a modern manager include basic computer
skills) it is the goal of the BA814 course to provide
students with those skills. The course has two objectives:
1. To develop in prospective managers an ability to
recognize certain applications in which a computer can
assist in decision-making; 2. To develop in those managers
an understanding of how to apply the computer to,such a
situation.

The BA814 course is made up_ of the following phases: 1. An
orientation to the Wharton Computer Center's DECsystem-1090,
to teach students how to use the computer effectively in a
timesharing environment; the knowledge gained here will be
utilized later to complete assignments from various courses
in the MBA curriculum; 2. Development of a working
knowledge of APL, a powerful interactive computer language;
programming exercises will provide potential managers with a
basic understanding of how- the computer can assist them in
solving business problems.

COURSE FORMAT:
Series of lectures to complement the material presented in
the text; prob em exercises and quizzes to test
understandi . Final project incorporates different aspects
of course material.

COURSE REQUIREMENTS:
A series of problem exercises using-the APL language to the
DEC-10, three quizzes and a final project.

PREREQUISITES:
None
Students are.encouraged to complete the 814 requirement in
the summer or winter terms.

COURSE MATERIALS:
Bulk package containing 15 chapters of course text, problem
assignments; glossary of terms and other supplementary
material.

A
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.4,BAB15
Quantitative Methods I (Remedial Calculus)

to
Staff
Fall, Midwinter Break, Spring, Summer (latter half,of August) ,

GENERAL DESCRIPTION:
This course is designed to provide an adequate mathematical
background for subsequent courses in operations research,
statistics and economics.

The common functions of applied mathematics are studied by
the methods of calculus, with emphasis throughout on the use
of graphical and intuitive reasoning. The derivative .is
visualized as the instantaneous rate of'chan4e of a
function; it is used in the construction of graphs and in
the solution of optimization problems. Integration is
introduced as a summing process for functions. The
necessary computational techniques are presented, but the
development of an intuitive understanding and appreciation
of the calculus is the primary goal.

COURSE FORMAT:
Lecture and discussion.

COURSE REQUIREMENTS:
A final examination, which also serves as the BA815 waiver
examination. Problems are suggested but nor required. A
midterm quiz to gauge progreSs is typically offered. A
waiver examination is also given midway through the fall and
spring semesters for those who are ready to complete the
requirement at that time.

PREREQUISITES:
Material which will be reviewed at the start of BA815 but
which the student should know before taking the course
includes: linear functions, slopes of lines, logarithms,
simultaneous equations, and algebraic manipulation of
fractions and quadratic functions.

etib

COURSE MATERIALS:
Freund, John E., College Mathematics with Business

Applications, 2nd edition, Prentice-Hall
Englewood Cliffs, N.J., 1975.



oBA891
Oral Communication
Lecturer Wolford
Fall, Spring

GENERL DESCRIPTION:
All MBA candidates are required to demonstrate proficiency
in oral and written communication.

To satisfy the oral communication requirement (BA891),
students may elect o either be evaluated in one of the
designated courses requiring oral presentations (e.g.,
certain sections of BA801, BA803, BA650, BA660, BA819,
BA842, and others) or take an oral communication workshop
1-1/2 hours a week for five weeks.

General topics covered in oral' communication workshops
include: Persuasion; Personality projection; Methods of
holding audience attention; Visual aids; Organization;
Delivery:

In addition to these workshops, the Communication Program
offers special seminars'in running meetings, media relations
and other pertinent topics.

SECTIONS:
BA891 is free and not given for credit. Students may
register by coming to the Communication Program office,
E-13 Dietrich Hall.
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BA892
Written Communitatiqn
Lecturer Robbins
Fall, Spring

GENERAL DESCRIPTION:
To satisfy the written communication requirement (BA892)
students may elect either to be evaluated by the
communications staff through writing assignments in BA803 or
thr ugh other courses requiring a significant. amount of
writ ng, or to take one of the writing workshops offered
throu hoot the year.

General topics include: 1. Style vs. content;
g2. Principles of revision; 3. Letters, memos, resumes;
4. Research techniques; 5. Editing; 6. Personal writing
problems.

SECTIONS':
Evaluation ough Coursework. In order to satisfy the
written communication requirement, students taking BA803_,_/-
will automatically registered for BA892.

Written Communication Workshop. You may also register for
BA892 by signing up for any section of the Writing
Workshops.' Choose a section of BA892 from course listings;
be ,sure to note dates and times since sections vary.
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MANAGERIAL DISCIPLINES

Financial Analysis
Adjunct Associate Professor Percival and Staff
Fall, Spring, Summer

GENERAL DESCRIPTION:
This course serves, a* an introduction to Business Finance
(Corporate Financial Management and Investments) for both
majors and nonmajors. The course develops tools, concepts
and relationships needed for many upper level major courses
and gives a general overview of financial management needs
by non-majors. Topic covered include: analysis and
projection of financial statements, breakeven analysis,
operating leverage, financial leverage, capital-budgeting, *

sources of capital, capital structure, cost of capital,
valuation, investment decision making under uncertainty,
portfolio analysis and capital asset pricing.

COURSE FORMAT:
Primarily lecture.

COURSE REQUIREMENTS:
Midterm exam and final. Additional requirements differ from
section to section; include cases, homework problems,
company analysis.

PREREQUISITES:
BA800 prerequisite; BA808 prerequisite or concurrent.

COURSE MATERIALS:
Brigham, and Weston, Managerial Finance. Brigham, and
Johnson, Issues in Managerial Finance. Bulk pack of
readings.



BA904
Management of industrial Relations
Associate Professor Perry
Fall, Spring

GENERAL DESCRIPTION:
This course is designed to provide students with an
understanding of the basic economic and institutional forces
which influence management decisions on the terms and
conditions of employment for its work force. Primary
emphasis is placed on the procedural and substantive
constraints imposed on management by labor Unions and
collective biargaining in order to highlight the sources of
conflict and role of bargaining power in the determination
of wages, hours; and other terms and conditions of
employment. Attention is also given to the impact of the
growing system of government regulation of employment
policies and practices on management, unions, and collective
bargaining.

COURSE FORMAT:
CYasses are a combination of lecture and discussion on
specific topics. Discussion of current events is encouraged
at all times. The course concludes with a mock contract
negotiations for which the class is divided into sets of
union and mangement teams.

PREREQUISITES:
None. '

COURSE MATERIALS:
Thebasic texts for the course are:
Sloane and Whitney, Labor Relations.
Rees, The Economic of Trade Upions.
In addition, outside readings are required which are on
reserve in both Lippincott Library and the Industrial
Research Unit's Library.



4.13W5
.Organizational Policy
Peofessor Ozbekhan
Call!, Spring
4
GENERAL-DESCRIP N:

This course is a attempt to- inquire in depth into the
current and eme ing practices of decision making,
management strategies and policy formulation in the
planning-mode. Its approach-to the subject could be called
"dialectical": the perspective being that of general
managers at all levels0.s well as that of an outside
.consultant who has been invited to help them improve the
decision/action processes of the organization.

The substantive argument which runs through the course is
built around a generalized planning paradigm grounded in
system-theoretic approaches which allow the student to
proceed from the initial Problem structuring phase, through
normative, stategic and organizational planning, to
implementation. Emphasis is on the subtle, ydt powerful,
interactions that exist between objectives, strategies,
policies and organization design - -in environments that.are
changing not only rapidly, but in ways that make them
increasingly more complex.

Newly developed analytical and synthesizing method6 and
techniques -- Dissonance, Analysis, Idealization, Scenario
Construction, Objectives and Goals Derivation, etc.-
which are getting to be used in the most advanced
planned-decision/action..processes are elaborated in some
detail.

COURSE FORMAT:
The basic format of the course if.the lecture, because the
classes are usually rather4larger.. However, the instructor
makes an effort to conduct the lectures with a great deal of
dialogue thrown in.

COURSE REQUIREMENTS: -

Requirements change from semester to semester, depending on
the instructor's assessment of the temper of the class as a
whole. This means that sometimes a short individual midterm
paper might be required. This is, generally speaking,
"participatively" determined.

The principal requirement is a final. paper at the end of the
term.

PREREQUISITES:
BA803, and also a deep interest in the realities of our
changing world. Also a capacity of being able to think
creatively in terms of "design."

COURSE MATERIALS:



ABA812 -

Legal Aspects of Commercial Transactions (of Business)
Associate ProTessors Dunfee and Shurtz, LecturerAElader
Fall, Spring, Summer

GENERALDESCRIPTION:
This course .covers the basic substantive law of commercial
transactions. Legal topics covered, include contract law,
agency law, sales law, and the law of negotiable
instruments. Recent developments and business applications
are emphasized.

CSE FORMAT:
Lecture and discussion with coverage of legal cases and
legal problems based on cases.

COURSE. REQUIREMENTS:
Students are expected to have read the case excerpts
assigned for each class. A midterm and a final 'exam will be
given.-

PREREQUISITES :>
None. it is suggested that students who had (as
undergraduates a basic business law course take .a graduate
Legal Studies course other than BA812. (One alternative of
generaltinterest is BA952. A description for this Legal
Studies option appears cm the next page).

COURSE MATERIALS:
Depending on the instructor, either Lusk, ,et al., Business
Law Principles and Cases (Richard D. Irwin, 1978) r Smith
and Roberson, Business Law (West)-is used.



C

.BA952
Legal Aspects of the Management Process'
Professor Kempin
Spring

GENERAL DESCRIPTION:
The course is a study of the partnership, limited
partnership, and, for most of the course, the corporation,
from the vantage point of staff and line officers.. The
objectives of the course are to give the student: 1. An
understanding of the place of the corporation in society,
taking into account its history and development;
2. Knowledge of the principles of legal authority that
enable one to Cause the organization to be'bound to third
pertons in contract or in tort; 3. An overview of the -
legal duties of business managers to their various

(.,constituencies: the organization itself, shareholders,
creditors, employees, customers, and the general public;
. An understanding of the, application of criminal law to
organizations and their managers; 5. An opportunity to
compare the intended effects of statutes and legal
principles with practicalities of the management
process. Topics include the history of business
organizations; -principles of authority, partnership
management, crimes, :torts, and dissolution; limited
partnerships; the%theories,.of the corporation; limited .

liability; power of stockholders, directors and officers;
corporate torts and crimes; dividends; management's duties
to the corporation, sharehplders, creditort"4- and to 'the
public.

COURSE FORMAT:
Discussion of cases and problems.

COURSE REQUIREMENTS:
One intraterm exam and one 'final.

PREREQUISITES:
None.

COURSE-MATERIALS:
Kempin apd Wiesen, Legal Aspects of the Management Process,

West Publishing Company, 2nd edition, 1976.



Decision Sciences
11A650
Management Decision Analysis
Associate Professor Fisher, Assiseant Professor Elam, and
Staff
Fall, Spring

GENERAL DESCRIPTION:
BA650 is a quahtitative methods course oriented around case
studies involVing resource allocation, decision analysis and
simulation. The course is particularly appropriate for
students with some quantitative background or for those
interested in an extensive and practical treatment of
management decision making methods. Methodologies for
structuring analysis will be presented for problems in both
the public and private sectors.

This course can be taken as an alternatiteZtpitthe core
course BA807 by students who have a reasonable level of
confidence and maturity in dealing with quantitative
problems and methods.

COURSE FORMAT:
As part of the c se the'class will discuss published
articles and case with decision problems in a
variey of managerial contexts, ex.g.- banking,
manufacturing, p*opcess industries, utilities and services
sector systems. For purposes of case analysis the class
will be divided into teams and each team will lead the
discussion on one or more cases.

COURSE REQUIREMENTS:
Midterm and final examinations, written and oral group
presentation of a Case.

PREREQUISITES:
Confidence and maturity in dealing wit044qantitative methods
and problems. Those with undergraduate majors Ph math,
science, eneneerin g, economics br business should be well
qualified.

COURSE MATERIALS:
Required Materials:
Bulk Petket, a packet of text and case materials ,

available from Wharton Euplicating Center.
Text:
Eppen,G. and F. J. Gould, Management

Science in Pra tice.

Reserve Material (Lippincott Library):
Raiffa, Howard, ecision Analysis, Addison-Wesley,

1968.

Hillier, F.S. nd Lieberman, G.J., Introduckion to
Operations esearch, Holden-Day, 1974, 2nd dition.

Wagnet, Harvey M., Principles of 0 erati Research,
Englewood Cliffs, Prentice-Hall, 1'69.

Kim, C., Quantitative Analysis for Managerial
Decision, AddisdH=Wdiey, 197E-



4.13A651
§E.ochastic Decision Systems
!Assistant Professor Peastacos
Fall 4

GENERAL DESCRIPTION:
Uncertainty has a decisive influence on the shaping of
business decisions. Almost every phase of consumer and firm
behavior is affected, by it.

This course is a methodology course dealing with problems
amd models for decison making under uncertainty. The
course will be 4irected toward illustrating the itiost
important stochastic models, and their applicatidn to the
functional areas of business. Material to be covered
includes theitopics: static analysis, dynamic programming,

,Markovian decison processes and simulation.

COURSE FORMAT:
Lectures, cases, problem-solving exercises.

COURSE REQUIREMENTS:
Exams:

iPREREQUISITES:
808, BA650

OURSE MATERIALS:
illier & Lieberman, Operations Research, 2nd. ed.,

Holden-Day.

Elton & Gruber, Finance as a Dynamic Process, Prentice-Hall.

DeGroot, Optimal Statistical Decision, McGraw-Hill, 1970.

Bulk-packet.
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.BA655
Operations Planning and Control
Assistant Professor Cohen and Staff
Fall, Spring

GENERAL DESCRIPTION:
This course is concerned with the analysis of operational
decision making in a variety of managerial contexts. Topics
covered include: process analysis, inventory control,
detailed and project scheduling, aggregate planning,
capacity management, facilities planning, logistics and
distribution systems, technology planning and operation
strategy. The course considers basic analytic tools
required for these topics through a review of relevant
models and studies. In. addition, cases are considered which
both illustrate the relevant tradeoffs and explore the
impact of operational decisions throughout the organization
medium term tactical decisions to long term strategic
decisions is carried out.

COURSE FORMAT:
A mixture of cases, lectures, group presentations, site
visits.

COURSE REQUIREMENTS:
A variety of cases and homework assignments (both individual
and group) and a final exam.

PREREQUISITES:
BA807, BA650 or equivalent.

COURSE MATERIALS:.,
Operations Management: Text and Cases by Marshall et al.

Bulk Packet.



BA659
Advanced Topics in Quantitative Methods and Operations Mgmt.
Assistant Professor Cohen
Spring

GENERAL DESCRIPTION:
The specific content of thi course varies from semester to
,semester, depending on student and faculty interests. The
current topic is Applied Dynamic Stochastic Systems which
reviews pertinent theoretical foundations of dynamic
programming, stochastic control and Markov Decision
Processes with a view toward their application in management
science. Topics to be covered include: discrete time
stochastic reward systems with particular emphasis on
stochastic inventory and production systems.
Continuous-time formulations of stochastic control problems
and semi-Markov decisioh processes will also be pursued.
The main thrust of the course will be to explore the theory
and more important applications of dynamic stochatic
systems to production, finance, and marketing decision
problems.

COURSE FORMAT:
Lecture, student presentation.

COURSE REQUIREMENTS:
Course requirements include the lectures, some exercises,
and a research paper. Auditors welcome.

PREREQUISITES:
A reasonable level of mathematical maturity will be
presupposed. Explicit prerequisites are 600-I, 600-II (or

equivalent) and real analysis. Expdgure to OR606 will not
be assumed.,

COURSE MATERIALS:
A bulk packet consisting of recent articles, case studies,
and text materials.



oBA660
Management Information Systems
Associate Professor Morgan and Staff
Fall, Spring, Summer

GENERAL DESCRIPTION:
BA660 is a full credit replacement for BA801 and should be
taken by those students who expect to take further courses
in Decision Sciences. The course considers the computer
its history, components and architecture; file organization
techniques and database management systems; the management
use of computers for data processing, planning and decision
support; and the process of systems analysis and design
whereby technology is brought to bear on the problems of
management.

COURSE FORMAT:
The course, will be presented through lectures, problem
assignments, cases and class discussion. There will be
approximately five problem sets assigned throughout the
semester.

COURSE REQUIREMENTS:
A midterm exam will be given. In lieU of a final, a
research paper on a selected I/S topic will be required. In
addition, a final case will be distributed during the second
half of the semester and assigned to teams. This case will
require a synthesis of all material presented during the
course. Both a written and an oral presentation will be
required.

PREREQUISITES:
Students must have completed the BA814 programming
requrement prior to entering BA660.

COURSE MATERIALS:
Textbooks:
Senn, Information Systems in Management.
Kenn and Scott-Morton, Decision Support Systems.
Bulk Pack, available from Wharton Duplicating Center.
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BA661
Systems Analysis, Design and'Implementation
Assistant Professor Hackathorn
Fall

GENERAL DESCRIPTION:
BA661 is an application-oriented project course in systems
analysis, design and implementation. We recognize the need
for information systems that effectively meet the current
needs of an organization, are flexible and thus can meet
future unanticipated requirements, and operate efficiently.
We note that all too often information systems are ill-
conceived and poorly implemented. The goals of this course
include: 1. Training managers in the design, capabilities
and limitations of information systems; 2. Beginning the
training of professional systems analysts; 3. Providing
future managers and systems builders with techniques for
facilitating the project implementation process.

I

COURSE FORMAT:
The course is divided into four ma or units. The first
three comprise readings and lectures in the areas of
analysis, design, and system implementation. The final unit
will include student presentations of cases and assigned
study projects undertaken for corporate "clients."

COURSE REQUIREMENTS:
There will be five small exercises assigned as indicated in
the syllabus; these are designed to strengthen the
student's understanding of concepts covered in the course.
A programming exercise in ASAP will also be assigned.
Finally, there will be two projects assigned to integrate
the material presented, a case prepared for class discussion
and the study project. The majority of these exercises will
be done as group projects. There will be no examinations in
the course.

COURSE MATERIALS:
There is no required text for the course. There is a bulk
pack available from Wharton Duplicating that will be
required. There is also an ASAP 2.0 System Reference Manual
that should be purchased by each group. The following
additional texts are recommended.
Brooks, The Mythical Man Month.
Burch and Hod, A Case Workbook for Systems Analysis.
Weinberg, The Psychology of Computer Programming.
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liA662
information SyrIttlina for Fnactiotial Are:ati

Fall, l;ptinq

GENERAL DE:WRIPTION:
This course deals with the ways in which general and
functional managers can exert effective management controls
over the' applications of computers-and-information systems
in their divisions or departments. Two principal issues are
addressed in the course: systems analysis and design, and
the management of an MIS effort.

Systems analysis and design consists of (1) identifying the
inputs (Oita) and outputs (management reports) of an
information system; (2) determining how the imputs are to
be transformed into outputs (e.g., retrieval of a data
element, aggregation of several data elements, statistical
analysis, etc.); and (3) determining the important
characteristics of the information processing system, such
as record content and file organization.

The management of MIS effort will be examined in the second
.part-of the course. Readings and case studies will be used
to illustrate the problems faced by an MIS manager--for
example, preparing an MIS plan, implementing the plan,
selecting computer hardware, designing computer software,
managing for working with computer professionals, and
designing a "total" or "integrated" MIS. The purpose of
this part of the course is to prepare the student to
supervise and work with MIS managers.

COURSE FORMAT:
The course will consist of a set of reading assignments and
case studies that illustrate the applications of computers
and MIS in a variety of organizations--for example, a
manufacturing department, a marketing department,, a
comptroller's office, a project management staff, a
personnel department, a corporate headquarters, etc.

COURSE REQUIREMENTS:
The final grade in the course will depend on performance on
the cases and on a take-home final examination. (This
course, like most of the information systems courses, has
been renumbered. It was formerly DS222).

PREREQUISITES:
Any introductory information systems courses (BA660, etc.)

COURSE MATERIALS:
McFarlan, Warren F., et al., Information Systems

Administration, Holt, Rinehart, & Winston, 1973
Price, Thomas R., Information Systems for Management

Planning and Control, 3rd ed., Irwin, 1975
"Merrill Lynch, Pierce, Fenner and Smith," (Parts A and B),

and "The Sujakan Company," available in a bulk pack from
the Wharton Duplicating Center.



.111A664

Ostabseis Kallayiemstit
Assistant Proreasol Clemons
AprAHV

GINEKAL OteiCSIPTIONi
The increased use of computers by organizations, the recent
advances in data management technology, and the growing
realisation that various units within the organization
depend on common information, is causing dramatic growth inthe ussfof database management systems. This course will,
examine various theories of data, including the hierarchical
model, the relational model, the entity-set model and thenetwork model. Implementations of database managementsystems will be considered, with a focus on the SEED system.
The course also examines topics related to the application
of database management systems, including database design,Cost trade-offs, and the implementation of application
programs. Associated costs and efficiencies will be an
important consideration at all levels. Students will have
an opportunity to use a recent advance in the technology,
Micro-SEED, a microprocessdr-based database managementsystem.

COURSE FORMAT:
We will hold an all day
all day session will se
operation and use of S
demonstrations will be
the opportunity to de
own on-the-spot. DB
consultants. Several
cancelled to compensate

OL
(1 AM to 4PM) DBMS marathon. This

to introduce students to the
and Micro-SEED. Various on--line
en, and students will then have

d implement databases of their
is will be available as
y scheduled sessions have been
e time used for the marathon.

COURSE REQUIREMENT:
All students will be required to complete a project involving'
the implementation of an extension to or application gf
SEED. There will be four short exercises. In addition,
there will be a midterm and a final examination.

PREREQUISITES:
DS11, DS12, or BASSO, or permission of the instructor.
Familiarity with the DEC10 is required as is experience in
either COBOL or FORTRAN. Either of these languages may be
used for examples in class, and students will be asked to
complete programing assignments using one of the languages.

COURSE MATERIALS:
ACM Computing Surveys, (Special Issue: Data-Base

Management Systems) Vol. 8, March 1976.
Gerritson, Rob, SEED Reference Manual,

International Data Base Systems, Inc., 1978.
Martin, James, Computer Data-Base Organization,

Prentice-Hall, 1975.

Bulk Pack, available from Wharton Duplicating Center.

Recommended (not required):
Date, C.J., An Introduction to Database Systems,

Addison-Wesley, Second Edilion, 1977. This text has
Xcellent material on IMS and the Relational Model.
Purchase it if you have found in the past that you can
understand concepts better if you get them from more
than once source, if your goal is to establish a good DEMS
reference library, or if you have an interest in some of
the more theoretical aspects of DBMS.
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B.A672 -

Model-Based Planning Systems
Staff
Spring

GENERAL DESCRIPTION:
The purpose of this course is to examine-the ways in which

managers responsible for the preparation and implementation

of plans may make use of information systems containing

decision models-%-such as financial models, logistical

models, marketing models, econometric models, etc. Two

piincipal issues are addressed in this course; (1) the way's

in which model-based systpis are' used (and misused) in

corporate and goyernment planning, and (2) the critical

decisions that must be made during the life cycles of these

systems if they are, to be successful. In other words, the

course will examine two types of management decisions-= -

those that are made "with. the aid of model -based systems (for,

example, capital investment decisionS made with the

assistance of a marketing model) and those that affect the

development of the system (for example; the go/no-go

decision made at the start of a system development effort or

a dlaision to modify or terminate an ongoing system).

COURSE FORMAT:
The principal pedagogical method of this course is the case

method. Approximately half of the class session will be

devoteeto detailed examinations of case studies that
describe attempts to design and implement model-based
planning systems in public and private organizations. The

remainder of the classes will be devoted to lecture/

discuss,ions on such topics as corporate modeling,
sensitivity analysis, data management systems, interactive

Aystems, etc.

COURSE REQUIREMENTS:
The final grade for the course will depend on performance on

the case discussions in the class and on written case

assignments which will be prepared by teams of three or four

students.

PREREQUISITES:
The prerequisites for the course are: (1) BA814 or

equivalent; (2) an introductory computer course such as

DS200 or BA660; and (3) an introductory course on modeling

techniques such as BA807, BA902, or BA650. No mathematical

analysis or computer programming will be done in this

course, but the student should be familiar with the

capabilities and limitations of models and computers at the

introductory level covered in the prerequisite courses.

COURSE MATERIALS:
relariina Assianments are found in bulk package
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NEW SCHOOL FOR SOCIAL RESEARCH

(Institutional Statements)°-

The New School for Social Research is an innovative urban
university which evolved out of a deep commitment to-meeting
the intellectual and professional needs of mature citizens.
Sincetkits inception in 1919, it has been recognized throughout
the wftld as a pioneering educational institution. The vision
of the founders was to create an institution "honestly free"
of narrow academic traditionalism which would dare to think
creatively about the changes occurring in social, political
and economic conditions.

An early achievement of The New School was the establish-
ment of the'University-in-Exile. This instit ion became the
home of some of the foremost intellectuals of rope during
the 1930's and 1940's--men and women who were riven from their
universities or made refugees by the war. The legacy of the
University-in-Exile"today is The New School's Graduate Faculty
of Political and Social Sciences which offers Master of Arts
and Doctor of Philosophy degrees in anthropology, economics,.
philosophy, political science, psychology'and'sociology and
a Master of Arts in Liberal Stulies.

The 1960's brought a new innovative response by The Nev,-
School to the prevailing educational urban turmoil. This
'was the establishment of the Center for New York City Affairs
to focus attention on problems of the New York Metropolitan
area. During its 14-year existence, the Center has evolved
into a research and study institution of national importance.

In 1970 the Center brdnched out in a new direction by
offering a graduate degree program in Urban Affairs and
Policy Afialysis. Its success led to the creation of additional
management-oriented programs of professional education and
to the' establishmen't of a fullfledged Graduate School of
Management and Urban Professions.



GRADUATE SCHOOL OF MANAGEMENT
AND URBAN PROFESSIONS

(Institutional Statements)

The Graduate School of Management and Urban Professions
is one of the four major divisions of the New School for
Social Research. Located in New York City, .the greatest
urban education center in the world, the Graduate School of
Management and Urban Professipns offers students unusual
opportunities to prepare for careers in management and policy
analysis in a variety of urban professions.

The School offers two series of graduate degree programs- -
Career Entry programs described in this bulletin and Mid-
Career programs described in individual brochures.

The career entry programs have been designed for
students who are embarking on their professional career or
who are changing career and have had no significant experience
in their new choice. They are intended primarily for students
wishing to pursue their studies on a full-time basis. Most
courses in the career entry programs are given in the daytime.

In the 1.979 -80 and 1980-81 academic years, the School
will offer five career entry programs leading to a Master's
degree:

Urban Affairs and Policy Analysis
Gerontological Services Administration
Health Services Administration
Human Resources and Manpower Deirelopment
Tourism and Travel Administration

The programs of the Graduate School constitute a
response to the'growing need for managerial competence in
urbaninstitutions. Leaders in governmcnt, corporate and
nonprofit enterprises are called upon to cope with increasingly
difficult problems--worldwide inflation and highly sophisticated
technology. The interaction of such developments on already
complex societal problems has highlighted the importance of
analytically-trained management personnel.



MASTER OF ARTS DEGREE
HUMAN RESOURCES AND MANPOWER DEVELOPMENT

(Institutional Statements)

-Human Resources and Manpower. Development offers the
analytical and conceptual tools most useful to the practicing
professional in personnel managemerit, manpower planning,

,

training and development, and labor relations. Through
electives students can concentrate in one of these main-
streams.

Career opportunities in the field of nprsonnel manage-
ment hIve undergone a large expansion over the past decade,
not only in the number of available positions, but in the
scope of responsibility, compensation and prestige. As the
Profession has grown, its functions have become more j
sophisticated and complex. Business enterprises are tt&ning
to personnel executives in ever-growing numbers to staff
the top echelons of management.

'Meanwhile, the large-scale commitment of government to
urban planning, reducing unemployment, and attacking the
causes of poverty has resulted in many new positions in
manpower. training and development. For the public sector,
the goals of manpower development are to analyze the
labor market, generate job opportunities, and provide oc-
cupational training and placement for the unskilled and the
unemployed.

Students in the Human Resources and Manpower Develop-
lment program will gain experience in the salient skills of
manpower development: planning, administration, training,
counseling, and placement. They will also master the
different dimensions of human resources management: recruit-
ment and selection, compensation, pension and benefits manage-
ment, equal employment opportunity and affirmative action,
performance evaluation, labor relations, and organizational
behavior. They will become acquaintgi with the structure of
work. They will learn how to creates and implement personnel
training programs, prepare budgets and funding proposals,
generate long-range plans, and evaluate programs.

Students who complete a series of six courses in Labor
Relations will be eligible for a Labor Relations' Certificate,
a program approved by the State Education Department.



HUMAN RESOURCES AND MANPOWER DEVELOPMENT
NEW SCHOOL FOR SOCIAL RESEARCH

(Sampic MA Program in HRMD)

Semester One

Core Course/LAB101
Core Course/MET201
Core.Course/MGT401
Major/MPR301

. Semester Two

Core course/LAB201
Core Course/MET202
Core Course/MdT214
ELECTIVE/HRMP

Summer

Laboratory in Ise Analysis
StatistiCal Methods
Organizational Behavior & Small Group,Theory
Introduction to Field of HRMP

Laboratory in. Program Assessment Design
Analytic Methods for Decision Making
Economic Principles for Managers
(Could be Q.M. Elective)

FIELD WORK/(Noncredit Experience in NY Metropolitan Area)

Semester Three

Core Course/MGT403
Major/MPR302
Major/MPR303
ELECTIVE/HRMP

Semester Four

Core Course/MGT4,04
ELECTIVES/HRMP

Quantitative Methods

MPR310
MPR314

41

Mgnt. Uses of Accounting & Budget Information
Labor Markets and the U.S. Economy
Sociology of Work
(Could be Q.M. Elective)

Management Uses of Computer
(Select 3 Courses)

Electives in HRMP
H

Quantitative Methods for Personnel Management
Quantitative Methods and Techniques for
PublicManpower Planning & Evaluatipn,

Based on requirements detailed in Master's Degree Programs in
Professional Studies 197980 and 1980-81. Published by Graduate
School of Management and Urban Professions.
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COURSE OFFERINGS

The courses offered to students in career entry prOgrams
of the Graduate School of Management and Urban Professions

Laboratory Courses
Methods Courses.
Management Courses
Research Seminar
Professional Area Courses

cordingly, courses are listed under the above five
headings.

LABORTORY COURSES

Students in all career entry programs take the same
laboratory courses. Differentiation for program purposes
is accomplished through appropriate client selection. The
laboratory sequence provides students with the opportunity
to analyze problems of increasing complexity and, breadth as
they proceed through the program. k,

LAB 101 -.. Laboratory in Issue Analysis. This is the first t,

in the sequence of three labs. It focuses on a single policy
question that has reached the public or agency agenda and
introduces students to the specific qualitative and quanti-
tative techniques that can be applied to a range of problems.
Students work as a team and undertake their analysis for a
particular client drawn from the public, private or non-
profit sector. The student teams undertake research and
analysis of data, present alternatives, and make their
recommendations to the clients who are typically under the
pressure of limited time and information. The stddents learn
how to function within a complec political environment in
which the policymaking process is subjected.to pressures by
advocates of various positions, by the relevant bureaucracies
and by different interest groups.

Team members quickly learn to grasp the environment of
the problem and agency, to apply shortcut analytic/techniques,
and to use standard but often inadequate data sources and
crude approximations. They make their findings known to
the client in a formal briefing and through a technical
paper. Skills in quantitative techniques and in verbal and
graphic communication are stressed. Each team typically
handles three problems during the semester.
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Problems un er study vary from year to year. Recent
problems have i cluded New York City development of hydro-
electric generating capacity at its reservoirs; organizational
arrangement for the delivery of ambulatory care services;
renewal of J51 Tax Abatement Program by the Housing De-
velopment Administration in New York City; plan for the
disposal of solid waste in Essex County, New Jersey, a mental
health outreach program for the elderly in Clifton, New
Jersey; promotional efforts for the New York City component
of the "I Love New York" campaign.

LAB 102 Laboratory in Program Assessment and Design. This
lab deals with the set of policy decisions a ociated with
the direction and operation of a specific prog or program
delivery system. Students work on two problems i a semester.
The first problem involves an analysis of an exists g program.
It focuses on the development of criteria and methods for
evaluating the effectiveness of the program, and for the
development of recommendations for improvement. The second
problem is concerned with program design. The student must
think through the conception and implementation of a new
program to deal with an unresolved problem; often an outgrowth
.of the issue studied during '.the first part of the lab.
Students learn to translate promising concepts into detailed,
workable propo$als and to consider both the intended and
unintended consequences of a given program or delivery system.

Students have recently worked on evaluation .and design
problems involving needs of the elderly in, single -room
occupancy dwellings; youth employment and/demonstration projects
program in Newark and Essex County, New Jersey; program design
to aid tourists in emergency situation's; impact of housing
service progrms for welfare recipipnts in New York City; the
referral sysAlem between neighborhood health centers and the
back-up hospitals in New York City.

LAB 103 - Laboratory in Resource Allocation. The work of this
lab addresses the difficult process of allocating among and
across programs and delivery systems. The allocation° of
resources is today one of the most pres ing and vexing tasks
of managerial and political leadership. In most allocation
processes choices are all too often made without sufficient
planning and analysis, and priorities ar4voften implicit rather
than explicit The political and organizational environ-
ment creates stresses which may cut across systematic analysis,
and the the student needs to learn how to assess that factor
while at the same time applying an analysis to fiscal and non-
fiscal resources, characteristics of capital and operating
investments and understanding budget theory and practice.
Students are asked to develop an analytic basis for supporting
difficult choices among competing programs, neighborhoods,.and
groups of people within a realistic budgeting environment--
fragmented, incremental, and decentralized.



As with the previous labs, students work in teams,
taking various aspects of a larger problem or dealing with
separate problems.

METHODS COURSES

These courses must be taken in tandem with the coresponding
laboratory, as they are designed to become progressively
more difficult.

MET 201 - Statistical Methods. This course introduces
'budents to a variety of statistical methods and techniques
relevant to the analysis of public policy issues. The
purpose of this course is to (1) prepare students to read and
analyze reports that include statistical information, and
(2) prepare students to process data within an experimental
framework. The two major subdivisions of the course material
are descriptive and inferential statistics. Probability
theory will be covered where necessary to support inferential
statistical techniques.

MET 202 - Analytic Methods for Decision Making. This course
introduces students to a wide range of analytic methods and
techniques relevant to decision making. Some of the major
areas in this course include management science, quantitative
economics, and social science research design. Techniques
are described with their advantages and shortcomings and
are illustrated with examples.

MET 203 - Advanced Statistics. This course is an advanced
level and is intended for students who have taken MET 201
and MET 202. Statistical methods such as multiple regres-
sion, partial correlation and analysis of variance will be
covered. In addition, the student will be exposed to the
statistical capabilities of Statistical Package for the
Social Sciences (SPSS) and its applicability to the computer.

MANAGEMENT COURSES

The generic management courses are listed in this section.
Management courses specifically related to professional areas
listed wider the appropriate area and are designated accordingly.

MGT 214 Economic Principles for Managers and Policy Analysis.
Designed to illustrate the major tools and concepts of micro-
economic analysis and their application to decision making
and policy formulation. Covers statistical and financial aspects
of utilizing economic data in decision making. Special con-
sideration will be given to cost benefit analysis (return on
investment theory). Emphasis is on problem solving and case work.



MGT 215 - Introduction to Accounting for Management in the
Private, Nonprofit and Public Sectors. The course is -'intended
for hose students who have had no formal instruction in the
filed of accounting. It is an introductory course in accounting
principles and practices designed to provide the management
student with an essential body of knowledge applicable to all
organizational settings. The course is intended to provide
managers with an understanding of financial statements
whether they are to be prepared for profit or not-for-profit
entities. The accrual basis of accounting and the principles
of income determination for profit oriented companies are
covered. Also, an introduction to fund accounting for not-
for-profit organizations and its basic principles is
provided for the student.

MGT 401 - Organizational Behavior and Small Group Theory.
Designed to give the student (1) an appreciation of
organizational behavior and its gradual emergence as a field
of practice and research; (2) some understanding of the major
theoretical and methodological approaches to the study of
organizational behavior. Organizational problems are studied,
with special emphasis on the small group within the complex
organization.

MGT 402 - The Practice of Management. Basic managerial
concepts and techniques are stressed considering traditional
and emerging organization structures. Development of aware-
ness and/or,skills in management processes is emphasized
with particular attention to the specific professional
environment. Includes goal definition, leadership, design
planning, management accountability and capstone field/
project application assignment.

MGT 403 - Management Uses of Accounting and Budget Information.
This course is intended for the nonfinancial person and as
such will cover the basic terminology, concepts and practices
of accounting and budgeting. The student will be afforded
ample opportunity to analyze, interpret and evaluate financial
and budgeting statements. The behavioral aspects of accounting
and budgeting information will also be discussed. Upon com-
pletion of the course the student should be conversant in the
general aspects of accounting and should know what financial
reports to require and how best to use them in light of
organizational goals. (Prerequisite MGT 215 or equivalent)

MGT 404 Management Uses of Computers. Collecting, checking,
selecting, organizing, and displaying data, Examination of
capabilities and limitations of computer-based management
information systems. ,Development of familiarity with computer
capability for use in program specialization and in relating
to computer professionals. Role of computer management
information systems in uniformity and consolidation of decision



making. Step-by-step procedures in construction and implementa-
tion of feasibility studies, game theory, scheduling,
simulation, and analytic models.

MGT 405 - Personnel Management. Examines the concepts under-
lying the personnel function, and reviews personnel administra-
tion from the point of view of both the personnel specialist
and the line manager, includes consideration of such areas
as recruitment and selection, training, career development,
conpensation, collective bargaining and affirmative action.
(Prerequisite - MPR 301)

MGT 406 - Managerial Communication. Designed for students
who wish to improve such essential management skills as oral
and visual communications, written reports, letters and memo-
randa, and the techniques of running a successful meeting.

MGT 410 Planning and Control Systems. This course will
explore alternative concepts of strategic and tactical plan-
ning, management and operational control. The course will
focus on an evaluation of current formal planning and control
systems in use in the public and private sector. Both
technical and behavioral problems in the implementation of
formal planning and control systems will be reviewed. Special
attention will be paid to program budgeting and Management
by Objective (MBO).

MGT 412 - Small Business Management. Covers basic approaches
to planning a small business venture, with emphasis on sales
and services offered, location and site selection, leasing,
market availability, analysis of competition, sales strategies,
business financing, organization, profit,and loss, developing
management and sales skills, understanding municipal regulations.

RES 600 - Research Seminar. Structured setting in which
students develop topics for research and analysis, work plans,
strategies for presentation of findings, and a finished
professional paper required for the Master's degree. Class
discussion and required intermediate tasks permit students
to solve common problems and to proceed with their work in
an efficient and logical'manner. Considerable attention will
be devoted to the relationship between substantive statements
and the stylisic constraints of a monograph.

HUMAN RESOURCES AND MANPOWER DEVELOPMENT

MPR 301 - Introdue on to the Field of Human Resources and
Manpower Developmerit. An introductory course which considers
and analyzes manyower policies and -programs in both the public
and private sectors and focuses on the major institutions in
the development of public policies affection employment, skill



acquisition, income maintenance and equal opportunity.
Special emphasis is given to the effect of the War on Poverty
and the Comprehensive Employment and Training Act. The
private section of the course identifies major human resource
policies and'programs and provides an overview of the principal
functional areas of human resources management.

MPR 302 - Labor Markets and the U.S. Economy. This course
deals with the obstacles to optimal utilization of human re-
sources in the U.S. economy at both the national and urban
levels. At the national level problems of structural un-
employment, income distribution, and the relationship between
leisure and work as they affect the work force will be
considered. A second part of the course will deal with
variations in unemployment, income levels; and employment
growth among urban areas and the causes of these differences.
Special attention will be given to the New York Metropolitan
area labor market. (Prerequisite-completion of Economics
requirement).

MPR 303 - Sociology of Work. An analysis of work as an
institution--its social functions and its meaning to individuals
and families, including the economic, political 'and socio-
logical implications of changing attitudes toward work. The
economics, politics, and sociology of poverty are considered.

MPR 304 - Program Management in Public Manpower. This course
addresses itself to the management of public manpower programs.
Emphasis is placed on the practical problems commonly encountered
in planning, designing, drafting, controlling and evaluating
public manpower programs, as funded under the Comprehensive
Employment and Training Act and other appropriate enabling
legislation. The student will be introduced to a wide range
of current management concepts and practices as they relate
to the field of public manpower, e.g., Management-by-Objectives
Zero-Based Budgeting, Matrix Organization. (Prerequisite-MPR
301)

MPR 305 - Techniques of Counseling. Provides an introduction
to the theories and practices of individual and group counseling
with special emphasis on the counselor's tool as applied in
career development and at the work place. Comprehensive
counseling for the worker will include factors indirectly
related to the job and the needs of special employee groups.

MPR 306 - Urban, Economic Development. ,Considers the economic
future of central cities and suburban areas in the metropolitan
region. The role of manpower factors in strengthening the
economy of the metropolitan region is explored. New policy
directions in housing, taxes, transportation, and education
are explored with special emphasis on training the work force.



The extent to which business firms exercise civic and social
responsibility in their urb.an centers is reviewed. (Pre-
requisite-MPR 302)

MPR 307 Current Theories and Methods for Solving Performance
Problems - -1) Management-Supervisory Function. Studies several
techniques and models available to the supervisor in in-,
dividual and organization performance, analying causes of
those problems and identifying appropriate actions,. and decisions.
Considers a versatile strategy for developing the organization,
analyzing the work process and designing and enriching work.
Methods will be applied to a significant problem in the student's
day-to-day work.

MPR 308 - Management Counsulting. The practice of management
consulting in industry, government and the nonprofit area.
Covers problem definition, goal setting, project planning and
program management related to policy making, organization,
systems development, and troubleshooting. How to use consultants;
how to build a consulting career; new opportunities in the
field for women; consulting in personnel administration. An
orientation course that uses the'case method. Student task
forces investigate real cases in the classroom.

MPR 309 Wage and Salary Administration. Focuses on aspects
essential to meeting a basic goal! payment of employees
equitably in a cost-efficient manner. Topics include the
value of the job to the organization, employee proficiency,
meeting labor market competition, and satisfying governmental
requirements.

MPR 310 - Quantitative Methods for Personnel Management.
Exposes students to predictive approaches used to solve per-
sonnel management problems and prepares them to request or to
critically evaluate technical assistance in these areas.
The course includes analysis of models appropriate to the field,.
such as linear programming, as well as simulation techniques.
(Prerequisite-completion of Statistics requirement)

MPR 311 Manpower Issues in Health Services. For the profes-
sional practitioner with responsibility in manpower planning
and personnel management in the field of health services.
Considers such areas as organizational patterns, recruit-
ment, training, motivation,.and the employee-collective
bargaining relationships unique to the health services
field.

MPR 312 - Manpower Services for Special Groups. Explores
manpower programs and services designed for special target
groups, such as the Vietnam-era veteran, ex-offenders, the
older worker, and the handicapped. Enabling legislation will
be covered; CETA, Wagner-Peyser, Vocational Rehabilitation,
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Security Act , older Amerims Act, etc.
(Prerequisite-MPR 101)

MI'} ill Training Programs Within Orminizations.
intended for the nonprofessional trainer who will benefit
from a better understanding of personnel trnining nnd
development in business and finance. Topics include
program development processes, identificntion of training
needs, facilities, stnffinq, evaluation of program
effectiveness, and controlling training costs.

. Students
will use these basic elements in he design of a program.

MPH 314 Quantitative Methods and Techniques for Public
Manpower Planning and Evaluation. Analysis of employer
and client needs and fund allocation for training and
employment programs; cost benefit analysis as a projec-
tive planning tool and the theory and piactice of evaluation
research as applied to manpower programs, including the
statistical methods involved. Practical experience is
gained by the student in designing, conducting, and
analyzing data from a small-scale research project.
(Prerequisite-completion of Statistics requirement)

MPR* 315 - Ethnicity and the Work Force. Concerned with
the special problems unique to different ethnic groups
in the metropolitan region, especially those problems
affecting the work force. Particular attention is given
to blacks; Hispanics and Asian-Amertcanb, with emphasis
on the training and employment problems of each group.
Procedures for'dealing with these are reviewed.
(Prerequisite-MPR 302)

MPR 317 - Manpower Issues in Multinational Firms. Examines
the multinational firm as an open system operating in a
complex international environment. The purpose of the
course is to develop a better understanding of this
environment and its effects on'the interactions among
structural patterns, administrative policies and practices,
decision-making modes, and the special problems faced
in the ma'Kagement and utilization of human resources in
multinational firms.

MPR 320 - Developing Programs in Retirement Planning.
For human resources personnel who have the responsibility
for developing retirement policy and programs in the
private, public or nonprofit sectors. Special attention
will be given to legislative and judicial aspects of
mandatory retirement; individual and group counseling;
incentives for voluntary retirement; performance appraisal
for nonvoluntary retirement; career options for older
adults; health, housing and legal problems; continuing
education and a "life span" approach to work and leisure.



Available programb and materials will be critically
examined with a view to creating new programs and
materials to meet the specific needs of each member of
the class.

MPR 370 - Regulatory Agency.Impact on Personnel Manage-
ment and Manp9wer Develoent. Considers in detail the
implications of the Equal EMploymen.t. Opportunity-and
Occupational Safety Acts for persb5nel management and
the. development of manpower plans in both the private and
public sectors. Procedures in response to affirmative
action programs, and the compliande standards of federal
agencies are reviewed. Special emphasis is given to the
current and potential role of women in the labor' force.

MPR 371.- Trade Union Movement and Collective,. 3argaining.
Examines the institutional and economic aspects-of the
employer-employee relationship, including a review of the
American labor, movement, its development; organizati n
and structure. The framework within which employers
and employees prepare to function in the negotiating or
collective bargaining process is stressed.

MPR 372 Tie Legal Framework of Labor Relations. Reviews
the laws, court decisions, and labor board rulings
governing labor relations and collective bargaining,
including the Labor Management Relations Act and the
Taylor Law. Designed for management, labor people, and
others interested in the subject of management-labor
relations generally. Current developments inthe'legal
framework are stressed.

MPR 373 - Issues in the Collective Bargaining Process.
Stresses manag *ment and union approaches to labor
.negotiations and the bargaining techniques designed to
best protect their respective interest. The issues
include challenges to management prerogatives, labor
objectives, union participation in the decision-making
processr, coverage of supervisory and management personnel
under union contracts, nonmandatory bargaining issues,
management and union counterpropsals, and new trends in
collective bargaining.

MPR 374 Seminar on Techniques in Labor-Management Dispute
Settlement. Deals with the methods by which labor disputes
are settled through grievance machinery mediation, fact-
finding, and arbitration, including a detailed study
of typical cases involved in day-to-day handling of labor
nrnhlesmc ac mrhi+r=h41;4-c, rezacAnc



MPR 375 - Employee Benefit Plains. Explores the philosophy
..,and identifies the principles underlying legally required

and voluntary employer-sponsored benefit programs designed
to cushion financial and.other problems resulting from
unemployment, disability, retirement, or death. Examines
the details of coverage and financial accounting for - -----

group life, accident, disability, and medical insurance

(a

and pension pla s in the United States; requirements
for tax-exempt pension plans; self-insurance; stock
ownership; and nonqualified deferred compensation plans.
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QUALIFICATIONS DESIRABLE FOR ALL PUBLIC MANAGERS

(Five Subject Matter Domains)

POLITICAL-SOCIAL-ECONOMIC CONTEXT

1. Knowledge of:

a. Cultural and social mores and patterns.
b. Political values and processes.
c. Governmental institutions, powers and

relationships.
d. Economic systems,, incentives and controls.
e. Environmental factors and resource avail-

abilities.

2. Skills in:

a. Analysis and interpretation of political-
social-economic forces and trends.

b. Application of political-social-economic
knowledge to solution.of public problems.

c. Evaluation of the political-social-economic
impact and consequences of administrative
policies and actions.

3. Public Interest Values represented by knowledge of
and commitment to:

a. Democratic traditions and'practices, constitu-
tionalism and the rule of law.

b. The purposes and limitations of government as
an instrument for fostering social and
economic progress.

c. Access for individuals and groups to centers
of power and decision making.

d. The political direction and responsibility of-
administration and administrators.

e. Standards of official/personal conduct and
ethics.

4. Behavior represented by:

a. Tolerance of diverse views of other persons
and groups.

b. Capacity to adjust to complex political-social
environments and situations.

c. Ability to function as a social/organizational
change agent.



ANALYTICAL TOOLS: QUANTITATIVE AND NON-QUANTITATIVE

1. Knowledge of:

a. Quantitative decision methodology: e.g.,
accounting, parametric and non-parametric
statistics, linear programming, modeling, etc.

b. Electronic data processing and information
systems.

c. Systems and procedures analysis; e.g., organ-
zation surveys, work measurement, 6£0-._

d. Behavioral science methodology; e.g., socio-
metric surveys, value analysis, leadershiR_.
assessment, etc.

e. Legal processes and controls.

2. Skills in:

a. Logical analysis and diagnosis.
b. Research design and application.
c. Computer utilization and application.
d. Application of quantitative and non-quantita-,

tive methodology to organizational situations.
e. Oral and written communications and presentations.,

3. Public Interest Values represented by knowledge
of and commitment to:

a. Objectivity apd rationality in the conduct of
public affairs.

b. Utilization of science and research to foster
public purposes

c. Impartial inquiry and investigation of public
needs and problems.

d. Openness in communication and interpretation
of data and findings to the public.

4. Behavior represented'by:

a. InvOlvedent in data gathering and problem
solving exercises.

b. Familiarity with public documents, legal
sources and forms of administrative
communications.

c. Preparation of correspondence, reports and
position papers.

d. Participation in professional associations,
internships and other forths of experiential
learning.



INDIVIDUAL/GROUP/ORGANIZATIONAL DYNAMICS

1. Knowledge of:

a. Individual and group behavior; e.g., individual
motivation, dynamics of groups, modes of
leadership, eta.

b. Organizattm structure, process and dynamics;
e.g., models, authority, development strategies,
decision making, etc.

c. Communications theory and process'
d. Profegsionalism and public service; e.g.,

evolution of public services, roles and
standards of professions, characteristics
of bureaucracies, etc.

2. Skil

a. ke, al motivation an leadership.
b. I terpersonal and grou relationships.
c. Identification and anal sis of political and

organizational power
d. Application of appropri e models of organization,

leadership and decision making.
e Coping with organizational stresses, limitations

and change.

3. Public Interest. Values represented by knowledge of
and commitment to:

a. Protection and fostering of individual rights,
liberties and welfare.

b. Promotion of organizational equity and effective-
ness.

c. Reconciliation of private interests with public
objectives and needs.

d. Concern for the clients served by the organization.

4. Behavior as represented by:

a. Consistency, genuiness and integrity in human
and organizational relationships.

b. Positive attitudes concerning individual growth
and organizational improvement.

c. Willingness to share insights and experiences
with others.

d. Recognition and understanding of variations in
human and organizational motivations and
approaches.

e. Participation in professional associations,



POLICY ANALYSIS

1. Knowledge of:

a. Application of analytical and administrative
tools to solution of public problems.

b. Processes by which policy is formulated,
implemented, and evaluated.

c. Strategies for optimization and selection of
alternatives.

d. Distinctive attributes of policy relative to
specific functional areas; e.g., health,
transportation, etc.

2. Skills in:

a. Socio-economic analysis; e.g., cost-benefit
analysis, social impact analysis, etc.,

b. Political diagnosis; e.g., public opinion
evaluation, group power surveys, legislative-
executive relationships, etc.

c. Problem comprehension and interpretation; e.g.,
identification of strategic issues, liaison
skills, advocacy, etc.

d. Policy measurement, scaling and design.
e. Program impact measurement; e4.,,piogram

evaluation, outcome or effectiveness
measurement, etc.

3. Public Interest Values represented by knowledge of
and commitment to:

a. The use of data and analysis to enlarge the
scope of public choice.

b. Policies and programs which foster equality
of opportunity and well-being.

c. Measures io increase citizen understanding of
public policies and their impact.

d. Standards of program formulation and conduct.
e. Procedures for full and fair assessment of

program benefits and costs to various publics.
f. Measures to increase client and public partici-

pation in public policy formulation and
evaluation.



4. Behavior represented by:

a. Ability toxelate and integrate diverse factors
to common objectives.

b. Methods of adaptation to political and
organizatiorial pressures and constraints.

c. Ability to bargain, compromise and arbitrate.
d. Participation in professional associations,

internships and other forms of experiential
learning.

ADMINISTRATIVE/MANAGEMENT PROCESSES

1. Knowledge of:

a. Administrative planning and organizational
design.

b. Management systems and processes including
leadership, decision making, direction, and
organization development and change.

c. Personnel administration including staffing,
training and collective bargaining.

*\d. Finance and budgeting.
e. Program evaluation and control.

2. Skills in:

a. Conceptualizing, goal setting, organization
design and program development.

b. Work assignment and supervision.
c. Negotiating and persuading.
d. Monitoring, assessment and review.

3. Public Interest Values represented by knowledge of
and-commitment to:

a. The role and use of organizations and
administrative processes to achieve public
objectives.

b. Standards of efficiency and effectiveness in
the conduct of the public's business.

c. Standards of individual and organizational
integrity and performance.

d. Public surveillance and review by citizens
and their elected representatives.

e. A working environment conducive to individual
fulfillment and the attainment of public,
confidence.



4. Behavior represented by:

a. Openness to new ideas and proposals.
b. Recognition and consideration of strengths,

weaknesses and desires of others.
c. Facility in applying management tools sand

processes to varied organizational situations
and problems.

d. Effectiveness in undertaking organization and
management surveys.

e. Participation in professional associations,
internships and other forms of experiential
learning.
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(Tel. #800-848-4815)
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(A 1980 Advanced Study Center Project)



DEPARTMENT OF INDUSTRIAL EDUCATION
TEXAS A&M UNIVERSITY

(Institutional Statements)

The Department of Industrial Education offers graduate

programs leading to Master of Education, Master of Science,

Doctor of Education, and Doctor of Philosophy degrees. Areas of
fa

specialization in industrial arts, vocational industrial education,

educational technology, technical education, and traffic safety

education are available within each degree program. A student

may earn the professional teaching certificate in industrial

arts for the State of Texas by completing course requirements

through this Department.

Graduate courses in industrial education are intended to

provide the student the opportunity tO develop the skills and

knowledge generally required of industrial educators, researchers,

program directors, and departmental administrators. Specific

information condp e requirements for each of the degrees

and procedures for meeting those requirements is available from

the Department upon request.

The Department participates in interdisciplinary planning

research and evaluation programs offered in cooperation with

other departments in the College of Education. Prospective

doctoral students who wish to develop an interdisciplinary sup-

porting field in educational planning, research and evaluation

should examine the interdisciplinary studies option which is

presented in the description of graduate courses in interdisci-

plinary education. Within the framework of existing doctoral

programs of the departments in the College of Education,

individuals may pursue an area of emphasis in higher education.

EDUCATIONAL TECHNOLOGY

Educational Technology is more than machines adapted to

the instructional process. It is a systematic way of thinking
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and evaluating the learning-teaching procesk, in terms of specific

educational objectives. Like most graduate programs, Educational

Technology has no semester-by-semester curriculum. The degree

consists of 36 semester hours of course work selected on the

basis of the student's previous experiences and future objectives.

At least 18 semester hours (but not more than 24 semester hours)

of course work must be in Educational Technology. The remainder

Lof the program may be in one or more supporting areas such as

Curriculum and Instruction or Educational.Psychology. Educational

Technology may also be used as a supporting area (minor) for

doctorates in other fields.

Financial assistance is available for graduate assistants,

teaching assistants and instructors in some areas of Educational

Technology (audio-visual communication, electronics, graphic

communications).



M. Ed. in EDUCATIONAL TECHNOLOGY

DEPARTMENT OF INDUSTRIAL EDUCATION
TEXAt A&M UNIVERSITY

Sample CourHe with Emphas1H on Information Sclences

Educational Technology (Core Courses)

TDTC613
EDTC615
EDTC621
EDTC631
EDTC641
EDTC651
EDTC684

Utilization of InstructiOnal Material
Selection and Fvaluation of Learning Resources
Graphic Communication
Instructional Television
Message Design
Computer Assisted Instruction
Professional Internship

Educational Currictluk & Instruction (Electives)

EDCI673 Analysis of Teacher Behavior
EDCI675 Teaching Strategies: Patterns of Learning

Educational Psychology (Electives)

EPSY622 Measurement and Evaluation in Education
EPSY625 Test Construction
EPSY636 Techniques of Research

Computer Science (Electives)

CS602
CS603
CS613
CS622

Information Processing Languages
Assembly Language
Computer Software Systems
Computer Communications and Networks

Based on requirements detailed in Master of Education in Educational
Technology: Combining. Modern Tools and Techniques to Produce Better
Educational Communications. College of Education, Texas A&M University.
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COUW;E oFTERING:;

EDUCATIONAL TECHNOLOGY

EDTC 613 Utilization of Instruction Materials. Study of
communications with emphasis upon senses of hearing and seeing
in teaching-1-earning processes. Laboratory experiences in the
selectio'n, preparation, utilization and evaluation of instruc-
tional materials. ,

EDTC 615 - Selection and Evaluation of Learning Resources.
Selection of book and non-book learning resource materials for
specific needs or for general collections. 1.1tilization of
basic sources of information yn commercially prepared materials
with emphasis in the student's area of specialization.

EDTC 621 Graphic Communication. Application of research find-
ings and design criteria to graphic communication design
techniques. Emphasis given to techniqueS of preparation and
utilization of programmed slide sets, filmstrips, and motion
pictures and their application in instructional systems.

EDTC 631 - Instructional Television. Utilization of television
in instructional systems. Program design and content specifi-
cation.

EDTC 641 Message Design. Systematic application of task and
learner analysis research findings and design criteria to
the design of instructional materials.

EDTC 651 Computer Assisted Instruction. Design of computer
delivered instruction. Basic applications of task analysis,
learning theory, and programming principles to frame construction
and sequencing. Relevant computer languages. Preparation of
linear and nonlinear CAI programs.

EDT 684 Professional Internship. Supervised experiences in
pe orming professional functions appropriate to career goals.

EDUCATIONAL CURRICULUM AND INSTRUCTION

EDCI 673 Analysis of Teaching Behavior. Methods of gathering
teaching behavior data. Use of computer for analyzing and
interpreting data collected. Video -types recording micro-teaching
lessons.

EDCI 675 Teaching Strategies: Patterns of Learning. Learning
and teaching theory and research applied to development of teach-
ing strategies appropriate for various contents, objectives,



and instructional situations. Variables influencing learner
behavior and approaches to optimization of teacher behavior.

EDUCATIONAL PSYCHOLOGY

EPSY 622 - Measurement and Evaluation in Education. Principle
of psychological testing applied to education. Uses and
critical evaluation of achievement and aptitude, interest, and
persopality tests and performance in education settings.

EPSY 625 - Arst Construction. Planning, construction, analysis,
and evaluation of written and performance tests. Test item
analysis, reliability studies, and validity studies. De-
velopment of test norms, score transformations, and equivalent
forms of tests. Prequisite: EPSY 622.

EPSY 636 - Techniques of Research. Fundamental concepts and
tools of research applied to psychological and educational
problems. Rationale of.research, analysis of problems, library
skills, sampling, appraisal instruments, statistical description
and inference, Writing the research report, and representative
research designs.

COMPUTING SCIENCE

CS 602 -information Processing Languages, Application of
computers to information proces ing problems. Programminc of
data processing problems in CO OL. Sorting, searching, decision
tables, random-access devices, nd systems analysis. Note:
This course may not be taken fo graduate credit by computing
science majors.

CS 603-- OsemblY Language. Computer architecture and system
software through the assembly languages of a minicomputer and
a large scale computer. Machine structure; assembly language;
machine` language; addressing techniques; and digital repre-
sentation of data. Subroutine linkage; reentrant code, and macros.
Assembly language programming assignments. Prerequisite:
Knowledge of some programming language. Note: This course may
not be taken for graduate credit by computing science majors.

CS 613 - Computer Software Systems. Hardware/software evoluti9n
leading to 3rd generation operating systems. Operating system
concepts and system elements as separate entities followed by
synthesized examples from the areas of minicomputer and large
scale computer applications. Comparison of major manufacturer's
current operating systems. Prerequisite: CS 603.

CS 622 CoMputer Communications and Networks. Basic hardware/
..
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IN THE THEORY AND TECHNOLOGY OF SOCIAL RESEARCH

Prepared by

James F. McNamara
Advanced Study Center
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I.C.P.S.R. 1980 TRAINING PROGRAM

FIRST TERM TIME SCHEDULE

June 30-July 25
Time Lectures

9 a.m. 10 a.m. Elementary Mathematics for Social Scientists
Mathematics for Social Scientists °

10 a.m. II a.m. Dynamic Analysis
Formal Theories of Social Research

II a.m. 12 p.m. Evaluation Research Methodology
I p.m. 2:15 p.m. Introduction to Computing (July I-July 3)

Topics in Computing (July 7-July 9)
ibpics in COmputing (July 14-July 16)

Lecture/workshops
10 a.m. 12 p.m. Quantitative Historical Analysis II

Empirical Research Issues in Aging
Quantitative Analysis of Mass Communication

2:30 p.m. 4:30 p.m. Introduction to Statistics and Data Analysis I
Introduction to Linear Models
Intermediate Linear Models
Advanced Linear Models
Applied Multivariate Analysis
Archiving Criminal Justice Data (June 30-July II)

It

SECOND TERM TIME SCHEDULE

July 28-Augus2,2'
Time Lectures

9 a.m. 10 a.m. Data Analysis and Public Policy
I p.m. 2:15 p.m. Critiques of Social Research (August 4-August 15)

Dynamic Models of Political Economy
Introduction to Computing (July 28-July 30)
Topics in Computing (August 4-August 6)
Introduction to SPSS (August 18- August 20)

Lecture/workshops

9 a.m 5 p.m. Asian American Research Methods
(July 28-August 8)

Database Management for Complex Data Sets
(July 28-August 1)

Quantitative Analysis of Crime and Criminal
Justice

10 a.m. 12 p.m. Advanced Linear Models
Causal Models
Experimental Studies of Slial Phenomena
Exploratory Data Analysis ,

Models with Unmeasured Variables
Multivariate Dimensional Analysis

2:30 p.m. 4:30 p.m. Applied Nonparametric Statistics (July 28-August 8)
Discrete Multivariate Analysis
Intermediate Linear Models
IntroductionAoStatistics and Data Analysis II
-Multi-level Analysis (August II-August 22)
Time Series Analysis



I.C.P.S.R. 1980 TRAINING PROGRAM

COURSE D

TRACK I
Elementary Mathematics for Social nthts (Lecture: no creditt There are no
formal prerequisites for this course. This four-week series oflectures is designed to
introduce the student to those basic mathematical skills that are necessary for a
meaningful understanding of elementary statistics, data analysis, and social
methodology. Course content includes a discussion of mathematical notation,
basic set theory, various number systems, the algebra of numbers, the notion ofa
function, the study of several important classes of functions, and solutions to
systems of linear equations. In addition, several approaches to the specification of
probability will be examined, and some basic statistical concepts will be intro-
duced. The general discourse will be at about the level of W.L. Bashaw's Mathe-
matics for Statistics.

Introduction to Computing (Workshop: no credit) There are no prerequisites for
this course. The purpose of this four-day workshop is to introduce participants to
the computing resources of the University of Michigan.The erstructional format
will include both lectures, focusing on the practical aspects bf computing on the
Michigan Terminal System (MTS), and guided exercises, designed to provide the
novice with some degree of competence (and confidence) in computing. Of pri-
mary importance will be provision of information of immediate relevance for
computing assignments in the Training Program's workshops and lecture/
workshops. Additional topics include a comparative introduction to the statistical,
data analytic, and graphics software, most useful to participants interested in
quantitative analysis of social phenomena.

Introduction to Statistics and Data Analysis I (Lecture/workshop: 3 credits) There
are no formal prerequisites for this course; however, participants who have weak
mathematical backgrounds. are well advised to audit Elementary Mathematics for
Social Scientists: The instructional format for this four-week course will be some
combination of a lecture and an intensive practicum in which some of the basic
principles of statistical analysis will be examined. Topics will include the logic and
purpose of experimental and statistical control in data analysis; problems of
measurement, scaling, and index construction; statistical reliability and validity;
basic f bability theory; descriptive statistics; random variables and their dis-
tributions; sample statistics; hypothesis testing and confidence intervals; basic
statistical inference; and analysis of two-dimensional contingency tables. The flow
of the investigator's activities between problem definition, theory development,
selection and measurement of constructs and their indicators, data collection, and
methods of analysis will be emphasized throughout. Wonnacott and Wonnacott's
Introductory Statistics for Business and Economics (2nd edition) isone of numer-
ous texts that is appropriate for this course.

TRACK II
Critiques of Social Research (Lecture: no credit) This two-week lecture series is
devoted to a critical assessment of past and current utilization of mathematical and
statistical methods in analysis of social phenomena. While not focusing on a direct
critique of the methodology of social research, the lectures will include many
examples of inappropriate, pseudo, shoddy, or trite analyses th'it may seem to the
methodologically untrained scholar to be rather sophisticated research endeavors.
The general character of the lectures may be sampled by reading Andreski's Social
Science as Sorcery or Hutchison's Knowledge and Ignorance in Economics.

Data Analysis and Public Policy (Lecture: no credit) While there are no formal
prerequisites for this course, it would be useful to have as background the I CPSR's
Introduction to Statistics and Data Analysis l and Evaluation Research Methodology.
This four-week series of lectures is designed to present participants with a concep-
tual, problematic approach to the formulation of policy decisions. Various analytic
designs will be examined; however, instead of analyses which culminate in the
standard mathematical or statistical decision, the designs will be formulated with
the much broader policy decision in mind. By examining numerous concrete
examples (e.g., energy models, air pollution and lung cancer models, judicial
fairness models, health care models, scholastic performance models, dem-
ographic models) the complex relationship between the underlying problem, the
analytic design, the available data or information, and the policy decision will be
elucidated. Course content will also include a brief overview of the current
state-of-the-art of evaluation research.

Dynamic Analysis (Lecture: no credit) Elementary Mathematics for Social Sdentists
and a solid introductory course in applied statistics are prerequisites for this
course. This four-week series of lectures provides an introduction to and an
overview of analytic treatments of longitudinal data, as well as an investigation of
various problems that arise in the study of change. Course content includes a
general discussion of time series, cohort, and panel analyses, with primary ern-, . .

Iu
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Mathematics for Social Scintillas (Lecture: no credit) An understanding of basic
mathematical ideas at the level of the 1CPSR's Elementary Mathematics far Social
Scientists is a prerequisite for this course. This four-week series of lectures will
focus on various mathematical topics, knowledge of which is essential for under,
standing most of the ICPSR 'Rack II courses, in particular, the lecture/workshops
devoted to linear modeling. Emphasis will be placed upon understanding the basic
concepts of applied matrix algebra and development ofan intuitive knowledge of
differential and integral calculus. Several important classes of functions will be
defined and their usefulness will be illustrated. Matrix algebra will be discussed at 'about the level of Campbell's Linear Algebra With Applications (Including Linear
Programming), and the first six chapters of Thomas' Calculus and Analytic
Geometry (4th edition) capture the nature of the calculus discourse.

Applied Multivariate Analysis (Lecture/workshop: 3 credits) A solid introductory
course in applied statistics at about the level of Hays' Statistics for the Social
Sciences (2nd edition) and the ICPSR course Mathematics for Social Scientists are
prerequisites for this course. The purpose of this four-week lecture/workshop is to
introduce participants to some methods that are useful for analyzing multivariate
data. Included among these methods are canonical correlation analysis, cluster
analysis, discriminant analysis, factor analysis, multivariate analysis of variance
(MANOVA), multiple regression, and principal components analysis. The con-
tent of Overall and Klett's Applied Multivariate Analysis includes most of thetopics that will be examined in this course.

Applied Nonparametric Statistics ( Lecture/workshop: 2 credits) The ICPSR's
Introduction to Statistics and Data Analysis I or its equivalent is a prerequisite for
this course. This two-week lecture/workshop is designed to provide the student
with a repertoire of methodological techniques that are useful for analyzing the
relationships between variables that are measured on nominal or ordinal scales.
Specific topics include goodness-of-fit tests; inferences concerning location based
on one sample, paired samples, or two or more samples; generaldistribution testafor two or more independent samples; association analysis; and tests for random-
ness. Gibbon's Nonparametric Methods for Quantitative Analysis includes most
of the topics that will be discussed in this course.

Experimental Studies of Social Phenomena (Lecture/workshop: 3 credits) Partici-
pants who expect to take this course should have been exposed to the general
notion of statistical experimental designs, say, at the level of that in Hays' Statis-
tics for the Social Sciences (2nd edition) or Iverson and Norpoth's monograph,
Analysis of Variance. This four-week lecture/workshop includes discussion of the
logic of experimentation, research design and analysis of experimental data,
special problems (e.g. obtrusiveness, repeated measures, validity, missing ,...
and evaluation of experiments as decision-making tools in policy analysis. The
general philosophy of the course is that of "learning by doing," and several
experiments will be designed and carried out as parrofthe instructiopal strategy.
Much of the material covered in this lecture/workshop may be found in Reiken and
Boruch'sSocial Experimentation or in Sidman's Tactics ofScientific Research.

DYMunic Models of Pohlad Economy (Lecture: no credit) Students attending these
lectures should have a command of the concepts of linear modeling at approxi-
mately the level of the Consortium's Intermediate Linear Models. The objective of
this four-week lecture series is to merge various political and economic issues into
a comprehensive theory, one that is useful for both predicting and explaining the
interaction between aggregate economic conditions and public policy. Relevant
topics of discussion will include objective function definitions of social welfare and
welfare maximization strategies; the relationships between inflation, unemploy-
ment, andcconomic growth; models of electoral behavior, focusing on the extent
to which economic conditions determine electoral outcomes; party difference
vis-a-vis economic goals, policy instruments, and economic outcomes; political
business cycles and the periodicity of elections; and long term trends in political
business cycles. 'Rifle's Political Control of the Economy discusses many of the
topics that will be examined in this course.

Evaluation Research NIA/ bodology (Lecture: no credit) While there are no pre-
requisites for this foul( eek lecture series, it would be helpful to have had a solid
introductory coursein applied statistics at the level of Wonnacottand Wonnacott's
introductory Statistics for Business and Economics (2nd edition). Thiscourse will
focus on both the theoretical structure of evaluation research and many of the
practical issues that are of special relevance to the research scholar who is
designing and implementing an evaluation study. Topics of interest will include
identification and measurement of objectives and processes, examination of
measurement problems, experimental and quasi-experimental designs and evalua-
tion in the absence of designs, and cost-utility analysis. Of particular interest will
be the relationships between objectives, evaluation, and subsequent policy deci-
sions. Rossi, Freeman. and Wright's Evaluation: A Systematic Approach inclUdes
men. ...as I. A .1
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Form) nada otSodal Reasoreh (Lecture:no credit) An introductory course on
the order of Elitraestary Mathematics for Social Sdentists, while not a prerequisite,
would make this course much more meaningful. This four-week lecture series is
designed to provide participants with knowledge of recent work in the areas of
formal or mathematical approaches to theory development in the social sciences.
Often organized under the rubric of positive economic, political, or social theory,
the course content may include the study of individual preferences, the nature ofparticipation, collective decision-making, constitutional choice, the theory of
public and private goods, voting theories, coalition formation, models of interac-
tion, specification of power, and models of "optimal" behavior. During any given' summer term, this course may emphasize formal theories of economic, political,
sociological, or other social science phenomena. Should emphasis be placed upon
political theories, for example, Riker and Ordeshook'sAn Introduction to Positive
Political Theory would be one of several appropriate texts.

Introduction to Linear Models (Lepture/workshop: 3 credits) Students taking this
course should have had a solid grounding in applied statistics at approximately thelevel of Hays' Statistics for the Social Sciences (2nd edition) or Wonnacott andWonnacott's Introduction to Statistics for Business and Economics (2nd edition).It is possible (although not optimal) to take this course in sequence with Introduc-tion to Statistics and Data Analysis I. Relevant topics will include the mathematicsof linear relationships, least squares and maximum likelihood estimation proce-dures, analysis of residuals, the general linear model, dummy variables, and afew of the typical problems associated with linear regression and correlation.
ikinnacott and Wonnacott's Econometrics is one of many texts that are appropri-ate for use as the primary resource for this course.

Intermediate Linear Models (Lecture/workshop: 3 credits) The prerequisites for
this lecture/workshop are an introductory course in applied statisticsat the level ofHays' Statistics for the SocialSciences (2nd editon) and a background in elemen-tary mathematics that is sufficient for the study of matrix algebra. The content ofthis course will include the nature of a linear model, least squares and maximumlikelihood estimation, analysis of residuals, the general linear model, violation ofassumptions (muhicollinearity, heteroschedasticity, autocorrelation, measure-ment error, specification error), and models with dummy variables; and theseconcepts will be motivated by and illustrated with numerous substantive exam-ples. Although knowledge of matrix arithmetic is not a prerequisite for this course,some concepts in matrix algebra will be introduced at such time as it seemsdesirable to study various topics in greater generality. Kmenta's Elements of

Econometrics and Intrilogator's Econometric Models, Techniques, and Applica-tions are two of a large number of texts that could be used for this course.

Introduction to Statistics and Data Analysis II (Lecture/workshop: 3 credits)Thiscourse is a continuation of Introduction to Statistics and Data Analysis I, and thatcourse, or its equivalent, is a prerequisite for thisone. Course content will includethe notion of a linear model, the analysis of variance model, the linear regressionmodel, least squares and maximum likelihood estimation procedures,measures ofassociation, and analysis of covariance. Each statistical concept will be illustratedby numerous substantive examples drawn from social research. Wonnacott andlAbnnacott's Introductory Statistics for Business and Economics (2nd edition)contains most of the information that will be discussed in this course.

Multi-level Analysis (Lecture/workshop: 2 credits) An applied statistics course atapproximately the level of Wonnacott and Wonnacott's Introduction to Statisticsfor Business and Economics (2nd edition) is a prerequisite for taking this course.This two-week long lecture/workshop focuses on the classical problem of ecologi-cal inference; that is, the use of aggregate data to study individuals. Also coveredare topics in group and contextual effects,estimation from grouped observations,methods of choosing appropriate units of analysis, specification of appropriateanalytical models, and, time permitting, the extent to which multi-level analysis isuseful in evaluation research. Hannan's text, Aggregation and Disaggregation inSociology, includes much of the material that will be examined in this course.
TRACK HI
Advanced Linear Models (Lecture/workshop: 3 credits) Students who elect to takethis course must have had a solid introduction to linear modeling, at least at thelevel of the I CPSR 's Introduction

to Linear Models, and be capable of followingmathematical derivations that are based upon calculus and matrix algebra. TheConsortium's Mathematics for Social Scientists would provide, at best, the minimalbackground expected of students who take this course. Topics that will be studiedinclude the general linear model, various estimation procedures for parameters ofthe model, violation of the assumptions underlying the model (multicollinearity,heteroschedasticity, autocorrelation, measurement error, specification error),special models (dichotomous dependent variables, dummy variables, nonlinearmodels), and an introduction to simultaneous
equation models. Kmenta's Ele-ments of Econometrics or Seber's Linear Regression Analysis, as well as many
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Coast Models (Lecture /workshop: 3 credits) Students may enroll in this course
only if they have taken the lecture/workshop, Iptennediate Linear Models and the
lecture series, Mathematics for Social &bathes or their equivalents. This four-
week course provides a rigorous introduction to parameter estimation in various
types of both recursive and nonrecursive simultaneous equation (causal) models.
Estimation criteria such as ordinary least squares, instrumental variables,
generalized least squares, maximum likelihood, and two- and three-stage least
squares will be discussed. In addition, analytic problems induced by model mis-
spec ificatio n , ovvidentificat ion , underidentification, and various violations of the
assumptions of causal modeling will be examined. Time permitting, models with
unmeasured variables will be introduced and multiple indicator models will be
explored. The level of discourse is approximately that of Kmenta's Elements of
Econometrics.

Discrete Multivarlate Analysis (Lecture/workshop: 3 credits) Only participants
who have taken Intermediate Linear Models and Mathematics for Social Scientists
will be allowed to enroll in this course. This four-week course is designed to be an
introduction to a variety of those topics that are organized under the rubrics of
discrete multivariate analysis, multidimensional contingency table analysis, nom-
inal data analysis, or qualitative data analysis. Primary attention will be focused on
log-linear models; however, other approaches (minimum discrimination informa-
tion, weighted least squares, logistic modeling) to analysis of data measured on
nominal scales will be discussed. Course content incIddes maximum likelihood
estimation in complete tables, model selection and goodness-of-lit, logit and probit
analysis, causal analysis.using log-linear models, alternative estimation proce-
dures incomplete tables, and, time permitting, examination of various measures of
association. Fienberg's book, The Analysis of Cross-C lassified Categorical Data
and Reynold's text, The Analysis of Cross-Classifications contain almost all of the
material that is relevant to this course.

Exploratory Data Analysis (Lecture/workshop: 3 credits) While there are no formal
prerequisites for this course, it is likely to be much more meaningful for those
students who have had a course in applied statistics at approximately the level of
Hays' Statistics for the Social Sciences (2nd edition). This four-week lecture/
workshop represents a departure from the study of classical (confirmatory)-statis-
tics or social methodology in the sense that the exploratory techniques are de-
signed to probe for structure in data that may or may not have been obtained by
random sampling within the context of a designed experiment. Course content
includes box plots, stem-and-leaf displays, re-expression, median polish,
smoothing, and robust regression. Interactive computing is essential to explor-
atory analysis so most data exploration will be conduc ted with the aid of a set of
APL programs. The level of discourse will be essentially that of Mc Neil's Interac-
tive Data Analysis or Hartwig and Dearing's Exploratory Data Analysis.

Models with Unmeasured Variables (Lecture/workshop: 3 credits) Students who
enroll in this lecture/workshop should have taken the Consortium's Intermediate
Linear Models, Applied Multivariate Analysis, and Mathematics for Social Scientists
or their equivalents. The models discussed in this course are of two types, meas-
urement models and structural equation models. Specific topics include classical
test/measurement theory, constructs and their indicators, measurement error, the
relationship between factor analysis techniques and generalized covariance
analysis, and, Rireskog's LISREL models. Much of the content of the course is
covered in Rireskog and Siirbom's monograph Analysis of Linear Structural
Relationships by the Method of Maximum Likelihood.

Multivariate Dimensional Analysis (Lecture/workshop: 3 credits) Participarits who
elect this course should have had an introductory course in applied statistics at
about the level of Hays' Statistics for the Social Sciences (2nd edition) and they
should have a mathematical competency consistent with the content of the I CPSR
course Mathematics for Social Scientists, This four-week lecture/workshop focuses
on data analytic techniques designed to uncover the structure of multivariate
phenomena. Course content includes an introduction to the unfolding model,
factor analysis, Gutmann scaling, nonmetric multidimensional scaling, individual
difference scaling, and cluster analysis. Relationships between exploratory data
reduction, statistical model estimation, and analytic interpretation will be dis-
cussed in connection with methods of configuration comparison. Although there is
no text which satisfactorily addresses all of these topics, Shepard, Romney, and
Nerlov's two-volume work, Multidimensional Scaling: Theory and Applications
in the Behavioral Sciences contains much relevant information.

Time Series Analysis (Lecture/workshop: 3 credits) Both ICPSR courses, Inter-
mediate Linear Models and Mathematics for Social Scientists are prerequisites for
this course. This four-week course focuses on several approaches to the analysis
of time series data, including the classical decomposition of a time series into its
constituent elements, analysis using the Box - Jenkins' ARI MA models and trans-
fer functions, integration of the classical decomposition and Box - Jenkins' ap-
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Data Processing and Data Managemeal la the Crijnbtaljestice Field (Workshop: nu
credit) Only individuals who have taken an applied statistics course at the level of
Hays' Statistics for the Social Sciences (2nd edition) and who have "fairly exten-
sive" computing skills will be admitted for participation in this course. This
two-week workshop is designed to satisfy the needs of practitioners whose profes-
sional responsibilities include the provision of data management and data analytic
services based upon computer-readable social science data files in the criminal
justice arena. The course discussions will focus on ICPSR data resources obtained
in cooperation with the Law Enforcement Assistance Administration (LEAA).
This is a "data confrontation" workshop in which participants will be expected to
articulate and examine problems relevant to theirown specific research interests,
analyze various data sets, and share data managements and data analysis experi-
ences.. Enrollment will be limited to twenty individuals who will receive stipend
support under a program sponsored by the LEAA.

Empirical Research Issues In Aging (Seminar: no credit) An applied statistic
course at approximately the level of Wonnacou and Ntinnacott's Inirodsiclion to
Statistics for Business and Economics (2nd edition) and at least a rudimentary
knowledge of computing are prerequisites for this course. This four-week seminar
will be devoted to discussion and analysis of various critical issues of the aging an
the aged, including economic concerns, social policies, healthprograms, recrei
Von, and, more generally, quality of life considerations. Participants will analy.
data developed by the ICPSR in conjunction with a project supported by II
Administration on Aging (AoA). Enrollment will be limited to forty student
including twenty who will receive stipends under the sponsorship of theAoA. TI
remaining places are reserved for twenty minority group scholars who will rec,eiv.
stipend support from AoA to participate in the ICPSR's methodology courses.

Quantitative Analysis of Crime and Criminal Justice (Seminar: no credit) Partici-
pants who take this course should have already had or should be enrolled in
Introduction to Statistics and Data Analysis I sod 11 or its equivalent. In this
four-week seminar, the primary issues of and approaches to the study ofcrime and
the criminal justice system will be reviewed. Primary emphasis will be on impor-
tant substantive problems of criminal justice not on statistical methods and
much of the discussion will be based upon 1CPSR data resources that have been
developed in conjunction with the Law Enforcement Assistance Administration
(LEA A). Data analysis using the computer is an integral part of the course.
Enrollment will be limited to twenty students, and stipend support for those
admitted for participation w' be provided by the LEAA.

Quantitative Analysis of Mass thin (Lecture/workshop: 3 credits) The
ICPSR's Introduction to Statistics and Data Analysis is a prerequisite for this
course. Participants who elect this four-week course will study problems as-
sociated with the collection and utilization of mass media audience data. Emphasis
will be directed at conceptualizing research problems which address significant
issues in communication theory, and much attention will be given to important
related questions of publio policy. A variety of topics, including the effects of the
media on the attitudes and behavior of individuals and the utilization of the media
to achieve political and societal objectives, will be examined. Students will analyze
large data sets with content drawn from such diverse arenasas communication and
political behavior, socialization, time budgeting, and the formation of life styles.
Many of the topics germane to the course objectives arc contained in McLeod and
ChatTee's The Social influence Process.

Quantitative Historical Analysis I (Lecture/workshop: 3 credits) There are no
prerequisites for this lecture/workshop; however, participants who are enrolled in
this course will be expected to attend the lectures in Elementary Mathematics for
Social Scientists as well as the lecture/workshop, Introduction to Statistics and Data
Analysis. This four-week course is designed to be an intensive practical introduc-
tion to the use of quantitative methods in historical research. Topics of discussion
will include various elements of the research process; in particular, problem
definition, experimental design, data collection and preparation, numerous
methods of analysis, and interpretation of results. Much attention will be devoted
to determining important sources of quantitative or quantifiable historical data,
including census materials, biographical data, election returns, and legislative roll
call records. In addition, participants will examine the development and utilization
of quantitative exercises for instructional purposes, with special emphasis cen-
tered on the utility of incorporating quantitative analysis in the undergraduate
history curriculum. (NOT OFFERED IN 1980)

Quantitative Historical Analysis II (Lecture/workshop: 3 credits) Participants who
enroll in this lecture/workshop should have a general knowledge of the scope and
method of social research, including knowledge of problem formation, research
design, sampling, and data collection procedures, and should have had at least one
course in applied statistics. The focus of this intermediate-level course will be the
use of statistical and other data analytic methods for exploring the nature of
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Database Management for Complex Data Sets (Workshop: no credit) Students in
this one-week, intensive workshop will share knowledge of problems and tech-
niques of computer-assisted database management for large complex data collec-
tions involving different time periods, different data sources, and different levels of
analysis. Course content will include examination of existing database manage-
ment systems, and much time will be devoted to exploring problems and solutions
of specific interest to the participants. Enrollment will be limited.

Data Management, Library Control, and Use of Computer Readable Information
(Workshop: no credit) While there are no formal methodological or computing
prerequisites for this course, each participant should have had some practical
experience as a data librarian. This one- week workshop is designed for individuals
whose responsibilities include provision of data services or information about
computer-readable social science data files to users of those resources. The
objective of the workshop is to introduce practitioners to data management, data
control, and data servicing procedures and techniques. Data library procedures
and user services, including acquisition of data, transfer of data, accessioning
data, and bibliographic control, will also be reviewed. An intensive study format
will be employed for this workshop. (NOT OFFERED IN 1980)

Introduction to Computing with SPSS (Workshop: no credit) Although there are no
formal prerequisites for participation in this workshop, it would be of no utility at
all for a student whose background did not include an applied statistics course such
as the Consortium's Introduction to Statistics and Data Analysis I and U. The
purpose of this four-day workshop is to introduce the student to the Statistical
Package for the Social Sciences (SPSS) programs. All relevant topics will be
motivated by exposing participants to "hands on" computing experiences utilizing
a set of guided exercises. The content of the workshop will include a potpourri of
topics sampled from the SPSS Manual (2nd edition).

Asian American Research Methods Workshop (Lecture/workshop: no credit) Par-
ticipants who take this workshop should have already had the equivalent of or
should be enrolled in Introduction to Statistics and Data Analysis I and U, should
have a substantive interest in research related to Asian Americans, and should
have at least a rudimentary knowledge of computing. They willbe expected to use

the workshop to explore research problems in which they have specific interest.
This two-week workshop will be preceded by one of several four-week course
sequences offered by ICPSR; however, full participation in the ICPSR Ttaining
Program is optional. The workshop will focus on methodological problems of

nwo of relevant data cur-

Introduction to Statistics
and Data Analysis I

Introduction to Statistics
and Data Analysis II

Intermediate
Linear Models

Introduction to
Linear Models

I. Applied Multivariate
Analysis

2. Applied Nonparametric
Statistics

3. Experimental Studies
4. Exploratory Data Analysis
5. Multi-level Analysis

MAematics for
'Social Scientists

gAdvanced Linear Models
Causal Models

3. Discrete Multivariate
Analysis

4. Models with Unmeasured
Variables

5. Multivariate Dimensional
Analysis

6. Time Series Analysis



I.C.P.S.R. 1980 TRAINING PROGRAM

Participants should understand that lecture/workshqps form the core of the "ftain-
ing Program's curriculum, and credit at the University of Michigan may be
obtained only for those courses. The various lecture series are an important and
integral component of the participant's experience; however, their purpose is to
broaden and enrich the student's primary intellectual activities which should focus
on participation in lecture/workshops. Consequently, students should determine
their programs of study by choosing those lecture/workshops in which they are
interested, and their schedules should be completed by augmenting that nucleus of
courses with selections from the list of lecture series,

Naturally, each participant's schedule of courses will be tailored to his/her indi-
vidual needs. A few prototypes of students' schedules are presented below, solely
for the purpose of providing some notion of what constitutes a reasonable com-
mitment for an eight-week program of studies.

Partklpant A (This individual has had a course in Scope and Methods of Social
Research):

First Session:

Second Session:

Elementary Mathematics for Social Scientists
Introduction to Statistics and Data Analysis I"
Introduction to Computing
Data Analysis and Public Policy
Experimental Studies'
Introduction to Statistics and Data Analysis II or

Introduction to Linear Models"

Participant B (This individual has had an applied statistics course at approximately
the level of Hays' Statistics for the Social Sciences (2nd edition):
First Session: Mathematics for Social Scientists

Dynamic Analysis
Evaluation Research Methodology
Introduction to Computing (if necessary)
Intermediate Linear Models

Second Session: Data Analysis and Public Policy
Exploratory Data Analysis"
Applied Multivariate Analysis" or Multi-level Analysis'

Participant C (This student has had an applied statistics course at at least the level
of Hays' Statistics for Social Scientists (2nd edition), has a grasp of the notion of a
linear model at approximately the level of Wonnacott and Wonnacott's Economet-
rics. and is knowledgeable of the basic principles of matrix algebra):
First Session: Mathematics for Social Scientists (if necessary)

Formal Theories of Social Research
Introduction to Computing (if necessary)
Applied Multivariate Analysis' or Advanced Linear

Models"
Second Session: Data Analysis and Public Policy

Dynamic Models of Political Economy
Causal Models,' Exploratory Data Analysis, or

Models with Unmeasured Variables
Discrete Multivariate Analysis" or Time Series

Analysis

Needless to say, each participant-may elect to take a rich schedule of lectures,
workshops, and lecture/wcirkshops during the summer term. In fact, so many
intellectual opportunities are available for students that they are often tempted to
spend their time at the Consortium's 'LW ning Program dashingfrom one course to
another, filling each day with a potpourri of activities and committing themselves
to nothing in particular. While even that strategy may be optimal for a few
individuals, participants who fail to devote their attentionto an intensive study of a
restricted set of intellectual ideas, truly miss much of the focus and value of the
naining Program.

"This is a course for which graduate credit at the University of Michigan may be
earned.
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TUITION FEES

With the exception of those who have Visiting Scholar status. or participants who
matriculate in a few of the special programs or the short courses, University of
Michigan tuition fees are required of everyone who attends the Training Program.
For computing tuition costs, assume that two ICPSR summer terms count as only
one University of Michigan summer term.

Enrollment Status
Graduate Credit or Special Credit
(Summer Guest)

Michigan Resident Non-resident

3 credit hours $312 S 684
5 or more credit hours $467 $1.022

Special Auditor
Any number of credit hours
(first and or second sessions)

5125 S 375

Please note that all fees air subject to change at any time by the Board of Regents
of the University.

HOUSING

The following guidelines for finding suitable summer housing accommodations in
Ann Arbor have been used effectively by participants for several years.

Participants usually obtain housing in University residence halls. in University
and privately owned apartments, or in pnvately owned, furnished rooms. Some
homes are also available as summer sublets. If it is at all possible, it may be useful
to discuss housing arrangements in Ann Arbor with former participants. but
remember that it is likely that the cost of living will have increased over the years.
Although housing costs may be your primary concern, you should also consider
such factors as access to public transportation. airconditioning, the desirability of
dorm life. etc. It is very difficult to find housing in Ann Arbor that includes
accommodations for pets.

Generally. family housing is the most difficult to find. If you intend to bring your
family to Ann Arbor and if you will attend classes for the entire eight-week period.
the University of Michigan offers housing at a reasonable price. but early applica-
tion is essential. A reasonably priced apartment for a single individual is somewhat
difficult to find: it is usually easier to locate shared housing. You should decide
whether to make housing arrangements prior to your arrival in Ann Arbor. Some
former participants recommend waiting to find '-a bargain" after classes begin. In
the past, individuals willing to share an apartment have had tittle difficulty making
such arrangements: however;some effort, including telephoning and occasionally
some footwork, is required. Listings can be found in the Ann Arbor News or on
fliers posted outside the Housing Office on the first floor of the Student Activities
Building. All caveats aside, it is noteworthy that participants invariably find
satisfactory housing without much difficulty.

In writing for housing, mention the name of the Program (ICPSR Summer Train-
ing Program) and the dates (lune 30-August 221. There is often some confu-
sion about schedules, because the University of Michigan has a I5-week
Spring/Summer term ands Spring half-term which overlap the eight-week ICPSR

APPUCATIONS
Application for participation In the ICPSR Raining Program consists of twoseparate steps.

I. Application to attend the ICPSR Training Program:
Admission to the Training Program is determined under guidelines set by the
ICPSR Council. Applicants should contact the Consortium's Official Repre-
sentative at their home institution to obtain the ICPSR application form.
Completed applications must reach the office of the Training Program's Direc-
tor by April 15.1980, and applicants will be notified regarding their acceptance
into the Program by the end of April, 1980.

2. Application to attend The University of Michigan:
Application procedures for admission to the University of Michigan are de-
scribed below, Admission to the University should be obtained subsequent to
admissioa to the ICPSR Training Program,

ADMISSION STATUS
All non-University of Michigan participants in the ICPSR Training Program must
be admitted by the University of Michigan under one of the three categories listed
below. Applicants should indicate their desired status on the application hr the
ICPSR Training Program. Upon admission to the Program. the Training Program
office will forward University of Michigan application forms to prospective partic-
ipants along with relevant instructions.

I. Visiting Scholar, Individuals who have the Ph.D. degree or its equivalent or who
have an academic appointment at the rank of Associate Professor or higher at
an accgedited institution. and who do not wish to have a record of their work on
file., may request "guest privileges. enabling them to attend the Training
Program and use University facilities without charge. A copy of the Ph.D.
diploma. a transcript, or an official letter from the institution that awarded the
Ph.D. degree must be submitted to ICPSR along with the completed applica-
tion in order for an applicant to be granted Visiting Scholar status.
Furthermore. prospective participants who have completed all requirements
for the Ph.D. degree, but who have not formally received the degree. may
apply for Visiting Scholar status. Such participants must request that their
department chairperson send a letter to the ICPSR office confirming that all
degree requirements have been met and stating the date upon which the degreewill be conferred. This letter must be included with the completed applicationform.

2. Special Credit Student. (Summer Guest ) Students with a Bachelor 's degree wbo
wish to receive academic credit for participation in the Training Program may
apply for admission to the Graduate School of the University of Michigan asspecial credit students.

3. Special Auditor, Students who do not intend to enroll in courses in the Summer
Program for credit, and who do not qualify as Visiting Scholars, must apply for
admission as special auditors. Note that with this academic status no university
record of the student's performance will be kept on file.

It is. possible for individuals who qualify under the Committee on Institutional
Cooperation (CIO traveling scholar program to participate in the Training Pro-gram under the CIC guidelines.
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' SANGAMON STATE UNIVERSITY

(Institutional Statements)

PHILOSOPHY AND PURPOSE

Sangamon State is an upper-division and graduate universiity
committed to a concept of higher education that compels it to
reach out into the community and respond in meaningful ways to
the needs of today's students and the demands of contemporary
society. The mandate of the university is to address public
affairs within the framework of a liberal arts curriculum and
to stress practical experience. professional_ development, and
innovative teaching.

Continuing the philosophy of open admission and affirmative
action generated by the state's community colleges, Sangamon
State provides opportunities for upper-level and graduate
education to a broad spectrum of students: transfer, individuals
resuming an interrupted education, employed persons seeking to
upgrade themselves in their current positions or to prepare
for second careers, Shd area residents wishing to enhance
their personal lives.

As the public affairs university for the state of Illinois,
Sangamon State addresses itself to specific and general needs
of government and society through special courses, projects,
and student internships. The university also prepares people
for public service and fosters an active understanding of
social environmental, technological, and ethical problems as
they relate to public policy.

Faculty members of Sangamon State University have a commit-
ment to the individual student; excellent teaching is the
faculty's highest priority, and'research and publication serve
as support for teaching. Many classes are small and informal
and permit easy relationships between Students and professors.
Faculty members also serve as students' academic advisers. The
adviser acts as a central contact and helps the student develop
a meaningful and enriching program of study.

Many of Sangamon State University's academic programs are
designed to bring together the world of public affairs and
the world of higher education. The task is to teach people
and prepare theM4as individuals to be effective participants
in a changing society.

PUBLIC AFFAIRS AT SANGAMON STATE UNIVERSITY

As the public affairs university in the Illinois state system
of higher education, Sangamon State directs educational, research,
and service efforts toward solution of public problems facing
the state and its local communities. Emphasis is on a coordinated,
interdisciplinary approach to problem-solving, training, and
communication through the following centers and services:
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(Institutional Statements)

The Illinois 'Legislative Studies Center. the Center for Policy
Studies and Program Evaluation, the Center for the Study of
Middle-Size Cities, and the Legal Studies Center..

Each center and service program is charged to devel9p applied
research and service activities which effectively addrfss
problems of state and local significance. EaCh unit has a
small perffianent core of faculty with joint appointments in the
center and in an academic program. Specific projects draw
additional staff from among the faculty who are temporarily
attached to the unit; both groups of faculty member's have
teaching and other obligations during the period of their
assignment to the project. This linkage serves to bring faculty
members' public affairs experience to the classroom and provides
a flexible 'staffing pattern which matches relevant faculty
expertise to public problems and helps to ensure maximum
benefit for instructional programs.

SangaMon State awards the following degrees:

Masten of Arts in Business Administration,. M.A.B.
Master of Public Administration, M.P.A.
Master of Science, M.S.

Nutrition
Master of s ts, M.A.

Biolog
Family, and Community Services

Com nication
Coy unity Arts Management
conomics

Educational Administration
Environments and People 't

Gerontology
Helath Services Administration
History
Human Development Counseling
Individual Option
Legal Studies
Literature
Mathematical Systems (four Concentrations)
Computer Science Operations Research/Systems analysis
Mathematics Statistics

Political Studies
Public Affairs Reporting
Psychology

Clinical Psychology
Sociology/Anthropology
Social Justice Professions (three concentrations)
AdministratiOn of Justice
Human Services
Law Enforcement



Center for Policy Studies and Program Evaluatidn

SANGAMON STATE UNIVERSITY

(Institutional Statements)

The Center for Policy Studies and Program Evaluation contributes to
the public a,f-fairs mandate of Sangamon State University through a broad
range of programs designed to help imprive governmental performance in
Illinois, particularly at the state governmental level. Started in 1972-
73 inforMally as the. Public Sector Evaluation Center, and formalized by
the Board of Regents in the following year, the center's activities were
blipanted in 1976 to encompass its present scope of concern for the broad
range of policy formulatipn and policy implementation processes.

In carrying out its mandate, the center conducts four main types of .

program activities: PrOblem-solving research; technical assistance consul-
tations; training programs; and a public secto'internship program.

Center research activities include'independenttudies of major public
roblems facing Illinois as well as research undertaken at the request of

rnmental units. Research activity is applications oriented, emphasiz-
g,the use of rigorous analysis to clarify public issues and possible
licy alternatives, while also developing new, generalizable knowledge
uttgovenmental and other public sector organizations on internal mana-
al issues as well as policy-making and implementation questions.
ement training and executive development activitieS'Include individual

consultations, workshops and conferences', specialized courses, training
needs assessments, and long-term development strategies.

Within the center, the Graduate Public Service Internship. program
contributes significantly to both the problem-solving mission of the
center and to the broader educational mission of the university. Interns
from a wide range of colleges and universities in Illinois serve with a
variety of state executive branch departments and agencies. The intern-
ship program allows a student to work one-half time in a state agency
while completing work on a two-year graduate degree in a field such as
public administration, business, administration, economics. mathematics,
human development counseling, social justice, political q udie d health
services management. DUring the school year the agency p vi
to the university to pay the .student monthly stipend pl .:-.. *,;.,A on costs
and professional development travel. During the'summer p riod the intern-

?
works fuViime in ,the agency. . Y

,

6 4 .go4" A ,ia-L lic affairs university, Sangamon State has a dual mission to
fulfil -4,=. , ending the resources of the university outward through public
'service activities, and furthering the unique mandate of academia to
advance understanding of man and his world. Both sions--serviice and

' underStpding--provide the underlying purpose fo center's 'Work.
Interplay between these two missions is essentia lfit1,the-unique
-contributions the center-can make to improve gover ental pirforM nce in
Illlnois. Public servAceYactivities which aro unguided by the a ademic
conbern for increasedvunderstanding,are incomplete t, /dkbwise,. academic'

r quests for understanding of our governing system withoutoenrichment from
the practical eleri,ces of public service work are al0e,incomPlete.
The center's man ate is thus to help bridge the knowledgelactipn gap
between theacademic uncle tanding of government and th- ractice of
government.,

ab
ger
Mana
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Illinois Legislative Studies Center

SANGAMON STATE UNIVERSITY

(Institutional StatementS)

This center coordinates university activities related to the

Illinbis General Assembly, incltdinT experiential eduation,

applied research, and public service.

The Illinois Legislative Staff Internship Program, the Illinois

Private Sector Internship Program, and the Applied Legislative

Study Term are major educational components of the ILSC. The

Legislative Staff Internship Program, which provides an'opportunity

for outstanding' graduate students from throughout the state to

serve with leadership or nonpartisan research agency staff for

a period of nine and a half Months beginning Oct. 1, is coor-

dinated for the Illinois Legislative Council by the center. The

Private Sector Program is also a nine-and-a-half months graduate-

level experience, but interns are placed on legislative staffs

of private associations which supply funding.

'Applied research projects of the center are generally directed

toward questions of public policy or legislative processes and

afford both students and faculty the qpportunity to conduct

research and study in the legislative setting.

Public service activities have included sponsorship of

conferences and training sessions for legislators, legislative

staff, and associated professionals.

The center publishes a monograph series which reports the

research projects and conferends conducted under its auspices.
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Center for the Study of Middle-Size Cities

SANGAMON STATE UNIVERSITY

(Institutional Statements)

The Center for the Study of Middle-Size Cities was established

to address%Droblems and issues common among cities with popula-

tions in the range of 50,000 to 250,000. Although much research

has been conducted on numerous aspects of the nation's largest

metropolitan areas, the findings are seldom relevant to or in

a form useful to cities of lesser size. Moreover, few middle-

size cities have developed the capacity to conduct applied studies

of the broad-range problems and issues relevant to their particu-

lar interests. Consequently, many have difficulty in responding

effectively to the increasing magnitude of eco omic, social,

environmental, and governmental problems.

The major objective of the center is to serve-tlt interests

of middle -size cities by:

Conducting interdisciplinary, comparative, applied, and policy-

oriented research on a wide variety of issues. Research

has been done in the areas of energy consumption analysis,

,health services delivery systeMs, transportation

feasibility studies, public opinion polls, and criminal

justice.

Serving as an'information and consulting resource center 'to

assist social agencies, local governments, and public

and priVete organizations in their efforts ts improve

the quality of life and government of their communities.

Gathering, organizing, and presenting information about

middle-size cities in workshops and seminars for

students-at the university and for interested groups

anebrganizations throughout the state.
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The Center for Legal Studies

SANGAMON STATE UN]VERSITY

(Institutional Statements)

The Center for Legal Studies has been developed to serve Sangamon
State's public affairs mandate in three basic ways: 1) to coordinate
the clinical education aspects of the legal studies degree programs;
2) to develop and deliver a program of law-related training; and 3) to
engage in applied research activities. The Illinois Board of Higher
Education has also given the center responsi ility for administering
the educational component of a courts comple which is being planned
for the Circuit Court of Sangamon County an the Fourth District Appel-
late. -- --

Many legal studies students have been uccessfUliii finding a-variety
of public and private law- related positio s under the auspices of intern-
ship and applied study programs administ- ed by the center. Supervision
of clinical education provides informati n which is useful for program
planning and career placements. One of the center's continuing interests
is to study ways to increase the use o legal assistants in the public
service.

The cen r is a tive in the devel pment of law-related training
programs wh h exp nd general knowle e about the law and provide in-ser-
vice legal rain 'hg for persons working in public agencies. These
include: 9) sumr Or workshops on a -related education for secondary
education teachezfs; 2) a probatio raining program which is a significant
factor in effort` to improve the ality of the state's professional
probation s 3) training pro/ rams for persons working with juvenile-
status offehders; 4) in cooperation with state, local, and private
agencies, initiation of a.series of interdisciplinary workshops to
improve communication between vo unteers and professions who seek to
divert juvenile offenders from e court process; and 5) in cooperation
with the Univlersity of Illinois and the Illinois Department of Children
and Family Services, development of a legal training curriculum and
workshops for state social workers dealing with abused and neglected
children. /

The center's main.research interests, rural justice and the legal
system in Illinois, provide the basis for applied and scholarly
research projects intended to produce data for judicial policy develop-
ment as well as theoretical information for reference, publication, and
further research. A recent in-depth survey of Illinois circuit court
clerks and a current study of Illinois trial court judges will be
important contributions to a better undekstanding of the legal system
in Illinois, as it pertains to the del.Ivery of rural justice.

The training, clinical education, and research activities of the
center provide Sangamon State students with many opportunities to
supplement academic activities with practical experience.
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SANIANON STATE UNIVERSITY

Mathematical Systems
M.A.

(40 Hrs.)

PROGRAM FACULTY D. Anton Florian, lc G. Janarclan, Philip
Koltun, King Lee, Mary Kate Yntema.

ASSOCIATED FACULTY Harry Newman, Richard Newman.

To meet the ever-increasing demand for diverse quantitative skills, the
Mathematical Systems Program offers courses in four areas of basic and
applied mathematics: mathematics, statistics, computer science, and
operations research.

A student who plans to do graduate work in any area of mathematics,
science, or engineering, or who wishes to pursue a career in teaching, will
probably choose to take most courses in pure mathematics. The_student
concentrating in statistics will learn to uie and apply "stical techniques
to real-life problems, and will acquire the skills of coll tion, tabulation,
analysis, and interpretation of data needed to provid the quantitative
information used in a modern technological society. Computer science at
Sangamon State deals solely with software (development of the program
that controls the machine) rather than hardware (the machine itself).
Students are trained to design and analyze small-scale and/or large-scale
computer systems and to design and implement the required systems
programs. Usage of an outstanding variety of interactive and batch-proc-
essing computing systemsincluding an IBM 360/75, CDC Cyber 72, and
an HP 3000is integrated into the curriculum. Operations research deals
with the application of mathematics to solve complex problems of human
organizations. Students in this area analyze decision and control problems
involving the interaction of many factors and_ organizational components;
construct mathematical, economical, and statistical descriptions or models
of these problems; derive solutions from these models; and test and
implement the solutions.

Students are not restricted to concentrating in one of the four areas of
the Mathematical Systems Program; they may choose courses from dif-
ferent areas to fit their individual interests. Such students may matriculate
after they have worked out a plan of study with an adviser, and after the
plan has been approved by the mathematical systems program committee.

ADMISSION

All mathematical systems students are expected to have had a year of
calculus before entering the program, and must demonstrate their profi-
ciency by passing a test administered by the progra*ach year. Students
who have not studied calculus may prepare for the test by taking MSU 409,
and completing additional modules designed for the test. Students must
pass their test before matriculation. In addition, each concentration within
the Mathematical Systems Program has specific matriculation require-
ments.

7- 8



ADVISING

Prior to registration for the first time, the student should discuss with
the program convener or any member of the mathematical systems faculty,
the courses to be taken during the student's first semester at SSU. After
classes begin, he or she is urged to choose a permanent adviser as soon as
possible. Normally, the adviser will be associated with the concentration in
which the student will be matriculated.

COMMUNICATION SKILLS

Before graduation each student will undertake a graduation project,

which includes a written report, as one of the required courses. This report
will be graded not only on content, but also on organization and clarity of
expression. All students are required to take a diagnostic test on their
communication skills at the Learning Center early in their studies. Those
needing help will be counseled accordingly.

GRADING POLICY

An acceptable grade for graduate students is normally an A or B grade.
A grade of C may be counterbalanced by a grade of A in an MSY course at
the same level or higher (i.e., a C grade in a 500-level course may be
counterbalanced only by an A grade in a 500-level course).

PROGRAM REQUIREMENTS

The Mathematical Systems Program consists of four concentrations:
Mathematics, Statistics, Computer Science, and Operations Re-
search/Systems Analysis. A student may graduate after fulfilling the
requirements of one of these concentrations. In addition, a student may
design an individualized program combining features from several con-
centrations in consultation with an adviser; this program of study must be
approved by the mathematical systems program committee to assure its
coherence.

The matriculation requirement is given for each concentration sepa-
rately. Students who fail to matriculate are so notified by the program
convener. They may appeal this decision to the program up to the end of
the semester in which they are notified.

MATHEMATICS CONCENTRATION

A student may matriculate after: '

1. Completing the equivalent of MSY 411; MSY 412; MSY 413;
MSY 415.

2. Completing eight hours of graduate work in MSY courses at SSU
with a grade of B or better.

3. Passing the calculus examination.
4. Taking the communications skills diagnostic test.
An M.A. in mathematics involves 40 semester hours of graduate-level

work, of which 32 hours must be in MSY courses. Of the 32 hours of MSY
courses, 12 hours must be at the 500 level. Well-prepared students having
had the equivalent of MSY 411 and 412 Linear Algebra, MSY 413
Abstract Algebra, and MSY 415 Advanced Calculus may waive 10 hours.

The general university requirement of a graduation project may be
satisfied by taking MSY 518. This course requires the student to develop a
presentation, in writing and orally, of some aspect of mathematics not
formally studied in class. The topic and presentation should demonstrate
the student's ability to bring together, in a coherent fashion, theory from
different mathematical fields.

e.



OPERATIONS RESEARCH/SYSTEMS ANALYSIS
CONCEN77 .A770N

MSY 470 OPERATIONS RESEARCH/SYSTEMS ANALYSIS
PRACTICUM (1.4 Hrs.)
Guided field experience in applying operations research and systems analysis techniques
to a real problem. Description of current projects available from instructor. No prior
experience necessary. May be repeated for maximum of 8 hours. Offered fall and spring.

MSY 472 CONSTRUCTION OF DETERMINISTIC OPERATIONS
RESEARCH MODELS (2 Hrs.)
Construction and application of standard deterministic models in operations research.
Includes linear programming, nonlinear programming, network analysis, inventory,
models, and dynamic programming. Offered in fall.

MSY 473 CONSTRUCTION OF PROBABILISTIC OPERATIONS
RESEARCH MODELS (2 Hrs.)
Construction and application of models which involve use of probability and statistics.
Topics include queueing theory, inventory models, Markov processes, reliability, and
simulation. Knowledge of calculus, probability, and statistics required. Offered in spring.

MSY 474 SOLUTION OF DETERMINISTIC OPERATIONS
RESEARCH MODELS (2 firs.)
Methods for deriving solutions from standard deterministic models discwsed in MSY
472. Prerequisites: MSY 472 or equivalent and calculus. Offered in fail.

MSY 475 SOLUTIONS OF PROBABILISTIC OPERATIOAS
RESEARCH MODELS (2 Hrs.)
Methods for deriving lutions from standard probabilistic models discussed in MSY 473.
Prerequisite: MSY 4 or equivalent. Offered in spring.

MSY 480 SE IN OPERATIONS RESEARCH/SYSTEMS
ANALYSIS (I Hr.)
Recent advances in operations research. Open to students concentrating in OR/SA.
Maximum of 2 hours may be applied to degree.

MSY 481 LINEAR PROGRAMMING (4 Hrs.)
Theory underlying linear programming methods. Includes simplex procedure, duality,
sensitivity analysis, and integer programming. Problems are formulated and solved
through use of existing computer codes. No prior knowledge of linear programming or
computer programming required. Knowledge of algebra required.

MSY 483 FORECASTING (4 Hrs.)
Techniques of forecasting and their application. Linear regression models, time series
analysis including Box-Jenkins and other more advanced techniques, exponential
smoothing. Prerequisites: MSY 422 or equivalent and calculus.

MSY 485 SYSTEMS SIMULATION (4 Hrs.)
Monte Carlo techniques, random numbers and random deviate generation, variance
reducing techniques, and applications. Knowledge of statistics and computer program-
ming required.

MSY 570 OPERATIONS RESEARCH/SYSTEMS ANALYSIS
PRACTICUM (4 Hrs.)
Final practicum of each OR master's candidate, bringing all previous study to bear on one
advanced problem of practical significance.

MSY 590 ADVANCED TOPICS IN OPERATIONS
RESEARCH/SYSTEMS ANALYSIS (4 Hrs.)
Advanced topics from literature of operations research and systems analysis. May be
repeated for indefinite number of credit hours, but particular topic may not be repeated for
credit.

MSY 581 QUEUEING THEORY (4 Hrs,)
Structure and basic theory of queues, Poisson queues, non-Poisson queues, renewal
theory, and applications. Prerequisite: calculus and statistics.

M.A. degree students may take the following course as part of their concentration in the
OR/SA Option.

ACC 421 Administrative Uses of Accounting Information
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C:sDyINPUTER SCIENCE CONCENTRATION

451 COMPUTER FUNDAMENTALS AND PROGRAMMING I (2 Hrs.)
Introduction to programming in a higher-level language such as Pascal. Emphasizes
structured programming techniques. Students may not take both MSY 451 and MSU 414
for credit.

MSY 432 COMPUTER FUNDAMENTALS AND PROGRAMMING II (2 Hrs.)
Continuation of MSY 451. Students may not take both MSY 452 and MSU 415 for credit.

MSY 453 COMPUTER ARCHITECTURE (4 Hrs.)
Internal computer organization, general computer addressing methods, general internal
data representation. OS/370 assembly language programming with macro facilities, micro
programming, subprogram structure and linkage, coroutines, general data management,
basic systems programs. Prerequisite: ability to program in a higher-order language.
Lecture/laboratory course.

MSY 454 INFORMATION STRUCTURES (4 Hrs.)
Basic data organization, list structures, 'Map, arrays, tree structures, computer storage
management, memory allocation and collection, sorting table construction and searching,
programminj language data structures. Prerequisites: MSY 451 and MSY 452 or
equiv

MSY 455 STRUCTURE OF PROGRAMMING LANGUAGES (4 Hn.)
Comparative anatomy of programming languages, data structures, central structures,
run-time implementation and environment, and their relation to design criteria. Language
acquisition techniques. Use of APL, Basic, and Snobol, among others.

MSY 457 COMPILER ARCHITECTURE k (4 Hrs.)
Syntax analysis, symbol table construction, object code generation, optimization tech-
niques, boot-strapping, compiler-compilers. Prerequisites: MSY 454 and 455 or equiva-
lent.

MSY 459 DATA BASE MANAGEMENT (4 Hrs.)
Presentation and appraisal of the technology and practice of Data Base Management
Systems. Prerequisite: MSY 454.

MSY 460 TOPICS IN COMPUTER SCIENCE (4 Hrs.)
Topics vary. May be repeated for an indefinite number of hours.

MSY 461- OPERATING SYSTEMS PRINCIPLES (4 Hrs.)
Batch multiprogramming, real-time, and time-sharing concepts; job and task manage-
ment; storage management; data management; linkage editors; resource allocation.
Prerequisite: MSY 454 or equivalent.

MSY 462 SYSTEMS PROGRAMMING, LABORATORY (4 or '8 Hrs.)
Design and implementation of a cnnitprt- avcfprs hacir twratina system.
assembler, loaders, utilities, program language compiler. Prerequisite: MSY 457 and,
MSY 461 or equivalent. Lecture/laboratory course.

MSY 465 LEGAL ISSUES IN COMPUTING (4 Hrs.)
Topics include contracting for computer services; liability for programming errors;
taxation of computer systems; protection of proprietary software; privacy and data-banks;
electronic funds transfer systems; information utilities; and government regulation of the
computer industry.

MSY 553 STRUCTURED PROGRAMMING (4 Hrs.)
Systematic examination of literature on structured programming concepts. Other topics
include modular programming, software project management, documentation, and con-
firmation of program correctness. Languages designed to encourage structure program-
ming, such as Pascal, are utilized. Prerequisite: knowledge of some higher-level lan-
guage.

MSY 555 COMPUTER GRAPHICS (4 Hrs.)
Operation of graphic-devices, picture models and data structures, display software.
Prerequisite: MSY 454 or equivalent.

MSY 557 DATA COMMUNICATIONS (4 Hrs.)
General communication concepts, transmission control hardware, telecommunication
software, network design and control. Prerequisite: MSY 46l or equivalent.

MSY 561 LARGE-SCALE COMPUTER SYSTEMS (4 Hrs.)
Advanced computer architecture: virtual Memory, multiprocessors, array processors
(ILLIAC IV), string and array processors (CDC STAR 100), associate memory systems.
Prerequisite: MSY 461 or equivalent.

MSY 563 ADVANCED OPERATING SYSTEMS (4 Hrs.)
Analysis of large operating systems: OS/MFT, OS/MVT, OS/VS, Burroughs MCP,
CDCSCOPE. Prerequisite: MSY 561 or equivalent.

MSY 565 PERFORMANCE EVALUATION SEMINAR (4 Hrs.)
Tools and techniques for performance evaluation of computer systems. Integrated
hardware/software systems. user programs, and systems programs considered. Prerequi-
site: functional knowledge of operating system principles and computer architecture.
Prerequisite: MSY 454.

MSY 569 INDIVIDUAL PROJECT (4 Hrs.)
Final exercise of each computer science Master of Arts candidate, bringing all previous
study to bear on one advanced problem. Laboratory course.
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MSY 440 TOPICS IN STATISTICS (4 Hrs.)
Various topics; description changes depending on topics offered. May be repeated for an
indefinite timber of hours.

MSY 441 STATISTICAL DESIGN AND ANALYSIS (4 Hrs.)
Fundamental principles of design, completely randomized experiments, randomized
blocks. Latin squares, Graeco-Latin squares; cross-over designs; split plot designs;
fractional experiments, complete and partial confounding; fractional replication, experi-
mental and sampling Well, and components of variance and co-variance. Prerequisite:
MSY 422 or equivalent.

MSY 450 TOPICS IN PROBABILITY (4 Hrs.)
Various topics; description changes depending on topics offered. May be repeated for an
indefinite number of hours. Prerequisite: MSY 421.

MSY 535 MATHEMATICAL STATISTICS I (4 Hrs.)
Techniques for obtaining and using information in the 'presence of uncertainty. Includes
probability distributions, exact and limiting sampling distributions, principles and
methods of estimation, order statistics. Prerequisites: MSY 415, MSY 425 or equivalents.

MSY 536 MATHEMATICAL STATISTICS II (4 Hrs.)
Continuation of MSY 535. Point estimation of one parameter; sufficiency and complete-

ness; maximum likelihood estimation; hypotheses testing; Neyman-Pearson Lemma and
uniformly most powerful tests; analysis of variance and certain nonparametric methods.
Prerequisite: MSY 535 or equivalent.

MSY 537 STATISTICAL ECOLOGY (4 Hrs.)
Ecological problems and statistical distributions. Includes discrete and continuous dis-
tributions; construction of models in scientific worksampling models, models for birth
and death processes for both counts and inter-event times, multivariate models, inter-
relations and structures, estimation, and tests. Prerequisite: MSY 425 or equivalent.

MSY 538 SAMPLING TECHNIQUES (4 Hrs.)
Derivation of standard results of finite population sampling theory. includes simple and
stratified random sampling, systematic sampling, multistage sampling, regression, and
ratio estimation. Effect of costs on sample allocation. Prerequisite: MSY 425 or equiva-
lent.

MSY 539 ENVIRONMENTAL DATA ANALYSIS (4 Hrs.)
Material is centered around live problems. Topics include statistical properties of
environmental data; characteristics and parameters of quality; distributions of parameters
of environments; sources and magnitude of errors. Flexible format, with combination of
lectures, seminars, and projects.

MSY 540 SEMINAR IN STATISTICS (1-4 Hrs.)
Topics vary. May be repeated for an indefinite number of hours.

MSY 543 APPLIED STOCHASTIC PROCESSES (4 Hrs.)
Bernoulli and Poisson processes, Markov chains and processes, birth and death process,
and time dependent stochastit processes. Suitable for students in business, economics,
and any option of the Mathematical Systems Program. Prerequisite: MSY 425 or
equivalent.

MSY 544 DISTRIBUTION THEORY (4 Hrs.)
Probability distributions arising in statistical inference. Univariate and multivariate
distributions. Properties of distribution functions and characteristic functions. Important
limit theorems. Prerequisite: MSY 425 or equivalent.

MSY 545 LINEAR STATIS3ICAL MODELS (4 Hrs.)
Quadratic forms, linear hypothesis models, hypothesis tests, regression, analysis of
variance and co-variance, fixed and random effects models, multiple compar(sons,
designs. Prerequisite: MSY 425 or equivalent.

MSY 546 MULTIVARIATE ANALYSIS (4 Hrs.)
Properties of the multivariate normal distribution. Sampling distributions and tests in
multiple correlation and regression, Hotelling's T statistic, discriminant analysis, mul-
tivariate normal variable. Canonical correlation and principle component analysis. Pre-
requisite: MSY 425 or equivalent.

MSY 549 GRADUATE PROJECT (1-4 Hrs.)
In area of statistics to be decided upon with instructor. A written report and an oral
presentation required.

MSY 550 SEMINAR IN PROBABILITY (1-4 Hrs.)
Topics vary. May be repeated for an indefinite number of hours.
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MSY 500 COMPUTABILITY (4 Hrs.)
Turing machines, universal Turing machines; the halting'problems; model numbering;
unsolvability; recursive sets and functions; recursively enumerable sets; decision prob-
lems and undecidability. Prerequisite: MSY 407 or equivalent.

MSY 510 ADVANCED TOPICS IN ALGEBRA (14 Hrs.)
Various topics; description changes depending on topics offered. May be repeated for an
indefinite number of hours.

MSY 518 GRADUATE PROJECT (14 Hrs.)
In area of mathematics decided upon with instructor. A written report and an oral
presentation required.

MSY 519 COMPLEX ANALYSIS (4 firs.)
Discussion of the complex plane, complex functions, Cauchy - Rieman equations, Taylor
and Laurent expansions, contour integration, and conformal mapping. Prerequisite: MSY
415 or equivalent.

MSY 520 ADVANCED TOPICS IN ANALYSIS (4 firs.)
Various topics; description changes depending on topics offered. May be repeated for an
indefinite number of hours. Prerequisite: MSY 415.

STATISTICS CONCE1V7RA770N

MSY 421 PROBABILITY AND STATISTICAL APPLICATIONS (2 Hrs.)
Definitions of probability; algebra of events, addition and multiplication rules; permuta-
tions and combinations; random variables and probability distributions; expected value of
a random variable; some common statistical distributions. Statistical applications of
probability via binomial modelprediction and decision-making.

MSY 422 STATISTICAL ANALYSIS (2 firs.)
Presentation of data; numerical description; discrete and continuous random variables;
uniform exponential and normal distributions; statistics, and sampling distributions;
central limit theorem; students t, chi-square, and F-distributions; ideas of estimation and
testing of hypothesis for normal populations; confidence interval estimates; concepts of
regression and correlation. Prerequisite: MSY 421.

MSY 425 STATISTICAL INFERENCE (4 Hrs.)
Random variables and their distributions; moment generating functions; central limit
theorem; important statistics; distributions of certain statistics; basic ideas of inferential
statistics; estimation and tests of significance with special emphasis on treatment of actual
data; goodness of fit tests. Prerequisites: MSY 421 and MSY 422.

MSY 428 DISCRETE STATISTICAL MODELS AND METHODS (4 firs.)
Systematic study of probability models and statistical models pertaining to statistical

analysis of data consisting of single and multiple counts. Prerequisite: MSY 421 or
equivalent.

MSY 429 DYNAMIC PROBABILISTIC SYSTEMS ANALYSIS (4 Hrs.)
Analysis of probabilistic systems which are dynamic in time with aid of theory of
probability and stochastic processes. Includes Markov processes; recurrent events;
general random processes and their applications to analysis of various systems in
business, economics, ecology, and sciences. Prerequisite: MSY 421 or equivalent.nt.

MSY 436 APPLIED MULTIVARIATE ANALYSIS
Introduction to multivariate statistical methods; multiple regression and correlation,
principal components, monies] correlations, partial correlations, discriminant and factor
analysis. Concentrates on methods of data analysis using computer packages rather than

traditional theoretical approach. Suitable for the social science student as well as the
statistics major. No prior knowledge of computer programming required. Prerequisite:
MSY 422.

MSY 437 APPLIED REGRESSION ANALYSIS
The simple linear regression model, developed and extended to multiple linear regression,
polynomial regression, and stepwise regression. Practical problems are solved using both

packaged computer regression routines and routines students learn to write themselves.

No prior knowledge of computer programming required. Prerequisite: MSY 422.

MSY 438 SURVEY SAMPLING (4 Hrs.)
Basic course in principles of sampling for assessment of data in business, social sciences,
or natural resource management. Sampling problem, selection of samples, designing
questionnaire, estimation of means and variances, simple and stratified random sampling,
systematic sampling, and cluster sampling.

MSY 439 NONPARAMETRIC STATISTICS (4 firs.)
Statistical methods that do not depend upon particular form of the density function of the
underlying distribution. Includes selected distribution-free tests and estimation techniques
including sign test. Kolmogorov-Smirnov, Wilcoxon signed rank. Mann-Whitney tests,
Chi-square and rank correlation tests. Prerequisites: MSY 421 and MSY 422 or equiva-.
lent.
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MATHEMATICS CONCENTRATION

MSY 400 TOPICS IN GEOMETRY (1-4 Hrs.)
Various topics; description changes depending on topics offered, May be repeated for an
indefinite number of hours.

MSY 407 FOUNDATION OF MATHEMATICS (4 Hrs.)
Discussion of the axiomatic system and infinite sets, and how they produced contradic-
tions in mathematics in the late 19th century. Attempts to free mathematics from these
contradictions and GOdel's Theorem are described,

Hrs.)MSY 410 TOPICS IN ALGEBRA (1-4
Various topics; deRription changes depending on topics offered. May be repeated for an
indefinite number o(hours.

MSY 411 LINEAR ALGEBRA 1 (2 Hrs.)
Systems of linear equations, matrices, vector spaces in Euclidean n- space, linear depen-
dence and independence.

MSY 412 LINEAR ALGEBRA n (2 Hrs.)
Abstract vector spaces, bases for finite dimensional spaces, linear transformations,
similarity canonical forms, eigenvalues, quadratic and bilinear forms.

MSY 413 ABSTRACT ALGEBRA (4 Iln.)
Theory of groups, rings, and fields. Subgroups, ideals, integral domains, quotient
algebras, isomorphisms, and homomorphisms are covered. Prerequisite: MSY 412.

MSY 415 ADVANCED CALCULUS (4 Iln.)
Introduction to basic theory of analysis including rigorous treatment of sequences, series,
continuous functions, theory of differentiation, and Riernann integration. Prerequisite:
one year of calculus.

MSY 417 NUMERICAL ANALYSIS (4 Hrs.)
Introduction to fundamental numerical algorithms; elementary error analysis; polynomial
interpolation; solution of linear and nonlinear systems of equation; numerical solution of
differential equations. Prerequisites: calculus; MSU 421 or MSY 411; MSU 414 or MSY
451; or equivalents.

114." 418 METHODS OF APPLIED MATHEMATICS (4 Hrs.)
Various topics for science and mathematics students; may include ordinary and partial
differential equations, Fourier series, vector analysis. Emphasis is on application. Prereq-
uisite: calculus.

MSY 419 DIFFERENTIAL EQUATIONS (4 Hrs.)
Initial value problems. Topics include existence and uniqueness of solutions, linear
systems, and autonomous systems. Prerequisite: MSY 415 or equivalent.

MSY 420 TOPICS IN ANALYSIS (1-4 Hrs.)
Various topics; description changes depending on topics offered. May be repeated for an
indefinite number of hours. Prerequisite: MSY 415.

MSY 500 ADVANCED TOPICS IN GEOMETRY (1-4 Hrs.)
Various topics; description changes depending on topics offered. May be repeated for an
indefinite number of hours.

MSY 507 SYMBOLIC LOGIC (4 Hrs.)
Formal treatment of the propositional and predicate calculi. Concepts of validity,
implication, deductibility, consistency, and completeness. Student must be able to read
and write proofs in abstract mathematics. Prerequisite: MSY 407 or equivalent.

YorOC:11.
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MATHEMATICAL SYSTEMS/Course Descriptions

SERVICE COURSES MR NONMAJORS

MSU 401 APPLIED STATISTICS I (4 Hr..)
For nonrnath majors. Introduction to basic elements of probability 'Ind statistical theory.
Topics may include analysis of data; finite sample spaces; probability distributions,
statistical inference; testing of hypotheses; regression and correlation. Adequate back-
ground in high-school algebra required. Students may not take more than one of MSU
401, MSU 305, or MSU 405 for degree credit. See SOA 413.

MSU 402 APPLIED STATISTICS 11 (4 Hrs.)
Linear regression and correlation, analysis of enumerative data, test statistics, random
sampling, design of experimentsblack and Latin square designs, analysis of variance,
certain nonparametric tests. Prerequisite: MSU 401. See SOA 414.

MSU 403 SO YOU THINK YOU CAN'T DO MATH! (4 Ifni.)
Attempt to reduce anxiety about mathematics. Bnah-up on bask mathematical skills.
Glimpses of history and present-day applications of mathematics.

Mal 405 A COMPUTER-ORIENTED APPROACH TO STATLSTICS /Ink)
Introduction to statistics. Students with no prior knowledge in computer programming
learn to use packaged statistical programs and to write their own programs as they learn
about simulations, descriptive statistics, elementary matrix methods, inferential statistics,
tegression, and correlation. Students may not take more than one of MSU 401, MSU 305,
or MSU 405 for degree credit. Prerequisite: high-school algebra.

MSU 406 SAMPLING FOR ACCOUNTING AND AUDITING (4 His.)
For accounting and auditing students. Topics may include Sampling principle, sampling
plans. attribute and variable sampling, selection techniques, random number sampling,
systematic and stratified sampling, sample size determination, and estimation procedures,
simple extension, difference ratio and regression methods. Prerequisite: MSU 401 or
equivalent.

MSU 407 QUANTITATIVE ANALYSIS (2 Hrs.)
Statistical and quantitative methods from the perspective of administrative decision-Mak-
ing. The logical basis of modern quantitative techniques and their application to health
services administration problems. See HSA 407.

MSU 400 HEALTH RESEARCH ANALYSIS (2 Hrs.)
Quantitative techniques as applied to the health field. Includes regression and correlation,
analysis of variance, and introduction to operations research. Prerequisite: NSA 407 or
equivalent. See HSA 408.

MSU 409 TECHNIQUES OF ANALYSIS (2 Hrs.)
For nonmathematics majors. Techniques of differentiation and integration; Self -study
modules on slides and tape in the Learning Center.

MSU 413 OPERATIONS RESEARCH FOR MANAGERIAL
DECISIONS (4 Hrs.)
Introduction to methods of operations research and management science; applications to
government. industry, education, and health. Prerequisite: high-school algebra.

MSU 414 INTRODUCTION TO COMPUTER PROGRAMMING I (2 Hrs.)
Introduction to computer programming for nonmath majors. Interactive use of Basic, an
early learned language, is emphasized. Students may not take both MSU 414 and MSY
451 for credit.

MSU 415 [INTRODUCTION TO COMPUTER PROGRAMMING II (2 Hrs.)
Continuation of MSU 414. Further techniques of programming and problem- solving,
Students may not take both MSY 452 and MSU 415 for credit.

MSU 421 MATRICES: A MATHEMATICAL TOOL (2 Hrs.)
Primarily nonmathematics majors. Understanding of quantitative tools used in
studying disrdplines. Introduction to systems of linear equation, matrix manipula-
tion, and de nants. Emphasis is on using these tools, rather than proving theorems.
Prerequisite: high-school algebra.

MSU 423 COMPUTER FUNDAMENTALS FOR ADMINISTRATION (2 Hrs.)
Fundamentals of data processing and computer systems. Use of Basic programming
language in business problem-solving. Applications of time- sharing.

MSU 431 MATH GAMES (2 HA.)
Introduction to the use of games to teach arithmetic. Mostly for primary and secondary
teachers.



MSY 425 Statistical Inference 4 hours
OR/SA Practicum 10 hours

(MSY 470-6 hours and MSY 570-4 hours.)
(Up to four hours of other OR course work substituted
for students with project experience.)

In addition, the student must pass the OR/SA Core Exams, display
competency in reading OR/SA literature, and demonstrate the ability to
lead an operations research study. A handbook providing detailed degree
requirements is available from program faculty.

Quantitative Tool Subjects and OR/SA Core

Competence in the fundamentals of a variety of quantitative disciplines
is necessary to obtain, analyze, and evaluate information for sound
decision-making. Therefore, the OR/SA student is required to take the
following courses unless the skills needed have been demonstrated by
previous course work.

ACC 421 Administrative Uses of Accounting
Information 4 hours

MSY 411 Linear Algebra I 2 hours
MSY 412 Linear Algebra II 2 hours
MSY 421 Probability and Statistical Applications 2 hours
MSY 422 Statistical Analysis 2 hours
MSU 414 Introduction to Computer Programming I 2 hours

To ensure breadth in the fields of operations research and systems analysis,
the student is required to demonstrate mastery of the techniques of defining
problems, constructing mathematical models, and deriving solutions via a
series of six competency exams. A reading list is available for each exam.
The student may prepare for these examinations by taking the following
OR/SA Core courses:

MSY 472 Construction of Deterministic Operations
Research Models 2 hours

MSY 473 r Construction of Probabilistic Operations
Research Models 2 hours

MSY 474 Solution of Deterministic Operations
Research Models 2 hours

MSY 475 Solution of Probabilistic Operations
Research Models 2 hours

The graduate student may matriculate after:
1. Earning a B or better in the first eight hours of MSY courses, four

of which must be in OR; or earn a B average in the first 12 hours of
MSY courses (four of which must be in OR) and earn B or better in
the OR course. In either case all incompletes must be removed and
their grades counted.

2. Passing the calculus examination.
3. Taking the communications skills diagnostic test.

The university requirement of a graduation project is normally satisfied
by MSY 570 OR/SA Practicum.
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OPERATIONS RESEARCH/SYSTEMS ANALYSIS
CONCENTRATIONS

Operations Research/Systems Analysis (OR/SA) is concerned with
applying quantitative techniques to problem-solving and decision -making.
The program provides options of interest to students with nontechnical
backgrounds as well as those with quantitative backgrounds. There are two
master's degree options: the M.A. in public systems analysis and the M.A.
in operations research. Basic to both is the OR/SA practicum during which
students apply quantitative problem-solving techniques to the solution of
real problems.

The M.A. in Public Systems Analysis

This propam is designed to interest the student whose undergraduate
specialty differed from the study of techniques of_guantitative problem-
solving. Although candidates need not have strong mathematics back-
it-Pounds, they must have the willingness to learn various types of applied
mathematics.necessary to use operations research and systems analysis
techniques. Entering students are expected to have a bachelor's degree in a
nonquantitative discipline. The program generally requires 40 semester
hours of study; however, students may petition the mathematical systems
program committee for up to 10 semester hours of advanced standing. The
course requirements for this degree are:

MSU 409 Techniques of Analysis 2 hours
OR/SA Core courses 8 hours
400- or 500-level course work related to problems

in the public sector 12 hours
OR/SA Practicum 10 hours

(MSY 470-6 hours and MSY 570-4 hours)
(Up to four hours of other OR course work substituted for
students with project experience.)

In addition, the student must pass the OR/SA Core Exams, display
competency in the quantitative tool subjects described later, and demon-
strate the ability to use operations research in the public sector.

The M.A. in Operations Research

This program is for the student with an undergraduate degree in
science, engineering, or mathematics (including computer science,

, OR/SA, and statistics) who is interested in .becoming an operations
research analyst or systems analyst. The M.A. requires 40 semester hours
of work, up to 10 hours of which may be waived-for the student with a
good background in operations research, statistics, or mathematics. (See
quantitative tool or OR/SA Core courses described later.) Students con-
centrate on mathematical theory underlying techniques of operations re-
search and systems analysis and develop skill in supervising an operations
research study. The course requirements for this degree are:

Operations research (excluding OR/SA Core courses
and OR/SA Practicum 12 hours

Mathematics (past calculus) 4 hours,
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The entrance requirements t.a student ise'ricelitrating in statistttate:. --

1. 6ompleting eight hoUrSathe following 12 'rs: MSY 411412
Linear Algebra; MS145 gtiAlsticaLInfe ;MSY 415Ad--
vaned Caldulus. ; ' '' :11, b

. . k
2.. Earning eight hours graduate-level MSY rses with grades of ,

B or beber a:4 a gr te.student.'
3. Passing the calculus, n. ' 1 'iii.
4. Taking the eommuni , skink d' tic testi, ,

-,' -,-, An M:A. in statistica.requ s 40 t hours.,A4otal- of 2/i4tours
'must be in statistics, at least It f which t:the 500 level, In addition, a
stude,..,..:rj.J33) usi-also take four s of mathe les from the follOWing list:.,.

MSY 415 Advanced Car us
MSY 417 Numerical AnalYiis

T:-/ , .,-

MSY..3r9 Complex Analysis' ,":,
.If the student has not had vaned calculis as 'an undergraduate, the

four hours rust be in adv calculus: The student who has not liad
lineal, algebra must take KW 411 IviSle 412 Ifiaaai-Miebi:aflai4 II as
part of the electives. Up to 10 hou the total 46 insi.tie,v4ived for the!

.
student whO err probayli, tieal Applications, tXtatistieal
analysii,Ilatisti inference, )lngli I- '''silgObra th arkandetgro6te.

. 4..!.t'f',1The general versity requi rir of a.gradilation prqject islatisfied
by taking MSY . The student required to develop a written7and 1
oral report on some toplE not ti, studied in this couize..The topic

. and prekentationshould,demonitraig:te'sindent's ability to bring together,
theory from .different fields, of 'statistics.

,u , ,. .-. - ..., -\,..

COMPUTER. SCIENCE CONCENTRATICiN '`

The student may enter the contentration after: .

k ° - - : 4...,
44

1 elemonstratin course kgr4nd gr coMpetency in -subject areas
'. lequired or under duate in computer science at /SSU: i.e.,
. MSY 451 puteriPundamentali and Programming I; MSY 452

Computer Fundamentals and Prograniming II; MSY 453 Computer
Architectu ; Ii1SY14,4, Information Structures; MSY 455 Struc-
tyre of Programming Languages; and MaY 461 Operating Systems
Principles. These courses will not count toward hours required for
the master's degree.

2. Completing eight hour ipf BOr better work in-graduate-level MSY
-Courses beyond the courses listed in No. 1. .

3. Passing the Calculus examination.
4.. Taking the communications skills diagnostic test.
The M.A. in pomputer science requires 30 se ter ours, 24 hours of

which must be in computer science or related matical systems
courses.

The university requirement of a graduation project is satisfied by taking
I 'MSY 569 Individual Project.
1
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Practical Significance
and Mathematical
Models In
Administrative
Research

James F. McNamara

An editorial inaugurating a new department in the Educational Researcher=

difference between academic research 'on schools and o erational research in
"R&D in Progress in Schools"by.itichard Schutz iv concerned,,concerned, with the

schools.' According to Schutz the difference is in terms of context and
communication, and not in terms of methodology or merit. Schutz notes.further
that context differences are rather apparent but that communication differences
in the sense of availability and frequency of reporting mechanisms heavily favors
research on schools. Conceding that research on ichools'and research in schools
both can be conducted by either a school or extra-school agency, research in
schools is typically an intraschool activity, and research on schools is charac-
terized as an extra-school agency activity. Finally, Schutz points out that there is
little value in transforming one kind of research into the other, although both
are important to research-and-development progress in (education.

Even though this analysis was initially derived for the .larger educational
research-and-development community, there are no compelling reasons to alter
the description for operational and academic research-lc tier in educational
administration. Further, there is little question that b kind's of inquiry
academic and operational researchhaVe potentillOr Con ting US knowledge
and theory development in educational administiation.
and operational studies is of paramount impOrt in this respeer.Ifoiv.kan the`
credibility of research and 'research finclings be established?..And, can, the
credibility of both academic and operational research be ascertained in Ihe.same
way?

It is important to explore systematically the extent to which critical
assessments of design and analysis shed;light on the credibility of research in an
area and tie 'extent to which such' assessment provides leads for knowledge
production and synthesis or theory ',development. In this chapter I with to
demonstrate that an interest in critical appraisal of research designs and data
analysis pirocedures should be viewed as a, highly relevant research priority not
only from the point of view of cot/ducting research but also in terms of
reporting research within the professional arena. It is unfortunately; frequently
the cue, that consumers of research in educational,Administration. and tome
researcheisrlthernselves, often view descriptions of research de n and sfetistical
MOthOdolcigy as less interesting than-the discussion of final r

s

Chapter 10 in Glen L; Immegart and William L. Boyd
4eds.). Problem Finding in Educational Administration:.
rends An Theor and "Research. Lexington, Massachusetts:
eXington Books, 1979.
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in light of Schutz's dilfihOtion between research on schools and research in
schools, and the corresponding need to attend more accurately to the similarities
and differences of these two inquiry- orientations, this chapter is divided into
two major parts. Thkfirst part will concentrate on academic research. Here one
approach for conduct g a critical appraisal of design and method will be
illustrated. The appraisal will center on a single research issue, the distinction
between statistical and practical significance. hillte second part, the concern will
be with operational hiqries.2 Since there is a dearth of reporting of these kinds
of studies kin the educational administration literature, and since there is no
available precise assessment procedure (such practical significance with
academic studies), the design and analysis considerations that should guide
operational research will be identified first. Then an actual operational research
effort, one also illustrating a mathematical modeling approach, will be discussed
and analyzed. The chapter, will close with an overview of selected contemporary
research issuesk that appear to have been given relatively low priority in some
professionaliectors. "

Statistical and Practical Significance3

Two kinds of statistical tests of particular interest to researchers are those that
test for the significance of relationships and those that test for the significance

of differences.' To determine whether theie ate significant differences among
two or more'groups, researchers frequently employ a single classification analysis
of variance. This set of statistical decision rules allows one to specify directly the
statistical significance associated with the test of an experimental hypothesis of
interest. Practical significance, on the other hand, depends on an 'accurate
estimate of the strength of a statistical association. The practical significance
assessment usually follows the design employed in tests for the significance of
relationships, and -Often begins by asking, "How much of the variance in a
criterion measure can be accounted for by a prediction measure?"

Both statistical and practical significance use the information reported for
an F test. This can be illustrated using the angpis of variance (ANOVA) results
.reported in a study by Shetty and Carlisle, which attempted to analyze faculty
perceptions regarding the success of a management by objectives (MBO) program
implemented in a major land grant university.s

Independent Voriables in the OVA Design

A total of 109 professors was grouped according to three professorial chamcter-
istics: profeipprial rank, tenure status, and length of service in the univel tarty.
The number. Of groups for each of these three independent variables is gii/en in
table 1071.1lie* It can be observed that tenure status has two scoups.
Moreover; 6., Of ,:the 109 professors participating in the study were tenured,
whereas the mainMg 47 participants were not.

Criterion; Variable in the ANOVA Design

To formulate a single criterion variable Shetty and Carlisle first solicited faculty
perceptions regarding the success of the MBO program on ten dimensions of
interest. These ten responses were then averaged to provide a single indicator for
each of the 109 faculty members
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To examine the relationships between various faculty characteristics and
perceived success of the MBO program, three ANOVA tests were developed,
using the null hypothesis of no difference among !beans. For all three' fests,
statistically sign1f1cant differencjs were reported. These results are also sh:Osint 1*'
table 10-L1/Following an obvious trend for most statistical studies repcirted
the Educational Administration Quarterly, the authors' de,cisiOn to reject the
null hypotheses terminated the formal statistical analysis, and they proceeded to
describe what they believed to be the relationship between perceived program
success and each faculty characteristic.

. r

Table 10-1
Relationship between Faculty Type and Success of MBO Program

Faculty Type

Professorial rank
Professor 24
Associate professor 29
Assistant professor 41
Instructor 15

a
Tenure
Tenured 62
Nontenured , 47

-

Length.of service
1,3 Years
4-7 years
7 years or more

,45

32
34
43

Mean Scores

3.051
3.181
3.542
2.864

3.160
7'3.356'.

Standard
Deviation F Ratio

.497 7.97

.532 (df = 3,105)

.592 (p < 0.001)

.386

to

;3.416
3.335
3.045

44

.spo 3.07.

.665 (df = 1,107)
(p < 0.10)

.607
.537
.552

4.59
(df = 2,106)
(p < 0.02)

Source: Y.K...Shetty Auld H.M. Carlisle, "Application of Management by Objectives in a
University Setting,, EducatiOnal Administration Quarterly 10, no 2 (Spring 1974). Their
Corrected table-appears in,vol. 10, nO. 3 (Autumn 1974). Reprinted with permission.

ANOVA Deohpis: Rejection of the .hypothesescror no differences between
population iteans is tantamount to the assertion that the independent variables
'do has. SC44. Statistical .association with the criterion scores. However, the
occ ire,14ea sihnificant differences aay .nothing at all about the
str ngiiii'or the association betweew independent variables-and the criterion of
int rest, .4ifio in no sense can one infer from only these results that important
de ees at-association necessarily exist.

If th'e formal statistical ana'ysis in the Shetty, and Carlisle study had not
been, termiliatedArnmediately fo owing the rejection of the hypotheses of,sso
differences, they might have used the ANOVA results of table 10-1 tt formulate
severakqiiestions that influence the relaticenship between practical and statistical
significance. Consider just the following:

1. llosi does one relate the F ratio of 7.97 obtained for the analysis of
professorial rank with the F ratio of 3.07 for the tenure datat

2. Does the larger F test value of 7.97 necessarily imply that a more
important degree of association exists between the independent variable of
professorial rank and the criterion variable indicating the perceived success of
the MBO program?

3, How significant is-the level of significance at which the null hypotheses
were rejected for these variables? (How much more significant is the test value
for professorial rank, p < 0.001, as compared to the test value of p <0.02 for
length of service?)

I -3
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There are several statistical tee
significance concerns such as those
suming that Stott), and Carlisle were
their analysis might begin by
variables is practically significant
of the dependent variable. If 'on

can be used to evaluate practical
..these three questions.' AtO,

g a defensible criterion variable,
each of the three independent
that it accounts for the variance

independent variables accounts for all
the variance in criterion scores, it affdtds a perfect basis for the prediction of the
criterion variable. If one of their independent variables accounts for none of the
variance of the dependent variable, it hakno utility in predicting the dependent
variable.

Indite r,alue; for Practical Significance

One of the most fr uently applied statistical techniques for estimating the
proportion of the v nce of the dependent variable (Y) accounted for by a
given independent v ble (X) is a statistical index called w2 (Greek omega,
squared). Viewed either a proportion of variance in Y accounted for by X or
as a relativs reduction of uncertainty, this index, w2, can assume values ranging
from zero to unity, and is similar to two other indices, the intraclass correlation
and the correlation ratio. When (42 is 1.0, the independent variable correlates

exactly with the dependent variable. On the other hand, when w2 is zero, the.
knowledge of the independent variable does not reduce in any way uncertainty'
about the dependent variable. In general, the higher the value of w2, the gregter
the practical significance for the association of X and Y.

For a univariate analysis of variance with one inctepyient variable,

est. (42
SS(B) (k-1) MS(W)

.947) 4' MOO

where SS(B) = sum of squares between groups

SS(7:) = sum of squares total

MS(W) =, mean squaie within groups

t, number of levels of the independent variable

This
&
formula allows direct estimation. of 612 from the summary table of

ANOVA results. 'In the case where a complete summary table of ANOVA results
is notrittsented, it is usually possible to construct the needed information from
available data.

aist 4s,

Constructing ANOVA Tables: It-is not uncommon for tables of rests to show
only sample size, means, standard deviations, and F ratios. A review of table
10-1 information on the Shetty and Carlisle study provides an excellent example
of this form of reporting. When at least this amount of information is protided,
the w2 estimate can be derived using the following method. Let i = 1, 2, ... ,k
represent each group. By definition:

(10.1)

E[N(i) I(i) (10.2)

SS(B) = E[N(i), 11(i) X121 (103)

SS(140= E[Er2(01 (10.4)

I -4
s.
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where. x2(0 IN(l) 11 % S2(1)

MS(B) = SS(B)1(k-1) ."(103)
MS(W) = SS(W)1(N-k) (10.6)

SS(7) = SS(B)+ SS(W) (10.7)

F = MS(B) /MS(W) (10.8)

and where Al) I. mean of observations in group i (group mean)

mean of all N observations (grand mean)

N = number of observations in ANOVA design

IV(1) = number of observations in group i

= the sum of squared deviations for all observations in gro0 I

S(i) = the standard deviation for all observations in group

MS(B) = mean square between groups

and other terms are defined as given in equation 10.1.
For example, if one wished to estimate w2 for the F test associated with

length of service, substitution of information from table 10-1 produces

32(3.42) t 34(3.34) +.43(3,05)
32+34+43 4:

Continuing;

SS(B).= 32(0.17)2 + 34(0.0!W*

SS(W) 31(0,61)2 + 33(0

611 70.32

1P54,33:48.6 36.72k

F. 1.431 32= 4.50

(10.2a)

2.86 (10.3a)
.

.33.86 (10.4a)

(k0;5aY

(10.6a)

(10.7,4

(10.8a)

The obtained F value of 4.50 compares cknely with_the F value of 4.59 shown
in table 10-1. Applying equation .1with this ANOVA information yieldp:

est. 2 032)
"7 .059936.72 + 032

V`
(10.1a)

In something less than lay parlance, this figure says that the independent
variable, length of soilice, accounts for aboul 6 percent of the criterion variance.
If these calculations were repeated for they independent variable of professorial
rank, the estimated w2 value would be 0.1611, which suggests that approxi-
mately 16 percent of the variation in the criterion scores can be accounted for
by the independent variable, professorial rank.

"0" v-

tr

I-5
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An Alternate Formula: The mount and type of information represented in
table 10-1 are not, however, always reported. Summary tables in any form are
often replaced in organization inquiries with only a report of F values and the
appropriate degrees of freedom for the test [for example, 82,106, 4.59,
p < 0.02)), making the previous derivation of values seem only an entertaining
intellectual exercise. Even for these cases, however, cu2 can still be estimated
directly using an alternative form of the basic formula.

In a single classification ANOVA we have

which can also be written

MS(B)IMS(W), (109)

F SS (B)10(1)
(10.10)

where df(1) equals (k-1), 4/(2) equals ( k ,) and N is the total number of
observations in the test. Solving 10.10 yields

By definition

SS(B) = F (k-1) MS(W) d (10.11)

SS(W) = (Nk) MS(W)

SS(T) = SS(B)+ SS(W)

Using equations 10.11 and 10.12, equation10.13 can be rewritten as:

SS(T) = F (k 1) MS(W) 4?(Nk)'. MS(W)

Substituting for SS(B), SS(T), arutffS(W) in 10.1 prodUces,
vq

i.42 F
ie

"Ilf MS(W) (k IllS(W)
F (k-1)ffS(W) + (N,k)' MS(W) + MS(W)

.1,

Factoring out MS(W) from 10.15 Yields

F (k 1) 1)
F (k-1) + (Nk);tt It

11c

Where F is the numerical` value for the ANOVA testis the total number of
individuals in the sample, and k is defined as in equ on1.10.1.

For the case F(2,106, 4.59,p < 0.02) which -hap to be the information
for the length of service variable in table 10-1this fo la *Produces

(10.12) 1,

(10.16)

est.
2 (3-1) (4.59) (3-1)

41 (3 -1) (4.59) + (109-3) +.:1.

Allowing for round-off, error, it can be seen that this' value for cu2 is the'
same estimate that was derived by using equation 10.1. For the professorial rank
data with F(3,105, 7.97,p < 0.001), the formula yields

eat: (4-1) (797) (4-1) .

0.1611, (10.16b)(4.1) (797) + (109-4) + 1

which again correspon'ds to the estimates found when equation 10.1 was appti

I -6
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t4est: In the special case where K =2, single classification ANOVA results are
often expressed in terms of a pooled variance Melt value rather than an F ratio.
In this case t2 = F, and either 10.16 or the more familiar formula found in most
elementary research and evaluation texts can be used. It is:

t2 _ 1
est. (42 (10.17)

t2 +N(1) +N(2) 1

Since N(1) + N(2) = N and t2 = F, the equivalence of 10.16 and 10.17 for a
single classification ANOVA can be seen in the substitution given below.
Substituting k = 2 in 10.16, we get

(2-1)F (2-1) 12 1
(2-1)F + (N,2) + 1 t2 +N 1

Using the tenure variable case with F(1,107, 3.07,p <0.10), the equivalence of
10.16 and 10.17 can be illustrated as follows:

q,

est. w2 = (2 -1) (3.07) (2-1) .; 3.07 1
0.0186

(2-1) (3.07) + (109-2) + 1 3.07 + 62 + 47-1

(10.18)

The Advantage of the Alternate Formula: The advantage of 10.16 is that it is
applicable all cases and does not requite the reconstruction of a complete
ANOVA table. The reduced time and effort also means fewer opportunities for

"miscalculations.

A Reassessment of the Data

How does the addition of information regarding practical significance affect the
interpretation of results? The answer to this question can be illustrated using any
of the variables from table 10-1. For instance, the relationship between tenure
status and the dependent variable is viewed as significant statistically (p <0.10).
However, the estimated (42 value of 0.0186 suggests that approximately 2
percent of the variation in the criterion of interest is associated with variation in
the independent variable.

An alternative, but consistent, way to interpret these results is to *evi (42 as-
a measure of the relationship between being a member of a parti lar gioup
(tenured or nontenured) and having a parti ular level of perceived ccess. For

iiiterpre tion, the (42 value of 0.0186 indicates that a knowled of group
membership Us us virtually nothingabou expected level of perm' d success.
Thus, despi the findings of 'statistical ,significance, the conclu 'on of no
important de ee of association or practical significance would appear justified.

An ediate advantage of (42- is that it provides a more accurate
representation of association between variables in the Shetty and Carlisle study
than does the magnitude of the F ratios reported in table 10-1. This increased
differentiation of statistical tests results (which formerly coul be considered
homogeneous only in the sense that they were all "significant") communicates a
great deal more information about experimental test results.' This advantage can
be illustrated by returning to the three questions raised earlier:

1. How does one relate the F ratio of 7.97 obtained for the analysis of
professorial rank with the F ratio of 3.07' for the tenure data?

2. Does the larger F test value of 7.97 necessarily imply that a more
important degree of association exists between the independent variable of
professorial rank and the criterion variable indicating the)perceived success of
the MBO program?

I 7 186
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In answer to both questions, although the F ratio for professorial rank is
approximately 2.6 times that associated with the tenure data, this ratio is
misleading and inappropriate for direct comparisons. The presence of different
numbers of degrees of freedom rules out the comparison of one F ratio with
another.

3. How "significant" is the level of significance at which the null hypotheses
were rejected for these variables? (How much more significant is the test value
for professorial rank, p < 0.001, as compared to the test value of p < 0.02 for
length of service?)

Regarding probability levels associated with the F tests, is the F ratio for
professorial rank, p < 0.001, twenty times more significant than the F ratio for
length of service, p <0.02? That is, is the independent variable of professorial
rank twenty times more effective in predicting the same criterion variable?
Again, although a fair-sized body of folklore would suggest that such is the cue,
this is also an inappropriate comparison on which to base interpretations.

The Educational Administration
Quarterly Analysis

Since the statistical analyses of several studies published over the past twelve
years in the Educed/nal Administration Quarterly (EAQ) follow the path taken
by Shetty and Carlisle, it should be of interest to describe briefly this sequence
of events.

Richard Schutz characterized the path in this manner:
i?

The logic in making the test of the null hypothesis is as follows. If the
obtained F ratio exceeds the tabled 5rati , the experimenter rejects the
null hypothesis and infers that the independent variable did indeed have
an effect. If the obtained F value doe not exceed the tabled value; the
experimenter fails to reject the null hypothesis; since the effects of the
independent variable do not exceed those which could be expected to
occur, by chance 95 or 99 times out of 100, he infers that the
independent variable had no effect. One's decision concerning the
rejection of the null hypothesis customarily terminates the formal
statistical analysis. That is, one fmishes the "results" section and enters
the "discussion." If the obtained F or t ratio is "significant;" there is
something to discuss. if the ratio doesn't "achieve significance," one is
very disappointed, and it is doubtful that the report of the research will
ever be published.

The subordination of error variance to an incidental role d the
concomitant elevatio of final test of the hypothesis has an
unfortunate effect on the behavior of educational researchers. spite
the lip service that has been devoted to the distinction tween
statistical significance and practical significance, our statistical proce-
dures have simply n t mediated any systematic method of handling
practical significance.

To provide some indication of how (42 can be used to illustrate the
consequences of basing the interpretation of data entirely on significance testing,
each article in the first twelve volumes of the EAQ that reported an ANOVA or t
test was examined. For each test that resulted in a rejection of the null
hypothesis of no difference, the w2 was calculated as a means to measure the ,
practical significance associated with these rejection' decisions.9 A tabulation of 0'
these calculations appears in table 10-2.

If this analysis reflects a more general trend for academic, research either
conducted in or endorsed by educational administration, the resultsare di
aging. This experience was informative, however; it did reveal some gene
characteriitics for citudiet that have appeared in-,EAQ co* the past years. Th
include:

13`
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Table 10-2

Practical Sipdficasice Tests for Findings Reported in the
Educational Administration Quarterly

Omega Squared
Ranges

Volumes of the EAQ
Percent

(1.12)(1-6) (7-11) (12) (1-12)

.0001 .0099 52 8 16 76 26.39

.0100 .0199 15 7 26 48 16.67

.0200 .0299 4 6 14 24 8.33

.0300 .0399 3 9 4 16 5.56

.0400 .0499 2 9 6 17 5.90

.0500 .0599 4 1 1 6 2.08

.0600 .0699 1 5 It"' 6 2.08

.0700 .0799 1 6 '3 10 3.47

.0800 .0899 4 6 4 14 4.86

.0900 .0999 1 1 3 5 1.74

.1000 .1999 , 5 15 20 40 13.89
.2000 .2999 1 12 3 16 5.56
.3000 .3999 2 1 1 4 1.38
.4000 .4999 1 2 3 1.04
.5000 .5999 1 1 0.35
.6000 .6999 1 1 0.35
.7000 .7999 1 1 0.35
Number of tests

-1,
98 89 101 288 100.00

(Number of studies 7 14 10 31)

I. Only one of the thirty-one articles using either t or F tests reported c42
values. No other statistical method of estimating variance percentages was
applied in the thirty-oneartkles.

2. Three additional 'articles failed to report t or F information necessary to
calculate w2. In all three cases this included a failure to specify the degrees of
freedom associated with the test. Hence, it is not possible to estimateidirectly,
the extent to which the, independent variables in these three studies ;4.11AZ-rite&
for variance in the corresponding dependent variables.

3. At least 60 percent of the formal statistical analyses followed almost to
the letter the sequence of events characterized by Schutz.

4. An interest in replicating previously published EAQ studies was not
detected.

5. A rationale for decisions regarding the selection of an appropriate
sampling procedure and the determination of sample size, as well as a specifica-
tion of how the investigator dealt with nonsarn piing. errors such as nonce pone
bias, we noticeably absent in a majority Of the

6. Also noticeably absent from the eXplana
any informative comments on the power
integrated treatment of the consequences
II errors.

7. In some ANOV
significant differe
any reference to
test differences migh
statistically independ
for testing at the .0
distinct criterion va
difference (among the
141-0.05)1 ° , or appr
dependent tests is even wor

8. In some cases, a series

pone articles.
ions of statistical analyses were
f specific F tests-that is, an
ted with both Type I and Type

tudies the same independent variable is used to assess
s for fifteen or more distinct criterion'variables, without
possibility that one or more of the resulting individual F
be due merely to chance since the set of F tests is not
t. For example, if one uses the same independent variable
alpha level significant ferences associated with ten
les, the probability of Wing at least one significant

of ten independent to ) that is due to chance alone is
ately 7 percen . (The situation with respect to
in this regard)

ssification, univariate ANOVA tests
should have been replaced by a single n-way univarlate design that provides
explicit opportunities to explore interactions as well as main effects.' °

':'Opportunities to use multivariate ANOVA designs or other multivariate
statistical methods were alstAipassed.
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The distributions presented in table 10.2 lead to the following general
comments:

1. The number of studies using ANOVA designs appears to be increasing
over time. Twenty-four of the thirty-one studies applying these designs were
published in the second 6 volumes.

2. Approximately one-third of the statistically significant test results, as well
as one-third of the studies using ANOVA designs, appeared in volume 12 alone.

3. In volume 12 approximately 56 percent of the statistically significant
differences had a (.42 of less than 0.03. Thus, despite the\ Rridinp of statistical
significance, the conclusion of no important degree of assoei4tion or practical
significance would appear Justified in almost all of the fifty7six cases.

4. If it is correct to assume that each study was iticifealiguting defensible
criterion variables, and we link this 'assumption with the fact' that, over the past
twelve years, 63 percent of the statistically significant, results reported In the
EAQ have a (.42 value of less than 0.05, it is entirely possible that several of the
already published discussion sections in these thirty-onsflarlicles should be
rewritten or at least viewed with caution.'

Classifying Practical Significance Results

If a consensus could be reached that the relationship between an independent
and dependent variable would have a practical significance only when w2 was at
least 0.10, then volume 12 would yield twenty-four practically significant results
and seventy-seven results that did not meet this criterion.

If the consensus value for deserving a- high rather than low practical
significance status required (.42 to be greater than 020, then all issues of volume
12 would have four high (and ninety-seven. low) practically significant test
results. If It were agreed to set the cut-off value at cd greater than 0.299, then
only I of the 101 results reported in table 10-2 would meet practical significance
status.

Tfirtiqhypothetical classification illustration leads to two questions. First,
what is an appropriate co2 value for the test of an experimental hypothesis to
yield a practically, significant result? In most educational research studies the use
of practical significance kidices are rare. In one national-based EAQ study,
however, the author impaed an co2 requirement of at least 0.10 for practical
significance.' 2 In that study all statistically significant tests failed to reach the
established criterion limit. Accordingly the esearcher's report attributed the
statistically si ificant differences to sa p r to any actual strong
association bet een variables. In gener , i y that the required w2
value for pract cal gnifieence probabl is b ed by the nature of the
study and the varia lesliii6lved.1 3 Ho ver, w2 valu s should still be reported;i'
and authors should inform their readers as to their position on w2 requirements
for practical significance associated with each hypothelis tested in a study. 7 "

Second, how often do readers mistakenly assess the significance of studies
based on results given in EAQ? This question has no direct answer. There is no
way of determining how often the EAQ is consulted or cited as a reference for
various decision situations encountered either in field settings or in theory
development and the design of research studies. Although some researchers
might argue that research findings presented in the EAQ are almost never used to
reach critical decisions in actual organizatioAal settings, the fact still remains that
we do not have adequate direct means fo4 estimating how often administrators
on state, local, and national levels make use of', EAQ findings. This is true .
partiaelarly when a discussion section provides, an 4pportunity to duplicate and
circulate research conclusions that support antoidtniniritrtyOr'Oewpoint Or
preferred alternative." ,Y - ", +-0-'1, . 4'..'-'

,- -
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Theory development and research studies almost always involve the prepare-
tion of a review of related research. Here again, there is no re ily available
direct evidence on the extent to which theorists and researchers the findings
of LA Q studies in their work. Moreover, when they do include Q studies, it is
difficult to gauge accurately the extent to which they attempt to relate
statistical and practical significance as a means to improve their critical
assessments of prior research findings. Hence, it is possible not only that EAQ
articles might be used extensively in current reviews of rbaearch, but also that
this use is largely restricted to merely referencing or counting the number of
statistically significant differences on criterion variables of interest.

Implications and Future Directions

Most researchers agree that w2 communicates a good deal more information
than the traditional F value., It provides a measure of the strength of an effect
regardless of sample size and; thus, provides a more accurate representation of
the degree of prediction. Moreover, since w2 is calculated directly from ANOVA
results, it creates no difficulty for the investigator.

With this in mind, w2 should be reported in professional journal articles,
reviews of research, technical reports, and dissertations. Also, w2 values should
be in the forefront when any researcher. finishes the results section of his or her
study and enters the section on discussion of significant findings.

Whereas the foregoing treatment of practical significance has centered
almost exclusively on the application of 4,2 as a means to determine the
importance and magnitude of differences identified in standard statistical tests
of significance, the purpose of this analysis is not to imply that this index
represents a statistical procedure just recently entered in the educational
research literature. In fact, the w2 was used by Schutz in 1966 to assess the
practical significance of research findings reported in educational research
journals. However, the analysis does illustrate that in 1978twelve years
laterthis rather straightforward and uncomplicated approach (or its equivalent)
still has not found its way into the research literature published in the EAQ.
Moreover, it is safe to say that the value of W2 analysis has been frequently
overlooked in recent issues of other educational journah.ls

Professors who train future researchers might initiate one or more of the,
following activities to demonstrate that w2 values communicate a good deal
more information, and thus provide educational researchers with more atturate
measures of the relative rduction of uncertainty that can be directly linked witl
particular studies.

In seminars devoted to rese h design, an interesting project mi t be to
conduct a practical significance ( lysis on all recently completed octoral
dissertations. When classification erro s (low w2 values for highly si scant
difference tests) are encounter1, s dents could be asked to prepay revised
interpretations and discussion's of dissertation results. Comparisons o original
and revised versions provide excellent means to illustrate the consequences of
viewing tests of significance as the ultimate objective.

In serninstaiilltedto theory development or kno2ledge synthesis, profes-
sors should encourage students to compute and inclbde w2 values (or their
equivalent)' for each research study reviewed. In the past, probability values (for
example, p.<0.01) have generally been used to support theories. The intent
there would be tosuggeOhat w2 values rather than probability values should
be used to;indiCateirtOtfutisfaction students have with elements of their
theoretical framework.

If professors are able to locate current operational studies where the
15,0bability values associated with mean difference ANOVA tests were highly
'significant but the w2 values were extremely low, they might ute a seminar
group to conduct an organizational analysis (case study) to determine how
administrators and other policy - making groups in the organization actually used

I 3.1,
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the resulti of significant-differences tests in subsequent decisions (that is,
reporting mph..Mt :the public, creating new priority issues, preparing press
releases, chinikOesiches assignments, or implementing new instructional
designs). Analysis of an actual organizational example and the real consequence'
that are uncovered in that setting may be far mort.:ceinvincing to graduate
students, whose immediate professional interests centavinaiily on practice
rather than theory development and verification. 11"

All three of thefruggested alternatives are designed to 'pHs students, as well
as professors, the confidence to note the following. When highly significant
ANOVA test results are accompanied by extremely low (.47 values, one would do
well to follow the advice 'of McNeil and his colleagues who interpret this
situation as "knowing something for sure about very little. '016

Mathematical Models in Operational Research

Since operational research findings are not reported in the educational adminis-
tration literature, it is not feasible to conduct an extensive appraisal of the value
of existing operational inquiries. FUrther, statistical approaches are not available
for assessing the credibility of findings and analyses in these studies generally,as
is the case with academic inquiries. This is indeed unfortunate, since a
comparative approach with both kinds of research would contribute valuable
insights on the differences and similarities of these two research orientatioili
within the profession. However, it is important to maintain an interest in the
validity of operational inquiries in terms of both design and the interpretation of
research findings. The position taken here is that criteria for demonstratingittle'
value of research results are ultimately intuitive, cannot be derived from wale.
meta criterion, should include but extend well beyond the variance %Pe
referenced in the earlier discussion of 0.)2, are likely to change when the context
and reporting requirements are altered, and, more important, cannot be
separated from concerns to improve methodology used in either operational or
academic research.

Operational research is expected to provide reliable and valid information
that is useful to teachers, administrators, board members, and clients of the
school. This necessitates a variety of considerations not ordinarily directly
relevant in academic research. Moreover, the context in which operational
research is conducted requires special attention to the goodness-of-fit between
methodological techniques and evaluation problems.

Any attempt to accurately describe the similarities and differences between
operational and academic research orientations requires one to explicitly address
this goodnessof -fit issue, especially asLit applies to the development of relevant
ma ematical models. Accordingly, I will identify several research considerations
tha should affect, directly the construction of operational research models, and
then I wlU. briefly describe an actual operational research effort that illustrates
how one might use a mathematical-modeling approach in a public school distric° t
resource allocation study will be provided.

Model Constructio?,

Research problems encountered in constructing mkthematical models are 'no
different ,from thrieLenciaintered in developing other types of operational
research niojeclsIfernstein identifies the following:

I 12
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While all procedures need to fit the demands of the research problent,
in evaluation research certain aspects become particularly problematic
for purposes of ,design and data analysis. These include (1) specification V

of the research question(s) to be addressed; (2) selection of the
appropriate population to test the hypotheses; (3) selection, assign-
ment, and maintenance of subjects in treatment categories; (4) designa-
tion of a system that provides for early estimates of immediate program
effects; later, more conclusive estimates of intermediate effects; and
estimates of long-range effects; and (5) selection of data sources and/or
analytic procedures that can serve as correctives for defective design
strategies arising from constraints on the research.' 7

The specification of research questions can be contrasted as follows. In

academic research, the researcher frequently begins with one or more criterion
variables and hypothesizes about factors that would predict these variables. To
deduce hypothesized relationships, one usually exapsines theoretical statements
about the phenomenon of irate operatriVsearch, the procedure is
often reversed. A researches[, vdtle an e endent variable, such as a
Program, a set of actual teaching serstegies, or a particular interventidn, and to
assess how the independent vaiable affects a set of more or less vaguely
identified goals.

This reversal presents a variety of demands. Fos example, the researcher
often needs to learn from persons administering the actual program what the
specific goals are. It is also necessary to specify the level of changes in the goal

measures that will be relevant apart from whether such changes are statistically

significant. It is further necessary to identify the important program of
intervention inputs, to assess the degree to which persons administering the

program or intervention agree with that definition of inputs, and to assess the
degree to which the program of intervention is implemented in the actual`
environment in accordance with the definitions.

Once a researcher has satisfactorily specified the research questions and
identified both criterion and independent variabies, the next task is to select the
appropriate ,study population and corresponding sample. In academic research.
the sample is normally defined according to its, appropriateness for testing
hypothesized relationships. In operational research, the sample (population) has
already been defined by virtue of Its relationship to the program or intervention

being evalua Hence, the task is not to determine an, appropriate sample, but

rather to determine how the available sample came used and dealt' with
analytically (.; /

Critical in Ads se with/operational inquiries ar problems such as student

attrition and attends in inner city schools. Re chers also often encounter

design problems assoc' ted with teacher turnover an multiple treatment effects

when students are rticipating in several pro ms or interventions. The
implication here is e following: In the initial ges-of planning a research

design or an opera nal inquiry, the need is'n only to assess where the

'available sample viola s necessary assumptions '(for xample, equivalent rates of

attrition and student attendance patterns), but also to construct analytic
procedures that provide some correction for defects resulti from the use of a

less than optimal design. When the design is specified in the form of a
mathematical model, corrective measures such as poststra ification (from sam-

pling theory) and alternative forms of covariance analysis a e frequently applied.

Resource Allocation: An Arena for
Operational Inquiries

Since the release;of the Equality of Educational Opportunity Survey in 1966, an
incifasing number of studies have been conducted on factors affecting the

learning of children." This includes the efforts of economists, who have
attempted to estimate the changes in different learning outcome% that.can be

°.-
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.

linked with changes hi the level of specific school resources and inputs. In this
type of resource allocation study, multiple linear regression techniques are the
most commonly used functional form to estimate the relationships between
outcomes and inputs. The largest number of these studies are based on available
samples and do not permit random assignment of students to ,appropriate
treatments to control for other factors that affect achievement.' 9

Efforts to reduce the .threat to validity and to improve the methods of
public school" resource allocation studies have led to the following design
considerations identified by Richard Murnane: using the individual child as the
unit of o servation, using longitudinal information on school inputs (including
detailed ormation on each child's teachers), controlling for prior achievement,
estimating different structures or models for different categories of children,
including as many outputs of the schooling process as is possible, and separating
peer group influences from those of the child's own background.2°

It is extremely difficult for any single research project to satisfy all these
conditions. This is especially true in conducting urban school district resource
allocation studies, where outcome measures are seldom available in a convenient
form linking individual student progress data over several academic years with
relevant classroom variables, peer effects, teacher characteristiCs, treatment
conditions, and ba ckgro und' v ariab le s.

An Example: A recent study that illustrates the use of mathematical-modeling
in operational research is one conducted by Murnane.2 1 He examined the
impact that school resources have on the cognitive achievement of black inner
city children in elementary schools in Ne Haven, Connecticut.

Based on the application of multiple linear regression, his analysis was
directed toward two general resource allocation concerns. The firs] part of the
analysis initially examined the effect of the classroom as a 6,hole on the
achievement of children. 'Thep the effects of specific classroom-related variables
were considered. The second part of the analysis examined the .relati6nships
between characteristics of teachers and their effectiveness in teaching certain
subjects or certain types of children.

The identification of variables included in the analysis, and the specification
of the relationships/among these variables, were summarized in thirty hypothe-
ses? 2 - The hypotheses were developed to represent the effects of school
resources on learning outcomes and to reflect a more direct emphasis on
important administrative decisions such as the hiring and placing of teachers and
the determining of which children shall be classmates.

For analytic purioses, three samples were developed from available data on
two cohorts of students. Cohort one, a third-grade group, was studied for a
single academic year. Cohort two was examined for the period they were in
second grade and third grade. The measures of cognitive achievement were
standard scores on. Metropolitan Achievement tests,in reading and mathematics.

Murnane used three regressions. The three models and the logic for each can
be, summarized as follows. In first model, year-end achievement 'was
dependent on prior achievement, b kground characteristics, and school atten-
dance. The assumption of this mode was that the effect of a year of schooling
was independent of the school and assroom environments. In the second
model, year-end achievement was depen ent on the child's classroom and the
vables in the first model. This model assumption was that the classroom
eniironment was critical to the effect of a year of schooling. In the third model,
year-end achievement was dependent on the school the child attended and the
variables in the other two models. (The second model is, therefore, more
disaggregated than' the third. If there were no differences among classrooms,
however, the second model collapses into the third modelUhersumption of
the third model was that the school environment was critical to the effect of a
year of schoolino.2 3



PROBLEM-FINDING IN EDUCATIONAL ADMINISTRATION

at the end of a school year, and one already knows the child's achievement at
the beginning of the school year and certain characteristics of the child's
background, is it also important to know to which classroom the child is
assigned for the school year? The second and third hypotheses were included to
investigate the breakdown of differences among classrooms into intraschool and
interschool differences. Essentially the second and third hypotheses allowed for
the testing of the second and third models.

For all three samples in the Murnane study, the first hypothesis was rejected
at the 0.01 significance level for mathematics. The second and third hypotheses
were rejected at the 0.05 level for all cases.25 These findings give strong support
to the hypothesis that significant quality differences among classroom environ-
ments do exist. Moreover, the results of this study suggest that the differences
among classrooms consist of both differences within the schools and differences
among schools. The interested reader is encouraged to examine the research
report in more detail.

It should be noted that the Murnane investigation exhibited the following
desirable characteristics from among those identified earlier: the individual child
was the unit of observation, longitudinal information on reading and mathe-
matics was employed, detailed information on individual classrooms was
matched with student data, interviews were used to frame hypotheses, and three
samples of students were analyzed. Hence, there was an attempt to use available
district records. to examine the replicability of research results.

IMplications: The substantive results of the Murnane study are probably of-
principal interest to decision-makers or those who ,allocate resources within the
New Haven schools°. One reason this might be the case is the fact that school
district studies analyze data regarding te'effectiveness of a particular program
of intervention in a particular' setting. Given 'the unique characteristics of a
district's approach to instruction, its instructional environment may not match'
that found in any other district. /

However, the report does provide public school administrators with an
excellent example of how fact-finding and exploratory analysis in a single
district might be structured, using mathematical-modeling and a regression
framework to integrate and relate several sources of information likely to rest in
different school ledgers, periodic reports, or separate computerized information

---files--If-this-gentral-Wproach to analysis has the possibiliW-of adding a new
dimension to current administrative inquiries, then we will most likely need to
reexamine ways existing school district record and reporting systems can be
modified, since most of the information for these regression studies still require
extensive manual )data collection efforts. This appears to follow even in school
districts currently maintaining elaborate computerized information systems.

On this point Haniiihek makes the following observations based on a ;tudy-
of a relatively large urban school system in California:

Major school systems across the,couritry routinely collect and store
enormous amounts of data about the educational process, but these
data are seldom processed in a wpy that is helpful to decision making in
the school systems. The central lesson to be learned from the single
system analysis ... was how existing data collected by most school
systems could be tabulated to provide an evaluation tool to decision
makers. The heavy investment by local schools in data processing
equipment and management information systems has largely been
directed at improving accounting within schools; too little effort has
been dire cted at improving decision making about the educational
process itself. Without excessive effort, local school systems could
develop supplemental evaluation information to aid in hiring teachers
and deciding among programs.2 6

In his analysis of research - and -development in progress in schools, Richard
Schutz noted that operational) research is typically an intraschool agency
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Future Directions

The differences between research on schools and research in schools represent an
essential consideration in assessing what factors affect the quality of research
and in evaluating individual studies. The appraisal of selected EAQ' studies
(academic inquiries) employing the consideration of practical significance called
into question the adequacy of statistical analyses and, thus, the value of these
studies. Criteria for determining the credibility of operational research were'
viewed as intuitive and inseparable from concerns to improve methodology.

Since the intents of this appraisal of inquiry are to focus on research
problems and questions and to explore new directions for improving inquiries in
the area of decision-oriented research, it seems appropriate that this chapter
should conclude by suggesting some future directions for the use of quantitative
methods in educational administration. To addressythis issue, the 1973 Univer-
sity Council for Educational Administration (UC(EA) monograph, Quantitative
Analysis in Educational Administration Preparation Programs, was reexamined
with a viewoto how its recommendations might be extended to stake advantage of
insights and directions encountered in more recent literatures 7

41,

Research on Schools

If one's interest is primarily oriented toward conducting research on schools or
exploring recent developments in design 'and analysis, the following deserves

-'investigation.

Theory Construction and Verification: Most writings on theory in, educational
administration appear to agree on the need for more adequate theories, but there
is less consensus on what strategies would be most useful in constructing such
theories. In the past several years, the literature in the social and behavioral
sciences has contrthuted to, the understanding of the process of moving from the
verbal theories that abound in organizational studies to more rigorous formula-
tions in terms of mathematical models.28 This approach includes: (1) the
possibility of causal analysis and inference without experimental manipulation,
which is critically important in organizational studies where political, practical,
and ethical problems narrow the possibilities for implementing classical experi-
ments; (2) the opportunity to first, construct -causal-diagrams-and-flowgraph
analyses and then to specify the corresponding structural equations; and finally,
(3) the means to estimate and evaluate these theoretical systems, from the
standpoint of testing their "correspondence with reality. In light of such
developments, the author holds that it is both possible and desirable to invest in
a sustained effort aimed toward a closer integration of theory-building with
quantitative empirical research and mathematical-modeling.

Applications of Mathematical Models: A careful examination of current re-.
search in the social sciences suggests that a Wide variety of statistical methods
and mathematical techniques are applied to a number of the research problems
typically encountered in organizational inquiries.' 9 However, within educational
administration efforts are still concentrated on elementary statistical tests, which
are seldom very informative, particularly when the 'variablp'ound to be
associated are not thoroughly understood in advance. Moreover high statistical
significance levels have often been misunderstood by the statistically hive as
measures of association. To be sure, the reduction of research and theory-
building to focus exclusively on mathematical studies should be avoided. On the
other hand, it is important to explore more actively and 'persistently how
mathematical models accurately applied in the social sciences could also be used
to introduce greater precision into all administrative discourse.
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One step in this direction might be a careful review of the correspondence
between statistical and other mathematical methods (reported in the new
twelve-volume monograph series on quanfitative applications, in the social
Sciences) and the type of data analysis problems frequently encountered in
educational administration research.3° Particular attention here should be given
to methods such as the multivariate analysis of qualitative data to explore
interactions among nonmetric or categorical variables, cohort analysis as an
appropriate technique for either survey research designs or historical inquiries
that rely on archival data, and lime series analysis as a means to study change.
Organizational theorists should specifically examine the monograph on ecologi-
cal inference, which treats the research issue of failing to consider the possible
effects of making inferences to individuals from aggregate data.31 1ny'of these
research issues (such as the multivariate analysis of qualitative data or the
problem of ecological inferences) would provide more than an adequate
framework for conducting tcritical appraisal similar to the one offered for the
distinction between practical and statistical significance in the EAQ studies.

Researchers with predilections toward ethnography and field fftudy methods
could profit from a careful examination of a recent three-part symposium on
mathematical explorations in anthropology conducted,at the annual meetings of
the American Association for the Advancement of Science. The findings of
this symposium clearly indicate that anthropological methods are by no means
completely incompatible with those of sociology, economics, or the administra-
tive sciences, even when they focus on quantitative analytical techniques and
similar methodologies.

Knowledge Synthesis: In a recent UCEA publication Culbertson notes that one
purpose of investing in synthesis is to produce newly organized bodies of
knowledge that reflect a restructuring, of concepts and research findings about
selected aspects of educational organizations or administrative leadership.33
Although such efforts typically center on a specific discipline (such as the
politics of education and the economics of education) or are interdisciplinary
(for issues' Such as leadership), these nee.d not proceed according to the
homogeneity assurnptionthe case where all research entries are assumed to be
of equal quality. The discussion of the distinction between statistical and
PraCtical significance' illustrated how a critical review of research (one form of ,

synthesis) might benefit from the use of 'a single quantitative technique, w2, to
avoid acceptiince of all reported Findings as they appear in the literature.

Two more general quantitative strategies that can contribute important
analytical insights in' knowledge synthesis' are secondary analysis and- meta
analyiis. Consider the following.. Statistical' inference follows 'the so-called
hypothetico- deductive paradigm, which consists of three steps: hypothesizing a
model for something unobservable; deducing the observable consequences; and
undertaking an empirical study to demonstrate that the consequences expected
in tpe' observations are actually bbservpd in the data, If the data fit out
expectations, we are encouraged toacce0 the model as an accurate representa-
tion of the .unobservable reality. Since more than' one model may have the same

'implications for the data one observes, our acceptance is always provisional and
subject lb modification as other, findings or ideas for models become available.
Secondary analysis enters at this point. It encourages investigators to test
alternate conceptual models and usually proceeds by introducing.- different
mathematical models to represent these alternate conceptual frameworks.3 4

Meta analysis involves a statistical reanalysis and integration of a large
collection of prior empirical findings to produce more generalizable estirriates of
central tendencies and variability.3 s This form of statistical integration should,
be particularly beneficial in educational administration', since sampling plans
employed in different studies often pose severe limitations regarding the external
validity of individual studies.
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Reporting Research Findings

If one's primary interest centers on reporting research findings or locating new
quantitatively oriented research domains, the following deserve consideration.

Graphics and Reporting: Efforts to specify more effective strategies for report-
ing or disseminating quality empirical research findings within the profession
and to boards of education, public' sector policy groups, or task forces and
citizens' advisory councilsshould consider emerging developments in social
graphicsth , th graphic representation of social indicators and other
quantitativ social data.

Initi explora .1 ight concentrate on the efforts of the Graphic Social
Reporting Project which the Bureau of Social Science Research began in 1971.
Originally, the project:explored implications for social indicator reporting

-presented by recent ,developments in display and communications technology.
Here the emphasis was on "kinostatistics," which include graphics in media
other than the printed page,liarticularly cinematic and electronic media capable
of kinetic, audiovisual, communication computer-generated rather than hand-
drawn displays; and iriterdctive rather than passive systems. More recently, the
project has been reoriented to consider as well the/principles and practices of
social graphics applicable to traditional and d-technologically simpler modes of
representation. 4p. project activities are synthesiied and reported in a single
bibliographic text with over one thciusand entires and abstracts.36 Less ambi-

t tious, but perhaps more immediately relevant for practicing administrators, are
guidelines for reporting test scores developed by the National School Public
Relations Association and the graphics reporting strategies for community action
groups developed by thignstitute for Responsive Education.3 7

Statistics as Legal Evidence; In their recently published text, Statistics and
Public Policy (1977),_ Fairley and Mosteller have clearly specified the likely foci
for conterripdrary courses in statistical methods taught in public policy programs
located in schools of government, public affairs, and administration of liw,t
schools." In addition to emphasizing the basic tools of probability and
statistical inference, their introductory treatment not only illustrates statistical
techniques ,with examples where policy plays a major role, but also points to
themes related to statistics in the analysis of policy. Among 'these themes
receiving increased attention is the issue of statistics as legal evidence.39
Although their illustrations concentrate primarily on the application of condi-
tional probability and the utility of Bayesian methods in presenting evidence to
the 'courts, their discussions on the admissibility of alternate forms of data into a
cOurt of law are both extensive and insightful.

Efforts to elaborate and interpret such developments for educational policy
analysis would appear to be a highly relevantvafarch pioject for exploring new
applications of mathematical models in educational administration. Findings
from these inquiries should be of particular interest to urban school districts,
which are consistently required by the courts to undertake and report thelresults
of large-scale empirical studies that point to either the effectiveness of, or the
unan 'cipate'd consequences following from, the implemeritatiori-of mandated

ent and faculty intervention programs.

Research in Schools

If the primary interest centers on research in schools, one might consider the
following development in operational research.



An Example: To provide some indication of the general direction of research-
and-development in schools, the author examined the 118 large-scale operational
research projects completed during the 1975-1976 school year by the Research
and Evaluation Division of the Dallas Independent School District's Department
of Researdh, Evaluation and Information Systems o To be sure, this is an
exemplary rather than typical department. The department has a current
operating budget of approximately $4.7 million, with $2.5 million allocated to
the research and evaluation -division. This division has twenty-eight senior
evaluators and project directerria`th, earnid doctorates and fifty additional
support staff classified as evaluation sjktialists and technical support personnel.
The department was formed during the 1969.1970 school year, when the district
received a grant of $2.4 million dollars from a local foundation to support
development activities in the district.

The Dallas Independent School District (DISD) is one of the seven largest
Texas urban school districts that presently operate research and evaluation
dep en 41 In six of these seven districts (which include Dallas), the general

-framework i tified for allocating departmental resources, designing individual
projects, and a ssing the practical as well as standard scientific criteria for
quality re chis the CIPP model of evaluation developed by the Phi Delta
kappaNational Study Commission on Evaluation. (CIPP represents an abbrevi-
ation for four general types of interrelated evaluation studies: context, input,
process, and product evaluations.)42

This framework views operational research as the process of delineating,
obtaining, and providing useful information for judging decision alternatives. For
information to be useful, the model requires eleven criterion elements to be
satisfied.

The first four criterion elements internal validity, external validity, reli-
ability, and objectivityare designed to represent standard scientific criteria.
Specifically, they deal with the characteristics of research design and analysis
that allow one to make statements about relationships among the variables in a
specific research study and the extent to which these relationships also apply for
other settings and ,samples. Within this framework they are viewed as necessary
but not sufficient conditions to judge the value of operational research.

The six practical criterion elements provide a useful way to look at
operational research as an activity centrally concerned with the linkage between
information and organized action. Although these six criterion tlemergs are
essentially intuitive, each explicitly or implicitly involves interaction with a
receiver. The first three practical criteriafielevance, importance, and scopeare
logically interrelated and are used to specify the boundaries for fact-finding, data
collection, and data analysis. The other three practical criteriacredibility,
timeliness, and pervasivenessCenter on the communication of research findings,
a point that Schutz notes is critical for understanding the differences between
research on schools and research in schools.

The eleventh factorthe prudential criteriondeals with cost effectiveness
decisions regarding the allocation of personnel, time, and ,qther departmental
resources to particular projects.

The eleven criterion elements lead to several comments on the operational
research efforts in the D1SD. Efforts to satisfy the traditional scientific criteria
result in the following observations regarding future directions for quantitative
methods in operational inquiries:

1. Most projects are supported by two sets of techniCal reports. The first
set are published prior to implementation and treat the conceptual or theoretical
base for projects as well as the validity, reliability, and, other design issues one
najrmally associates with standard scientific criteria. The second set of research
rep is are usually prepared following the completion of the project and include
data analysis and the technical interpretation of results.

2. Alternative forms of multivariate analysis are frequently used in several of
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3. Experiments are often constructed to provide informatiOn for comparing
and contrasting different instructional alternatives implemented 'within the
district. In current research-and-development terms, these studies are more likely
to be called natural rather than quasi-experimental designs .4 3

4. Formal statistical analyses include tests for the significance of relation-
ships as well Vhose that test for the significance 'of differences. These tests
often require a need to relate' both cost and effect analysis.

4 4

5. Since operational research designs friquently require measures on all
sample units, several studies use descriptive as well as inferential statistics to
more accurately represent school district parameters.

6. To improve the utility, of demographic information, index numbers
similir to those used in other large-scale data reporting systems or social
indicator projects tare developed.

7. Sampling procedures have also been developed to derive new information
from data already contained in the district's computerized information base.

The attention given in the DISD to practical 'criteria of relevance, impor-
tance, and scope can be observed in the following trendi:

1. To expand the scope of information presented to the Board of Educa-

tion, several reviews of research on specific policy issues were undertaken and
the findings presented during the 19.75 -1976 school year.

2. The importance of operational research as a continuing activity in the
district can be seen in several studies that reflect an emphasis on longitudinal
data, time series designs, and the effective use of archival dad in cohort analyses.

3. Long-range planning appears to be an important domain of interest and
includes extensive projection reports on enrollments, facilities, staffing, and
finance.

4. The district's testing program reflects a-priority to measure behavior in
both cognitive-anti affective domains. Particular attention is given to accurate
measurement and descriptions of the district's alternate "climates" for learn-
ing.4 s

5. The scope of analysis is also extended by developing and communicating
to the Board of Education formal reports of exemplary instructional programs in
other school districts. In these reports a deliberate effort "is made to explain
exactly how both quantitative and qualitative indicators were applied to
determine the success of these instructional programs.

Efforts to satisfy the other three practical or user-centered criteria
credibility, timeliness, and pervasivenessresult in the following observatiOns:

1. In additioh to the two sets of technical reports, a brief (approximately
four pages) abstract is prepared for each Project completed by the department.
In general, the abstract is nontechnial and includes summaries of the project's

Lgiirpose, origin, design, and results.
2. The abstracts are published annually and widely circulated within the

district. They are also available to other DISD patrons on request.
3. To increase the range of interest in evaluative ,information, the depart-

ment meets regularly during the academic year with a .subcommittee of the
\ Board of Education.

4. To increase the use of the evaluative information, quarterly reports on
the status of all operational inquiries in progress are forwarded to the superin-
tendent.

.$ 5. To increase the number and type of requests for evaluative information, a
special applied research group has been formed within the department to prepare
ad hoc information requirements for the district.46.

6. To increase daily interaction between the evaluation staff and other
district personnel, several members of the department reside on project sites
rather than in the central office .4 7

A more elaborate case analysis of the DISD and implementation of the CIPP
modelnot our primary intent pull an analysis of several additional
organizational factors and adanistrative oredliection's that surround the context
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necessary to examine latent as well as obvious research prioitities. Among the less
obvious priorities for the application of mathematical models in the DISD would
be: the district's administrative conunitment to 4cnik-tenn program experimenta-
tion and revision based on operational findings;" the priority , placed ci
reporting the accuracy of various, types of data entered in the district's
information system ;4 9 the goodness-of-fit between the research reporting sched-
ule and actual decision dates in the district's administrative and instructional.
program calendars as well as the correspondence lttween reported index
numbers and the, individual measures they reprerent.° and a comparison of
risearch costs with the costs of the decisions th,V, will be made on the basis of
the evaluative information (the prudential criterion).

Administrative TecInology: _The- literature in educational administration
continuously referenced the value of employing so-called administrativ,e tech-
nologies, winch are usually found in the management science literature and in
handbooks on organizational development and planning strategies. More specifi-
cally, these include techniques Such as program evaluation and review techniques
(PERT), management by objectives, program planning.and budgeting system
(PPBS), delphic inquiries, zero-based budgeting, survey feedback and consulta-
tion in organizational development, trend-impact analysis, educational ps,oduc-
tion functions, decision tree analysis, linear programming, policy-capturing
models, Monte Carlo simulations, nominal group techniques, functional and
cost-centered budgeting, and cost - benefit. analysis.

Academic and operational researchers, interested in reporting the practical
utility of a particular technique but unwilling to spend time in school districts,
may have systematically overlooled the most appropriate set of applications.
Until the literature educational administration, such as that recently inaugu-
rated in the Educational Researcher, places a higher priority on publishing articles
on research-and-development progress in schools, opportunities to conduct
comprehensive critical appraisals, reviews, or syntheses of administrative tech-
nologies will remain largely more an idealthan a reality.' I

Secondly, with respect to graduate training in educational -administration,
the actual design and successful implementation of adrilinistrative technologies
in operational settings require a working knowledge 'of descriptive as well as
inferential. statistics and a general understanding of quantitative methods used in
management operations." University-based programs devoted to the prepara-
tion of school administrators (who must assume the responsibility for managing
the research-and-development activities in school districtior other organizational
settings) might increase their effectiveness' by devoting explicitly a part of the
formal preparation program to the application of quantitative methods and data
reduction strategies that are essential for successful implementation of the
administrative technologies.' 3

Utility ofMathematical Models and
Quantitative Methods

If educatiOnal administration intends to seriously enter the debate on the util4
of mathematical models and quantitative methods in either academic or
operational research, the profession would be well advised to critically examine
and reference the extensive social and policy science literature that addresses this
topic.

In the immediate future we are likely to observe "point-counterpoint"
discussions in educational administration on the value of mathematical models
and quanlitative models to advance the state of the art in decision-making,
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research, or the development of theory. Although it is usually constructive to
note particularly poor.studies which in effect endorse an antitheoretical position
by merely throwing a large inventory of variables into a regression equation with
the intent of selecting out some subset that accounts for the most variance, or to
discount the value of factor analytic inquiries by referencing studies where the
investigators failed to employ any thedretical insights regarding the reduction of
their original correlation matrices, these citations; taken as the last word, fail to
address adequately the issues pertaining to either the limits or the advantages of
mathematical models for educational administration.

Opportunities to enhance perspectives and to accurately define the relevant
issues for debate have been treated extensively in the social and policy science
literature, a knowledge base frequently claimed to be most \#ppropriate for
research and the instructional content of administrator preparation programs. If
this literature is used Mr more careful fact - finding, researchers might study the
following: the 1963 American Academy of Political and Social Science symposi-.
urn, which treated the utility and inutility of mathematics in the study of
economics, political science, and sociology;54 the National Academy of Sciences
reports on new directions in the mathematical sciences;" recommendations
from the Association for Institutional Research on new directions for quantita-
tive applications in academic administration;5 6 and the survey of ttte social and
behavioral sciences conduCted under the joint auspices of the Committee on
Science and Public `Policy of the National Academy of Science arid the Policy
Committee of the Social Science Research Council. This survey indicates that
schools of applied social research will turn to scholars trained in mathemItics,
logic, and operations research to assist in the development of new methodolo-
gies, altemate planning strategies, and programs of study relevant to public
adrninistrators.5 7 To sharpen explanations for the limitations of mathematical
models, the distinctions in the educational planning literature between teaching
by the numbers and planning on the basis of numbers should be studied more
carefully.58 The emerging literature on management misinformation systems,' 9
the number of "numbness" issue in administrative reporting," the problems
associated- with the transfer of system analysis from the -aerospace industry to

public administration and policy studies," and the critical appraisals of
computer simulations. to capture the dynamics of social systems62 should be
examined as well.

As a final word, the findings of Deutsch and his colleagues, who have
identified and analyzed conditions favoring sixty-two major advances in the
social sciences since 1900 should not be overlooked." Their analysis indicates
that the sixty-two majqr advances (achievements or breakthroughs) typically
combined theory, methods, and results as opposed to one of these elements as a
sole focus of interest. In light of these findings, they claim the long-standing
quarrel about whether to emphasize theory, methodology, or impirical results
seems "ill-conceived," since important advances in any one of these three aspects
of social science is likely to lead to advances in the other two. It is of more than
passing interest that Deutsch and his colleagues have observed that quantitative
problems or findings (or both) characterize two-thirds of all major achievements
in the social sciences between 1900 and 1965, and that five-sixths of these
advances (those explicitly linked to quantitative problems and findings) were
made since 1930.
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always provisional. If the data do not conform to expectationsclearly the case
for several EAQ findingssomething is wrong. Since there are several valid
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The Survey Research Center is part of the
Institute for Social Research, situated on the
central University campus at 426 Thompson,
Street in Ann Arbor.

The Survey Research Center was established at
The University of Michigan in 1946 on an inter-
departmental and interschool basis in order to
interact effectively with all parts of the University
and to perform five major functions:

(1) Provide a well trained staff and research
capability for conducting surveys on
economic and social problems;

(2) Conduct methodological research for the
Improvement and development of survey
procedures;

Help in the integration of the social sciences
by providing facilities for research on inter-
disciplinary problems;

(4) Foster theoretical advancement in the social
sciences based on new data from inter-
disciplinary research;

(5) Provide graduate training in all phases of
survey methodolgy.
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1980 SURVEY RESEARCH SUMMER INSTITUTE

THE ANNUAL SUMMER INSTITUTE

The annual Summer Institute is a special train-
ing session in survey research techniques con-
ducted by the Survey Research Center staff
through the graduate departments of Sociology
and Psychology at The University of Michigan.
The program uses the sample interview survey as

'a basic instrument for the scientific measure-
ment of human' activities, and is designed to
meet some of the educational and training needs
of people engaged in business and government
research and of graduate students and university
instructors interested in quantitative research in
the social sciences.

This year the Institute will offer two consecutive
sessions; the first from June 30 (Registration
Day) through July 25 and the second session,
July 28 through August 22.

Depending upon the qualifications and needs of
the applicant, the Summer Institute benefits
people with various backgrounds: For the stu-
dent with minimum survey experience, par-
ticipation in the Summer Institute should be
thought of as a full-time activity, and the entire
eight weeks should be reserved for Summer In-
stitute classes and activities, exclusive of outside
work obligations and additional University
courses. During the course of the Institute,
studFnts can become acquainted with survey
meguids study design, questionnaire con-
struction, interviewing, coding, methods of
analysis, sampling, and computer technology
as applied to the problems of business, public
health, education, industry, and government, or
:.s used in general social science research.

Since the survey techniques used in the above
courses are basically statistical, the Summer In-
stitute student must have a working knowledge
of concepts and procedures in elementary
statistics. These include measures of central
tendency and dispersion, the normal distribu-
tion and its properties, product moment and
rank order correlations and tests of significance
of differences in means and proportions. If a
student lacks this prerequisite, most of the Sum-
mer Institute is not suitable.

A student with modest or no previoUs survey
research experience is advised to elect the
Psychology-Sociology 561-562 sequence (Survey
Research Design-Survey Research Data Collec-
tion) for the entire eight-week period.

In addition, if a student's statistical background
meets the minimum level described above, s/he
could select Analysis of Survey Data (Psychol-
ogy-Sociology 616) during the first four weeks.

During the second four-week session, s/he could
also select Data Processing with OSIRIS (Psy-
chology 710-Sociology 719).

For the advanced student with specific interests
in sampling, Methods of Survey Sampling
(Psychology 687-Sociology 612) is available dur-
ing the first session, as is Advanced Methods of
Survey Sampling (Psychology 618-Sociology
613) during the second session. The Workshop
in Sampling Techniques is an added option for
those interested in highly specialized an intensive
work in sampling problems.

In general, the Sampling and Analysis courses
are limited to persons who possess either con-
siderable survey experience or graduate training
in quantitative methods, but who are limited in
survey experience. These courses may be elected
independently of others, provided the student
has the skills, background,' and experience to
handle them.

For the special, professional-level "mini
courses," this summer's topic will be offered
under the course title "Study Designs in Survey
Research" (Phychology 684-Sociology 614). For
additional information, see course description
on pages 5 and 6.

If you are undecided as to whether or not you
qualify for any of the advanced courses, please
write to the Center indicating your relevant
course background and working experience. The
Center will also be happy to supply a reading list
for Summer Institute courses and a study guide
for Statistics for those wishing to review
materials in advance.

12)
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NOTE: During- each four-week session, a stu-
dent may elect no more than two courses. This
two-course-per-period had assumes the student
has 011 time to devote to these activities.
Students who concurrently enroll in other
University courses or instututes and/or hold a
part-time job should, in most cases, enroll in On
ly one Institute curse per session.

For maximum benefit, each stUdent is urged to
enroll for the full eight weeks; however, a stu-
dent may earn credit for.either of the four-week.
sessions, if it is impossible to attend both.

DESCRIPTION QF COURSES OFFERED

First Session June 30-July 25

Psych. 561 Soc. 561
Survey Research Design (2 credit hours) Staff.
June 30 - July .25. Prerequisite: Elementail;
statistics course. Designing a survey is a complex
process. The various steps or phases are in-
terdependent and require an appreciation of
everything that happens in a survey. This course
deals with all steps from the initial problem
through development of the survey question-
naire and sampling design. The course consists
of lecture-discussions coupled with work-group
practicum experience in designing and develop-
ing a, survey.'

This course will benefit students who want an
overview of all the steps in the survey process, as
well as those who want experience before con-
ducting their own survey.

Because of the practicum nature of the course,
considerable time is required outside of class for
committee work. Auditors are expected to par-
ticipate in this work.

Psych. 683 Soc. 621
Workshop in Sampling Techniques I (credit
hours) Kish and Kalton. June 30-July 25. Prere-
quisite: Permission of instructor, only to

131

students enrolled in Soc. 612-Psych. 687. Varied
and graded exercises arising from common
survey situations. Time spent working in grottps
under experts' guidance on lists, maps, data, and
designs. Exercises in selection; selection techni-
ques; segmenting and listing; stratification;,two-
stage sample of a city; faulty lists; simple replica-
tions; and a national sample.

Psych. 687 -2 Soc. 612
Methods of Survey Sampling (2 credit hours)
O'Muircheartaigh. June 30 - July 25. Prere-
quisite: Two -courses in statistics (The 81 pages
noted iii the preface to Survey Sampling by Kish
are helpful.) A moderately advanced course in
applied statistics, with, emphasis on practical
problems of design, this class deals with prob-
ability sampling, including stratified, clustered,
and multistage; unequal probabilities and PPS,
area sampling, ratio means, sampling errors,
frame problems, cost factors, practical designs
and procedures. Emphasis is placed on the
meaning and application of variance formulas,
nbt their derivations.

Psych. 616 Soc. 616
Analysis of .Survey Data (2 credit hours) An-
drews. June 30-July 25. Prerequisite: (1) Com-
pletion of at least one graduate-level course in
statistics (or instructor- approved equivalent in
experience with statistics); should have a work-
ing familiarity with statistics, such as product-
mOment correlation and analysis of variance.
Students may be asked to demonstrate their
competence in statistics. (2) Basic familiarity
with survey research methods. Topics to be
covered , are logic and methods of survey
analysis, measurement theory and evaluation,
scaling and index construction, univariate
distributions, analysis of relationships (bivariate.
and multivariate); as time permits additional
topics will include panel data analysis and causal
analysis.

[4]
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Second Session July 28-August 22

Psych. 562 Soc. 562
Survey Research Data Collection (2 credit hours)
Staff. July 28-August 22. This course is a con-
tinuation of the work covered in Psych.-Soc.
561, although it can be elected independently. It
starts with an available interview schedule or
questionnaire, and covers interviewer training,
interviewing, and coding. The course consists of
lecture-discussions and demonstrations, coupled
with individual and work-group practicum ex-
perience in these phases of a survey.

Like Psych.-Soc. 561, the practicum nature of
the course requires considerable time outside of
class for committee or individual assignments,
and auditors are expected to participate in this
work.

Psych. 686 Soc. 623
Workshop in Sampling Techniques 11 (2 credit
hours) Kish and Ka hon. July 28 - August 22.
Prerequisite: Permission of instructor, only for
students enrolled in Psych. 682-Soc. 621, Psych.
687-Soc. 612, and Psych. 618-Soc.613. Samples
of three countries; SRC's national sample; CPS
of the Census Bureau; sampling establishments;
agricultural surveys; regression estimators; com-
puting and presenting sampling errors; multi-
purpose designs; controlled selection; retaining
changed units; samples in censuses.

Psych. 618 Soc. 613
Advanced Methods of Survey Sampling (2 credit
hours) O'Muircheartaigh. July 28-August 22.
Prerequisite: Psych. 687-Soc.612. Special prob-
lems and techniques; nonsampling errors and
biases; designs of complex samples; case studies;
frame problems; periodic and overlapping
samples. Subclasses; optimal allocation; double
sampling; controlled selection; simple replica-
tion methods and BRR for analytical statistics.

Psych. 684 Soc. 614
Study Designs in Survey Research (2 credit
hours) Connell, Groves, and staff. July
28-August 22. This course will cover design and
data collection methods which are unique to
telephone surveys. It is assumed that the student

is familiar with methods used in personal inter-
view surveys. The course will discuss the
adapatation and modificati9n of those techni-
ques to telephone surveys. It will include design
and procedures of sampling, questionnaire con-
structions, interviewing techniques of telephone
surveys. Examples from a variety of surveys will
be presented.

Attention will be given to the administrative and
technical operation of a telephone survey, in-
cluding interviewer training, supervision,
monitoring and administration. Methodological
investigations of coverage, sampling,
nonresponse, and response errors in telephone
surveys will be discussed. A computer-based,
on-line telephone system will be described and
demonstrated.

Students electing Psychology 684 Sociology
614 for credit should note that only a grade of
"Satisfactory" or "Unsatisfactory" will be given
for this course.

Psych. 710 Soc. 719
Survey Research Data Processing with OSIRIS
(2 credit hours) Klem. July 28-August 22. Prere-
quisites: Elementary knowledge of surrey
methods and basic statistics. The course will
cover the steps needed to take data prepared on
punched cards through the stages of checking,
cleaning and building of self-described computer
files to preliminary analysis. The OSIRIS IV
computer software package for the management
and analysis of social science data will be used.
Emphasis will be practical, and problems will be
run on the University of Michigan's Aindahl
470V/7.

TENTATIVE TIME SCHEDULE

All classes meet Monday through Friday at the
hours shown on the right:

June 30-July 25

Psych. 683-Soc. 621,
Psych. 616 -Soc. 616
Psych. 561 -Soc. 561
Psych. 687-Soc. 612

8 a.m.-I2 p.m.
8 a.m.-I0 a.m.

10 a.m. -12 p.m.
1 p.m.- 3 p.m.
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July 211-Auguu 22

Psych. 686-Soc. 623
Psych. 710-Soc. 719
Psych. 562-Soc. 562
Psych. 618-Soc. 613
Psych. 684-Soc. 614

a.m.-I2
cm. -10 cm.

10 a.m. -12 p.m.
1 p.m.- 3 p.m.
1 p.m.. 3 p.m.

REQUIREMENTS

Because all Summer Institute courses,are a part
of University department offerings, all students
must be admitted through appropriate admis-
sions offices. (This process may be started by
returning the enclosed Preliminary Enrollment
Record to the Center Director's Office.)

The following types of enrollment are it'vlittige
the University:

Undergraduate Credit

Students who wish to earn undergraduate credit
will be granted admission on the basis of their
qualifications and experience.. Students in-
terested in electing courses on this basis should
write to the Survey Research Center for an ap-
plication, stating their present occupation and
giving a brief resume of their work experience
and educational background.

Students in good standing in any accredited
school who wish to enroll in the Summer In-
stitute and who plan to return thereafter to their
former colleges, may apply for admission as
"Summer Term Only" students. They will not be
required to furnish transcripts but instead can
submit a brief form (supplied by the Survey
Research Center upon request) filled out, by the
Dean or Registrar verifying their good standing.

Graduate Credit

A student holding a bachelor's degree who
wishes graduate credit may either apply for
enrollment as a Special Student (in which case
credit may be transferred to an institution where
s/he is currently pursuing graduate work) or
may seek admission to the Horace H. Rack

School of Graduate Studies for the summer term
only. A student who is not currently pursuing.
graduate work should propose this latter alter-
native by submitting a transcript and supplying
other requisite information.

A student applying fq Special Student status
need not- supply tran pts, but may instead
submit a brief form (s plied by the,Survey
Research Center), filled t by the Dean or
Registrar verifying the stude ' ood standing
at his/her institution.

Admission as a special student may also be
*granted to qualified applicants who are beyo
the bachelor's degree those not pre
enrolled in graduate study who wish t
courses for credit, but who do see
graduate degree al The University, of Michi

In some instances, students may wish to ll ;jai
Graduate School without se aca
credit; if so, they should register' as. Visikat:;,,'
Such students have the privileges of regular

'rr

students, do the same work, (although they are>,,,
excused from final exams), and' the course 40/
pears without a grade on th trans fpt."
Students registering in the Gradua 'fiOotIor
credit or as Visitors pay the same fee .

t.

All completed applications and transcripts, both
for graduate and undergraduate admission,
should reach Ann Arbor by.May 15;1980, for
Michigan residents and by .May 1 for non-
residents.

Visiting Scholars

'Individuals holding the' Doctor of Philosophy
degree who do not wish a record to be kept of
their work may apply for guest privileges which
permit them to attend lectures and use some
University facilities without charge, exclusive of
computer time. By submitting certification of
having been awarded the Ph.D. degree, applica-
tion for appointment as a Summer Institute
Visiting Scholar in the Horace H. Rackham
School for Graduate Studies is processed
through the Survey Research Center.

(81
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Special Assentors

Mature persons whose education is no longer
limited by degree and credit requirements can
avail fl;emselves.of listening privileges in courses
of their choice by enrolling di special auditors.
Noparticular background is required, although
the person should be qualified to profl from tlp
experience.

REGISTRATION AND FEES

Because of the short summer term at the Univer
tayisity, the Survey Research Center teaching Matt

believes it imperative that the following schedule
be closely adhered to.

June 30 First Session' classes begin at 8 A.M.
and continue throughout the day.

June 30-July 1 Official Registration Days

July 4 National Holiday

July 25 E3taminations; First Session ends.

July 28 First day of Second Session

August 22 Examinations

Registration for the Second Session of the Sum-
mer Institute will take place on July 28, or
before. Thosepeople who plan to attend only
the Second Session should consult with the
Director's Office before proceeding with
registration at other University offices.

The following information on tuition and fees is
intended for visiting summer students only.
Comparable information for degree-seeking
University students already enrolled in
undergrddrate or graduate programs is available
through the University Office of the Registrar.

191

Fees for Michigan resident's (for first and/or se-
cond session) are as follows:

Undergraduate:
2 credit hours $II4
4 credit hours $228
6 credit hours $341
8 credit hours $341

Graduate
2 credit hours $208
4 credit hours $416
6 credit hours $467
8 credit hours $467

Special Auditor's fee .5125

Fees for non-residents (first and/or second ses-
sion) are:

Undergraduate
2 credit hours
4 credit hours
6 credit hours
8 credit hours

Graduate
2 credit hours
4 credit hours
6 credit hours
8 credit hours

$328
$656
$982
$982

$456
$912
$1,022
$I,022

Special Auditor's fee $375

In addition to tuition fees listed above, all
students will be assessed approximately $22 by
the University for various campus services.

NOTE: Fees are subject to change at any that by
the Board of Regents of the Venality.

UNIVERSITY PRIVILEGES

As registered University students, all Summer
Inititute participants are eligible to use many
University facilities. These include University
libraiies, classrooms, housing, and recreational
areas. University golf courses, inside swimming
pools, and numerous tennis courts are available
on or near the campus.

(10)

Inquiries about the Summer institute should be
addressed to Helene J. Hitchcock, Ad-
ministrative Manager. Office of the Director,
Survey Research Center, University of
Michigan, Ann Arbor, Michigan 48106.
Telephone 313-764-83.

HOUSING

Students attending the Summer Institute may
obtain information on housing by writing direct-:
ly to the Housing Office, 1011 Student Activities.
Building, University of Michigan, Ann Arbor,
Michigan 48109. Telephone 313-763-3164.

Although 1980 rates will be higher, 1979
residence hall rates for eight weeks ran .404rom
$212 fora double room without board to1,2,5
for a single with board. For students attending a
four-week session during 1980, rates for room
only will be approximately $10 a day,

Meals will be served in dormitories, but are op-
tional, andstudents wishing to reserve a room
only may be assigned to a dormitory where
meals are not served. For those living in other
residences,. the Michigan Union and the
Michigan League provide cafeteria and dining
room service. There are also a number of
restaurants in the vicinity of the campus.

UNIVERSITY APARTMENTS

The University maintains over 1,700 apartments
for staff and student families. These include ef-
ficiencies, one-, two-, and three-bedroom units.
Most of the units are modestly furnished.

Prices start at $160 a month for a furnished effi-
ciencY, with a limited number of spaces made
available to single graduate students and Visiting
Scholars.

Students enrolling for the Summer Institute
courses should so indicate when requesting ap-
plicaticins for housing and should also include
the dates of the. session they plan to attend. In
addition, those not-for-credit students, that is,
Visiting Scholars and Special Auditors, should
include the following information when re-
questing applications for residence hall housing:

copy of admission certificate, social security
.number. and birthdate.
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School of Library
and Information Science

Curriculum in Library Science, Information Science, and
Educational Media

Goals and Objectives

I Introduction

0.

The educatMlprograT in the School of Library and Information Science combines theory
with application and is designed not only to prep re new professionals for information ser-
vice activities, but to provide practitioners with the ,opportunity to keep abreast of new
developments.

Through research, through professional activities of both faculty and students, and through
educational efforts, the School maintains an awareness of the needs and problems existing in
the community which it serves.

To guide its program, the School has developed this Statement of Goals and Objectives.

Throughout this statement the term "information" is to be interpreted in its broadest sense:
"Facts, data, visual or aural representations which convey meaning or elicit feelings." This
"information" includes informational materials, as well as self-fulfillment and enrichment
materials, in all possible formats. "Information professionals," as used in this document, in-
cludes librarians as well as information specialists.

II Coals

A Education:
To provide the student with a theoretical base for understanding the nature of information
and informational materials, the processes by which they are created and communicated,
and their organization for use, as well as the environment within which the information pro-
fessional operates.

To relate theoretical concepts to practical applications, and to provide the student with the
necessary skills to function as a responsive and responsible professional in a variety of
specialized roles.
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r Research:

10 encourage spu it of inquiry and (' wit ism and to advance the theory and practice of the it-
( ormation profession through researt h and public ation.

C Service:

To contribute to the growth and development of information professionals, libraries, infor-
mation agencies, and professional o4anizations, and through them, of society.

III Objectives

A Education:
Theoretical Knowledge:
a To stress the interdisciplinary nature of library and information science througHthe

study of relevant theories and methodologies drawn from related areas such as com-
munications, education, linguistics, psychology, operations research, public ad-
ministration and information technology

b To develop an understanding of the intellectual base.; of information generation,
comm mication and dissemination,

c To acquaint students with the structure and content of the literature in a variety of
subject fields, and to develop the necessary bibliographic skills to control and utilize
it.

d To encourage a strong commitment to the principles of intellectual freedoM and
'freedom of access fo information.

e To acquaint-students with the environmental determinants (social, eccinomir,
political) which affect information services, with emphasis on user/non,user needs:
and the interrelationships among differing information systems.

f To 6miliarize students with research methods appropriate to the study of informa-
tibn services and to develop ability to apply these met odologeS to the solution of
Specific probleXs. To develop analytical and evaluative attitudes toward research,
practice and the profession.



2 Practical Knowledge:

a To develop the student's ability to relate theory to practice and to acqui spec Mc

skills for library and information work by enco'Uraging problem oriented pr bets and

field experience.

b To encourage in students sensitivity find empathy toward others in order to enhance

their performance in organizations and in public service

c. 10 develop the mastory of the basic elements of a library or information specialty or

group of specialties.

To faMiliarile students with the range of information.formats, and the technologies
appropriate to IT oluce and use them effectively.

e To provide students with opportunities for the development of individualized
programs of study based on personal career goals.

To encourage contacts with the professional field. throUgh visits, lectures, special

events, and to assist students with their placement in the profession.

--c

II Research:
1 To encourage. research wherever appropriate in course work, applications projects,

independent study, and thesis research.

2 To provide opportunity for the study of research findings from our own and other

disciplines as they may apply to the information field.

3 To encourage and facilitate student research projects which may lead to re-
exarrinzqon ond revisicn of currently held concepts regarding information probirmms

4 To encourage faculty research involvement which leads to improved teaching,

greater awareness of current information problems, and a sense of excite.mer,t in-

herent in the discovery process which conveys itself to, arid therefore benefits, the

students.

C Service:
1 To provide educational opportunities for the professional development of informa-

tion practitioners in the field.
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2 To promote the improvement and development of information services by providing
c nsulting and research assistance.

3. To acourage active participation by faculty and students in professional orga niz a-
tio activities at all levels.

What Does. the Information Professional Do?

The dramatic technological advances in today's society have made such an impact on
libraries and information centers that the role of the information professional is constantly
changing and expanding to meet the accelerating demands of all users of information.

Information is handled in many different systems, and each system serves many different
communities, each with its own needs, interests, and outlook. The information cycle basical-
ly includes the creator, the processor, and the consumer of information. The ultimate aim of
any information system is to connect the.user, quickly and efficiently, to the proper informa-
tion.

libraries in the traditional sense make up one significant link in the information cycle; a var-
iety of other information facilities closely related to libraries have been established for the
purpose of collecting, processing, and distributing documents or data of a specialized nature.
Depending upon the specific funCtions performed, these are designated as information
centers, clearinghouses, information exchanges, archives, media centers, etc.

The elements of work in information agencies are performed by information professionals
fmcigli as iiinatian,, Tniormat;on scientists, information specialists, subjects specialists,

bibliographers, archivists, media specialists, etc. Although there is a certain commonality of
functions in these positions, the elements of work differ or are conditioned by: (a)the goals of
the information facility; (8) the requirements of .users of the service; and (c) the academic
background and experience needed to perform the various functions.

Typical functions performed by information professionals include:

1 Managing. The administration of a library or an information facility; the coordination
of all the information elements into an integrated system anticipating user re-
quirements.

'Adapted from U S C.1.1 ServeCe Commas on bureau of Programs and Standards Cull* for the Classettcaloon of Positrons ProvidingProlestrone41.eve/ Obtetp and Information Services. Wash, ton, DC. US Government PrestIng Otfice. 1%6. pp 335-339, 377-371.394797
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2 Selecting Materials Planning the nature, variety, and tiepth of materials to be int lud-
ed in the information service, determining the needs of potential users, i uirent and
future demands; c hoosing the specific items to be acquired.

3 AcquiringMaterials. I he process of identifying finding, ard obtaining copies of infor-
mation materials not already in the information agency.

4 Cataloging. The process of identifying a unit of information to distinguish it from
other items; describing it bibliographically and organizing and recording the data in a
methodical arrangement.

5 Classifying. Theexamination of materials in order to understand the intellectual con-
tent, to identify and select significant concepts and Lharactenstics to be recorded as
reference points for use in retrieval operations, and to organize them in a systematic
arrangement

6 Indexing. The detailed examinatioQ of source materials in order to understand the
lectual content, to determine the essential features of the information, and to select
points of view that are considered to be of sufficient importance to warrant the ef fort
of rendering them searchable in the system.

7 Abstracting. Summarizing units of publication so as to present in *concise form the
needed bibliographic and/or subject information.

8 Assisting Readers. Including all the services which help in the effective use of the
library by fitting books to the personal needs of the individual reader.

9 Reference Wort:. Meeting the information nxynis of users by making materials
available, by answering specific questickns, and by finding particular information.

10 Literature Searching. The systematic, comprehensive, or exhaustive' search for infor-
mation bearing on a specific problem or subject, performed as a service for spectialists
engaged in research or other scientific or technical work.

11 Researching with Information. Solving research problems, without recourse to ex-
perimentation, by gathering, analyzing, and interrelating information from a com-
bination of sources.

12 Compiling Bibliographies. Locating, identifying, and compiling lists of books, articles,
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pamphlets. tec finical materials, etc , related by t, biblio6raphic, anctot user
criteria

13 Translating Converting t rorn one natural language, or its s%inholn. form, into another
natural language with complete preservation of the meaning of the origlal

Interpreting Information [valuating and elucidating the significance, pertinence,
and relevance of specific: units of information on the basis of detailed an.slysis and
subjkc. t competence

c.
15 Scpu ins for Information Formal systems or spec ihr programs for locating, gathering.

creening of unrecorded or newly recorded data and information from special
es such as personal contacts, conferences, meetings, government agencies,'
tones. clinics, and interviews

14

1() ingand Copying Conveying and communicating units of data and informa-
ti b anuaj, electronic, mechanical, and other means

17 Converting into Machinable Form Translating a unit of information into a symbolic
form so as to be suit lble for storage, identification and retrieval by mechanical or
electronic instrumentation

18 Tleve:oping Information System ;. tlevising integated plans for coordinating all
elements of the information' cyclkin order to make materials available to al! potential
users in the most usable form with the least distortion of subject content.

19 Investigating Machine Applications. Developing systems, or adapting or exploring
adequacy of existing systems, which utilize mechanical and electronic instrumenta-
tion to perform specific information functions in an integrated documentation or in-
formation system.

Characteristic library functions include the selection, acquisition, cataloging and classif
tion of materials; bibliographic and readers' advisory services, reference and literature
searching services; library management and systems planning; and the develop?nent and
strengthening of library services. Such work is basically concerned with the collection,
organization, preservation, retrieval, and use of recorded knowledgewhether in printed, Vier It.
ten, audiovisual, film, nearprint, magnetic tape, or other format.



Positions for librarians are found in various kinds of libraries and information facilities.
Typical categories include the public library; the research library:. the academic library; the
special or technical library in business, industry, or government; and the educational, edia
center, learning resources tenter, or school library. A

,
Cnaracteristic functions identified with information science are related not only to the tra-
ditional' library functions but include specialized functions dawn from fields such as
,mathematics, logic, linguistics, psychlogy, computer technology, operations research, the
graphic arts, communications, and management. Usually it is agreed that information
science is concerned with the design and operation of systems for the collection, comm unica-
tion,' storage, processing, and dissemination of information and with the technologies that
support these functions. To some, information science is seen as virtually coextensive with
library science; to others, the field is defined much more broadly to cover all information, in
all forms, including measurement of data used in science; business data used in accounting,
budgeting, marketing, or inventory control; social or economic data for health or government
administration; etc. Information scientists may be concerned not only with operating infor-
mation systems but with basic theory, with the social implications of the use of technology,
and with government information policy in such diverse areas as copyright, privacy, and com-
munications industry regulation.

Some information scientists work in information centers operated by industry or government,
using automated systems to provide information on demand for users such as research
scientists. Others may specialize in systems analysis and design Or in computer programming,

'working in libraries, consulting firms, or in the growing industry devoted to producing and
marketing information products. Many businesses and government agencies maintain
specialized management information systems (MIS) requiring the services of people who can
manage the collection, storage, and dissemination of information.

History

The School of Library and Information Science, founded in 1892, is the third oldest in the
United States. It operates as a professional' school within Drexel University for the education
of librarians and information personnel and for the advancement of knowledge through
study, research,--and practice. From 1926 to 1949, it awarded the degree of Bachelor of
Science in Library Science (B.S. in L.S.) to its graduates. The School now offers a curriculum
leading to the Mailer's degree, which may be followed on a full-time or part-time basis in oneof three major fields of conce,ntration general librarianship, information science, and
educational media. Since September, 1974, the School has offered a program leading to the
Ph.D. degree.
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The Master of Science Curriculum

The School of Library and Information Science offers a program leading to the Master of
Science degree with concentration in one of three fields: general librarianship, information
science, and educational media. The degree is conferred on students who successfully com-
plete amapproved program consistpglof a minimum of 48 qtarter credits.

Prerequisite to all courses in the curriculum is Fundamentals' of Library and Information
Science, after which a student is able, through electives and individualized work, to
specialize in one of the three major areas of concentration:

General Librarianship Information Science Educational Media
During the first quarter, or before completing Fundamentals of Library and information
Science, the student will decide on an area of concentration and will choose a faculty adviser
who will assist him/her in developing a program of study appropriate to his/her background
and his/her career goals.

Typically, a program of study in any of these area of concentration will consist largley of
courses chosen from five functional groupings of courses:

Organization and Retrieval of Information
Information Technology
Resources and Their Use
Information Services
Management and Evaluation

The balance of the program will consist of further electives which may include up to 12 credit
hours chosen from Spe9a1 Topics (1780), Independent Study (L893), Research (L897), Thesis
(1898), and related graduate courses taken in other departments at Drexel or another area
university.

Intrbductory Course

The program begins With Fundamentals of Library and Information Science, which is required
of all students and is prerequisite to all other courses. It is offered on a full-time basis
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science, and with well defined educational goals and interests, may petition for exemption
from L601-1602, Fundamentals of Library and Information Science. This petition should be
made at the time of application to the School and should include a detailed statement of the

applicant's reasons for seeking exemption and a description of the program the applicant
proposes to follow at Drexel.
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Information Science

Students who are qualified by background and interest to specialize in information science
have the opportunity to develop a program of study which concentrates on ways in which in-
formation is collected, organized. indexed, stored, retrieved, interpreted, and transmitted to
users. They will also be able to develop skill in research and in the use of computers to under-
stand and devise better and more effective ways to handle information problems.
In addition to the required course, 1.601-L602, the student who concentrates in information
science typically chooses the bala is program from such courses as:

1.605 Search Strategy

1.607 Abstracting and Indexing

1620 Technology of Information Storage and Dissemination

L624 Library Automation

L626 Library and Information Networks

L627 Computer Programming for Information Processing

L628 Text Processing by Computer

1641 Resources in Science and Technology

L683 Information Center Management

L688 Information Systems Analysis

1690 Measuring Library Use

1691 Methods of Research in Library and Information Science

L692 Evaluation of InformE tion Systems

Since information science is inherently multidisciplinary, there are many courses in other col-
leges at Drexel University that supplement the courses offered in the School of Library and In-
formation Science. Among these are:

Management and Technology

Management of Information Systems

Management of Operating Systems

Systems Theory

Probabilistic Systems Analysis

Communication Behavior

Communication Systems

, Detection and Decision Theory

System Simulation ,

Probabilistic Models for System Analysis
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FOREWORD

Throughout its history, the American Political Science Association has
been interested in teaching. A standing committee on teaching political
science was appointed at the first organizational meeting of the APSA in
1903. At the second meeting of the newly formed association in 1905, theprincipal report delivered to the members was on ka survey of college
freshmen, conducted by William Schaper of the University of Minnesota
called "What Do Our Students Know About American Government Befor
Taking College Courses in Political Science?" Since then, APSA has be = n
almost continuously engaged in one or more activities designed to assist
teachers. These early activities are summarized in a 1963 report o the
history of Association education activities by Cora Prif old (Beebe). In all of
this activity, the Association has been concerned that its efforts t es-
tablish an orthodoxy, a preferred method or approach. It has an does
seek to aid teachers with diverse interests, fields and techniques.' SETUPS is another in the long list of efforts to aid teachers. The
Association's role in their production and distribution grows out of the
recommendations of a task force on computer. related instruction,
established in February, 1973, which reported to the Steering Committee
on Undergraduate Education in January, 1974. The latter committee
agreed that there was a need for special learning materials for data analysis
exercises and simulations.

t this point, APSA was fortunate in re\bving a grant from the National
Sci ce Foundation's College Faculty Workshop Program that enabled
D to develop the SETUPS with cooperation of the Inter-University
C, sodium for Political Research. A workshop was held, at the University
Of' Michigan, Betty Nesvold and William Buchanan serving as coordinators.

We owe a debt of appreciation to the individual authors who were
ultimately responsible for the written materials and to the schools that
participated in the testing program. After testing, each booklet was revised
for publication.

It is the hope of those who have participated in the project that the
materials will prove of value to many teachers. It also is hoped that the
Association will be able to continue to meet these needs while at the same
time aiding in,the development of other projects to assist teachers in other
areas of. the discipline having different theoretical and pedagogical
perspectives.

Evron M. Kirkpatrick
Executive Director

American Political Science Association
September, 1975



EDITOR'S PREFACE

Supplementary Empirical Teaching Units In Political Scion be are modules
for teaching American government. Their function Is to stimulate students to
independent, critical thinking, to convey a deeper understanding of portions
of the substantive content of the course, and ta demonstrate how scholars
accumulate the evidence and reach the conclusions that appear In their
textbooks. They enable students to make use of the computer with no
previous training, either to analyze data on political behavior or to see the
consequences of policy decisions by use of a simulation model.

They were developed by group of political scientists with experience In
teaching the introductory American Government course who were
together in a workshop supported by grant from the National
Foundation in the summer of 1974. The American Political Science
Association administered the grant, and the Interuniversity Consortium for
Political Research was host to the workshop and provided data for most of
the SETUPS. Seven modules were then tested during the 1974.75
academic year in 155 classes in 89 universities and colleges, and
evaluated by their students and faculty. The revised editions were based
upon this experience. Additional SETUPS in American Government, inter-
national Relations and Comparative GoVernment are now in process of
development.

Participants in the 1974 workshop were Christopher Merton,
Massachusetts Institute of Technology, Paul Allen Beck, University of Pitts-
burOn , Bruce D. Bowen, University of Michigan, C. Anthony Broh, Hobart &
Wiliam Smith Colleges, Jere W. Burner, Oberlin College, Donald
A. Dixon, California State College. Sonoma, L Douglas Dobson, Northern
Illinois University, Ray A. Gelgb, California State College, Bakersfield,
Herten Hahn, University of Southern California, Peter G. Hartjens, Franklin
and Marshall College, Marvin K. -Hoffman, Appalachian State University,
Barry Hughes, Case Western Reserve University, Charles L Prysby,
University of North Carolina, Greensboro, John Paul Ryan, Vassar College
and C. Neal Tate, North Texas State University. Workshop directors were
William Buchanan, Washington and 'Lee University. and Betty A. Nesvold,
San Diego State University.' Project directors were Lutz Erbring,
interuniversity Consortium for Political Research, University of Michigan
and Sheilah Koeppel, Division of Educational Affairs, American Poetical
Science Association.

in this SETUPS module, classical theories of representation as
expressed by Burke and the aunding fathers and developed by modem
poetical philosophers serve as a foundation for propositions about the
behavior of U.S. Congressmen anoSeftafors h the 1970's. Constituency
characteristics such as urbanism, occuPation end ethnicity, electoral
competition and party affiliation, ratings by a variety of interest groups, and
presidential influence provide variables for crosstabulations in which the
student tests theories of representation. These variables and roll cell votes
on 11 major issues in the 93rd Congress are coded in simplified form to
eliminate problems of data manipulation. A Aries of exercises explains the
process and purpose of hypothesis testing with bivariate tables and the
function of controls. These exercises are designed for the introductory
American Government course; but the data set Is comprehensive enough to
dive relatively sophisticated problems for advanced classes el legislative
behavior or research methods.

A "Note to the Instructor" in the Appendix provides suggestions for
,,.;..bissaroom use.

vii

Wiliam Buchanan
Editor



SETUPS: American Politics

The SETUPS in this series were designed for use In introductory classes
in American Government. During the testing period they were widely used
In these courses and were also found helpful In advanced classes. Data in
the form of OSIRIS, SPSS or card image form for aN SETUPS is provided by
the Inter-University Consortium for Political Research. University of
Michigan, without charge through an agreement with the American Political
Science' Association, for each order of 25 or more SETUPS.

SETUPS in the American Politics series are:

VOTING BEHAVIOR: The 1972 ELECTION by Bruce D. Bowen, C.
Anthony Broh, Charles L. Prysby.
POLITICAL SOCIALIZATION ACROSS THE GENERATIONS by Paul
Allen\Beck, Jet() W. Bruner, L. Douglas Dobson
POLITICAL PARTICIPATION by F. Christopher Merton, Harlan Hahn
REPRESENTATION IN THE UNITED STATES CONGRESS: 1973
by Ray A. Geigle and Peter J. Hartjens
THE SUPREME COURT IN AMERICAN POUTICS: POjJCY
THROUGH LAW by John Paul Ryan, C. Neal Tate
U.S. ENERGY. ENVIRONMENT AND ECONOMIC PROBLEMS: A
PUBLIC POLICY' SIMULATION by.Barry Hughes
THE DYNAMICS OF POLITICAL BUDGETING: A PUBLIC POUCY
SIMULATION by Marvin K. Hoffman.

A second series of SETUPS, on topics in Comparative Politics, is being
developed and tested in 19754976.

vili

I. INTRODUCTION

This Is a monograph about constituency representation in the United
States Congress that Is designed to get you involved in the processes of
Inquiry that are often used by political scientists to Investigate this concept,
Our objectives for you are three: (1) that you will familiarize yourself with
three different theories of what representation ought to be, and some of the
current research findings of political scientists about what representation
is actually eke (2) that you we develop sufficient ski in some elementary
techniques of political inquiry to investigate your own Ideas about the
nature of representation in Congress, and (3) that you will do inquiry of your
own, using data sets prepared for use with the exercises in this manual and
evaluate your findings in terms of the information you have gained by ac-
complishing the first objective. The manual Is organized in four sections.
irrhe first Is a brief overview of some theories of representation and some

ant research findings about representation in Congress. The second is
introduction to and exercises in hypothesis testing (the technique used

by political scientists to Investigate political phenomena) that WI provide
you with sufficient skills to conduct your own Inquiry. The third is descrip-
tion of the evidence (data) you will use to test your ideas about the nature of
constituency representation in Congress. It is composed of aggregate
measures of constituency characteristics (income, education, etc.) of the
Populations within each of the 435 Congressional districts and 60 states.
the ratings of Congressmen by Interest groups, and roll call votes of
members of Congress on a selected list of Issues. The fourth section is
set of exercises that are self-programmed. These will lacatete your Investi-
gation of your own ideas about representation.

The Theories of Representation
A mainstay of our understanding and acceptance of democratic govern-

ment is the widely accepted notion that our political institutions ought to be.
and in most cases are, representative. We accept the common sense
notion that because of bigness and complexity direct democracy, that is,
government by participation of N. Is impractical and that republican govern-
ment, government by representatives, Is an agreeable alternative. It Is clear
that the Founding Fathers intended that our political institutions be
representative and that many of our present assessments of the quality of
our institutions are based upo9 the degree to which they accomplish that
objective. Thomas Jefferson's view was, that republican government is
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necessary for purposes of both administratNe expediency and comPetent
government. In letter to a friend, Pierre Samuel Dupont de Nemours, Jef-
ferson outlined his view on this question in 1810. in It he said, "We of the
United States, you know, are constitutionally and conscientiously
democrats. We consider society as one of the natural wants with which
man has been created; that he has been endowed with faculties and
qualities to effect its satisfaction by concurrence of others having the same
want; that when, by the exercise of these faculties, he has procured a state
of society, it is one of his acquisitions which he has a right to regulate and
control, jointly Indeed with all those who have concurred in the
procurement, whom he cannot exclude frqfn Its use or direction more than
they him. We think experience has proved It safer, for the mass of indi-
viduals composing the society, to reserve to themselves personally the
exercise of all rightful powers to which they we competent, and to
DELEGATE those to which they are not competent to deputies named, and
removable for unfaithful conduct by themselves immediately. Hence, with
us, the people (by which is meant the mess of individuals composing the
society) being competent to judge of the facts occurring in ordinary life,
they have retained the functions of jurors; but being unqualified for the
management of affairs requiring intelligence above the common level, yet
competent judges of human character, they chose, for their management,
representatives, some by themselves Immediately, others by electors
chosen by themselves .. . " He believed that "action by the citizens in Per"
son, in affairs within their reach end competence, and in all others by repre-
sentatives, chosentacmediately and removable by themselves, constitutes
the essence of a r

The predominant view in the Constitutional Convention was also in favor
of republican government. James Madison, writing to the people of the
state of New York in support of ratification of the Constitution, argued that,
"we may define a republic to be, or at least may bestow that name on, a
government which derives all its powers directly or indirectly from the great
body of the people, and Is administered by persona holding their offices
'during pleasure, for a limited period, or during good behavior.", Madison
continued, in the 39th Federalist, to detail the aspects of the proposed
government that give it its republican character. First on his list was the
House of Representatives, chosen by direct election of "the great body of
the people," and the Senate which "derives its appointment indirectly from
the people." (Until the adoption of the XVII Amendment to the Constitution
in 1913, Senators were elected by state legislatures.)

The view of both Madison and Jefferson are characteristic of the
theoretical underpinnings of our governmental Institutions and of the Intent
of the Constitution. Agreement about the desirability of representativp in-

Kenneth M. Widows, Directions In Amonean PoItkel ThouiPn Mow York: John wirer aSons, Inc. 1989). pp. 77-78.
The Rntegasist, No. 39. Edited and With an Intoduction and Notes, by Jacob E. Cooke

(Middletown. Com.: Wesleyan University Prase, 1981), pp. 250-257.
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stitutions, however, did not lead to consensus about who ought to be
represented and how. The Madisonien notion that man Is by nature Inclined
to seek out others who are of like disposition on questions of government
and that once aggregated they wit form. "factions" that will pursue their
collective interests to the detriment of those in other "factions," led him to
the general view that representative institutions ought to be a mechanism
for the deflection and amelioration of the "evils of faction." He thought that
the evils of faction could only be cured by removing its causes or controlling
Its effects. He strongly opposed elminaring factions because the cost
would have included the sacrifice of human liberty, dignity and diversity, the
Protection of which is the first object of government. He proposed, there-
fore, to control Its effects by bringing antagonists together where, because
of the diversity of issues and human interests, no faction wit ever comprise
a majority and dominate all other interests. Economic differences are largely
responsible, in Madison's view, for dividing men "into different classes, ac-
tuated by different sentiments and views." He concludes that "the
regulation of these various and interfering interests forms the principal task,
of modem Legislation, and involves the spifft of Party and faction in the
necessary and ordinary operations of Government- II In summary, the
lAadisonian notion of representation tended to emphasize the importance
of control of factions and their "mischief" in the legislative process.

Hamilton's view of representation was similar to that of the great English
Political philosopher, Edmund Burke. Hamilton believed that where elec-
tions are "free, representative institutions will invariably be made up of land-
holders, merchants, and men of the learned professions." Of the three, only
the latter could be expected to protect the interests of all classes because
of their superior wisdom and common interest. He thought that "the Idea of
an actual representation of ell, classes of the people by personyof each
class is altogether visionary." But he was nevertheless committed to the
notion of popular control of the conduct of representatives. A careful
delineation of his views will facilitate understanding of often misconceived
notions of Hamilton's genuine views. Like Edmund Burke he believed in the
desirability of men of superior talent and wisdom making legislative "
decisions they determined to be in the interest of the people they
represent, even when that behavior conflicted with expressed wishes of
those whom they represent. The case for this position was made eloquently

- by Burke in an address in 1774 to his constituents in which he said:
Certainly, Gentlemen, it ought to be the happiness and Glory of a repre-

sentative to live In the strictest union, the closest corresPrmdence, and the
moat unreserved communication with his constituents. Their wishes ought to
have great weight with him; their °Orions high respect; their business
onrenutted attention. It Is his duty to sacrifice his repose, his pleasure, his

The Fedsralsf. No. 10, op. C1.. pp. 86415.
A J. Beloinger, A History of American PoAncel Mown' (New Yolk: Dodd, Mead I

Company. 19721, p. 222.
The Federalist. No. 10, op. et.
Beitzinger, op. cll., p. 224.
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his view party Influences we twofold: the first, a persistent socialized
policy orientation that the member of Congress brings with him, the second,
a "broad class of party Influence (that) Includes those instances In which a
member of Congress seeks out, or accepts, the counsel of another person
In arriving at a policy decision because the other person Is a fellow
Partisan."" These cues are sought and given at all stages In the decisional
process and are both formal and Informal. Congressmen talk together, with
group spokesmen, their staffs, and party leaders. As they cover a wide
range of policy and Issue areas In their discussions and deliberations, they
reinforce and stimulate each other's views and work towards some degree
of agreement. This process of "cue" taking and giving is clearly a part of the
process and is reported In most research on the Congress. The extent to
which it genuinely creates agreement is difficult to say and perhaps
impossible to Investigate. It le; however, an additional possible explanation
of party cohesion in voting.

To summarize here, Party cohesion le an empirically verified charac-
teristic of Congressional roll-call voting. There is -sriation by Issue and
policy area but party similarity has been a better predictor of Congressional
voting patterns over time than any other single variable. When party
similarity has not explained voting patterns, the next most reliable Indicator
has been the constitutency characteristics of the members of congress. At
least one observer, Fromen, believes that similarities In party ,tang may be
Just an additional measure of constituency influence. The notion that party
regularity is policed by an effective party leadership does not seem to be
supported by the evidence. The process of cuetaking, the exchange of
Information and views among Congressmen, their staffs, etc.. Is another
possible explanation of party regularity but one that is difficult to
demonstrate conclusively.

Questions about whether constituency representation In Congress is
achieved through any of the processes described above have profound
implications for our notions about democracy. Part of our determination of
what representation ought to be like will invariably be a function of what
representation Is actually like. If you believe that we can be represented If
Congressmen ascertain our probable preferences by consideration of the
predominant characteristics of our districts, then you can gather evidence
about constituency characteristics of the 435 districts and 50 states and
compare the voting records of members of Congress with their. own
districts or states. In short, you will be using evidence to determine if
representation is actually anything like you think it ought to be.

In the exercises In the fourth section of this manual you will be asked to
do this using the techniques of Investigation commonly used In political
science. That Is, you will look at evidence systematically and use empirical
methods of analysis to test assertions about the representativeness of
members of Congress In their voting decisions. The second section will
introduce you to these techniques.

Paueen, op. cat, p.123.
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IL METHODS

One of the goals of social scientists is to explain how social phprwmsna
come to be. And while the language of social science often seet foreign
to students, the thought processes Involved are ones that we all use daily.
When the President makes a VIP to the Middle East or the Soviet Union we
say it influences both our relations with those countries and his popularity
ratings at homet,When a football team has a good season, we say that is a
result of good recruiting and hard practice. Long, thoughtful study Is
associated wlh good grades. When we make such statements we ars
thinking like social scientists.

The social scientist is concerned with testing common sense notions
about reality, and to do this he must be concerned with both the procedures
of inquiry and the precise use of language,

In order to understand each other, social scientists have more or less
agreed on the terms they use In describkig their procedures. You should be
familiar with some of these terms so that you will have a common basis for
discussing and evaluating the exercises in this book.

When we posited above that something was "influenced by" or "the
result of" or "associated with" something else, we were just setting up an
hypothesis that we could then test.

A good way to think of hypotheses is In terms of change or differences.
If something changes, then it may be associated with a change In some-
thing else. Or If we look at differences in one thing, then we would expect to
find related differences In some other thing. But what are these "things"
that we keep talking about? If a phenomenon appears in different kirms or
takes on different values then we refer to It as a variable. An hypothesis,
then, is a statement that poses a relationship between two or more
variables.

There is often a temptation when formulating hypotheses to say that a
change in one variable causes a change In another variable. This is a temp-
tation which should be avoided! Would you be correct In stating that the
President's taking a trip causes a change In our relations with the. countries
visited? Perhaps, but we really have no way of knowing whether it was the
trippers& which brought about the change or whether it was the months of
negotiations which preveded the trip or the desire of those countries for
more American technology which really caused the change in our relations.

It is because of the difficulties In attributing causality that social scientists
prefer to err on the side of caution and talk about variables being
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associated or related rather than one causing the other. You should try to
get in the same habit youraeit, not only because you should want to be
cautious, but because you should constantly be asking yourself the
question "Is there anything else which might affect the relationship I have
hypothesized?" It is through this constant questioning that a sound body of
understanding of political phenomena is developed.

There are two types of variables that we use in formulating hypotheses.
The variable in which we expect some change to be produced Is called the
dependent variable. In the example above, the relations with the countries
the President visits would be the dependent variable. Why? Well, If you
think about it, this Is really common sense. We are hypothesizing that a
change in our lorelgn relations is dependent upon something elsethe
President taking a trip. You would not say, however, that the President's
taking a trip was dependent upon a change in our foreign relations with
these countries since we expect the change to come after the trip. The trip
Itself then Is independent of changes in our relationship with the countries
visited. A variable which we hypothesize as being assock.ed with a change
in some dependent variable Is referred to as an Independent variable. Why?
Because change in It can take place independently of change in the
dependent variable.

One of the most common ways of testing hypotheses is to gather data
that can be grouped into categories and then to interrelate two variables in
a table.

Let's take an example front the data you will be using later on.
In 1973, the Congress passed legislation that limited the warmaking

powers of the President. This legislation was vetoed by President Nixon.
Subsequently both houses of Congress ahleved the necessary two thirds
maprity to override the veto. The question we would like answered Is, "To
what extent was the vote to override In the House of Representatives cast
along partisan lines?" On an issue such as a presidential veto override, we
would hypothesize that Democrats would unite against the President and
that Republicans would rally to defend the President's position. In other
words, we are hypothesizing that a congressman's Party (independent
variable) will influence how he will vote on this Issue (dependent variable).
To test this hypothesis, we wilt divide the members of the House by party
and by their vote on this Issue. When we do this, we obtain the following
table.

PARTY
DEMOCRAT REPUBLICAN

VOTE,
YEA 198 86 284

NAY 34 101 135

232 187 419
There are four cells in this table and each includes the number of persons

of a party who voted in a'certain way. These numbers are known as cell
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frequencies. Thus there were 198 Democrats who voted to override the
veto and 101 Republicans who voted against overriding the veto, The
numbers at the bottom and side of the table are known as marginate. In this
case, the marginate on the bottom will tell you how many Democrats and
how many Republicans participated in the vote. The marginal. on the side
will tell you the division of the votethe total number of yea votes and the'
total number of nay votes. The figure In the lower right hand corner of the
table is the sum of row margins/is and also the sum of the column marginate.
In this case a total of 419 Democrats and Republicans voted (or paired their
votes) on the issue of overriding the President's veto, Sixteen members
neither voted nor paired their votes on this issue. You should try to get in
the habit of examining both the cell frequencies and the marginal* of each
table for evidence about your hypothesis.

To examine our hypothesis more clearly, however we need to know not
only the num* (or frequency) of Democrats and Republicans who voted
Yea or nay, butilso the proportion (or percentage) of the members of each
party who voted each way.

Most computers generate tables that report both IreQuendell and
percentages. To do this, however, the computer must be instructed as to
which is the Independent and which is the dependent variable. The
convention accepted by most social scientists is to place the independent
variable across the top of the table (the columns) and the dependent
variable along the side (the rows). One then calculates the percentages
down the columns. In reading the cells of a percentage table, the question
you should ask Is, "What percentage of X (a category of the independent
variable) did Y (a category of the dependent variable) ?"

Independent Variable
PARTY.

DEMOCRAT REPUBLICAN

Dependent
YEA

VOTE
Variable

NAY

198 86
85.3 46.0

34 101
14.7 54.0

232
55.4

187
44.6

284
67.8

135
32.2

419
100.0

Answer the following questions about the cells and marginals of the above
table.

1. What percentage of the Democrats cast Yea votes?
2. What percentage of the Republicans cast Nay votes?
3. What percentage of all the votes were cast by Democrats?
4. What percentage of the total votes were Yea votes?

22i
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5. Writs a brief paragraph doecxibing what this table tells you about the
hypothesis.

Now let's consider an example in which we have divided the data for one
variable Into more than two categories. In this case, we wile be examining
the relationship between the median Income of citizens in a member's
district and his or her vote on an appropriations bill for the departments of
Labor and Health, Education and Welfare. Since the vote was on
compromise bill between the House and Senate which would have reduced
monies evadable to these agencies, many liberals opposed this legislation
because they fell it did not provide enough support for programs In these
areas. Before looking at the table that follows, what would you expect the
relationship between income and vote on this measure to be? Would you
expect opposition to the compromise to come from the representatives
from the wealthier or the poorer districts? Justify your expectations and
then state your hypothesis.

a

When a variable is divided Into three or more categories ranging from low
to high (or high to low), social scientists refer to the data as being arrayed
along a dimension. In our first example we asked, "Did Democrats vote dif
,ferently than Republicans?" When we have more than two categories, we
`have to ask a slightly different question, namely "As Income Increases,
does the tendency to vote Yea or Nay changer' If we have hypothesized a
direction of change, we would look for a change in the proportion of votes
cast Yea or Nay as we moved from the lowest to the highest category of
our Independent variable. While this sounds somewhat difficult, all we are
realty saying is that you should not only look at the lowest and highest cate-
gories of each variable. but should also be concerned with the pollen, of
change In the Intermediate categories.

Examine the table below and describe the extent to which you feel your
hypothesis has been confirmed.

22

VOTE
YEA

NAY

MEDIAN INCOME

$5,000-
$8,099

69.000. t t .000-
it 7.999810.999

100 102 72
76.2 65.8 52.0

33 53 65
24.8 34.2 47.4

133
31.3

155
38.6

137

274
84.6

151
35.6

425
32.2 100.0

eolncresses in income associated with the changes in vote that you
expected?

Are
t

2. Would you characterize the Impact of income on this vote as being
clear (or a strong) one? Why do you feel that way?,

3. How would you describe the pattern of change that you have
observed?

4. What do the marginal. tell you about thti variables you we relating?

? 3 u
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What we have been doing up lo this point Is examining the impact Of two
variables (Party and median income) on Iwo Whitenl votes Ni the House of
Representatives lhie M known as biverleto ant/yeathe relationship
between one Independent and one dependent weskit*,

Very often, however. we wish to examine more than two variables at one
Mme. We often want to examine the relationship between two variables
while holding some third variable constant. When we hold something
constant, all we we really doing is hypothesizing that the relationship
between an Independent and a dependent variable will be different for dif-
ferent categories of some third variable. Let's go back to our hypothesis
that the President's trip will affecLour foreign relations with the countries
Welted. You will recall that we said It was difficult to determine whether
changes we observed were really due to the President's trip or to long
negotiations that preceded the trip. To test this Possibility we could
introduce the concept of control into our analysis.

We could, for example, divide the countries that the Presidenttias visited
into two categoriesthose where extended negotiations preceded the trip
and those where they did not. We could then examkw the relationship
between a trip and changes In our foreign relations for each of these
groups. If we found different relationship for the two croups we could
argue that the holding of negotiations (the control variable) has an effect on
the relationship between the President's trip and changes In the foreign
relations of the United States.

In the table Net analyzed you discovered a relationship between median
Income and the vote of Congressmen on the LaborHEW appropriations
compromise.

Let us now raise a for further examination. Would you expect
that Income differences a act Democrats end Republicans alike? Or,
akernativelY. would you x.. t pressures other than income to be more
Influential for the members one party? State your expectations below.

To examine this question, we can divide the members of the House into
Democrats and Republicans and examine the relationship between median
Income and vote for each group. Our hypothesis for this analysis will read
as follows, When we control for the impact of party (control variable). we
will find that median income has a different impact on the vote on this Issue
for Democrats than for Republicans." Let us now take a look at the two
tables with which we can test this hypothesis, The first table shows the
relationship between median income and the vote for Democrats, the
second the relationship for Republicans.
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DI. MOCRAIS
MEDIAN INCOME

)00
$11,990

eo

$9,000
$10,999

37

$ 11,000.
$17,999

11
YEA

VOTE
66.9 42.0 17.5

NAY

_ .

31 51 52
34.1 580 82.6

91 88 63
37.6 38.4 28.0

VOTE
YEA

NAY

REPUBLICANS *
MEDIAN INCOME

$5,000 $9,000-
$8.999 $10,999

$11.0oo
$17,999

40 66 81 O'
96.2 97.0 82.4

2. 2 13
4.8 3.0 17.6

41
23.0

67
3e.6

74
40,4

108
44.8

134
55.4

242
100.0

186
90.7

17
9.3

183
.100.00

Write a brief analysis of these two tables. To what extent do the results
tend to confirm the hypothesis? To what do you attribute the differences
you have discovered in the relationship between median Income and vote
on this issue for Democrats and the relationship for Republicans?
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5104mAFIV OF Ti FBAS AND It CHNIOUE
In this eon we have introduced you to some of the common language

used by ticel scientists in the testing of hypotheses Helots going on to
the an* s in the next section, you should be certain that you understand
these term If you have bed difficulty In uriderstarxeng any of the following
terms, you ask your instructor to clarity them

1. hypothesis.
2. variable
3. Independent variable.
4. dependent veriabie:
6. table calls
6. cell frequencies.
7. mwomele.
A. denoneion.
9. Pattern of change
10. bevarlete analysli
11. control.
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Ill 'DESCRIPTION OF DATA

Now that you have some lernaerity with the researchz4thodecommonly
used by political scientists in bivartat. analysis you we to apply them
to evidence concerning our questions about ropresentatkon. Evidence that
is systematically gathiwed and ordered in a manner that it can be used to
investigate hypotheses is usually relined to se data The nature of the data
necessary to test hypothesis, quite naturally, depends on the nature of the
problem you we working with As we we trying to answer questions Owl
the voting behavior of members of Congress end the Possible assoustIon
with the characteristics of the constituencies they represent, we need.data

that include a record of how each member of Congress voted on a few
pieces of 140elation and description of the constituencies of each member

of Congress.
The data we actually use to test hypotheses we always determined by

the Judgment of the researchers about what is needed, and the avelleble
resources to gather them. These two factors often impose serious
limitations on the conclusions we can kratifiebly reach through our research
efforts Sometimes the evidence we gather does not help us answer our
research questions because we have made a bed guess about the specific

ghe%evidence we need or used t in the methods we for
gathering It. Often we are so km rid by the resources available to the
evidence that we must accept either data that have been pother by
someone else or that we can gather inexpensively ourselves. As a result of
these two limitations our findings we always regarded as tentative until they
we corroborated; findings we often invalidated by newer or better
evidence, alternative research methodologies, etc. Thus the conclusions
you reach in these exercises we always dependent upon the data used and
consequently should be regarded with scholarly caution.

The data you will use in thette exercises are in lam general categories: 1)

data that describe the 435 Congressional districts and the tit ty states that
were chosen by the authors from information made availede to the public
by the U S. Census Bureau, 2) the age, seniority, and party of each
member, 3) ratings of each member of Congress by selected interest
groups, and 4) data about important House and Senate votes from the first
session of the 93rd Congress (1973). The data provided here include: (by
variable name as they we hated in the codebook)
(1) REGIONThis variable is of grouping of states according to
geograpnibal location in the country. They are grouped according to the
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standard ICPR codes so that they will be consistent v4ith similar research
done elsewhere. The region names and the states within each rep& are:
0. New EnglandConnecticut, Maine; Massachusetts, New Hampshire,
Rhode Island, Vermont
1. Middle AtlanticDelaware, Niw Jersey, New York, Pennsylvania
2. East-North Con/refIllinois, Indiana, Michigan, Ohio, Wisconsin
3. West-North Centratlowa, Kansas, Minnesota, Missouri, Nebraska,
North Dakota, South Dakota
4. So'd SouthVirginia, Alabama, Arkansas,,FVrida, Georgia, Louisiana,
Mississippi, North Carolina, South Carolina, TOW
5. Border StatesKentucky, Maryland, Oklahoma, TennesseeyWest
Virginia
5. Mountain States Arizona. Colorado, Idaho, Montana, Nevada, New
Mexico, Utah, Wyomig
7. Pacific StatesCalifornia, Oregon, Washington
8. External States Alaska, Hawaii
(2) SOUTH-NON-SOUTWThis variable groups states into two
classifications: those in the "deep South" (2), and all the remaining states in
the union (1). The South Non-South division is Included because of the
hypothesized persistence of "block" voting of southern Senators and
Congressmen in the literature on the Congress.
(3) URBAN-RURAL. INDEXCensus data were used to create live
categories of dominant residential types Into which the House districts
were Classified. Three categories, urban, suburban, and rural are pure types
in which at least 80% of the district population resides in one of the three
residential categories. In the urban category 80% or more of the population
resides in SMSA (Census Bureau Standard Metropolitan Statistical Area)
central cities of 50,000 people or more. In the suburban category 80% or,
more of the population resides in central city suburbs within the SMSA
district. In the rural category 80% or more of the population resides outside
SMSA- central cities and suburbs. Two additional categories, urban-
suburban, and suburban-rural are mixed types in which no single category
contains more than 80% of the population but ih which urban-suburban per-
centages are greater than suburban-rural in the earlier category and leas In
the latter. Census data were used to create three categories of dominant
residential types ranging from the most urban (1) to the most rural (3)
states, for the Senate data.

(4) MEDIAN INCOMECensus Bureau figures for median income were
divided into three income categories.

1 = 35.000S8,999
2= $9,000S10,999
3 = 511,000.3.17,999

Approximately one third of the districts and states fell into each category.

(5) PERCENT WITH INCOME OVER $15,000Census Bureau figures for
the percent of family Incomes over $15,000 in each district and state. Four
categories were created ranging from lowest to highest percentage. In the
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House they are:
1 = 5 - 14%
2 = 16 - 22%
3 = 23 - 34%
4 = 35 - 58%

In the Senate they are:
1 = 0 - 12%
2 = 13 - 17%
3= 18.22%
4 = 23 - 38%

(5) PERCENT WITH INCOMES, UNDER $3,000 Census Bureau figures
for the percent of famay incomes under'33,000 in each district and state.
Four categories were created ranging from lowest to highest percentage.
In the House they are:

1= 0 - 7%
2= 8 - 11%
3= 12 - 17%
4= 18 - 33%

In the Senate they are:
1= 0. 75i

%.2= 8 -10
3 = 11 - 13%
4= 14.25%

(7) MEDIAN YEARS OF SCHOOLCensus Bureau figures for median
years of education of all persons In the state or district over twenty-five
years of age. Four categories were created ranging from fewest to most
median years of education in each of districts and states. In the House
they are:

1= 8.10
2= 11
3= 12
4 = 13

In the Senate they are:
1 = 10
2= 11
3= 12
4= 13

(8) PERCENT WITH WHITE COLLAR JOBSCensus Bureau figures for
the percentage of while collar workers in each congressional district and

state. Three categories were created ranging from lowest to highest
percentage with approximately one third of the districts or states In each

categolY. In the House they are:
1 = 30 - 42%

= 43 - 50%
3 = 51 - 79%
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In the Senate they are:
1 = 37 44%
2 = 45 49%
3 = 50 - 58%

(9) PERCENT WITH BLUE COLLAR JOBSCensus Bureau figures for the
percentage of blue collar workers in each congressional district and state.
Three categories were created ranging from lowest to highest percentage
with approximately one third of the districts or states in each category. In
both the House and the Senate they are:

12x 10.32%
2= 33 39%
3= 40 - 59%

(113 PERCENT WITH SERVICE JOBSCensus Bureau figures for the
percentage ol service occupations in each congressional district and each
slate. Three categories were created ranging from lowest to highest
percentage with approximately one third of the districts or elates in each
category. In the House they we:

1= 8.11%
2= 12 13%
3= 14.25%

In the Senate theysare:
1 = 8.12% .
2= 13%
3 = 14 - 25% -

(11) PERCENT FARMERSCensus Bureau figures for the percentages ol
larm workers in each congressional district and state. Three categories
were created ranging from lowest to highest percentage. In the House they
are:

1= 0%
2 = 1. 5%
3= 6 24%

In the Senate they are:
1 = 0 - 2%
2 ="3 - 4%
3 = 5 - 22%

(12) PERCENT BLACKCensus Bureau figures for the percentage of
totalisopulation of black people in Congressional districts and states. Four
categorlss were created in the House and three in the Senate ranging from
lowest to highest percentage ol black population. In the House they are:

1 = 0 5%
2= 8 - 20%
3 =21.47%
4= -89%

In the Senate they are:
1 = 0 - 5%
2= 8 - 18%
3= 17.37%
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(13) PERCENT SPANISH-AMERICANCensus Bureau ligures for the
percentage ol Spanish-American people in each congressional district and

in each state. Four categories were created in the House and three in the
Senate ranging from lowest to highest percentage ol Spanish-American

population. In the House they are:
1 2: 0. 5%
2= 8.20%
3 = 21 - 39%
4 = 40 - 75%

In the Senate they are:
1 = 0 - 2%
2 = 3 - 7%
3 = 8 - 40%

(14) PERCENT FOREIGN STOCKCensys Bureau ligures for the
percentage ol persons who were born or whose parents were born in a
loreIgn country in each of the congressional districts and slates. Four
categories were created in the House and three in the Senate rpngingfrom
lowest to highest percentage ol loreign stock. In the House they we:

1= 0 - 10%
2 = 11 -209
3= 21 .39%
4= 40 - 80%

In the Senate they are:
1= 0 - 10%
2= 11 - 17%
3= 18 - 33%

(15) PARTYParty membership ol members of the House and Senate.
The two,,,Senators who are not members of the major parties have been
listed as members of the parties with which they caucus. Senator Buckley
(Conservative, New York) has been listed as a Republican andSenator Byrd
(Independent, Virginia) has been listed as a Democrat. ,.

1 = Democrat
2 = Republican

(16) COMPETITIVENESS INDEXA measure of the relative competive-

ness of electoral contests in each of the districts and for each ol the
Senators. The degree of competition is determined by the percentage size
ol the victory ol the Incumbent (in his/her most recent election) over the
closest opponent. The percentage (ol the combined Republican and
Democratic vote) won by the incumbent is the specific Index ol the degree
ol competitiveness of the districts or slates and is the basis for the
rankings. Three categories were created for both Senators and members ol

the House that ranked them Irom least to most competitive. (1) MOST
COMPETITIVESenators and Congressmen who captured 50.57% ol the

combined Democratic end Republican vote (2) MODERATELY
COMPETITIVESenators and Congressmen who captured 58.87% ol the
combined Democratic and Republican vole (3) SAFESenators and
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)
affirmative vote was to grant the powers to the President with the limitations
specified above. The vote was yea 230, nay 147 (240 to 157 including
pairs).

(OS) AUTO EMISSION STANDARDSThe vote was on an amendteent,
propbsed by Congressman Wyman, to an emergency energy bill that would
have postponed auto emission controls until January 1, 1977. (HR 11450)
The amendment was proposed as a partial and short term solution to
problems created by the energy shortage. Under the proposal controls
would not have been postponed in serious pollution areas like New York
ondjJ311 Angeles. A negative vote would have been to kill the bit and
maintain early. Implementation of the emission controls. The vote was yea
180, nay 210 (there were no pairings on this vote).

(37) SCHOOL BUSINGThe vote was on an amendment to the
Elerrkentary and Secondary Education Act (HR 89) to prevent busing of
children for purposes of desegregation to any but the school closest or
next closest to the student's home. The language of the bit did not include
the provision provided by the Senate for ultimate court responsibility in mat-
ters of busing. In en unusual move the House voted to instruct its members
of the conference committee working out a compromise with the Senate to
reject any other than is language in the bit M affirmative vote would have
been to prevent busing as specified above. The vote was yea 293, nay 117
(there were no paired votes).
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IV. EXERCISE NUMBER ONE

The purpose of this exercise is to involve you in the process of testing
the assertion that knowledge of the urban-rural mix of a Congressman's
constituency wit help explain his vote on selected issues. We expect,
based on informed guessing, that legislators from highly urban districts are
more likely to vote in agreement with each otheyon certain issues then on
others. They we also more likely to vote in disagreement with legislator;
from predominantly rural districts on those same issues. For example, It
seems more reasonable that legislators from urban districts wile support
rapid transit funding for municipalities by the federal government than It
does that legislators representing rural constituencies will. It also seems
more likely that legislators from rural distress will support legislation raising .'
price supports for feed grains than "if does that legislators from
predominantly urban districts wit. Both of these assertions we billed upon
our informed guesses about what seems most reasonable. Even though
they are Informed guesses and they seem very reasonable, they ere slit
guesses thatcan be verified or rejected only by looking at actual voting
records of members of Congreis from each type of district.

Our informed guesses we based on research done by others and our
assessment of reasonable conclusions that might be drawn from those of
their findings that have Implications for the problems that interest us. For
example, those attributes of urban life that distinguish it from rural life, that
have been documented by researchers, we useful guides to guessing
about political differences that may follow. Urban life is distinguished from
rural life in the kinds of life experiences people undergo in each
environment and the kinds of problems they have. Urban life, in general, is
more crowded, more complex, and more hurried then rural life. Peoples'
occupations, their avocations, and even their vacation and recreational
opportunities vary substantially from urban to rural areas. As a result of the
differences in types of life styles, the expectations/values, and beliefs of
urban people are likely to be different from those who live in a rural setting.
Unique characteristics associated with urban life have to do with crowding
(or overcrowding) of people and the resultant problems of housing, mass
transit, unemployment, poverty, racial tension, Institutional conflict, and so
forth.

In doing this exercise you will use information about urban-rUral
differences to make an informed guess about how they might affect the
way legislators vote on a few selected issues. After having made the guess,
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you wiN then went to test your perspicacity and see if the evidence tends to
verify or refute N. The method you will use to do that is the one with which
you now have some familiarity, hypothesis testing through bi-variate tabular
analysis. fit

Relax? That only means that you will write your guess in hypothesis form,
ask the computer to compere your variables, write the results in the cells of
a table so that they can be easily read, and analyze them.
STEP NUMBER ONEWrIte Two Hypotheses

In this pert of the exercise you are to write two hypotheses using the In-
dependent variable, urban-rural Index (described In detail in the description
of data section) and two dependent variables chosen for you by your in-
structor. The dependent variables we the votes of each of the 435
members of the House of Representatives on two pieces of legislation from
the first session of the 93rd Congress.
Hypothesis Number 1

Hypothesis Number 2

What relationship do you expect to find between the two,variables in each
of these hypotheses? Why?
Hypothesis Number 1

Hypothesis No. 2

STEP NUMBER TWO
Prepare the necessary computer statements and submit your job to the

computer.

STEP NUMBER THREE
Take the frequency distributions and the percentages from your

computer printout and write them In the cells of the tables below. Be aura to
Include the marginais.

HYPOTHESIS NUMBER 1
VOTE ON BY URBAN-RURAL INDEX

URBAN URBAN- SUBURBAN SUBURBAN- RURAL
SUBURBAN RURAL

YEA

NAY

. 44

YEA

NAY

HYPOTHESIS NUMBER 2
VOTE ON_ BY URBAN-RURAL INDEX

URBAN URBAN- SUBURBAN SUBURBAN- RURAL
SUBURBAN RURAL

Do the differences in the moat urban end the most rural districts tend to
support or refute your hypothesis in the first table? What about the second
table?

In order to evaluate these hypotheses it is important that the direction of the
change from the most urban to the most, rural categories be consistent in
each of the intermediate categories. Applying this criterion, would you say
that your hypotheses tend to be supported in each of the tables? Explain
your conclusion.

On the basis of these two votes, what generalitations we you willing to
make about the relationship between this constituency characteristic and
the voting behavior of members of Congress?
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annual compilations (with very useful indices) include analysis of
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MacRae, Duncan. Dknensions of Congreislonal Voting. Berkeley:
University of California Press, 1958. This book wet be 'Partial's*/
useful for students with some previous training in political science
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Matthews, Donald. U.S. Senators and Their lAtorld. Chapel HIP: University of
North Carolina Press, 1960. A well-written, Interesting book that is
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IX CODEBOOK

Repeated here Is an advisory note to students: a Yes vote on a bill does
not always Indicate stipport for the substance of that bit Crucial votes are
often cast on amendments, motions to send the bill bacKto committee, etc.
We have therefore Indicated bothihksubstantive meaning of each vote in
the Codebook and how many members of Congress voted Yea and Nay.
You should keep this In mind when Interpreting the Yea and Nay votes on
your computer Printout.

NOTE: In using this codebook. at OSIRIS users and SPSS users working
with a SAVE FILE should Ignore deck and column references. In these
cases, all variables may be referenced by the variable identification
number.

HOUSE OF REPRESENTATIVES DATA
ARIAKE COLUMN FREQUENCY VARIABLE LS ¶EL

NUM

VI

V2 5

V3

25
80

. 88
35

100
40'
19
47
3

REGION OF COUNTRY
0. New England
1. Mid tlantic
2. East-North Central
3. West-North Central
4. Solid South
8. Border
8. Mountain
7. Pacific
8. Extemal

SOUTH NONSOUTH
335 1. Non-South
100 2. South

URBAN-RURAL INDEX
75 1. Urban
'82 2. Urban- Suburban
90 3. Suburban
81 4. Suburban-Rural

107 6. Rural °
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VARIABLE COLUMN FREQUENCY VARIABLE LAPEL
NUMBER NUMBER

V4 7 MEDIAN INCOME
137 1. 65,000.$8,999
158 2.$9,000.$10,999
140 a 511,000-S17,999

V5 8

V8 9

% WITH INCOME OVER $15,000
141 1. 6.14%
148 2. 15.22%
103 3. 23.34%
46 4. 35.58%

% WITH INCOME UNDER $3,000
159 1. 0. 7%
139 2. 8.11%
82 3. 12.17%
44 4. 18.33%

V7 10 MEDIAN YEARS OF SCHOOL
54 1. 8-10 Years
84 2. 11 Years

289 3. 12 Veers
48 4. 13 Years

V8 11 % WITH WHITE COLLAR JOBS
142 1. 30-42%
139 2. 43-50%
164 3. 51-79%

V9 12 WITH BLUE COLLAR JOBS
139 1. 10.32%
141 2. 33-39%
155 3. 40.59%

V10 13

VII 14

119
182
154

139
208

89

% WITH SERVICE JOBS
1. 8-11%
2. 12.13%
3. 14.25%

% FARMERS
1. 0%
'2. 1-5%
3. 8-24%
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X. NOTE TO INSTRUCTORS

The criteria used in selecting variables suitable for introductory American
government students doing empirically-based exe cises were ease of
definition, conceptualization and operationalizat , and recency of
congressional votes. District data apply to the di rioting for the 1972
election.

Exercise 1 calls for testing a bivariate hypothesi in which all students
use the same independent variable (V3 Urban-Rur Index) and the same
two dependent variables. So that students may compare variables
associated at different levels, it is suggested that you assign one
dependent variable from each of the following groups:

Group 1: V29 Military Economic Aid, V32 Urban Mass Transit, V34
Labor-HEW Appropriations, V36 Auto Emission Standards.

Group 2: V30 Alaska Pipeline, V31 Minimum Wage Increase, V33 War
Powers Veto Override, V35 Trade Reform.

It is suggested that you run these tabulations yourself in advance, to
clarify instructions for student runs, to check out the computer operation,
and to prepare for class analysis. We have found it helpful to discuss the
table with the stronger association first.

Exercise 2 calls for control by party, and it is useful to discuss the
possible-effects of party control before those tabulations are made.

Exercise 3 utilizes the interest group ratings. We recommend that the
groups, their ideological and policy preferences and the implications of their
ratings be discussed in class before each student selects his group. ft is
helpful if at least one student is responsible for each of the seven groups.
Urban-rural, regional and party var:ables provide the strongest association
with group ratings.

Exercises 1, 2 and 3. normally require about two weeks of class time to
complete.

Exercise 4 introduces another dimension, presidential influence, and may
serve as an optional exerckse for those wishing to spend a third week.
Advanced classes have data for more complex analysis. You may wish to
supplement the data file by punching additional decks to include new'
members and current roll calls and group ratings.
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