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AGENDA

Registration area will be located at the

Fbyer Upper Meeting Center on Mnday
Tuesday and Wednesday March 22 23 and 24
1982 Itwill provide a phone for incoming
calls only Itwill also provide easel and
tacks for rressages Registration will be

open from 8 00 AM to 5 00 PM

TUESDAY March 23 1982

8 00 AM REGISTRATION COFFEE

9 00 AM WELCOMING REMARKS AND CONFERENCE OVERVIEW moM yv

by Dr Marvin M Wofsey
Professor Emeritus of Management
The George Washington University

9 15 AM KEYNOTE ADDRESS COMPUTER EDUCATION CHALLENGES moM yv
FOR THE 1980s

by Dr Thonas H Athey
Professor Computer Information Systems

Department
California State Polytechnic University

CONCURRENT SESSIONS

INFORMATION SYSTEMS EDUCATION ON CAMPUS RCOM VIII

10 30 AM IMPLEMENTING THE roDEL CURRICULUM RCOM VIII

by Dr Daniel V Goulet
Assoc Prof Dept of Hathematics and

Computer Science
University of Wisconsin Stevens Point
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AGENDA CONTINUED

10 30 AM IMPIEr1ENTING THE IDDEL CURRICULUH CONTINUED rooM VIII

by Bruce M Saulnier

Chairman Dept of Information Systems
Quinnipiac College

Dr Ronald J MacKinnon

Professor Dept of MathEmatics and

Corrputing Sciences

St Francis Xavier University Nova Scotia

SERVING BUSINESS NEEDS roo 1 X

10 30 AM OPPORlUNITIES FOR INTERACTION IHE EXCHANGE OF RlOM X

SPEXIALISTS

by Marvin C Chaiken

Research and Plarming Administrator
Union Mutual Life Insurance Corrpany

Dr Duane R Vhod
Dean SChool of Business Econanics and

Management
University of Southern Maine

Dr Iza Groff

Cochairperson Management Systems Major
University of Wisconsin Whitewater

12 15 PM LUNCHEON ADDRESS HE EMERGING DISCIPLINE OF rooM V

COMlUlER INFORlVJATION SYSTEMS

by Dr David R Adams

Coordinator Infonmtion Systems
Northern Kentucky University

mNCURRENT SESSIONS

INFORMATION SYSTEMS EDUCATION ON CAMPUS RlOM VIII

2 00 PM ACCREDITATION AND CERTIFICATION ROOM VIII

by Terrence J Boyer
Vice President

Mercantile Trust Co St louis
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Q CONTINUED

2 00 PM ACCREDITATION AND CERIIFlCATION CONTINUED IDMVIII

by Dr Roland Spaniol CDP

Manager Mid West Office
R V Weatherford

Ronald R Slone

Director of Accreditation
American Assembly of Collegiate School of

Business

SERVING BUSINESS NEEDS RI1X

2 00 PM RESOURCE DEVELOPMENT FOR CCMUlER INFORMATION ROOM X

SYSTEMS
w

by Dr Thomas He

Head Dept of Canputer Technology
Purdue University

Edward A Otting
Director Corporate Infonnation Systems and

Services
Eli Lilly and Co

Walter J Hadcock

Marketing Director Applications Services
A O Smith Data Systems Division

Dr Kenneth J Klingenstein
Acting Director of Computing Services
University of Colorado Colorado Springs

12 00 PM EXHIBIT ROOM VII

4 00 PM

4 00 PM VENOOR RECEPTION ROJM VII

6 00 PM

WECNESDAY March 24 1982

7 30 AM BREAKFAST SEMINAR Dutch Treat ROOM VIII

9 00 AM

TRENDS IN DP TRAINING FOR BUSINESS AND INDUSTRY

by Harold A Steiner III President

Software Education Corporation

9 00 AM EXHIBIT ROOM VII
3 00 PM
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Q 2 Continued

CONCURRENT SESSIONS

INFORMATION SYSTEMS EDUCATION IN IHE CLASSRCOM RXMXVIII

9 00 AM TEACHING APPLICATIONS PROGRAMMDlG ROOM XVIII

by Dr Don B Medley
Data Processing Instructor

Mxrpark College

Dr Robert T Grauer

Assoc Prof Dept of Management Sciences

University of Miami

Roy F Waller CDP
Senior Member Information Systems Developrent
Western Electric Co

11 00 AM TEACHING SYSTEMS ANALYSIS DESI ROOM XVIII

by Dr Michael J Powers

Chairman Dept of Applied Canputer Science
Illinois state University

Dr Lavette Teague
Professor of Information Systems
California State Polytechnic University

Jeffrey L Whitten

Assistant Professor of CatIputer Technology
Purdue University

PROFESSIONAL DEVELOPMENT FOR BUSINESS ROOM I

9 00 AM THE INFORMATION SYSTEMS PROFESSIONAL WHERE WILL ROOM I

HE CD AND HOW WILL HE GET THERE

by Paul M Pair
Senior Educational Consultant

Control Data Corpration

Thanas J Nardone

supervisory Labor Econanist
Bureau of Labor Statistics

11 00 AM ADVANTAGES OF IN HOUSE TRAINING PROGRAMS ROOM I

by Ivan Gavrilovic
Director of Admissions and Information Systems
IBM Systems Research Institute
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vi

11 00 AM ADVANTAGES OF IN HOUSE TRAINING PROGRAMS CONTINUED ROCM I

by Dr Terry H Ebert
Regional Administrator

CompED Technical Corporation

Dr Kenneth L Villard
Internal Consultant for Organizational

Developrent and Change
Federal Reserve Bank of Cleveland

12 15 PM LUNCHEON ADDRESS ISSUES AND STRATEGIES FOR THE OCOM VIII
EDUCATION AND TRAINING OF
SOFTWARE ProFESSIONALS

by Bartley J Carlson
Senior Consultant

Deloitte Haskins and Sells

CONURRENT SESSIONS

INFORMATION SYSTEMS EDUCATION IN THE CLASSROCM ROOM V

2 00 PM AUGMENTING THE mDEL CURRICULUM ELECTIVE COURSES OCOM V

by Dr John F Schrage
Associate Professor of Managerrent Systems

and Sciences
Southern Illinois University Edwardsville

Dr IXrothy G IXlogite
Asst Prof Dept of Statistics and Computer

Info Systems
Baruch College CUNY

Frederick Gallegos
Manager Managerrent Science Group
u S General Accounting Office

ProFESSIONAL DEVELOPMENT FOR BUSINESS RCDM VIII

2 00 PM THE APPLIED SOFTWARE DEVELOPMENT PROJECT ROOM VIII

by Dr Claude L Simpson
Assoc Professor of Carputer Infonnation Systems
Northeast Louisiana University

V Arthur Owles

Assistant Professor Dept of Applied Carputer Science

Illinois State University



vii

2 00 PM THE APPLIED SOFlWARE DEVELOPMENT PROJECT CONTINUED RClCl1 VIII

by Vince Heiker

Infonnation Systems Manager
Boise Cascade Corpration

3 30 PM FEATURED ADDRESS DPMA S FUTURE COMMITMENT TO RClCl1 V

INFORMATION SYSTEMS EDUCATION

by Donald E Price CDP

President

Data Processing Management Association 4
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BIOGRAPHY OF DR THOMAS H ATHEY

Dr Athey is presently professor in The Computer Information Systems
Department School of Business Administration California State
Polytechnic University Pomona He holds a doctorate in Business
Administration from the University of Southern California

Through his work in industry government and education Dr Athey has
had extensive experience in the systems field At Cal Poly he received
the Outstanding Teacher of the University award He has published many
articles in the leading systems journals and has a textbook A Systematic
Systems Approach recently published by Prentice Hall Additionally Dr
Athey is a frequent speaker at conferences of the NeC ACM DPMA ASM
and has recently given several keynote addresses

He teaches and consults in the areas of systems planning small business
computers management information systems and future information systems
trends Dr Athey is a contributing editor for INTERFACE The Computer
Education Quarterly and is Chairman of DPMA s model curriculum project
for undergraduate Computer Information Systems programs nationwide

1



BIOGRAPHY

BART J CARLSON CDE is a Senior Consultant in the Management Advisory

Services Office Automation Practice at Deloitte Haskins Sells With

over 20 years experience in computing information systems and office

automation systems he has performed numerous consulting tasks for

industry government and educational organizations lectured at meetings
throughout the country and developed marketed and maintained several

application and system software products which are installed world wide

Some of Mr Carlson s recent office automation experiences at Deloitte

Ha ski ns Se 11 s include

Developed a Long Range Management Information Services Master Plan

for the National 4 H Council

Wrote a primer on office automation for the non technical managers

professionals of the City of Milwaukee

Performed an Office Automation Macro Analysis Study for the Duke

Power Company including office automation training for the Board

and senior management

Participating as a member of the EDUCOM Task Force on Electronic

Mai I that is developing a national strategy for electronic mail

for higher education

Prior to joining Deloitte Haskins Sells he was responsible for all

computing information and office automation systems for a college of

26 000 plus students He was responsible for several host based

telecommunications networks supporting distributed mini computers and

numerous interactive terminals for administrative instructional and

research users He was also responsible for developing an Office

Automation Pilot employing paperless office and electronic mail concepts

This project was funded entirely as a result of productivity increases

on a two year full payback basis for all equipment software and

remodeling expenses and was recently awarded the NACUBO National Cost

Savings Award

He recently served as a member of the National Commission on Software

Issues in the 80s and was Chairperson of the Commission1s Task Force

on Education Training of Computer Software Professionals This task

force is identifying the social economic technical and legal issues

arising from the development distribution and use of computer software

He has served on the Board of Directors and as Secretary Treasurer of

CAUSE the national professional association for administrative computing

in higher education

Contact at Deloitte Haskins Sells

200 East Randolph Drive

Chicago 111 inoi s 60601

312 861 1161

2
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HI CIrEL CAR1lIER

Dr Cartier is professor of mediatic at the Dep rtment of
Communications and Director of the Laboratoire de Telematique
i the University of Quebec in Montreal

He has llorked extensively as a printer graphic artist
character engraver television producer and choreographer As
television producer and choreographer his work includes

productions for Han ahd His liorld Olympic Games in Mexico 1968
and IIontrcal 1977 He is also author of a book on Mediatics which
is an electronic publishing technique involving preparation of
information displays on a screen for subsequent transmission to
one or more receivers

Dr Cartier has done extensive research in the use of

graphics in different environments This includes special
emphasis on Computer Assisted Instruction using microcomputer
based systems PLATO and Videotex

2 1
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MARVIN C CHAIKEN is currently the Research and Planning Administrator

at the Unionmutual Life Insurance Company in PortJand Maine in its

Corporate Administrative Services Division This division is

responsible for full computer and data services to the national

organization of the insurance company operating under a budget of in

excess of 25 000 000 for all systems programming operations and

maintenance of information and its management The division is also

responsible for Office Administrative Services a s well as

Communications and Physical Plant Services

Previously 1966 1974 he was Second Vice President for Data Processing

operations For 26 years prior he was on the staff of the U S

Veterans Administration finally in their central office in

Washington D C where his function was the management of the technical

support for all remote data processing centers serving the Veterans

Administration functions

He has been an active administrator for the DP in its state chapter

and currently is on the Executive Committee managing the new Computer

Information Systems Curriculum He has served as an advisor to the

Maine Department of Education in bringing to the vocational guidance

function a knowledge and working process incorporating data processing

into the highschool curricula throughout the state He is on the Hoard

of the Maine Economics Society as well as the SCORE chapter of the

Small Business Administration a volunteer group His MA is from

Columbia University following a BA from Brooklyn College

Contact at Unionmutual Life Insurance Company P O Box 9548

Portland Me 04122 207 780 2356

3



BIOGRAPHY

CAl10L CHRISt IAii is an Assistant Professor in the Computer Science
Department at IJorthern Illinois University She has taught there for
a number of years teaching both 8raduate and undergraduate courses in
a ITide range of topics Her areas of special interest include Data
Ease Systems application design and development and computer science
education Mnong her publications are papers on techniques for
standardized application development and computer science curriculum
issues As the Computer Science Department s Director of Undergraduate
Studies from 1979 1981 Carol helped organize and coordinate the
advising and record keeping for over 800 undergraduate majors She
also serves as a representative to the Chicago Data Processing
Education Council CDPEC

During 1979 1980 she Tas Data Base Coordinator for the Administrative
Computer Center at Northern Illinois Univ She helped develop a

Student Data Base as part of the development team for a Student
Infonmation System

Dr Chrisman received a Ph D and a H S in fIathematics from Purdue
University and a A B also in Hathematics from the University of
Detroit

Contact at Computer Science Department
Northern Illinois University
DeICalb Illinois 60115

315 753 0378

4



3IOGPcAPliY

GERRY L CHRISHAt is an Assistant Professor of Computer Science at

Northern Illinois University His principal ar28S of interest are

dats base design especially entity relationship models data base

applications and soft are design methodology He has taught a

Hide range of courses from data base co systems Clnalysis and design
from introductory courses in COBOL and ISIi sser1bler to operating

systems concepts He has also been active an an undergraduate
advisor and has supervised individual independent study projects

In the summer of 1981 he vorked as a member of sy sterJs programming

group at Bell Labol atories I laperville Illinois designing and

irJpler lenting the initial staces of a systerJ for noni torins tile

availability of a Hass Storage System

Previously he caught r1athematics and r1atl1ematics educcltion at

St Xavier College 1977 78 and Northern Illinois University 1974 77

He principally taught elementary school mathematics content and methods

courses for undergraduates and math education foundations and research

methods for graduate students He also supervised secondary student

teachers in mathematics

Dr Chrisman has a PH D in Mathematics Education 3S well as an M S

and B S in l Iathematics all from Purdue University

Contact at COr1puter Science Depart ent

orthern Illinois University
Del alb IL 60115

5



BIOGRAPHY

DOROIHY G DOLOGITE is an Assistant Professor in the Department of

Statistics and Computer Information Systems at Baruch College City
University of New York She teaches courses in Systems Analysis and

Design On line Systerr Business Application Programming and
Introduction to Co puter Concepts She also has developed and teaches

a new course on Sffiall Computers for Business She has many articles

about s ll computers that have appeared in such publications as

Data Ianagen ent the Journal of Systems Nanagement Business Horizons
and others Currently she is writing a book about small COIlputers

Before joining the academic area she worked in the data processing
industry for twelve years Most of that time involved work in the
s all computer area with hardware manufacturing and software

development firrrs She published numerous articles about new

computer software roducts and hardware enhancements She also

taught management computer courses

Dr Dologite received a Ph D and M A from St John s University
and a B S from Rider College

Contact at Department of Statistics and

Computer Information Systems
Baruch College City University of New York
17 Lexington Avenue

New York New York 10010

212 725 3147

6
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DR TERRY H EBERT is the Regional Administrator of CompEd Technical

Corporation a subsidiary of Spiridellis Associates Inc CompEd

provides public and client site training in various DP disciplines
such as CICS IMS etc In support of this effort Dr Ebert is re

sponsible for both group management and instructor development He

has written articles and spoken on the uniqueness of DP training and

on the role of the DP trainer in reducing turnover He is currently

serving on the faculty review board of the American Institute of

Banking

Previously he was Senior Training Specialist with CompEd special
izing in management training He has several years experience in

public education both as a teacher and administrator

Dr Ebert has an Ed D in Training Management from Hofstra University

an M A in Learning Psychology from S U N Y at Binghamton and a

B A from Queens College

Contact at SPIRIDELLIS ASSOCIATES INC

225 Old New Brunswick Road

piscataway NJ 08854

201 981 1114

7
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FREDERICK GALLEGOS is a Supervisory r1anage ent Analyst at the United States
General Accounting Office His primary functions are to research program
and agency policies audit management operations and report to interested
members of Congress He also acts as a consultant to field audit teams
where EDP problems exist Since joining the GAO in 1972 Mr Gallegos has
had several major accomplishments He established a Management Science

Group with EDP Audit skills in systems design systems analysis data re

trieval computer programming statistical analysis and computer performance
evaluation He assisted in the design develop ent and implementation of an

agency wide data processing training program GAO Base Level ADP Course Over
the past six years the Management Science Group has assisted over 300 audit
assignments and made major contributions to the written GAO reports of 75 as

s i gn ents He was project leader in the development of an EDP Audit and Con
trols course for DPMA s model curriculum in Information Systems

r r Gallegos has earned an 1BA Degree and a BS Degree in Data Processing from
the California State Polytechnic University Pomona He received his Certi
fied Information Systems Auditor in January 1979 the GAO Meritorious Service
Award in October 1978 College Federal Council s Honorable Mention for Ac
complishment in Self Development in May 1977 GAO Special Achievement Award
in 1976 and is listed in Who s Who in Finance and Industry 1979 1981 1r
Gallegos has authored and co authored several books and articles relating to
data processing and EDP auditing He is a member of Cal Poly Alu ni Associa
tion EDP Auditor s Association the Association for MBA Executives the
Society for Data Educators and the IS DPAA Alumni Association

He is currently a Trustee for the EDP Auditors Foundation for EDUCATION and
RESEARCH r Gallegos has also served as the Executive Vice President and
Secretary Trustee for the Foundation Further he has served on the Board of
Directors of the EDP Auditors Association Los Angeles Chapter r1r Gallegos
has taught numerous graduate and undergraduate EDP courses at California State
Polytechnic University Pomona Also he has been responsible for the develop
ment and implementation of an r1 S program in EDP Auditing at Cal Poly as well
as assisted in the establishment of the Information Systems Data Processing
Alumni Association In 1980 he was selected by the Information Systems De
partment as its Outstanding Alumni Also he was selected OrTSTk DI G ALL mrS
for the School of Business for 1982 CALIFOR IA STATE POLYTECHNIC UNIVERSITY
pmlO A Ca

CONTACT AT U S General Accounting Office
Suite 1010 WTC

350 S Figueroa St

Los Angeles Ca 90071

ph 213 688 3813

8



BIOGRAPHY

IVAN GAVRILOVIC CDP is the Director of Admissions and Information Sys
tems at the IBM Systems Research Institute where he also serves as a mem

ber of the faculty The Institute provides graduate level education to

IBM professionals in the general areas of systE ms science systems engi
neering and information systems In his capacity as Director of Admis

sions Mr Gavrilovic s responsibilities include setting admissions

criteria and conducting the admissions process for the several programs

that the Institute offers In his Information Systems capacity he is

responsible for providing a broad range of computing services and

resources including research facilities computer graphics data base

administration curriculum support systems administrative support sys

terns and systems nd app licat ions development and programming He

lectures at the Institute in the area of information systems resource man

agement

In the 27 years that he has spent with IBM Nr Gavrilovic has served in a

number of staff and management assignments in education systems design
and development financial planning product forecasting and information

systems Prior to joining IBM he served as chief of the methods and pro

cedures section in the U S Army 36 MRU which was stationed in Stutt

gart West Germany

Mr Gavrilovic took his major in English at Columbia College and has

attended executive education programs at the Harvard Business School and

at the MIT Sloan School He is a graduate of the eleventh class of the IBM

Systems Research Institute and holds the DPMA Cl rtificate in Data Process

ing

Contact at IBM Systems Research Institute
205 East 42nd Street

New York N Y 10017

212 983 7235

9



BIOGRAPHY

IZA GOROFF is currently Assistant Professor of Management at the University
of Wisconsin Whitewater and Cochairperson of the Management Computer Systems

MCS Major a role he has filled since the approval of the major shortly
after his arrival in Fall 1977 He is also coordinator of the MCS Cooperative
Studies Program and the originator of the MCS Executive Advisory Board
He is the chairperson of the Computing Activities Committee which develops
computing policy for the UW W campus with the UW W computer center

Previously 1974 77 he was a senior analyst for the Controller s Divison
at CNA Insurance where he was responsible for coordinating the data base
administration of the company with the Controller s Division and where
he develooed financial information analysis systems From 1970 to 1974
he was Director of Systems for Saxon Paint and Home Care Centers In 1969
1970 he was Associate Director of the Computer Division of Unimark Inter
national Prior to that he had worked in theoretical solid state physics

Dr Goroff has a Ph D in Physics from the University of Pennsylvania an
r s and B S in Physics and a B A in liberal studies from the University
of Chicago

Contact at janagement Department
University of Yisconsin Whitewater
IIhi tewater HI 53190

414 472 3182

10
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DANIEL V GOULET is an Associate Professor in the Department of Mathematics

and Computer Science and Coordinator of Instructional Computing at the

University of Wisconsin Stevens Point UW Sp He is presently heading a

team developing a major in Computer Information Systems at UW SP

Previously 1976 1980 he was an Associate Professor in the Industrial

Engineering Department at Auburn University Auburn AL 1975 76 a

Graduate Research Associate in Industrial Engineering at the University of

Houston 1972 75 Biomathematical at the Texas Institute for Rehabilitation

and Research the Texas Medical Center Houston Texas 1969 72 Captain
U S Army assigned to the Applied Mathematics Division Ballistics Research

Laboratory Aberdeen Proving Grounds Maryland 1967 69 Assistant Professor

of Mathematics at Gustavus Adolphus College St Peter Minnesota 1965 67

Graduate Research Associate in Mathematics University of Minnesota Minneapolis
Minnesota

Dr Goulet has a Ph D in Industrial Engineering from the University of Houston

M S in Mathematics from St Louis University a B A in Mathematics from St

John s University Minnesota and has done additional doctoral work in mathe

matics and mathematics education at the University of Minnesota

Contact at Mathematics and Computer Science Department
Science Building
University Wisconsin Stevens Point

Stevens Point WI 54481

715 346 2120

11
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ROBERT T GRAUER is an Associate Professor of Management Science
at the University of Miami Coral Gables FL He is the

principle author of several books on COBOL programming including
Structured COBOL A Pragmatic Approach A COBOL Book of Practice

and Reference COBOL A Vehicle for Information Systems and
The COBOL Environment all published by Prentice Hall

Dr Grauer has served as a consultant to several organizations
in the area of technical training Previous to his appointment
at the University of Miami he was on the faculty of Baruch

College of CUNY and C W Post

Dr Grauer received his M S and Ph D in Operations Research

from the Polytechnic Institute of Brooklyn He holds a B S in

Mechanical Engineering from Rensselaer Polytechnic Institute

Contact at Robert Grauer

2133 Northwest 102nd Terrace

Coral Springs FL 33065

305 753 0345

12
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DR STEVE GUYNES is Professor of Accounting and Information

Systems at North Texas State University in Denton Texas

He teaches courses in business computer information systems
in particular systems analysis data base security and

privacy His research interests include the behavioral

impact of computers security considerations and privacy
legislation He has had over 15 articles published nationally
since 1979 on the preceeding topics He is currently concluding
a major study of computer security prac1 ices in large informa

tion systems organizations

Dr Guynes previous experiences include work as a consultant

1977 1981 to the IRS Computer Audit Specialist Group He

is vice president of National FSI Inc a major financial

package software firm in Dallas Texas From 1970 to 1977

he was a consultant to the trust departments of many large
banks working with the automation of thE ir pension services

He was previously with Ford Motor Co 1965 1967 as an

information specialist in the production control department

He holds a DBA in Qualitative Analysis from Texas Tech Uni

versity and an MBA and BBA from Texas rech in the area of

operations management

Dr Guynes can be contacted at

College of Business
North Texas State University
Denton Tx 76203

817 788 2311

13



WALTER J HADCOCK

Marketing Director Applications Services

E PERIENCE C current

Directs overall sales and marketing of computer services for manufacturing
accounting and financial applications

Managed the Manufacturing System s product line generalized manufacturing
system installations and management consulting services for clients
throughout the Unit d States

Conceived proposed budgeted and then led a five man year simulation study
of techniques for ordering raw material and management of inventories
Identified over 1 million in annual savings

Reduced the number of sizes of raw material used by a major manufacturing firm
by over 40 Designed and implemented a dedicated x ray gaging minicomputer
system for both quality control and raw material allocation use Directed the
data base data communications group for Fortune 250 Corporation

Critiqued major military data processing organizations and reduced government
expenditures by over 1 million annually Proposed uses for Optical Character
Readers throughout the military supply system

Developed detailed analyses of anticipated performance of phase array radar
and sonar systems Designed and implemented a computerized drafting system to
develop microwave antennas directly on printed circuit boards

PROFESSIONAL ACTIVITIES C current

Member American Production and Inventory Control Society CAPICS Vice
President Communications and Public Relations Milwaukee APICS ChapterCertified Data Processor CDPMA Certified Practitioner CAPICS

Founding Member Industrial Advisory Council Department of ComputerTechnology Purdue University
Board Member A o Smith Political Action Committee
Major U S Army Reserve assigned to the Office of the Chief of Staff for
Operations Pentagon

Meritorious Service Medal United States Army
GUIDE International Project Manager Data Base Programming LanguagesRequirements

Member Lake Shore Club and North Shore Congregational Church Sunday School
Teacher Member Board of Christian Education

EDUCATION C current

Student Air War College U S Air Force
Graduate U S Army Command and General Staff College 1979
Master of Science Northwestern University Applied Mathematics and ComputerScience 1967

Graduate Study Syracuse University Electrical Engineering
Bachelor of Science University of Illinois Electrical Engineering 1964

13 1
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VINCE HEIKER is Information Systems Manager for Boise Cascade s

Composite Can Division headquartered in Hazelwood Missouri He is

responsible for new systems development application support data

communications voice communicati ns data base management computer

operations and systems software

Mr Heiker has over twelve years experience in various data processing

positions with Boise Cascade Corp Permaneer Corp Mallinckrodt and

Emerson Electric Company

He is a member of MENSA APICS and ASM He holds the C D P and is

listed in Who s Wholl He has written articles appearing in Computerworld

Da ta Management IIDatamationll Journal of Systems Management

Infosystemsll IIAdministrative Managementll and other publications and he

reviews books for Data Processing Digest He served on the 1978 ANSI

Flowchart Standards Committee of ACM and on the 1981 DPMA CALPOLY data

processing curriculum committee He has been a guest speaker at various

IBM Burroughs ACM ASM and EDP Auditors Associ iltion functions He

provides career counseling locally for university students and nationally

for MENSA members

Mr Heiker graduated with honors from Washington University St Louis

Missouri majoring in systems analysis and programming He received his

M B A from Southern Illinois University Edwardsville Illinois

concentrating in marketing

14
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THOMAS I M HO is Associate Professor and Head of the Department of
Computer Technology at Purdue University Computer Technology is an

undergraduate program in computer information systems that conforms very
closely to the DPMA model curriculum

Previously 1975 1978 Dr Ho was an Assistant Professor of Computer
Science and Management at Purdue University In that capacity he was

responsible for the Computer Science Department s option in business data
processing

Dr Ho earned the Ph D M S and B S degree in Computer Science all
from Purdue University

Contact at Department of Computer Technology
Purdue University
SCC C

West Lafayette IN 47907

317 494 2560

15
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KENNETH J KLINGENSTEIN is Assistant Professor of Computer Science

and Acting Director of Computing Services at the University of

Colorado Colorado Springs As Director he is responsible for both

administrative and instructional data processing operations as well

as all computer resource planning and budgetar y processes He is

also the chief campus liaison to the statewide systems and systems

manager to a local network based on a POP 11 O When Professor he

teaches undergraduate and graduate courses in operating systems

algorithm design and networking he also directs the university s

Operating Systems Laboratory

Previously he was a professor of Mathematics and Computer Science at

the University of California Santa Barbara He also has been a

Rockefeller Fellow and Regents Junior Fellow He has consulted for

CIBAR and Pueblo County District Attorney s nffice on a wide variety

of Security and Performance issues

Dr Klingenstein has a Ph D in Applied Mathematics from the University
of California at Berkeley an M A from Berkeley and a B A from

Brandeis University

Contact at Computing Services

University of Colorado Colorado Springs
P O Box 7150
Colorado Springs CO 80933 7150

303 593 3318

16
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DON B MEDLEY is a Data Processing Instructor at Moorpark Collegein Moorpark California He is responsible for the instructional
program in data processing and the institutional research functions

Previous experience includes assignments with aerospace companies
retail institutions and a computer manufacturer He has recently
com leted a one year research assignment with the U S Department
of Agriculture in Beltsville Maryland and is active in a number of
professional associations

Dr Medley has a B V E in Vocational Education an M A in Industrial
Supervision from Cal State University of Los Angeles and an EdD
in Community College Administration from B Y U

Contact at Information Systems Department
California State Polytechnic University
3801 w Temple Avenue
Pomona CA 91768
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THOMAS NARDONE is a labor economist at the U S Department of Labor in

the Division of Occupational Outlook This Division develops

projections of industrial and occupational employment for use by

educational planners career counselors and job seekers The

information developed by the Division is presented in publications

such as the Occupational Outlook Handbook Bureau of Labor Statistics

Bulletin 2075 and Employment Trends in Computer Occupations BLS

Bulletin 2101

Mr Nardone has a B A in economics from King s College

Contact at U S Department of Labor

Bureau of Labor Statistics

Room 7216
600 E Street N W

Washington D C 20212

202 272 5293
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EDWARD A OTTING is Director Corporate Information Systems and
Services at Eli Lilly and Company which manufactures and markets
1 human health products 2 agricultural products 3 animal
health products and 4 cosmetics

As Director Corporate Information Systems and Services he is

responsible for the worldwide information systems involving
1 delivery of data processing hardware software and network
services 2 development of new business systems and or new

technological functions and 3 corporate consulting in areas

of decision support systems and information systems business

planning

Mr Otting s previous assignments have included responsibilities
in Industrial Relations Pharmaceutical Market Research Corporate
Affairs and Corporate Materials Planning

Mr Otting has an MBA in Management Science and a B S in Marketing
Economics both from ndiana University
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V ARTHUR OWLES is an Assistant Professor of Applied Computer Science

at Illinois State University Within the department he has developed
and teaches courses in Structured Analysis and Structured Design He

manages and supervises senior students in Directed Project in the devel

opment and implementation of computer information systems for university
and business users Additionally he is heavily involved in establishing
and maintaining business contacts to gain input for curriculum development
and to facilitate university and business interfaces He was a member of

the CIS7 team for the DPMA Model Curriculum and also contributed to the

development of CIS4 and CIS5 He has presented a number of talks in Struc

tured Analysis at conferences and meetings and has developed and conducted

professional development seminars in Structured Analysis and Design for

business He has consulted with several companies in the areas of their

application systems and their systems development methodology

Prior to joining the faculty at Illinois State in 1978 he was the Manager
of Marketing and Actuarial Services in the t1anagement Information Services

Division of Country Life Insurance During his eight years there he managed
and conducted the analysis and design of several major systems supporting life

health annuity and group insurance business

He holds a Masters Degree in Mathematics and has attended numerous professional
development seminars

Contact at Applied Computer Science Department
Illinois State University
Normal IL 61761

309 436 7148 436 8338 Department office
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Mailing Address Box 0
Minneapolis Minnesota 55440

Paul M Pair
Senior Education Consultant

1438 W Broadway
Tempe AZ 85282

6021968 8791
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X L T PAUL M PAIR EDUCATOR LECTURER CONSULTANT
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Mr Pair is Senior Education Consultant with Control Data Corporation The
company is one of the major manufacturers of hardware but more recently its
major emphasis is that of providing software systems advanced technology
and educational services throughout the free world Control Data s trade
mark in educational technology is best known by its PLATO Individualized
Instruction Systems Pair s charter with the company is that of educator
lecturer consultant

Pair has established a role of leadership in the Accredited Proprietary
School field having founded the Pair School of Business in 1953 and Auto
mation Institute of Chicago in 1957 the latter was the first data processing
school in the Midwest Ten years later it was the first such institution in
the nation to be accredited by the U S Office of Education During 1968
it was aquired by Control Data and Pair has served the Company as a Senior
Education Consultant since that time

Pair s earlier career was in the field of public education having served
as teacher principal superintendent and teachers college staff He earned
his B A at McPherson College Kansas and M A Education at the Universityof Washington He is a member of Phi Delta Kappa Education and an Honorary
Member of Delta Pi Epsilon Business Education Pair was given the Award
of Merit by McPherson College in 1962 and in 1973 was named Computer Science
Man of the Year by his Data Processing Management Association chapter in
Chicago July 1977 Control Data created the Paul M Pair Perpetual Scholar
ship Award in his honor for the Institute he founded in 1957

Mr Pair is past president of the National Business Education Association
Currently he is Vice President of the Phoenix chapter of the Association
for Systems Management and a Director of the Phoenix chapter of the Data
Processing Management Association This is his third year as a guest lecturer
in the College of Business Administration Arizona State University He has
been listed in Who s Who in America since 1947

Pair has been a member of the board of directors of the Institute for Certifi
cation of Computer Professionals since its founding in 1973 having served
as Secretary the first two years During the ninth annual meeting of the
ICCP Directors in Scottsdale Arizona Pair was named an I C C P FELLOW only
the second such recognition by the Institute

Mr Pair is Vice President of the recently created Maricopa County Arizona
Community College District FOUNDATION which serves the seven campuses of the
System

S2
servIce of

CONTRoL DATA CORrORATION
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MICHAEL J POWERS is the Chairman of the Applied Computer Science

Department at Illinois State University This s an academic depart

ment emphasizing Computer Information Systems It has implemented a

major portion of the DPMA Model Curriculum Its students do the analysis

design and implementation for both on campus and off campus systems To

support this activity he created a Systems Development course which incor

porates structured systems analysis techniques with traditional analysis
and design concepts He was project leader for the team which developed
CIS4 and CIS5 for the DPMA Model Curriculum He has presented a number of

talks and professional development seminars in the areas of structured ana

lysis and structured design

Prior to starting the program at Illinois State he was Manager of Systems

Development at DeKalb Ag Research His work ther1e concentrated on new

system development consulting to subsidiary companies and establishing
short and long range plans in the Information Services area for the parent

companies and its subsidiaries

Dr Powers has a PhD and MA from Indiana University in Bloomington Indiana

and a BA from Carthage College in Kenosha Wisconsin

Contact at Applied Computer Science Department
Illinois State University
Normal IL 61761

309 436 8338
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BRUCE M SAULNIER is Associate Professor and Chairman of the

Department of Information Systems at Quinnipiac College in
Harnden Connecticut Mr Saulnier was founding Chairman of

the Department and has designed the Department s Associate
Baccalaureate and Master s degree programs

Previously Mr Saulnier served as Acting Dean of Quinnipiac s

School of Business Associate Dean of the School of Business
Assistant Professor and Chairman of the Department of Information

Systems and as an H E W Fellow at the Georgia Institute of
Technology

Mr Saulnier has an M S in Information and Computer Science
from the Georgia Institute of Technology and a B S in Mathe
matics from Defiance College

Contact at Department of Information Systems
Quinnipiac College
Mt Carmel Avenue
Harnden Ct 06518

203 288 5251 ext 343
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John F Schrage Ph D is an Associate Professor of Management

Systems and Sciences for Southern Illinols University at

Edwardsville His other major duty has tleen the Coordinator of

the Management Information Systems Fac ul tV Besi de his

university commitment hIi ii currentl y an 11I S project officer for

the lCI2nd U S Army Reserve Command in S i nt Louili Mi 5SOllri
His university duties mainly encompass teaching upper division

and graduate courses in information systE mS and applications
accounting systems and auditing for computers and dvanced

business programming COBOL He is active in the computer
curriculum area for DPMA and ACM and cur rent Iy is Secretary
Treasurer for the ACM SIGCSE special inter est group on compllter

sc ience education He has contributed to the DPMA model

curriculum and ACM curricula in computf r science comml1n i ty

junior colleges operations and programmiLng and informcltion

systems His publications have been mainly in curriculum but hls

written in MIS content areas plus present research in

psychological effects on the computer profl ssi onal and accounting
application in for computer ystems

He previously was associated with Purdue University Computer
Technology Department Muskegon Michigan Community College
Pennsylvania State University and the United States Government

On a continuing pasis he does independent consulting for sma 11

businesses and the major computer teNtlJook publishers His

elperience have been in accounting personnel and m nagement
plus all facets of the computer field from operations to computer
management

Dr Schrage received his Ph D from Michilan State University in

Business Education and Administration and Ihis M S and B S from

Southern Illinois University at Edwardsville in Business and

Applied Ilathematics respectively

Contact at

Southern Illinois University c t Edwardsville

Management Systems Sciences Department
Campus Bo 106 Building II

Ed ardsville IL 62026

618 692 2504

JFS 2 82
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CLAUDE L SIHPSON JR is an Associate Professor of Computer

Information Systems at the Northeast Louisiana University in

Honroe Louisiana

Previously he was Associate Professor of Computer

Information Systems at the Pan American University in Edinburg

Texas He is the author of several articles and monographs and

has been teaching data processing for over ten years He has also

been in industry in the data processing field for about eleven

years for a total of over 20 years data processing experience

Dr Simpson has a B S in Statistics and Computers from the

Lousiana Tech University and an MBA and Ph D from the Georgia

State University

Contact at College of Business

Northeast Louisiana University
Honroe Lousiana 71209
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LAVETTE TEAGUE is Professor of Information Systems at California State

Polytechnic University Pomona where he teaches structured systems
analysis and design problem solving and comparative programming
languages He is also a systems consultant especially in the area of

computer applications to building design engineering and construction

During 1975 1980 prior to his appointment at Cal Poly his consulting
projects included system requirements documents for the U S Army Corps
of Engineers Computer Aided Engineering and Architectural Design System
the U S Department of Energy computer program for energy analysis in

buildings and design data bases and analyses for major medical center

projects From 1968 1974 he was Director of Computer Services for

Skidmore Owings and Merrill in Chicago responsible for computer
operations and program development in both the business and technical

aspects of the firm s architectural engineering and planning practice
From 1957 1968 he worked as an architectural designer in Birmingham
Alabama and as an architect at the Rust Engineering Company and at

Synergetics Inc He was the Rust participant in a study with IBM and

Kimberley Clark for a computer controlled newsprint machine Dr Teague
has also taught at Carnegie Mellon University UCLA the University of

Illinois Chicago Circle and MIT

Dr Teague has a B Arch M S C E and Ph D in Civil Engineering
Systems from the Massachusetts Institute of Technology He received

the 1966 Arnold W Brunner Scholarship for research in architecture from

the New York Chapter of the American Institute or Architects He is a

member of the Association from Computing Machinery the American Institute

of Architects and Phi Eta Sigma Scarab Scabbard and Blade Tau Beta

Pi Sigma Xi and Chi Epsilon honor societies

Contact at School of Business Administration
California State Polytechnic University
3801 West Temple Avenue
Pomona CA 91768

714 598 4238
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DR MIKE VANECEK is Associate Professor of Accounting and
Information Systems at North Texas State University in Denton
Te as He teaches courses in business computer information
systems EDP auditing and accounting His research interests
include distributed systems software and tax es information
resource management and EDP auditing He has had sever a1
articles published In computer information systems and

accounting journals and is currently writing a te tbook on

distributed systems and teleprocessing He is a member of
DPMA SMIS AIDS ACM EDPAA AAA and IEEE Dr Vanecek has
over fifteen years experience in the computer industry and has
done consulting for both industrial and governmental
organizations He holds the P E C D P and C 1S A
certifications

Dr Vanecek s previous experience includes computer systems
consulting in industry and government as president of his own

firm t1 M Vanecek Inc He was a systems analyst for sixe

years at the Shell Oil Co Information Center in Houston Tx
While with Shell he designed developed coordinated and

implemented operating system software on several projects
These projects included operating system support array
processor development tape labeling remote communication
handlers and so on He also worked on classified projects as

a computer programmer with the Applied Research Laboratories
in Austin Tx He has over 20 years service with the Navy and
the Naval Reserve in the submarine and intelligence programs

He holds a Ph D in Accounting and Information Systems from
the University of Te as at ALlstin an M B A from the

University of Houston and an M E E and B S E E from North
Carolina State University

Dr Vanecek can be contacted at

College of Business

North Texas State University
Denton Tx 76203

817 788 2311
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KENNETH L VILLARD is the Internal Consultant for Organiza
tiona1 Development and Change with the Federal Reserve Bank

of Cleveland His duties include the introduction of

technological change into user departments resolution of

user resistance and the training of data processing systems
personnel in communication and behavioral skills as supple
ments to their technical training He is also an external
consultant for both public and private organizations
focusing primarily on productivity and turnover problems in
data processing departments In addition he has authored

two books Beginnings in Relational Communication and Theory
and Practice in Interpersonal Effectiveness

Prior to his involvement with the Federal Reserve he taught
Organizational and Technological ChangE and Interpersonal
Communication at Cleveland State University and Michigan
State University

He has a Ph D in Communication and Information Science from

Michigan State University an M A in Personnel Administration
from Bowling Green State University and also a B S from
B G S U

Contact at Federal Reserve Bank of Cleveland
P O Box 6387

Cleveland Ohio 44101

216 579 2141
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ROY F WALLER COP is a Senior Member Information Systems Development
at Western Electric Company Inc Oklahoma City He is currently the

project leader for four Divisional Accounting Systems in the Information
Systems Development organization As the project leader Mr Waller is
responsible for the development implementation and operation of four
large computer systems Data Base Mechanized Accounting Results System
Regular Mechanized Accounting Results System Division Staff Reporting
System and the Mechanized Manufacturing Results System at the following
company locations Oklahoma City Oklahoma Dallas Texas Columbus Ohio
Division Staff in Morristown New Jersey and Hawthorne Lisle and
Montgomery a 11 in the Chi cago 111 inoi s a rea

Prior to 1972 Mr Waller was a project leader for Payroll and Personnel
Systems and has also been a project leader in the Production and Inventory
Control Systems for Western Electric

Mr Waller is active in the Data Processing Management Association DPMA
He served as the chairman of the Education Committee for the Oklahoma City
Chapter for 1981 and is the chairman of the Proqram Committee for 1982
Mr Waller is also the Program Chairman for the DPMA Region III Spring
Conference to be held in Oklahoma City on April 14 16 1982 He served on

the national committee of 80 computer specialists to develop a Computer
Information System Model Curriculum for community colleges and universities
in the United States Mr Waller is a member of the following professional
societies
l Data Processing Management Association
2 American Institute of Industrial En9ineers
3 The Society for Certified Data Processors
1 The Special Interest Group of Certified Data Processors

Mr Waller has served or participated in the following
l Oklahoma City Works Technical Library Committee
2 Oklahoma City Works Data Collection Task Force
3 Junior Achievement Advisor for 2 years
4 Editor of the Oklahoma City Personal Computer Club
5 A vocational Technical Instructor for computer programming

Mr Waller holds a B A degree from East Central State University of Ada
Oklahoma and an 1 B A degree from Oklahoma City University He is also
a holder of the Certified Data Processor title

Contact at Western Electric Company Inc
7725 West Reno
Oklahoma City Oklahoma 73125

405 781 3218
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JEFFREY L WHITTEN is an Assistant Professor in the Depart
ment of Computer Technology at Purdue University Computer
Technology is an undergraduate program in computer informa

tion systems that conforms very closely to the DPMA model

curriculum Professor Whitten is the coordinating instruc

tor of a sequence of systems analysis and design courses

that includes CIS 4 and CIS 5 in the model curriculum

Professor Whitten has been recognized by his students

teachers and employers as both an innovative and effective

instructor of systems development

Previously 1976 1979 he was an instructor in the Depart
ment of Computer Science at Purdue University In that

capacity he was responsible for information systems
development courses

Professor Whitten has an M S degree in Computer Science

with emphasis on Management Information Systems and a B S

degree in Industrial Management with a Business Data

Processing technical option both from Purdue University

Contact at Department of Computer Technology
Purdue University
SCC C

West Lafayette IN 47907

317 494 2560

30



BICGRil PRY

TJR j ll aVI N iI WOFSEY is Frofessor emeritus of hanagement
at the Scheol of Government an Business Administration
of The Geor e Washington University He has designed and

taught computer related courses at The George nashington
University The American Cniversity and the Department of
Defense Computer Institute

Currently he is consulting in the area of computer security
e iting a book in the same area ann developing a conference
in hospital mechanized systems He has been connected with
electric accountin machines since 1936 and computers since
1954 During this time he has filled practically every
position in data processin Dr Wofsey was the Data Pro

cessing Director of the Bureau of Supplies and Accounts
of the Kavv Department and Computer Laboratory Director
at The American University He has been a consultant to
some of the lar er corporations in the country such as

oiestinghouse IBM and the Chase Manhattan Bank

nr wofsey has been in the Data Processing anagement Asso
ciation and its predecessor Kational Machine Accountants
Association since 1960 He holds the CDP and has served
as General Chairman of the 1968 International Conference
member of the first CDP Advisory 3oarn International Di
rector ann was awarded life membership both nationally and
in the Washington D C Chapter He also served on the
National Committee for Computer Frogra er Training for the
Association for Computing achinery and represented the
DP at the Office of Education in ceveloping suggested
computer curriculums

e has written two books and a monograph in the area of

Computer fanagement and edited another one Hore than

twenty of his articles have appeared in various national
anr international nrofessional publications He has lecturerl
ann or taught in both Korth and South America Europe and

Asia

Dr Wofsey receiven l1is 3achelor of Science in Economics
from the ew York Universit in 1935 his Master of cience
in Statistic in 1942 anrl his Doctor of Fhilosophy in Public
A minlstration in 1967 from The American University

Contact at Narvin H TN ofsey Inc

15311 Pine Crchard Drive

Silver Spring Narylanrl 20906

301 598 700J
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DUANE R WOOD is Dean of the School of Business Economics and

Management and Professor of Management at the University of

Southern Maine The School has 40 FTE faculty and over 1500 majors
It offers associate degrees in business including a new business

computer programming option baccalaureate degrees in economics

business administration and accounting and an MBA degree

For eight years prior to this he served at Central Michigan
University as Director of the interdisciplinary M S in Administration

Program Director of the Central Michigan School of Banking
Assistant Dean for Graduate and External Programs in the School

of Business Administration and Professor of Management He

also has taught at the University of Wisconsin Oshkosh and has

directed the Indianapolis M B A Program for Indiana University
From 1964 1969 he was employed as Project Engineer and Engineering
Manager at Indiana Bell Telephone Company in the plant engineering
department where he was responsible for implementing the use of

computers in conducting feeder route design and economic cost

studies

Dr Wood earned his D B A in management and administrative studies

from Indiana University his M B A from Butler University and his

B S M E from Rose Bulman Institute of Technology He also is

a registered professional engineer in the State of Indiana

Contact at University of Southern Maine

96 Falmouth Street

Portland Maine 04103

207 780 4020

32



n

BIOGRAPHY

ROBERT F ZANT is a Professor of Information Systems at
North Texas State University He has researched and

published in the areas of data base technology corporate
modeling microcomputer systems and managerial accounting
Dr Zant is also an active consultant and lecturer in
professional development seminars As an education con

sultant to the U S Internal Revenue Service he has been
a major contributor to the development of the training
programs for computer audit specialists

Prior to joining the faculty at North Texas State Dr Zant
was with Clemson University where he taught information
systems management science and managerial accounting
Other professional experience includes work as a systems
programmer at the University of Florida on a team that

developed a time sharing system and work with the Boeing
Corporation as a scientific programmer developing simulations
of Apollo missions

Dr Zant holds a Ph D in Economics and Business Administration
from the University of Florida He has a M A in management
science and a B A in mathematics both also from the University
of Florida
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ABSTRACT

The computing profession as a whole has been concerned with the educational

preparation for people entering the profession The concerns have been manifested

by curricula studies and proposals by several professional computing organizations
namely ACM s Curriculum 78 IEEE s A Curriculum in Computer Science and

Engineering and most recently DPMA s Model Curriculum Each proposal specifies
a set of courses and content and a sequencing through the course lists Some

specify goals and terminal objectives for students completing the course structure

All address the curricular problem from the professional activity point of view

None addresses the problem from the educat ional setting point of view

The thesis of this paper is that all curricula exist in a particular educational

environment and must be tailored to that environment A model is presented
which examines the global problem model curricul8 and educational environment

and a strategy is discussed on how the model can be applied to a particular
university setting Finally a short case study is presented showing the results

of the model applied to the design of the Computer Information Systems curriculum

at the University of Wisconsin Stevens Point
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INTRODUCTION

The computing profession as a whole has been concerned with the educational

preparation for people entering the profession The concerns have been manifested

by curricula studies and proposals by several professional computing organizations
They are ACM s Curriculum 78 1 IEEE s A Curriculum in Computer Science and

Engineering 2 CUPM s Report of Subpanel on Compu ter Sc ience 6 and most recently

DPMA s Model Curriculum 3 and Pittsburgh Large User Group Education Committee s

Model DP Curriculum 4 Each proposal specifies a set of courses and content

a sequencing through the course lists and to some extent variations and modifi

cations that can be used with varying sized departments Some specify goals
and terminal objectives for students completing the course structure All n

a sense provide a prescription for a successful curriculum from the professional
activity s point of view None addresses the curricular problem from the educa

t iona 1 setting point of view

The thesis of this paper s that all curricula exist in a particular educational

environment and must be ta ilored to that environment The prescription though

sound from the profession s point of view may not work when the university s

constraints are identified nor serv ce the user communities desiring to employ
the program s graduates This paper presents a model which examines the global
problem model curricula educational environment and user community and

discusses a strategy for applying the model to a particular university setting

Finally a short case study is presented showing the results of the model applied
to the design of the Computer Information Systems curriculum at the University
of Wisconsin Stevens Point

THE MODEL

The model presents a systematic way of looking at the pert inen t issues surrounding
the construction of a spec ific curriculum The components provide a framework

in which information collection and evaluation can be focused and defensible

decisions can be made The model components and their relationships are diagrammed
in Figure l and will be discussed one at a time
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1 Perceived need

The development of a curriculum at any college or university begins by

first perceiving some need The need may be as simple as looking for a

program to bolster declining enrollments or more complex like trying to

service demands from students for more course work following the lead of

interested faculty members fo llowing the directive from the upper adminis

tration to produce such a program observing the unsatisfied demand in the

user community etc The point is that a need is identified and the process

to satisfy the need begins

2 University

The planning process begins with a critical and comprehens ive institutional

self assessment Computing is so pervasive that the development of a major

program will have some impact on almost every unit on campus Hence a

key assessment element is that the process extend beyond the departmental
unit that will house the program There are ait least four components that

must be examined They are

a mission or orientation of the university
b student body
c faculty resources

d computing resources

In each of the areas a set of questions needs to be asked Collectively their

answers will determine the educational setting for the program

a Mission Orientation

The first questions that need to be asked are does a university mission

statement exist and if one does does the statement have actual impac t

on the administration of the university and or on the implementation of

the computing program

Next the orientation of the university must be determined Is the school

liberal arts institution college a general college etc
a an englneer1ng

Is the school urban or rural

Is there support and to what level for developing a computing program

What service needs does the computing program have to support The

answer to these sets of questions will determine the global parameters

govern1ng the development of the computing program

b Student Body

In planning curricula universities often overlook the student

element A rather cavaliar approach of we know what is best 1S

generally taken Students may not be able to add to curricular substance

or content discussions but they can contribute their educational and

vocational expectations These may have a dramatic effect on the program

that is produced Hence questions like is the student population

mostly urban rura1 small town mixed need to be examined Are the
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majority of the students first generation college students or is the
student population basically one that has a history of higher education
n its heritage Are the students vocationally oriented research

oriented graduate school oriented What is the general intellectual
level of the study body of the students expected into the computing
program And what general expectation level do students have Should
the program attempt to satisfy these expectations expand them and if
so how much and in what direction The answers to these sets of questions
will identify the student population that will be serviced by the program

c Faculty Resources

Curricular programs exist only if faculty are available to develop
teach and maintain them Faculty assessment must look both at those

directly involved in the administration and delivery of the program
and those that are served by the program The latter group will provide
a sense of espirit des corps or lack of it for a computing program
This in turn can give support and direction to the program or provide
considerable obstacles for its implementation

Some of the questions for the direct support faculty are what are the

faculty interests backgrounds competencies What are the faculty s

views of computing Will faculty come from retraining new hires The
answers to this set of questions will identify the staffing needs and

hiring strategies to be followed

d Computing Resources

The quality of a computing curriculum is highly dependent upon hardware
which supports the program Does the university have a large mainframe and
centralized system a distributed system departmental minis What s

the effect of micros on campus and where do they fit into the total

computing picture What s the age of the system and how can it
be upgraded Is there sufficient hardware funding to support a major
program

The result of a careful and extensive analysis and evaluation of the four
university components listed above should provide a fairly clear picture
of the education milieu in which the program is to function The
evaluation of th two remaining input elements in the model model
curricula and product or user community will now have a local context

and a framework where strengths weaknesses and tradeoffs can be
intelligently examined

3 Model Curricula

The computing profession s work on identifying and articulating university
computing curricula has been one of the most positive elements in constructing
sound educational programs Continuation of this work is essential for it

provides direction and measures for particular curricula However by their
nature these model curricula reflect the profession s point of view Each

model s point of view is the single most important element in the model s

statement That point of view must be determined and then examined for

acceptance rejection or modification Only then does it make sense to

examine the details contained in the model
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Thus the remainder of this section will center on examining the perceived
stated point of view of five curricula ACH s Curriculum 78 IEEE A

Curriculum in Computer Science and Engineering CUPM s Report of Subpanel
on Computer Science DPMA s Model Curriculum and the Pittsburgh Large
User Group Education Committee s Model DP Curriculum

Curriculum 78 This is a computer sc ence program It has been designed
to develop computer science as a discipline There s a strong mathematics

component One of its major thrusts s the preparation of people who can extend

or expand the field of computer sc ence

A Curriculum in Computer Science and Engineering This is a computer science

program which adds the engineering element to Curriculum 78 The engineering

component addresses both the hardware and so ftware The curriculum develops
computer science as a discipline from the context of this engineering
component There are strong mathematics and electrical engineering components

Graduates from the program have the preparation to extend or expand the field

of computer science and engineering

Report of Supanel on Computer Science This is a computer sc ence program

within the context of a mathematics program or department It follows very

closely both the recommendations and coursework presented in Curriculum 78

Hence it too s looking at computer science as a discipline

Model Curriculum This is a computer information systems program The main

thrust is to develop computing as a tool to solve management problems There

is a strong management component The graduates are prepared to evaluate

manage and use computer generated information

Model DP Curriculum This is a business information systems program The

main thrust s the development of computing management tools that relate

directly to the use of computer generated infomation within the context

of the business community needs There s a strong management component

Graduates are expected to move into the business community with a minimal

amount of additional training

All five of the curricula basically stand apart from the educational institu

tions that house them The first three address the discipline of computer

science the last two the discipline of computer information systems At

the risk of oversimplifying the first three focus on the discipline as an end

n itself while the last two focus on the end product to industry and hence

use the discipline as a means to an end

4 Product or User Community

There are three important groups which accept the vast majority of students

exiting undergraduate computing program They are graduate schools

vendor or systems groups and user or applications groups What are each of

these groups looking for and what questions should be asked of them

Graduate School The graduate school s main role whether in computer science

or computer information systems s to produce people that can expand the

discipline These people may be targeted for research education or manage
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ment but they will still have to go through an educational program that

requ res them to address the concept of discipline expansion The discipline
once aga n s the end Hence entrants into graduate school will have to

be educated in the basic components of the discipline and have a strong
theoretical backing

Vendor Systems Groups These groups are looking for programmers or analysts
that can assist them in producing a proper functioning computer system They
are interested in software and hardware both theoretical and actual that
will make a system work

User Applications Groups These groups are interested in using the computer
as a problem solving tooL Their major objective s the utility of the computer
to the user For them problem solution is the end

Again to risk oversimplification the first two groups look at hardware

software as the end while the latter group looks at hardware software as

a means to an end The questions that need to be addressed to each group
relate to the identification of both the kind and degree of training expected
for entry level professionals The answers can be used to identify proficiencies
desired and success measures for individual curricula

5 Creative Mixer

The results from studying the educational institution the model curricula
and the produce user groups provide the base information for the design of
a particular curriculum The model construct for bringing all these diverse

pieces of information together is the Creative Mixer This construct

implies by its very name that there is no set algorithm for dropping out a

curriculum lt is dependent on the people place and time in which the

educational analysis takes place that is on the cultural environmental
and educational milieu that will receive and house the program

Of primary concern in making the creative mixer work is the identification of
a concept on which the program can be built The program should have a thread a

design which can be used to evaluate accept and or reject proposals for curri
cular content The design goal is to have a cohesive program not a hodge
podge of courses The planning unit must accept the position that their

program cannot he all things to all people An orientation thrust design
m ss on call it what you will must be chosen or the program is destined to

have significant problems

The next concern for the functioning creative mixer s the product exiting
the program What does the planning unit want the outside world to see and
what level of competencies and skills are the graduates to have These

terminal competencies are not easy to identify or define but without them

the educational institution neither knows if they have reached their educa

tional objectives or if they say they have how to measure success

The third concern for the functioning creative mixer is to find the fit for

the program within the total university community No only does the questions
of the major s content have to be asked but questions of a minor program and

perhaps more important the service role that the computing program will have

to play for the rest of the university needs to be identified and integrated
into the curriculum This latter point is not addressed in any model curricula

nor can it be lt s the unique territory of the creative mixer
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The results of the work of the creative mixer is to produce a specific
curriculum satisfying specific needs at a specific institution during a

specific timeframe

A CASE STUDY

During the past twelve months the Creative Mixer Model has been applied at the

University of Wisconsin Stevens Point to produce a design for a Computer
Information Systems Major A short synops1s of that process will be identified

and with the resulting curriculum presented 1n course title form

1 Perceived Need

OW SP presently offers a 24 credit minor 1n omputer science and no major
Since 1975 there has been a continual and large growth in student demand

approximately 40 per year The growth has caused two problems a

students desire more coursework to include a m ajor and b faculty recruit

ment and retention for a high demand minor program is very difficult To

try to satisfy student demands and make the program more attractive to both

current and future faculty a program to construct a major was begun

2 University

The University self assessment process began by examining two documents the

UW SP catalog 7 for the mission statement and a UW Systems report 8 giving
guidelines for computing programs with the System and by interviewing faculty
and administrators across the campus The basic question posed was How

does an expanded computing program fit into the Mathematics and Computer
Science Department and into UW Sp s mission

Those interviewed overwhelmingly agreed that a computing major fits OW Sp s

mission just as the majors in English History Mathematics etc fit

Computing should be a part of every university s academic offerings More

specifically those interviewed expressed a clear perception that the program

1S a necessary support function to the University s select mission The

question that resulted was what kind of a support role The answer came from

a careful examination of the Mission Statement in light of the comments received

and is reproduced here

OW SP as one institution in the University Cluster of the University of

Wisconsin System has a core mission of providing a first priority emphasis
on teaching excellence The select mission further identifies specific areas

of focus for the campus communicative disorders teacher education home

econom1CS paper SC1ence and natural resources management emphasis The

implication of these two mission statements for the Department of Mathematics

and Computer Science 1S clearly to define an educational support role Hence the

department s focus should be on how that support role is interpreted and imple
mented

The Select Mission and Goals contain additional statements that can be used to

assist in interpretation and implementation UW SP should be dedicated to

implementing quality undergraduate instruction through new and innovative methods
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recognize that all fields of knowledge are interrelated be fostering the

ability to think clearly and rationally be developing the student s intellec
tual curiosity and be contributing to the awareness that learning is a life

long process Taken together these statements demand that as educators we

be acutely aware of the environment within which we teach and the type of students

with whom we work This requires us to use our collective creative effort to

provide a program which is relevant to both

One program orientation satisfying many of the above requirements 1S that of an

integrated applications oriented problem solving activity which focuses on the

end user Let us examine each part of the above

l A problem solving activity focusing on the end user Ours is an environment
in which the majority of students are going to enter the job market directly
upon graduation Their basic tasks are going to demand that they solve

prob lems Our job is to provide the problem solving skills to attack these

problems

2 Applications oriented In order to learn the skills of problem solving one

must do problem solving Hence the course structure will be applied rather
than theoretical Students will be given hands on experience and real

life problems scaled to their level The mathematical and computer tools
will be developed as a means to solving problems

3 Integrated Problem solving by its very nature is a multidisciplinary
activity Hence our program should reflect this multidisciplinary approach
by interweaving within cnurses from diverse disciplines the uses of many
mathematical and computer tools and by being very sensitive to attempts
to compartmentalize and or fragmentize

The integrated applications oriented problem solving activity focusing on the

end user requires a broadened and expanded view of the Mathematics and Computer
Science Department No longer can traditional mathematics and computer science

programs be the norm The vision must look beyond to include what is appropriate
and to discard what is not 5

3 Model Curricula

The model curricula that were examined together with their point of view

have been identified earlier in the paper

4 Creative Mixer

Over a period of six months the inputs to the Creative Mixer were discussed
both formally and informally The curriculum design philosophy accepted was

the integrated problem solving activity focusing on the end users The

curriculum that has resulted is an amalgamation of what the computing
profession recommends DPMA sModel Curriculum ACM s Curriculum 78 IEEE s

A Curriculum in Computer Science and Engineering and what the unique elements

of UW Sp s environment require University orientation and mission the student

body and their career objectives the faculty and their interests and the

computing power existing on campus The resulting program has many unique
aspects and has the potential to place the graduates from the program in

highly desirable positions
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S Specific Curriculum

Program Objectives and Parameters

A Curriculum Objectives

1 To provide graduates with the knowledge skills and attitudes

a to function effectively as applications programmer analysts

b to have the educational background and desire for lifelong
professional development

2 To provide understanding of the information needs and the role

of information systems in business industrial organizations

3 To provide the analytical and technical skills for identifying
studying and solving information problems in business industrial

organizations

4 To provide the background for further study in information systems

S To instill a professional attitude and seriousness of purpose

about computer information systems as a career field

B General Teaching Concepts

1 Computer information systems s a skill area as well as a concept

discipline Hence hands on activities must be interwoven through
out the entire curricular structure

2 Instruction curriculum will unfold from simplified specific
concepts to more complex and abstract principles In particular
the course structure will emphasize programming skill activities

at the beginning with a gradu l progression to a higher level of

sophistication and modeling analytical abilities toward the end of

the sequence

3 Highly integrated methodologies need to be taught as opposed to a

potpourri of techniques In particular structured concepts will

pervade the instructional process

4 Opportunities to communicate ideas and project results both orally
and in written form need to be an integral part of the program

4

S Opportunities to function individually or as part of a team need

to be included

C Technical Considerations

1 The computing information field is moving rapidly toward terminal

on line disk oriented database systems

2 The micro computer field will become more and more important n

data processing as the costs of these machines decrease and as

their technical capabilities increase
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3 There is an expanding use of data processing by large medium

and small companies

4 Distributed data processing will soon be a part of many computer
based information systems

5 The need for Electronic Data Processing Auditing is becoming more

prevalent

6 There will be a gradual merging of data processing word processing
and data communication

The Curricular Major

The proposed CIS major consists of three components a 39 credit computing major
a 21 credit collateral minor and a 3 credit technical writing course General

degree requirements consist of 44 56 credits however a protion of these credits

can be used to satisfy both sets of requirements Hence a student will have

10 to 25 free electives in their degree plan

The computing major contains three options 1 business option 2 data

communications option and 3 technical support option Each option contains

a common core an option area and computing electives see Figure 2

A The Common Core

The common core focuses on skill activities needed throughout computing
and provides the computing language facility and hardware familiarity on

both large systems and small systems that will be used during the remainder

of the program

B The Business Option

The Business Option is designed to support and complement the existing
Business Administration major with an emphasis in Management Information

Systems Business Administration focuses on the management function while

the CIS major focuses on the computer information function The CIS

Business Option requires the existing Business Administration minor as

its collateral minor

C The Data Communications Option

The Data Communications Option is designed to support the rapidly growing
use of computers in the broad field of communications It is built from

and supports the Communication major in Fine Arts and implements the number

two priority for the College of Fine Arts that is the expansion and

linkage of the computer and the field of communications

D The Technical Support Option

The Technical Support Option is designed to support a broad spectrum of

disciplines that needs computing and computer information systems as
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problem solving tools It is designed to support most technical disciplines
as well as to provide a base for further study in computing The program

is more mathematical quantitative than the other two orientations and

requires that its collateral minor be approved by the Coordinator of

Instructional Computing

Course Sequence

Core

1st sem 2nd sem

Freshmen Pascal FORTRAN or COBOL

Sophomore Assembler Large Systems

Junior Data Structures

Business Data Connnunications Technical Support

Soph Advanced COBOL Adv FORTRAN or Adv COBOL Advanced FORTRAN

Jr 1st Systems Anal Input and Display Input and Display

2nd Data Base Data Base Operating Systems

Input and Display Data Connnunications elective

Sr 1st EDP Auditing Networks Operations Research

elective elective Simulation

2nd DP Law View Data Operations Research

elective elective elective

Figure 2 The Curricul um Model

SUMMARY fu D CONCLUSIONS

The thesis of this paper was that all curricula exist in a particular environ

ment and must be tailored to that environment A model has been presented which

allows the user to do a systematic analysis and evaluation of their educational

environment and assist them in producing curricula for their cultural

environmental and educational milieu The process provides both a way to

develop and a way to evaluate local curricula The design methodology has

assisted UW SP in constructing its curricular model Hopefully it can assist

others in developing theirs
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QUINNIPIAC COLLECE A TEN YEAR CASE STUDY IN INFORMATION
SYSTEMS BACCALAUREArE EDUCATION

BRUCE M SAULNIER
CHAIRMAN DEPARTMENT OF INFORMATION SYSTEMS

QUINNIPIAC COLLEGE

Introduction

Quinnipiac College is a private four year nonsecterian

institution located in Hamden Connecticut midway between the

metropolitan centers of Boston and New York City Founded in

1929 the college has grown rapidly and now consists of three
schools Allied Health Liberal Arts and Business The special
mission of the college as adopted by the Board of Trustees
is to provide the opportunity for an integrated liberal and

technical education that will enable students to prepare for

professional careers and to make responsible decisions in a

society that increasingly demands an understanding of the

humanities the social and natural sciences and technology
Enrollment has stabilized over the last five years and currently
numbers 2300 full time and 1500 part time students

Within the context of the special mission of the College
the goal of the School of Business is to prepare students for

effective participation in the modern business environment
one in which both well developed skills and a clear under

standing of the needs of a humane society are urgently required
Consistent with both the special mission of the College and

the goal of the School of Business the primary objective of
the Department of Information Systems is to provide an environ

ment where students can acquire and develop technical and pro

fessional skills and attitudes to achieve two objectives
1 acquiring the necessary skills to attain their first job
in a business data processing environment and 2 establishing
themselves as individuals who will make contributions to the

business as a whole

Quinnipiac College has offered the Bachelor of Science

in Information Systems since the fall of 1972 Defining a

phase as a time frame marked by major philosophical changes
in the program s educational emphasis the dynamic nature

of the discipline we call Information Systems has forced the

program to undergo several changes during its evolution changes
which naturally divide the program into four distinct phases
This paper traces the evolution of the program through the

four phases with respect to four central themes 1 curriculum

development 2 faculty recruitment 3 student body enroll

ment and 4 availability of appropriate computer resources
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Phase 1 1972 75

In July of 1971 Quinnipiac College hired a new Dean for
its School of Business His background was in Operations
Research Recognizing the potential for a business oriented

computer program and aware of the lack of computer expertise
among his faculty the Dean commissioned a member of the

alumni association to draft a proposal for such a program
Possessing a B S in Accounting and an MBA from the University
of Massachusetts with a concentration in Management Information

Systems the alumnus was serving as Director of Management
Information Systems for the Administrative Data Systems Division
of Yale University He had taught introductory data processing
courses for the college on a part time basis for three years
and his courses had been particularly well received by the
students Student demand for such a program was high

The resulting proposal Fig 1 was adopted by the faculty
of the School of Business in November of 1971 and was quickly
approved by the appropriate college governance bodies The

program was housed in the Accounting Department and the name
of the department was changed to Accounting and Information
Systems Management to reflect the two distinct programs within
the department

Faculty recruitment was begun in earnest as it was desired
to formally start the program in the fall of 1972 The Search
Committee quickly became aware of the fact that the presence
of appropriate doctoral degrees by potential faculty candidates
was a scarce comodity and compromised by hiring two individuals
with backgrounds in complimentry fields a Ph D in Industrial
Engineering from Yale and an ABD in Information and Computer
Science from Georgia Tech Initial appointments were as
Assistant Professors of Computer Science reflecting the haste
of the college to commence a computer program the get on the

bandwagon syndrome without adequate forthought as to the

ultimate direction of the program

The program commenced in the fall of 1972 The chairman
of the department having no computer background schedueled
classes and ordered textbooks and left all details of program
implementation to the new faculty members neither of whom had
any background in implementing curricula Initial student

seatings numbered 01 in 10 class sections indicating wide
spread student demand without knowing exactly what would be

taught The computer was little more than a toy to the students
who neither understood its basic constructs nor realized its
potential uses and limitations The students wanted to get on

the bandwagon not realizing that the college was trying to do
the same thing In fact the bandwagon had yet to be defined
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PHASE 1 1972 75
DEPARTMENT OF ACCOUNTING AND INFORMATION SYSTEMS MANAGEMENT

Courses in the Information Systems Management Program

INFORMATION BUSINESS
SYSTEMS SUPPORT

COURSES COURSES

I FRES HMAN
IS10l Survey of Data AC10l Basic Accounting I

Processing
IS102 Programming Survey

AC102 Basic Accounting II

IS201 Programming Workshop
EC10l Principles of

Economics I
SOPHOMORE IS204 Information Systems EC102 Principles of

Design Economics II

EC254 Managerial Economics

IS Elective
MSl0lo Process of

JUNIOR IS Elective
Management

OB102 Organizational
Behavior

IS309 Installation
Training I

MS402 Management Decision
SENIOR IS310 Installation

Training II Making
Is401 Survey of Management

Information Systems

TOTAL HRS 27 24

Students should select two electives from the following

IS203 Data Base Concepts and Design
IS206 Design of Financial Systems
IS207 Equipment Used in Data Processing
IS304 Managing the Computer Installation

Figure 1 Phase 1
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The program was dependent upon the college s administrative

computer center to support its programming courses The only
computer available on campus during Phase 1 was an IBM System
Model 10 operating in a batch processing environment Languages
were restricted to COBOL RPG II and FORTRAN IV Two key
punches were available to students who punched their programs
during the day Programs were run in batches after the close

of the business day and turnaround was restricted to one per
day Students were responsible for carrying their decks of

cards with them and the presence of 96 column cards made running
on any other computer system nearly prohibitive

The curriculum itself was somewhat unstructured The

support business courses were a permutation of the AACSB Common

Body of Knowledge while the Information Systems courses implied
two distinct options 1 a programming option reflected by
taking Data Base Concepts and Design of Financial Systems and

2 a management operations option reflected by taking Equip
ment Used in Data Processing and Managing the Computer Installa
tion The Programming Survey course was designed to expose
students to a variety of programming languages and the Programming
Workshop course was designed to give comprehensive exposure
to one language as yet to be determined The Installation
Training courses were intended to provide students with exposure
to working in a computer installation for approximately 15
hours per week for academic credit but no business installation
could be reasonably expected to train students with such a

sparse background

The two full time faculty members differed significantly
in their educational approach The individual with the industrial

engineering background was a research oriented individual with
no business background He could see no use for a cumbersome

language such as COBOL when a more compact language such as

FORTRAN was commercially available He viewed the machine as

a data cruncher for research purposes and was insensitive to

the needs of the business community for report generation
Students sensing the conflict of educational philosophies
between the full time faculty quickly chose sides in what came

to be a heated debate as to the future direction of the program

Two year faculty reviews were conducted in March of 1974
and it was concluded that the faculty member from Georgia Tech
would remain and that the industrial engineer would be terminated
at the end of the academic year It was furthur concluded that

another faculty position was warranted and approval was granted
to hire two new faculty for the 1974 75 academic year The

recruitment process was again geared up since there was but six
months to conduct such an effort and the faculty member from
Georgia Tech was appointed to chair the search committee The
first faculty member hired had an MS in Computer Science from
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Southern Illinois University coupled with additional graduate
study in Computer Science at the University of Pittsburgh The

second faculty member hired had an MEA from the University of

Hartford extensive business experience and teaching experience
at the two year state technical college level

The 1974 75 academic year thus commenced with three full time

faculty members There was a unified educational philosophy
in that the search committee selected candidates consistent with

the educational philosophy of the chairman of the committee

A major curriculum study was conducted during this year and

several points were concluded

1 There were not enough hours of information

systems courses to provide an adequate acade

mic background for the students

2 The introductory programming courses could

better serve the students if the concentrated
on specific languages

3 The installation training courses were unreal

istic as requirements at this time due to the

inadequacy of student backgrounds

4 The management operations option was

unworthy of inclusion in a four year college
curriculum

5 The name of the program should be changed to

Information Systems

6 Sufficient electives should be made available

to enable students to concentrate in a variety
of areas

Consequently a major curriculum revision was drafted and approved
by the appropriate college bodies to commence with the 1975 76
academic year

Ywo other noteworthy events occurred during the 1974 75
academic year First a grant was secured that would enable the

college to purchase additional computer resources to support
its Information Systems program This led to tHe purchase of

a Data General Nova 2 dual disk system with four teletypes that

was in place in September of 1975 Seconi it was recommended

by the administration that the program hai sufficient enrollments

to warrant its inclusion as a separate department Department
status was to be granted commencing with the 1975 76 academic

year

51



Phase 2 1975 78

Phase two of the program comprised three academic years
fall 1975 thru spring 1978 The new curriculum Fig 2 was

implemented on schedule and there was agreement among faculty
students and potential employers that its structure was more

suited to the job market as it existed in Southern New England
Three faculty members worked smoothly together and there developed
a chemistry among the faculty that appeared to be contagious
to the students There existed a sense of purpose to the educa

tional efforts and there existed a certain pride in proclaiming
I am an I S maj or This new found pride in identity was

pertially fueled by recognition of department status and the

original faculty member from Georgia Tech was named department
chairman Student enrollments were relatively constant through
out the period and numbered aproximately 375 per semester

The Data General Nova 2 was a welcome addition to the campus
computer facilities Although severely limited in computational
power it enabled the teaching of FORTRAN and BASIC on a much
faster turnaround basis and provided the vehicle for introducing
both Assembler and Minicomputer Concepts and Applications into
the curriculum on an elective basis Upper level students were

now able to play with the operating system load programs in
an octal and hexidecimal setting and feel the full frustration
of reading a core dump Clearly though decidedly non utopian
the program was taking a step in the right direction

A primary thrust of the new curriculum was to introduce
COBOL and RPG into the students educational exposure as soon

as possible It should be noted that RPG is particularly suited
to southern New England with its close proximity to IBM s

corporate headquarters The course titled Equipment Used in
Data Processing was redesigned and emerged as a more classic
course in Computer Organization which was piggybacked with
a course in Data Base Concepts The course in Systems Analysis
was followed up with courses in Teleprocessing reflecting the
trend of the industry to go on line and Management Information

Systems which was now approached more from the design level
that the theoretical level employed before A course in Advanced

Business Applications one in which students were to both design
and implement a major system of programs as opposed to programs
existing in isolation was added on an elective basis Several
companies agreed to serve as installation training sites for our

best students but the CCllUi F was maintained only on an elective
basis such that we could control the quality of the student sent

to particular installations It was concluded that an exposure
to many of the business disciplines on a required basis was

better than exposure to a select few and the structure of the

business support courses was altered to reflect this thinking
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PHASE 2 1975 78
DEPARTMENT OF INFORMATION SYSTEMS

Courses in the Information Systems Program

I INFORMATION BUS INESS
SYSTEMS SUPPORT
COURSES COURSES

I8101 Introduction to Data
AC10l Basic Accounting I

FRESHMAN Processing
IS201 COBOL

AC102 Basic Accounting II

IS202 RPG II EC10l Principles of
i
I IS204 Information Systems Economics I

SOPHOMORE
Design EC102 Principles of

IS207 Computer Organization Economics II

IS303 Data Base Concepts
IS305 Introduction to FM10l Business Finance

JUNIOR Teleprocessing MSl0l Process of

IS325 Management Information Management
Systems MKl0l Marketing Systems

IS Elective

IS Elective

SENIOR
IS Elective Business Elective

IS Elective Business Elective
IS Elective

TOTAL HRS 39 27

Students should select five electives from the following

ISl15 FORTRAN IS301 Operations Research

IS125 BASIC IS304 Managing the Computer
IS206 Financial Information Installation

Systems IS315 Minicomputer Concepts
IS331 Advanced Business IS332 Statistical Applications

Applications I8335 Assembler
IS409 Installation Training I IS410 Installation Training II

Figure 2 Phase 2
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Two modifications to the faculty composition of the depart
ment were encountered during Phase 2 The faculty member with
the MBA degree left the department in mid semester November 1975
and was replaced by another individual with an MBA from the

University of Hartford possessing the CDP in January of 1976
Given the time constraints the new faculty member had no prior
teaching experience a radical departure from traditional recruit
ing practice He had an insurance background and his hiring was

a conscious attempt to instill more real world exposure to the
classroom The second modification was a direct result of the

attempt to offer several electives in the Information Systems
area given the lack of adequate staff to do so A gentleman
with a BS from Wharton the CDP and twenty years of industry
experience was hired at the instructor level with the under

standing that he was to complete an MBA within a given time
frame Again a conscious attempt to instill practical data
processing knowledge and background into the classroom was being
made

The 1977 78 academic year was once again a year dedicated
to reexamination of the curriculum The faculty with a strong
business background and favoring a structured management by
objectives approach to curriculum development concluded that

the curriculum had been developed haphazardly with little consid
eration for the target market potential employers of the finished

product students An advisory committee consisting of several

prominant local data processing executives was formed to define
the proposed student outcomes and make proposals regarding the

curriculum for faculty consideration The committee proved to
be invaluable and to this day functions as an active participant
in nearly all department activities

It was concluded that for the purpose of undergraduate
education the Department of Information Systems should view
the electronic data processing profession as being divided into

systems analysis programming and operations Furthur programming
may be broken down into systems and applications tasks The
curriculum of the department should concentrate upon the skills

necessary within applications and systems programming but should
furthur seek to create a general interest in and appreciation
for the systems process within the students The faculty is
most concerned that students are able to effectively anticipate
systems problems early within their academic career The faculty
and the advisory committee believe that the electronic data

processing profession can best be served on the entry level by
employees who can recognize as systems

1 The interactions between organizational functions

2 Approaches to the

a Economics analysis design and

implementation of their recommendations

b Interests and concerns of the users of
electronic data processing equipment
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The faculty and advisory council furthur believe that these

systems objectives can best be effectively reached by concen

trating upon creating an environment where students can actively
participate in understanding

1 The History of Data Processing
2 Techniques of

A Documenting on a Detail Level

1 Program Specifications
2 Flowcharting
J Decision Tables

4 Etc

B Programming in

1 COBOL

2 RPG II BASIC FORTRAN

J Concepts for

A Interviewing Users

B Problem Definition and Solution

1 Systems Approaches
2 Logical Structured Approaches

C Systems Flowcharting
4 The Rational for

A Justifying Data Processing Budgets
B Selection of Hardware Configurations
C Developing Secure Systems without

Violating Personnel Rights

5 The Need for Effective Oral and 11lri tten Communication

The faculty concluded that they can most effectively serve

both the students and the data processing community by requiring
students to experience accepted approaches to the above five areas

through both application and practice rherefore instructional

strategies have come to focus upon a combination of technical

practical and professional understandings which will develop
students who are effective and comfortable in a problem solving
environment utilizing the power of the electronic computer It

should be noted that the computer is treated as a part of the

system created to solve business problems and never as an end

in itself

Towards these ends a new curriculum modification was proposed
for implementation commencing with the fall of 1978 which became

the basis for phase J of the program
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Phase 3 1978 81

Phase 3 of the Program in Information Systems comprised
three academic years fall 1978 thru spring 1981 The new
curriculum Fig 3 was implemented on schedule and had the
effect of restricting the broad range of Information Systems
electives into a more structured setting In particular the

following changes are noteworthy

1 EDP Problem Solving and Logic was introduced into
the program as a prerequisite for all advanced
courses The course focuses on program documen
tation and includes such areas as writing program
specifications developing I O layouts and

developing the flowcharting logic of applications
programs No programs are coded in this course and
the applications logic developed is intentionally
language independent The introduction of this
course has 1 served to weed out students who
either do not have the apptitude or willingness
from programming courses and 2 enabled the pro
gramming courses to assume a certain level of logi
sophistication and delve more deeply into the
peculiarities of each particular language

2 Advanced Business Applications was moved from an

elective to required status All students are now

required to demonstrate a proficiency in writing
systems of programs as a necessary condition for

obtaining a degree
3 Installation Training was reinstituted as a require

ment during the senior year The Advanced Business
Applications course now serves as a prerequisite for
Installation Training thus addressing the issue of

quality control The Installation Training sequence
has become the capstone of the curriculum and all
prior courses are pointed to prepare the student
for this senior year sequence Thus graduating
students now not only have four years of classroom
exposure but also the equivalent of six months
of experience prior to obtaining their degree

Three significant events occurred during the fall of 1979
which impacted the program First enrollment jumped from 355
student seatings during the fall of 1978 to 482 student seatings
during the fall of 1979 necessitating the offering of additional
class sections Second an additional faculty member was added
in the fall of 1979 Appointed at the Instructor level and

possessing a BS from the University of Connecticut and over 10
years of industry experience the hiring of this individual was

once again a conscious attempt to bring the real world into the
classroom Finally the administrative computer center converted
from the IBM System 3 to a Hewlett Packard 3000 111 The
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PHASE 3 1978 81

DEPARTMENT OF INFORMATION SYSTEMS

Courses in the Information Systems Program

INFORMATION BUSINESS

SYSTEMS SUPPORT

COURSES COURSES

IS101 Introduction to Data

FRESHMAN
Processing AC101 Basic Accounting I

IS102 EDP Problem Solving AC102 Basic Accounting II

and Logic

IS 201 COBOL EC101 Principles of

SOPHOMORE
15202 RPG II Economics I

IS204 Systems Design EC102 Principles of

15207 Computer Organization Economics II

1S O Data Base Concepts

IS305 Introduction to

Teleprocessing
JUNIOR IS306 Operating Systems FM10l Corporation Finance

15 1 Advanced Business

Applications
IS335 Assembler

IS409 Installation

SENIOR
Training I

IS410 Installation

Training II

TOTAL HRS 39 15

As part of their graduation requirement students have fifteen hours

of open electives They normally use theSE to secure a minor in a

support business area No more than six hours may be taken from

the following list of Information Systems E lectives

IS115 FORTRAN IS301 Operations Research

IS125 BASIC IS315 Minicomputer Concepts
IS206 Financial Information 15332 Statistical Applications

Systems 15337 Privacy and Security in

Computer Systems

Figure 3 Phase 3
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Department of Information Systems sold the Nova 2 to piggyback
upon the HP 3000 and established a Remote Job Entry RJE site
to the HP 3000 employing 10 CRT s dedicated disk drives and
a line printer This represented a significant advance for the

program bacause on campus computer facilities could finally be
characterized as state of the art

The faculty now five in number and possessing state of
the art equipment were more concerned than ever with maximizing
the students educational exposures Although student outcomes
were steadily improving and the program was establishing a solid

reputation as a leader in data processing education in New England
other colleges were now attempting to jump on the ban wagon and
the competition for good students was increasing Although

EDP Problem Solving and Logic had served to bridge the gap
between Introduction to Data Processing and COBOL students
were having difficulty bridging the gap between COBOL and

Systems Design to effectively conquer the course requirements
of Advanced Business Applications It was clear that what we

were trying to accomplish was admirable all but the best students
were having extreme difficulty designing and implementing systems
of programs Additionally the DPMA Education Foundation had
just released the first draft of their Model Curriculum and it
was thought that the combination of experience at Quinnipiac
coupled with the recommendations of the Model Curriculum would

provide a sound basis for another curriculum review A study
was undertaken and the resulting curriculum Fig 4 became the
basis for Phase 4

Finally sensing the potential for increasing enrollments
the college granted authorization to hire an additional faculty
member for the fall of 1981

Phase 4 1981

Phase 4 of the program in Information Systems commenced in
the fall of 1981 with five full time faculty members The depart
ment currently has one open requisition which it is hoping to
fill as soon as possible but the nationwide shortage of qualified
faculty is being particularly felt on the small college level
Still it is hoped that two new faculty may be recruited to start

the fall of 1982

Department enrollments took a significant increase going
from 509 full time student seatings during the fall of 1980 to
711 full time student seatings during the fall of 1981 This
increase coupled with the difficulty in recruitment of faculty
has placed an enormous burden on the full time faculty To offset
this increase in enrollments the faculty of the department are

currently drafting a proposal to increase entrance requirements
and place quotas on future incoming freshman classes Furthur
the faculty desire to halt the practice of rolling admissions
currently employed by the college in favor of a final applications
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PHASE 4 1981
DEPARTMENT OF INFORMATION SYSTEMS

Courses in the Information Systems Program

INFORMATION BUSINESS
I

SYSTEMS SUPPORT
COURSES COURSES

IS10l Introduction to Data I
FRES HMAN Processing AC10l Basic Accounting I

IS102 EDP Problem Solving AC102 Basic Accounting II

and Logic

IS201 COBOL I EC10l Principles of

SOPHOMORE
IS 202 COBOL II Economics I

IS251 File Structures EC102 Principles of

IS330 Systems Analysis Economics II

IS211 RPG II

IS307 Computer Organization
JUNIOR IS308 Operating Systems FM103 Corporation Finance

IS331 Systems Design
IS332 Systems Implementation

IS4010 Senior Seminar

IS409 Installation
SENIOR Training I

IS410 Installation
Training II

TOTAL HRS 42 15 I
As part of their graduation requirements students have twelve hours

of open electives They may choose to takE the following courses as

partial fulfillment of their open elective requirement

IS 221 BASIC

IS231 FORTRAN

Figure 4 Phase 4
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date for the program in Information Systems It would not be

surprising to find that these proposals meet with resistance
at the administrative level due to the fact that college enroll

ment is down some 40 students from the 1980 81 academic year
The pressure to keep overall college enrollment at a constant

is governed by the fact that the college budget is heavily
dependent upon tuition thus the pressure to increase enroll
ments in potentially expanding programs will be contrary to

the proposal currently being developed by the faculty of the

department Furthur complicating the interrelated issues of

faculty recruitment and expanding enrollments is the desire of
the School of Business to recruit faculty with credentials that

will place all departments in the school in alignment with
AACSB accreditation standards

The program is still dependent upon the Hewlett Packard
3000 111 for its computer support Expanding enrollments have

placed enormous pressure upon the computer resources and ideally
the program should have more terminals to support its course

offerings Realistically this cannot now be done for two reasons

1 there does not currently exist sufficient physical space
alloted to the department to support an increase in terminals
and 2 increasing the number of computer terminals given the

existing computer configuration may seriously impact on response
time Thus it appears unlikely that the program will be able
to accomodate much more expansion in student enrollments unless

1 a solution is found to the current space problem and 2 the

college makes a long term commitment to upgrade its computer
configuration

The academic program currently in effect Fig 4 has

attempted to address the problem of insufficiently prepared
students in the advanced business applications course The

following changes were made to the Phase J program

1 Students are now given exposure to programming
starting in the first semester of their sophomore
year and continuing every semester by 1 adding
a second COBOL course in the second semester of
their sophomore year and 2 moving RPG to the

first semester of their junior year

2 File Structures was added as a second logic
course to follow up EDP Problem Solving and

Logic It has replaced the Data Base Concepts
course and includes in its latter part an expo
sure to data structures and data bases The first

logic course is thus a prerequisite for the first
COBOL course and the second logic course has become
a prerequisite for the second COBOL course
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3 It was concluded that a separate course in

Teleprocessing was unwaranted in lieu of the

fact that almost all applications are now in

real time environment and that it was appropri
ate to teach real time concepts throughout the

curriculum Furthur the desire to include struc

tured methodoligies in the desiE course precluded
the exposure to a significant term project in the

design course Thus three courses titled Systems
Design Teleprocessing and Advcillced Business

Applications have been replaced with courses

titled Systems Analysis Systems Design and

Systems Implementation in which the faculty
will focus on the project life cycle commencing
with the problem definition user requirements
and feasibility study in the analysis course the

systems proposal in the design course and the

actual implementation of the system that was

analized and designed in the implementation
course It is hoped that this approach coupled
with the constant exposure to programming languages
will make the implementation course a much more

meaningful experience for the students and consequently
improve our finished product for industry

Conclusions

The Quinnipiac College Program in Information Systems has

been traced through the past decade with respect to four themes

1 Curriculum Development 2 Faculty Recruitment 3 Student

Body Enrollments 4 Availability of Appropriate Computer
Resources

The faculty of the department feel that the educational

program currently in place will provide a good finished product
yet at the same time are undertaking to furthur reexamine the

curriculum in light of the following influences 1 the move

on the part of the college to institute a college wide core

program 2 the desire to ultimately seek AACSB accreditation

for the program and 3 the philosophy and curricular structure

of the DPMA Model Curriculum The faculty fully support both

the educational philosophy and objectives of the Model Curriculum

and feel that the existing program can brought into alignment
with the model curriculum with only minor alterations A proposal
is currently in the hands of the administration to change the

name of the department from Information Systems to Computer
Information Systems to more accurately reflect that commitment

The faculty of the program have been traced through each of

the four phases Faculty recruitment continues to be difficult

in light of industry wide shortages of qualified personnel academic

requirements for appointment and current salary schedules in

higher education Faculty recruitment however must be accom

plished in light of increasing enrollments coupled with pressures

to let enrollments increase to offset declines in other programs
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Finally the problems of administering a program here
computer resources are dependent upon college administrative
needs were adressed It is apparent that any program cannot
continue to grow unbounded without adequate resources especially
given the increased demands of other departments to include
computer courses as part of their graduation requirements The

attitudes of all departments on the college level must change
from the parochial of serving their own needs to one of mutual

cooperation if the computer is to become the resource that it
must for all academic programs of the college
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TRACK II

SERVTITG BUSnmSS r ESDS

C Opportunities for Interaction The ZXchange of Specialists

OResource Developrlent for Computer InforYlaticn 5 stems
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The Evolution of Business Support for a Computing Major

I Goroff UW Whitewater

The business community is the end user of an university program which
graduates students majoring in business computing The interaction be
tween that business community and the university program can be mutually

L supportive The relationship develops through the several stages in the
evolution of the major

During the planning stage before the business computing major has become

a reality members of the business community provide two kinds of support
First the information processing management from these companies are

generous with their counsel on the curriculum content of the proposed
major and on the goals of the academic program Second the influence
of the business community is needed to provide the political support
to launch a new academic program during times of fiscal retrenchment

Once teaching in the major has begun the information processing areas of
the companies in your area become a resource to be tapped for guest lec
turers project development documentation field trips and case studies
Eliciting support from a broad range of companies can provide remarkable
enrichment of the classroom

At a later stage the companies in your area can participate in cooperative
studies programs where students in the major simultaneously gain experience
and earn academic credit The companies may provide summer faculty intern

ships to keep the faculty member current and in touch with the reality of

systems development

The creation of an advisory board comprised of information systems manage
ment personnel drawn from your business community is the most effective

way of gaining that support The personal and direct involvement of an

advisory board member assures that there will be a continuation of that

support The monitoring of your academic program by the board guarantees
the viability of that program

Management Department UW Whitewater Whitewater WI 53190
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The Evolution of Business Support for a Computing Major

Iza Goroff University of Wisconsin Whitewater

In the past the business community recruited its data processing personnel
from a variety of traditional academic backgrounds mathematics accounting
statistics and others Although many of these people succeeded in their
new discipline the business community began to recognize that the older
academic programs were not the ideal preparation for a data processing career

And although many companies had and still have extensive data processing
training programs those programs could not compare in breadth or depth
with the education provided through a college program

The well known transience of data processing personnel was a further dis

couragement to in house training The companies with the best in house

training programs were inadvertently exporting their personnel to other

companies who slighted their training in favor of higher salaries to the

trained

All of these factors combined with the general thirst of companies for data

processing personnel have created a climate of support for college programs
which prepare graduates for data processing careers That support is there

waiting to be tapped

The relationship between the business community and the academic program
develops through the stages of the development of that program

1 Planning and Preparation
How a program starts may vary A company with university ties may communicate

its desires for a program Or an university faculty might recognize a way

to increase enrollment by providing a new and popular program Or students

may try to prepare for a data processing career using existing courses

creating a de facto program

The initial contacts between university and company may be as indirect and

informal as the comments passed between a company recruiter and graduating
senior coming back to the faculty or they may be as direct and formal as

a controlled survey of the business community by the faculty

In addition to creating the demand for its graduates companies have two roles
to play during the planning stage First the companies through their infor
mation systems management provide counsel as to the curriculum content and

goals of the program The DPMA curriculum has recently become very well

publicized and depending on the resources of the university setting com

panies might suggest anything from a partial implementation to an expanded
version of that curriculum Local business needs and or changes in technology
could lead the business community to suggest some modifications to the curriculum

The participation of the business community in these decisions gives those

companies a stake in the success of the program
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The second role the business community plays is through its role in the
political community to provide the political support and impetus to start

a new program An isolated university has more forces which oppose the
reallocation of resources than those which encourage change The univer
sity s accountability to its community breaks down that isolation The
combination of a nucleus of university faculty and administration committed
to the new program together with the support of the business community is
required to begin

2 Start of the Program
Once the program has started the relationship between the academic program
and the business community shifts There is less contact than before since
the plans and preparation with which the companies were involved are being
implemented mostly without the companies active participation

It is here where some creativity is needed to continue to involve the business
community in the major Like an organ which degenerates through lack of use
business support can atrophy without continued involvement of the companies

Companies are resources to be used in class A guest lecturer drawn from
business almost always has at least one outstanding lecture to give It is
not difficult to find out what the topic of that lecture might be and in
which course it might be given Systems classes require extensive examples
of documentation Companies are generous with copies of documentation

Our DPMA student chapter uses companies heavily There is at least one

field trip per semester to a company site One company visited has in im
pressive computer controlled automated warehouse Another installation has
a state of the art graphics installation

3 Maturity
This stage occurs after the graduation of the first class Once a group of
students has completed the program there is the opportunity for new kinds
of business support

First there is feedback How did your graduates fare in their first jobs
Was their education adequate or better How does the business community
perceive the success of your program Constructive criticism is important
Comments from information systems managers who hired your graduates can be

most useful

Second there is now time to enrich your program One of the best ways is
to start a cooperative studies program common for years in engineering
but only recently implemented in data processing Our program now in its
third year has been considered successful by all of the students and all
of the companies involved although it has involved only about 20 of the

eligible students

Although any successful academic program requires a core of fulltime faculty
and although a percentage must hold Ph D degrees for accreditation the

dearth of qualified faculty means that all possible resources of faculty
must be explored High salaries for dp management has encouraged people
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who otherwise might have followed a teaching caY eer to follow the business

career instead To compensate some companies may be willing to IIlendll

qualified people for part time or limited term teaching Occasionally
a company to allow for continued upward mobil ity in its information systems
department may encourage the early retirement of some of its staff This

is a potential source of outstanding faculty

As an academic program matures there is the danger that the faculty may lose

touch with advances in the discipline The best preventative for this is
a healthy fresh dose of experience The businE ss community can provide the

setting for this a summer residency program which employs faculty in the

practical use of their skills In addition to the advantages to the faculty
member of sharpened skills and extra salary ther e are major advantages to the

business community a better faculty to produce better graduates and the

stimulation brought to the company by the IInew bloodll of the faculty member

The company practice is incorporated by the faculty resident into that

teacher s future academic practice as well

The advantages of the university business interaction are too important to

be left to chance It is best to formalize SOmE relationships We have

created an advisory board comprised of informatiion systems managers from

sixteen companies in our service region The board meets twice a year with

agenda topics from both the faculty and board members Almost always the

faculty and board reach a consensus on each issue presented The involve

ment of the board in the academic program means that each member has a stake

in the success of the program as does the faculty and the students
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RESOURCE DEVELOPMENT

FOR COMPUTER INFORMATION SYSTEMS EDUCATION

Dr Thomas He

I COMPUTING RESOURCES

A HARDWARE

B SOFTWARE

II FACULTY RESOURCES

A PROFESSIONAL ACTIV1TIES

B CONTINUING EDUCATION

C PERSONAL DEVELOPMENT
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I

COMPUTING RESOURCE ISSUES

1 ACTIVITIES

I

A ACGUISITION

B OPERATION AND MAINTENANCE

C REPLACEMENT

II STRATEGIES

A SELECTION

B FINANCING
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FACULTY RESOURCE ISSUES

1 ACTIVITIES

A RECRUITMENT

B HUMAN RESOURCE DEVELOPMENT

C RETENTION

11 STRATEGIES

A SELECTION

B PROFESSIONAL ACTIVrSM

C CONTINUING EDUCATION

D SUPPORT
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INDUSTR Y RELAT IONS

I PLACEMENT

A GRADUATES I

B SUMMER EMPLOYMENT

C COOPERATIVE EDUCATION

I I INDUSTRY ADVISORY COMMITTEE

III FACULTY DEVELOPMENT

A FACULTY INTERNSHIP

B COOPERATIVE TRAINING

IV GIFTS

A HARDWARE AND SOFTWARE

B TRAINING MATERIALS
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SYMBIOSIS CAMPUS ANI COMMUNITY

or

What to Do When IndlJstry Discovers YOIJr Town

Dr enneth J Klingenstein

One of the ITIO re interesting deve 1 oPlTlents in the onslo i rlsl

revolution in telecommunications and networy insl is the delTl i se of

the one location corpol ation Transnli ttinsl info rfflat ion from coast

to coast is neither fflore difficult nor appreciably slower than

transmitting acrosS town As a conseuence corporate e pansi on

no 1 onse r restricts itself to a central site which often has a

depleted labor pool and a hish cost of livinsl Instead the

decisiorl critel ia for locatins a new plant rlla select a town with

a catalllst larsle militarl or space installations for e amp 1 e

iHld a hish Gualitll of li fe in order to attract emplolees Once a

major corporation has ITlade an initial i rlv est 1TI ent in a locale the

secondarll emplollers of consultants subcontractors and add on

companies uSIJallll follow This discoverl phenonlena has occIJrr j

in fflanll SIJn Belt towns recently inclllldins r esearch Triangle Park

in North Carolina Orlando Floridar and Colorado Springs

Colorado

In order for hi slh technol og companies to cOlTlPete

successfully for elT p 1 ollees on a nat i 01101 i de level the Cf lTJPcn 1TI1Jst

be able to provide advanced educational 01 10rtun i tiE S fo r it s

workers Often these desires 1 0I MEtA s and Masters in COtllPlJt

Science or Ensineerinsl land upon a slTlall local econd tiel

universitll that is ill prepared to handle either the increase in

students or the delllands made on facult and eC IJiplTlent by advanced

stlJdents Due to an unaware administr ation board of 90V rno 1 1

or state leslislature the universitl ITIaI be faced with a choice of

tlJrninsl away students not advised in an era of senerall

decl irainsl enrollments or developinsl a SEt of creative responses

that serve both IJniversity and comITlU nit y In one such instance

in Colorado Springs a univel sit faced by a recalcitrant

leslislatlJre and a rapidlY slrowing h i h techno 1 09 COlTllTllJn i tI have

Joined forces to prodlJce a GIJal i tll educational envi ronlT ent and an

e pandinsl technical base This paper initialll e alTl i ne th E

reasons behind the corporate effort and the acaden ic situation

The case stlJdY is IJsed to illustrat e first the coo r dinat i on of

hardware software donations to build a C OlTIPut i nsl resource and then

to show how the related curricululTI is eolving to nH et thf

corporate needs while enriching stlJdent s and univErsit Finall

we tlJrn to an analysis of the potential 3nd problems in uch

symbiotic relationships

Colorado Springs Colorado with its high concentration elf

technical ITlilitary installations such as NORAD abov av rage

Guality of li fe and below averasle cost of living was a natulal

for corporate e pansi on in the late 70s In the last five H 3r

SOffle 15 nlaJor hislh technolog corporations have located R D arrd

prodlJct ion plants there The inflln of electronics firms in

particular placed an inordinate str ain on the edUCed iona 1

resources of the local school the University of Colorado at
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Colorado Springs UCCS The B JS iness and Engineering colleges saw

an average increase of 207 per ear in enrollments at all levels

during this period While the IJniversit was onl ta ing the

surface of demand it was alreadl stretching its resources

Combined with the traditional last between enrollments and resource

aCQuisition that e pandinst state financed schools e perience

prospects for improvement were dim Finalll individual facIJ 1 t

and administrators began contacting local chief e eCIJt ive officers

for eQuipment donations

There is a varietl of reasons for high technol091

corporations to respond to these reQIJeSts Generalll their

employees are aggressively upward mobile and want oppo rtlJn i ties to

aCQuire advanced degrees in order to attract and reta i 11

employees in a nationwide II arket some accredited local

edJcat iona 1 irlstitlJtion mlJst competently provide the COIJ rsewo rk

Furthermore students who use a partic Jlar brand of eQIJipment in

college tend to later become PIJ rchase rs of the salJ e brand

Learning on a given brarld these students also emerge as

pre trained Job applicants tJPon sraduation and IJslJallhave

developed a brand loyalty that steer them to that err p1 oye r There

are also positive effects in the facultl of an institution

receiving eQuipment gifts The eQU ipmerd facilitates developrr ent

of hardware and software products that IJtilize the eQ Jiprrlentand

consul tarlts whose incl inatiorls are brand oriented Often in house

edlJcational needs can also be met by local faculty Conversell

advanced employees with pedagolostical desires can staff university

courses as honoraria

There is also an asso rtrr ent of econon ic reasons favoring

corporate donations UstJally the sifts are ta write off and in

the case of eQuipment can be written off at their retail cost

which is abolJt twice the internal cost Gifts also rolide an

oJtlet for unsellable eQIJipment such as prototypes and blemished

models Of COtJ rse ptJblicity of this type is never bad And
lest we seelJl too mercenary most corporate e ecut i les do have a

sincere desire to generallaid education and contribute to the

COIJlmon sood
0

The IJniversity must teIJ per its initial urSIe to stratefull

accept donations and careflJlll consider several factors

Haintainence costs are sklrockettins and software sIJP ort summed

over the lifetime of the sift can easily e ceed the product

orisinal cost Donations masorr eti rrles be antiQuated and IJn Jsab 1 e

eQIJipment or incompatible with edsting reSOIJ rces On the oth r

hand sifts may be too technologically advanced to be adeQIJate 1 y

utilized such occasions are rather embarrassins to the

institution The frlJits of a business academic interface I1I Jst

above all else flJrlct i on
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In li ht of the possible problems for the IJniversitthe

critical componerlt of its effort is coordination This was

clearlthe case at uces At the onset the confi uration of the

academic complJte I was uniformli nadE Guate A PDP 11 70 runrlins

RSTS E had one fourth of a megab te of memorand one 67 megabte

disk SIJPPOrt i rIg 14 terminals attemptins to serve the needs of

4000 computer literate students ACQuisition of Illore ll elflO 11

without more disks WOIJ 1 d maintain the i o bottleneck that lindted

system response increased storage without new ITle ITI 011 had no

vallJe until more students COIJ 1 d access the machine and Il ore

terminals alone WOIJ 1 d seriolJsldetEHiorate the alreadl rJoo I

Slstem response tiRle eonseGIJent 1 I no COITIPanl WOIJ 1 d c01T11T1i t to an

offer of particular IJn1 ess the additionala reSOIJ rca resources

necessary to IJtilize the gift were also in the works

The negotiations in slJch situations are necessarill

cirCIJmspect Information on individual corporate sentiments

available eQIJ i pment and economic d adlines ITIIJSt be shuttled

discreetll between donors Corpolrate eHPectations must be

reconciled with other IJniversitdiff iI IJ 1 ties eGuipment is JIJSt

one albeit sisnificant factor in i rfIP rovir g an educational

environment Asreements on Ria i nta inence contracts for proposed

ifts mal need to be secured in advance from administrat rs In

some instances even remodelling or construction work to house

donations mlJst be initiated before an formal corporate

commitments are made

For uees there was a fortuitous intersection of COlTlPan i es in

the area The local Digital EQIJ iPlllent Corp plant manlJfae tu res

disk drives compatible with an 11 70 thel had in house prototlpes

of their most recent products United Technologies recent 1

established a microelectronics center in the Springs and was

beginnin a nationwide recruiting drive As a leading

manufacturer of plug compatible 11 70 MOS memorl thel could

SIJPP ll the second in redient With these two points of the

triangle of interlocking reSOIJ rces in I lace the sister Urri vers i tl

Comp Jte I Center in Boulder e tended a long terlT loan of terminals

to guarantee the package

The entire arrangement came together in three months several

glitches and one panic The effects on the slstelT have been

Quite pleasant M lTlorl has been increased bl factor of foura and

storage bl a factor of ten Despite a tripling in the rllJ ITI be I of

avera e IJsers per hour slstem responSItime is abolJt four times

as fast as in the previOIJS configuration The IJn ive rs i tl capital

olJtlal was less than 510 000

A si nificant aspect of the Slstel 1 IJpgrade was the gene rOIJS

contributions of ind iv idlJa 1 elTlPlolees as well as their

corporations For exaRIlle a RSTS E ssteRls developer from

Di ital devoted several long nights to fine tlJning the operating

slstem on the new configuration A field service ensineer

supplied nJissing power receptacles when we ran into a nat i onw i Ie
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Hubble connector shortage Disks packs mlsterioIJsl l appeared In

short there was a genuine effort to help at all levels in local

corporations

The hardware software donations described above provided the

foundation for a continlJing b siness academic interaction on

information education It is fruitflJl to examine the interests of

both parties in this evolving dialogue Corporate rleeds for

educational institutions fall 101J 1 hII into two catesories based

IJPon compan1l size LarSer COlflPan ies competing in a global Job

market want a local school to provide advanced degrees and new

empl01lees Of COIJrse these companies depend heavill IJPon the

research done at first tier schools but local schools can better

address the aforementioned needs For smaller companies whose

market is local the above iSSIJes are often secondar1l to other
needs For example a sma 11 blJS i ness mal run into a financial

crisis that realJi res modern analltic tools found in the

IJniversitl Local blJsinesses also rell IJPon commtJn i t1l publicit l

and spirit to compete against larger fi rlflS And GIJ i te

freauent11l the entreprenurial pride of self made businessmen lead

them to participate in academic forums

The universitl s concerns in the dialoglJe involve balarlcins

the increasins desire bl students and industr1l for relevant

i e technical edlJcat ion with more traditional academic goals

In particular the urdversit1l Illust exalfl i ne the GIJestion of

advanced vocational traininS desired b1l Job oriented stlJdents

versus teaching the fundamentals An important 9tJidel ine is that

teachin9 a particlJlar techrto 1091 or s1lstem witholJt teaching

methodol091 means that students emplolees become obsolete when the

s1lstem does The IJrtiversi tl IltlJst also conve1l the traditional

human soals of education

Within these constraints there is a varietl of 900d and

common interactions interrl arid SUDtllle I hire programs classroom

guest lecturers and parle 1 disclJssions corporate horlo raria

in house courses etc The develoPDlents in Colorado Springs

illustrate some interesting approaches

In an inversion of past relationships corporate R D now

often leads IJniversi tl research Academia needs to acknowledge

expertise whatever its degree level and IJtilize it Local

Iigital and Hewlett Packard R D urti ts have been integral to

modernizing the ensineering edlJcation at UCCS DEC software

SIJPport offered RSTS E S1lstelflS prog raIJ m ing seminars for students

workin9 at the COBIPIJter Cerlte I and eventual 11 recruited SOllie

well trained studerlts Secondll when courses reauire sFecial

hardware or softwa re riot found at the IJn ive rs i tl the courses carr

be tau9ht at local plants having the needed facilities For

example a VLSI course reGIJi ring a large mainframe was talJ ht

nights at the local Digital plant While the conlPanl had to 90 to
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some leniths reiardin i security issues it iot the chance to have

its critical employees alJdi t the C01Jrse in house and also recrlJit

the top stlJdents

A particularly interestini edlJcational offshoot of the

donatiorls was a series of courses de s i ned to actlJa 11 1 Ethernet

the various computers aCGuired dlJrins this period Given the

rather disparate species involved 11 70 RSTS PDP 11 40 UNIX HP

2100 hybrid Apples etc the cha lle nse was both un iGIJe and

extremelY instructive The no host natlJre of Ethernet arid the

variety of machines slJsiested a set of networking senti na 1S

master s theses and laboratories that slowly is integrating the

CalTlPIJS together Whether the SYS tenls c ctually have ITIIJch to say to

each other is unimportant the hands Clf networkini e perience and

the sheer perversitl of assembling sl lch an odd network is reason

enouih

One of the more IJnusua 1 approches to real edlJcat ion

involves the College of Bus i nes and the Snlall BIJsiness

Administration As part of management courses teams of stlJdents

are iiven the accolJnts of failing local small businesses which

need conslJl tants The students are pe I lll i tted cOlllPlete e i3mination

of financial records etc and IJse the latest on line analytic

tools to advise the businesses Al tholJ9h at times it is too late

to help certain blJsinesses with severe managelTlent problenls

numerous cases carl be cited where the student team advised by

their business professor have literally saved the bus ines firm

from bank rlJPtcy In many other cases dramatic i ITI provem erlts have

followed as the reSIJ 1 t of the stlJdents consultation re ort

imp rovelTlents in sales revenue in ITlanagement efficiency in

bookk eepi ng and aCC01Jnt ing systems and in rJrofitability The

success of the projects has led to additional reG1Jests for

consultation by va ri OIJS parts of the university including student

government and the snack bar

The ne t few years wi 11 see an increase in corporate infllJ

into med ilJm s ized discovered COrrlllllJn ities with second ti er

academic institutions As discussed above there will be an

IJnsettl ins period for both the unillersits and the cOlllpanies a

needs and resources are e amined The situation reGuires a

remarkable degree of coordination both within the IJ ni versit I and

between academia and blJS iness With COllJlTlun i ca ti on arid

cooperation however there is e cepti on a 1 potential far canIPu

and compar y to creativell interact fo l everyone s lastins benefit
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TRACK III

DTFORllATIOE SYSTEl S EDUCATICN n THE CLASSROU

Teaching Applications Programming

oTeaching sr tems Analysis and Design

OAugmenting the Model Curriculum Elective Courses
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THE BALANCE LINE ALGORITHM AN

APPLI CATION OF STRUCTURED t11ETHODOLOGY

PRESENTtD AT THE ATIONAL

CQ FEREiKE Oi INFORMATION

SYSTEMS EDUCATION MARCH 24 1982

ROBERT T GRAUER PH D
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THE lAJOR OBJECTIVE OF THIS PAPER IS TO DEr1jONSTRATE

THE APPLICABILITY OF THE STRUCTuRED METHODOLOGY TO

SEQUENTIAL FILE MAINTENANCE THE ROLE OF THE

HIERARCHY CHART IN PROGRAM DESIGNJ TOP DOHi TESTINGJ

AND PROGRAM MAINTENANCE IS EMPHASIZED THE BALANCE

LINE ALGORITHM FOR FILE MAINTENANCE IS PRESENTED

THROUGH THE USE OF PSEUDOCODE
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OVERVIEW

BALANCE UrJE ALGORITHM

ACTIVE KEY

PSEUDOCODE

ERROR PROCESSING

HIERARCHY CHART

TOP DOWN TESTING

STUBS PROGRAM

TEST DATA

OUTPUT

COMPLETED PROGRAM

PROGRAM MAINTENANCE

REVISED SPECIFICATIONS

MULTIPLE TRANSACTION FILES

MULTIPLE TRANSACTION KEYS

EXPANDED HIERARCHY CHART

MODIFIED PROGRAM
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BALANCE LINE ALGORITHM

A GENERALIZED APPROACH TO SEQUEiHIAL FILE nAINTEi ANCE

REQUIRES AT LEAST THREE FILES AN OLD iASTER A

NEW MASTER AND ONE OR MORE TRANSACTION FILES

THE TRAi SACT I ON AI D OLD r ASTER FILES ARE I N SEQUENCE

ON THE SAME KEY WHICH IS UNIQUE FOR EVERY RECORD

IN THE OLD MASTER IT NEED NOT BE U IQUE FOR THE

TRANSACTION FILE I E MULTIPLE TRANSACTIONS ARE

ALLOWED FOR THE SAME MASTER RECORD

THREE TRANSACTION TYPES ARE PERMITTED ADDITIONS

CHANGES AND DELETIONS AND MAY BE PRESENTED IN ANY

ORDER

THE CONCEPT OF AN ACTIVE KEY IS THE BASIS OF THE

ALGORI THr1
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ACTIVE KEY

DEFHJED AS THE Sf1ALLER OF THE OLD f lASTER Aim

TRANSACTION KEYS CURRENTLY BEING PROCESSED

I F TRANS KEY OLD t lAST KEY

ACTIVE KEY TRANS K Y

ELSE

ACTIVE KEY OLD MAST KEY

ENDIF

AT ANY GIVEN TIMEJ ONLY THOSE RECORDS WHOSE

KEY EQUALS THE ACTIVE KEY ARE ALLOWED TO

PARTICIPATE IN THE UPDATE PROCESS

THE BALANCE LINE ALGORITHr IS EASILY EXTENDED

TO MULTIPLE TRANSACTION FILES BY DEFIrJlI G THE

A

ACTIVE KEY AS THE SMALLEST VALUE OF ALL KEYS

CURRENTLY PROCESSED

83



PSEUDOCODE

OPEN FILES

READ TRAl SACTlO FILE AT END 110VE HIGH VALUES TO TRANSACTlOKEY

READ OLD HASTER FILE AT Etm 1lOVE HJ Cll VALtES TO OLD 1 lASTER KEY

CHOOSE FIRST ACTI KEY

DO lmILE ACTIVE KEY f HIGH VALUES

F OLD MASTER KEY ACTIVE KEY
1

lOVE OLD rIASTER RECORD TO NEW 1ASTER RECORD

READ OLD MASTER FTLE AT EtD 110 l1IGH VALlJES TO OLD MASTER KEY

ENDIF

DO HHILE TRANSACTION KEY ACTIVE KEY

APPLY TR SACTION TO ND KSTER RECORD

READ TRANSACTIO FILE AT END 110VE H IGJ VALUES TO TRJu SACTlON KEY

ENDDO

IF NO DEIETIO HAS PROCESSED

WRITE NEii lASTER RECORD

ENDIF

CHOOSE NEXT ACTI rKEY

ENDDO

CLOSE FILES

STOP RUN
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ERROR PROCESSING

THE TRANSACTION FILE IS ASSUMED VALID IN AND OF

ITSELF BY VIRTUE OF A nSTAND ALONEn EDIT

NEVERTHELESSJ THERE ARE TWO KINDS OF ERRORS WHICH

APPEAR ONLY IN THE ACTUAL UPDATE THESE ARE
T

DUPLICATE ADDITIONS IN WHICH THE KEY OF A

TRANSACTION CODED AS AN ADDITION ALREADY

EXISTS IN THE OLD 1ASTERJ Arm

NO MATCHES IN WHICH THE KEY OF EITHER A

DELETION OR CORRECTION TRANSACTION TYPE DOES

NOT EXIST IN THE OLD MASTER

ERROR ROCESSLlG IS Hti DLED BY fSSIGlJEJG AN ALLOCATION STfiTUS

TO EVERY VALUE OF THE ACTIVE KEY I E J THE KEY IS EITHER

ALLOCATED OR iWT
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m

EXTENDED PSEUDOCODE

OPEN FILES

READ TRASACTI m FlLE AT E1 D 110VE H J C I VALUES TO TRANSACTIOl KEY

READ OLD l1STER FlLE AT END l10VE HIGH LliES TO OLD MASTER KEY

CHOOSE FIRST ACTIVE KEY

rDO IirlILE ACTIVE KEY f H GH UTES

IF OLD 1ASTER KEY ACTIVE KEY

l10VE YES TO RECORD KEY ALLOC1 TED S n TCH

110V OL l STER RECRD TO NEhl l iASTEi ECOfu

READ OLD A TEl FjLE AT L W l lQVE HIC1 VALUlS TO OUH STER KEY
ELSE ACTIVE KEY S QT TN OLD WSrEF FlLE

110VE NO TO REC01 D rTY ALLUCATLfJ S J Jell

E DIF

DO lTLE TRA SACTI0 EY A T1VE KEY

IF ADDITIO

IF RECORD l EY ALLOCATED SWlTCH YES

JRI TE EREOR DUPLICATE ADD

ELSE ACTIVE KEY IS NOT IN OLD l STER fILE

llO TE TRA SACTI0RECORD TO E AS ER

1 10VE yIS TO iZECLlRD EY ALLOCATED SWI TCH

EtDIF

ELSE IF CORRECTION

IF RECORD KEY LLOCATED SWlTCH YES

PROCESS COFmECTlON

ELSE ACTIH KEY IS NOT IN OLD M STER FlLE

RITE ERkOR NO lATCH

END IF

ELSE IF DELETION

rIF RECORD KE ALLOCATED S JITCH YES I

l
NOVE NO TO RECOlUl KEY ALLOCATED S TCH

PROCESS DELETION

ELSE ACTIVE KEY IS NOT TN OLD lASTER FTLE

h1RITE ERROR NO HATCH

EJD IF

L
F D IF

rttJ l 1 1 T lK D TR SAC1JUrTLE AT E D 1 lE 11 1 S fO Pv
SACTlO

KEY

E DDO

I F RECORD HY M I OCATE D SlJ nOI YES
WRITE NE T il1 STER RECORD

ENDIF

CHOOSE ACI IE KEY

ENDDO

CLOSE FILES

STOP RUN
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III

HIERARCHY
CHART

lWDATE lASTER FILE

I

I

I

I

I

If

RE
i

OSE

I

I

PRO
ESS

TRA
AcrIO

tLO

TER

ACTIVE

i

ACTIVE

I

FILE

I

FIs
J

I

KEY

J

I

KEY

I

I

I

I

I

I

I

BUll
0

AP
L

1J

I

PLY

WRITE
I

CHOOS
C

I

NEW

ilRANSACTIO

d

CH

J

I

ACTIVE

TER

1
0

MASTER
J

L

IASTER

I

KEY

I

I

I

I I

LDl

i

I

11
YO

f

I

READ

ADD

CORRECT
I

i

DELETE

r

READ

i

OLD

I

NE
J

I

I

OLD

I

OLD

1A

SACTIOJ

i

STER
I

I

RECOBLl

I

RI

CORD

I

RECORD
i

I

FI

I

JOTES 1

SHADED
BOXES
I

ND
I

CATE
rljODULES
WH
I

CH

ARE
CALLED
FROf

1

r

10RE
THAI
ONE
PLACE



t1

TOP DOWN TESTING

THE HIGHER LEVEL A D MORE DIFFICULT MODULES IN A

HIERARCHY CHART SHOULD BE TESTED EARLIERJ AND MORE

FREQUENTLY THAN THE LOHER LEVEL OFTE TRIVIAl

RO T I i ES

y

TOP DOHN TEST I G SHOULD BEG I AS SiJOiJ AS POSS IBLEJ

OFTEN BEFORE THE PROGRAM IS COMPLETELY FI ISHED THIS

I S ACCO PLI SHED TH ROGGH THE USE OF PART I ALLY COf PLETED

MODULESJ KNOWN AS PROGRAM STUBS

THE EARLY PHASES OF TEST I NG lRE fvl0RE CONCER ED viI TH

THE IiHERACTION BETVIEEN 10DULESJ AND VERIFICATIOI THAT

THE MODULES ARE CALLED IN PROPER SEQUE CEJ THA WITH

THE DETAILS OF THE LOWER LEVEL ROUTINES

CONSIDER I I I
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STUl3S P ROG RAfl

00001 IDENTIfiCATION DIVISION

OOOOZ PIWGRAM IO SEQSTUB

00003 AUTHOR R GRAUER

00004
00005 ENVIRONMENT DIVISION

OOOOb CUNFIGURATION SeCTION

00007 SOURCE COMPUTER I BM 4341

00008 OBJECT COMPUTER I BM 434 1

00009
00010 INPUT OUTPUT SECTION

00011 FilE CONTROL Two input files are

0001Z Of fR N orrON FI

000 l3 51 GN fa Uf f UN requued
00014 SElfCT OlD ASTER fILE

00015 ASSIGN TO UT S MASTER

0001b

00017 DATA DIVISION
00018 FilE SECTION

00019 FD TRANSACT10N f IlE

OOOZO lABEL RECURDS ARE SIANOARD

00021 BLOCK CUNTAINS 0 RECORDS

00022 kECORD CONTAINS 80 CHARACTERS

00023 DAIA RECORD IS TRANSACTION RECORD

00024 01 TRANSACTION RECORD PIC X1801

00025

0002b FD OLD MASTER F ILE

00027 LABEL ReCORDS ARE STANDARD

00028 BLOCK CONTAINS 0 RECORDS

00029 RECORO CONIAINS 80 CHARACTERS

00030 DATA RECORD IS OLO MAST RECORD

00031 01 OlDMAST RECORD PIC XI80

00032
00033 WORKING STORAGE SECTION

PIC Xll
Facilitates

00034 0 I FILLER

00035 i
VALUE wS BEGINS HERE

00036

debugging

00037 01 WS TRANS RECORO

00038 05 TR SUC SEC NUMBER PIC XI9

00039 05 TR NAME

00040 10 TR LAST NAME PIC X1151

00041 10 TR INI T IAlS PIC xx

oa042 05 TR 0 TE OF 8IRTH

00043 10 TR BIRTH MONTH PIC 99

00044 10 TR BIRTH VEAR PIC 99

00045 O TK OATE OF HIRE

00040 10 TR HIRE MONTH PIC 99

0007 10 TR HIRE YEAR PIC 99

00048 05 TR lOCATION COOE PIC XI3

00049 05 TR PER ORMANCE COOE PIC X

00050 05 TR EDUCATION COOE PIC x

000 1 05 TR Till E DA TA

00052 10 TR TITlE COOE PIC 93

00053 10 TR T I TlE OATE PIC 914

00054 05 TR SALARY OATA

oa055 10 TR SALARY PIC 9151

0005b 10 TR SALARV DATE PIC 9 41

00057

r
T KANSACTION CODE PIC x Three

00058 B6 AUDITION VAL uE A

00059 88 CORkEC T ION VALUE C
transaction type

ooaoo 118 UELf TION VALUE 0 are permitted
00061 05 fILLER PK X 24

00Jb2
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STuBS PROGRAh CO nI iHJED

00003 01 wS OlD MAST RECORD

000b4 05 OLD SOC SEC NUMBER PIC X 9

00065 05 OLa NAHE

000b6 10 ULD LAST NAHE PIC XllS

OnOu7 LO ULD I LTIALS PIC XX

00066 05 OLD DATE Of BIRTH

00069 10 OLD BIRTH MONTH PIC 99

00070 La OLD BIRTH YEAR PIC 99

00071 05 OlD DATE OF HIRE

00072 La OLD HIRE MONTH PIC 99

00013 La OLD HIRE HEAR PIC 99

00074 05 OLD LOCATION CODE PIC X131

00075 05 OlD PEkfURMANCE CODE PIC X

00016 05 ULD EDUCATIUN CODE PIC X

00071 05 OLD TITLE DATA OCCURS 2 TIMES

00078 10 OLU TITLE CODE PIC 9131

00079 La OLD TITLE DATE PIC 9141

00080 05 OLD SALARY DATA OCCURS 3 TIMES

00081 LO OLD SALARY PIC 9151

00062 10 ULD SALARY DAlE PIC 914

00083
00084 01 wS BALANCE LINE SWITCHES

00085 os WS ACTIVE KEY PIC X191

000B6 05 wS RECURD KEY ALLOCATED S IICH PIC XI J

00087
00088 PROCEDURE OIVISIUN

00089 OOIO UPDATE HASTER FILE

00090 OPEN INPUT TRANSACTION FILE

00091 OLD HA IER fILE

00092 PERFORM 0020 EAD TRANSACTJON FllE 1 Init al reads

00093 PERFORM 0030 READ OLD MASTER FILE

00094 R ORM 0040 CHOOSE ACTIVE KEY

00095 PERFORM OOSO PROCESS ACT I VEKH

00096 UNTIL S ACTIVE KEY HIGH VALUES

00097 CLOSE TRANSACTION FilE

0009B OLD MASlER FILE

00099 STOP RUN

00100
00101 a020 READ TkANSACTION FllE

00102 R AD TRANSACTION FILE INTO S IRANS RECORD

00103 AT END MOVE HIGH VALUES TO TR SOC SEC NUMBER

00104
00105 0030 READ OLD MASTER fILE

00106 READ OLD MASTER FILE INTO WS OLD MAST RECORO

00107 AT END MOVE HIGH VALUE TO OLO SOC SEC NUMBER

00108
00109 0040 CHOOSE AC T I VE KEY Determines

00110 IFTRSO C S NUMBER LESS THAN OLD SOC SEC NUMB R active key
00111 MOVE TR SOC SEC NUMBER TO S ACTIVE KEY

00112 ELSE

OJ1l3 HOVE liLU SOC SlC UMllR TU S A T E KEY

00114
00115 OO O PkOCESS ACIIV K r

OOllb ioIsPL y
00111 DISPLAY I I

OOllB DISPLAY R CO OS BEING PROCESSED

00119 DISPLAY TRANSACTION SUC SEC 1 TR SOC SEC NUHBER

00120 IDISPLAY
I ULO MASTER SOC SEC OLD SOC SEC NUMBER

00121 iU SPLAY I ACTIVE KEY liS ACTIVE KEY

00122 IDISPLAY I
00123

DISPLAY statements to facilitate testing

90



STUBS PROGRAI 1 COIH I i UED

00124 IF OlD SOC SfC NUMBER WS ACTIVE KEY
00125 MOVE YES TO S RECORDKEY AllOCATED SWI TCH
00126 PE FORM 0060 BUILD NEw MASTER
00127 ELSE
00128 MUVE NO 10 WS xECORU KEY AllOCAIED SWITCH
00129

00130 PERfORM 0070 APPlY TRANS TO MASTER
00131 UNTIL WS ACTIVE KEY NOT EQUAL TR SOC SEC NUMBER
00132

00133 IF S RECORDKEY ALLOCATEO S ITCH YES
00134 PERfURM OOBO wRITE NEW MASTER
00135
00136 PERFURM 0040 CHOOSE ACTIVE KEY
00131

v

00138 0060 BUllD NEw MASTER
00139 DISPLAY 0060 BUILD NEMASTER ENTERED
00140 PERFORM OOJO READ OlD MASTER FllE
00141

00142 007DAPPLY TRANS TO MASTER
00143 DISPLAY 0070 APPlY TRANS TDMASTER ENTERED
00144 TkA SACrION CODE TR TRANSACTION COOE
00145 IF ADDITION
00146 PERFORM 0090 AOO NEw RECORO
00147 ELSE
00148 IF CORRECTION Determines which00149 PERfORM oIOO CORRECl Olll k CORD

1 1 1 d 100150 ELSE ower eve mo u e
00151 I IF DElETION

to execute00152 PERFORM 0110 0ELETE OLO RECORO
00153 I

00154 PERFORM 0020 READ TRANSAcrl0N FllE
00155
00156 0080 kRITE NEN MASIER
00157 DISPLAY 0080 WRITE NEW MASTER ENTERED

P t 11 d d00158 ar a y co e paragrapli
00159 0090 ADD NEwRECORO
00160 DISPLAY 0090 AO NEw RECORD ENTERED
00161 IF wS RECORD KEY ALlOCATED SWITCH YES
00162 01 SPLAY ERROR DUPLICATE IT ION TR SOC SEC NUMBER
00163 ELSE
00164 MOVE YES TO WS RECO KEY AllOCATED SWITCH
OOlb
00166 CORREE O ECO Q
00161 DISPLAY OI00 CORRECT OlDRECORD ENTERED
00lb8 IF WS RECORDKEY ALLOCATEO SWITCH YES
00169 NEXT SENTENCE
00170 ELSE
00171 DISPLAY EfHlOR NO MA1CHWC Rf URU TR SOC S NUMflCR
00112

00173 OIIO UElETE ulD RECORD
00174 ILAY OI10 0ELETE OLO RECURD fNTEREO
00175 IF S REC ORDKEY ALlOCATED SWITCH YES

J00116 MOVE NO TO WS RECURD KEY ALlUCATED SWIICH
00171 ELSE
00178 I DISPLAY ERROR NO MATCHING RECORD TR SOC SEC NU

Error che
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TEST DATA

OLD lISTER FILE

10000uOOJSiJukUE P 1245JU79100 jl 0HHUl2l0b792800010812 0000980
O OJOUOO HA fO O AO 430b78100E64 Ob78 420000680360000 78

30000000 OM I L G RUM IkQb130580200Eb55510bl OOOb81480000580
400JOJOOOHE JAMIN 8110531073100E73331073 300001061260001080
5000000001ATER JS02500779200P43330779 310001081270000119
600000000GRAUER RTl1450871200E59001181B001180500001181450001180
700000000JONE S A 09500778100G6444J1793330778390000881360000779
bJOOOOOOOSMITH BBOb520681300P84 Ob81 385000681
900000000BAKER E Ob49J879100G99870B79 650000881550000879

TRAr SACT I ON FILE
Mul tipltransactions are permitted for the

same old master reco

uooooaOOOBOROiO S034JI2e1100 99bl1281550001211LA

OOOOOOJOOtlUROiO JS X C

OOOOOOOOCkAIIFORO MA09430678100E644406804200006804

400000000Hr JAMIN 8l C

I400000000tlE JAMIN Bl1054 C

4000JOUOORENJAMIN Bl 1074 C
40JOUOOOIBENJAM1N Bl 200 C

5000000UOTATER 0

555555555NE 1 MPl OYEE RT1l45 C
555555555NEw EMPlOYEE RT11440b81100Eb4440b81390000bB1A

555 55555 EIO EIPLOYEE RT 5 C
700000000JONES A 3850001B1C

BaOOO UOOMlrH RB OO C
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OUTPUT FRO 1 STUBS PROGRAf l

Active key is the smaller of old master and
REtURUS BEIN PROCESSED

transaction keysTRANSACTION SOC SEC N

OLD MASTER SOC SEe

ACTIVt KEY

0010 APPLY TRANS TO MASTE ENTEREO TRANSACTION CUDE A
0090 ADO NEw RECORD ENTERED
OJI0 APPLY TRANS TO MASTER ENTERED TRANSACTION CODE C
OIOO COKRECT OLD RECORD ENTERED
ODBD wRITE NEw MhSTER lNILKED

RECORDS BEING PROCESSED
TRANSACTION sac SEC

LO MASTER sac SEC
ACTIVE KEY

Existing old master with no activity
OObD BUILoNE MASTER ENTERED is copied to new master
00aO KI1L NEw AS1ER lN1ERED

RECORDS BEI G PROCESSED

TRANSACTION SOC SEC N 200000000
OLD MASTER SOC SEC 1 200000000

ACTIVE KEY 200000000
D I t dd t is flagged

OObO BUIlo NEw ASTER ENTERED

up 1ca e a 1 10n

I0010 APPLV TRANS TO MASTER ENTERED TRANSACTIGN CODE

AI10090 ADO NEW RECORD ENTERED
ERROR DUPLllA IE ADD IT ION 200000000

0080 wRIIE NEw MASTER ENTEKED

REtORDS BEING PkUCESSED

TRANSACTION SUC SEC 400000000
OLD MASTER sac SEC j 300000000

ACTIVE KEY 300000000

OObO BUILD NEw MASTER ENTERED
OOSO WRITE NFw MASTER ENfEREO

RECGKJS BEIN PROCESSED
TRANSACTION soe SEt 400000000
OLD MASTER sac SEe 40000000 Three transactions are applied to
ACTIVE KEY 400000000

same master record
o ILoNEw MAS ER ENTERED
0070 APPLY TRANS TO MASTER ENTERED TRANSACTION CODE
OlOO CDRRECT OlD RECORO ENTERED

100lJ APPLY TRANS TO MASTER ENTERED TRANSACTION CODE C

i0100 tORRECT OLD RECORD ENTERED
007u APPLY TRANS TDMASTER ENTERED TRANSACTION CODE C
0 100 tORR EC T DL RECORO E NTE REO
OOBO nRITE NEwMASTER ENTERED

RECORDS BEING PROCESSED
I RANSAC T ION SOL SEe oDJOOOOOI
OLD MASTER SUC SEC 1 UOUOOOOO
ACTIvE KEY 4DOJOOOOl Error message indicating a miscopied

OU J APPL Y T RAI J J MA T lR E NlfRlD social security number
01 OO CJRR Et T OlD RECORD ENTEkED

I EKkURNO M T CHLN G R EtORQ OOOOOOI
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STUBS OUTPUT cornI NUED

RECORDS BEING P OCESSED

TRANSACI10N SOC SEC M 500000000
OLD MASTER SOC SEC M 500000000
ACTIVE KEY 500000000

OO O BUlla NEN MASTER ENTERED

0070 APPlY TRANS TO MASTER ENTERED TRANSACTION CODE 0

OlIO DElEIE OlO RECORD ENTERED

RECJRDS SLING PRUClSSED

TRANSACTION SUC SEC N 555555555
OLD MASlER SOC SEC M 600000000

Attempted correction is flagged before
ACTIVE KEY 555555555

addition is accomplishe
10070 APPLY TRANS TuMASTlR ENTERED TkA ACTio CODE cl
OIOO CQRRlCr OLD RlCORD ENTERED

ERROR NO MATCHING RECORD 555555555

070 APPLY TKA S TO MASTlR ENTlRED IRANSACIION CODE A

O O ADD NEw RECURD E TEKED

070 APPLY TRANS TO MASTER ENTERED TRANSACTION CODE C

100 CORK T OLD E Q O ENTEB

0080 RITE NE MASTER ENTERED

Correction successfully applied after
RECORDS BEING PROCESSED

additionTRANSACllON sue SEC 00000000
OLD MASTER suc SEC I 600000000

ACTIvE KEY 600000000

OObO BUllD NEw MASTER ENTERED
ooao wRITE NEw MASTER ENTERED

RElORDS BlIN PRUCESSED
TRANSACTIUN SOC SEC N 700000000

OLD MA5TU UC SlC N OOllOllOOO
ACTIVE KEY 700000000

OObO BUILD NEW MASTER ENTERED

0070 APPlY TRANS ToMASTER ENTERED TRANSACTIUN CODE C
D100 CORRECT OlO RECURU ENTERED

0080 wRITE NEN ASTER ENTERED

RcCURDS BEING PROCESSED
TRANSACTION sac SEC M 800000000

OLD HASTER sac SEC BOOOOOOOO
ACTIVE KEY 800000000

OObO BUILDNEw MASTER ENTERED
0070 APPLY TRANS TG ASTER ENTERED TRANSACTION CODE C
OlOO CORKEcr ULD RECORD ENTERED
OOBD RllE NE MA TER ENTERED

Transaction key has been set to HIGH VALUES

RECORDS BtlNG PkUCESSEO

I
and does not print

IRANSACTIUN SUC SEe I
DID MASIER C SEC 900000000

ACTIVE KEY 900000000

OObO BUILu NE MASTER ENTERED

OORO WRITl NEw MASTEK fNTERED
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ONE IS NOW CONFIDENT THAT THE ESSENCE OF THE MAINTENANCE

PROGRAM IS WORKING IT IS RELATIVELY EASY TO FILL IN

THE DETAILS OF THE LOHER LEVEL ROUTINES Aim COf 1PLETE

THE PROGRA 1
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CDriP LETED P ROG RA l

00001 ILJENllflCAT IUN DIVISION

00002 PI OGRAI D SEiUPDl

00003 AUTHOR R GRAUER

00004
00005 ENVIRUNMENT DIVISION

00006 CONFIGURAl I N SECTION

00001 SOURCE COMPU T E R 16M 4341

00008 OBJECT COMPUTER 161 4341

00009
00010 INPUT OUTPUT SECTION

00011 f I LEo CONTROL

00012 SELECT TRANSACTION FILE Output file has been added

00013 ASSIGN 10 UT S TRANS

00014 SELECT OLD MASTER FILE

00015 ASSI N TO UT S HASTER

00016 SELECT NEk MASTER FILE I
00011 ASSI N 10 UT S NE MAST

00016

00019 D A 1 A U I V I S ION

00020 FILE SECTION

00021 fD TRANSACTIUN IILf

00022 LABEL RECORDS ARE STANDARD

00023 BLOCK CONTAINS 0 RECORDS

00024 RECORD CONTAINS BO CHARACTERS

00025 DATA RECORD IS TRANSACTION RECORD

00026 01 TRANSACTION RECORD PIC X 80

00021
00028 fD DLD MASTER fILE

00029 LABEL RECORDS ARE STANDARD

00030 BLOCK CONTAINS 0 RECORDS

0031 RECORD CONTAINS 80 CHARACTERS

0032 DATA RECOKD IS OLU MAST RECOI D

00033 01 OlDt1AST RECORD PIC X1801

0lCJ34
00035 FD NEw MASIER F Ilf

00036 LABEL RECORDS ARE STANDARD

00037 BLCCK CONTAINS 0 RECORDS

00038 PECCRD CONlAINS 60 CHARACTERS

ODu39 DATA RECORD IS NEj MASl RlCORD

00040 01 NE MASl I ECGRD PIC XI60

00041
00042 GRKING STORAGE SECTION

00043 01 FILLER PIC XI141

00044 VALUE wS BEGINS HERE

00045

00046 ot S TRANS KECORD

00041 05 TR SOC SEC NUMBER PIC X191

0004B 05 TR rAME

00049 10 TR LAST NAME PIC X1l51

00050 10 TR INITIALS PIC XX

00051 05 TR DATE OF 6IRTH

00052 10 TR BIRTH MONTH PIC 99

00053 10 TR BIRTH YEAR PIC 99

00054 05 TR DATE Or HIRE

00055 10 TR HIRE MONTH PIC 99
00056 10 JR HIRE YEAR PIC 99

00057 05 JR LUCAII0N COOE PIC X 3

00058 05 TR PERFU MANCE CODE PIC X

00059 U5 TR EOUCATION CODE PIC X

00060 05 TR T I TLE DAT A

00061 10 TR T IHE CODE PIC 9131

00062 10 TR T ITLE DATE PIC 914

Oa06 05 TR SAL ARY DAT A Three
00064 10 TR SALARY

transaction

00065 10 TR SALARY DAlE PIC 914 types
00066 05 TR TRANACTlUN COOE PIC X

00061 88 ADD I T JON VALuE

OIl00068 88 CORRECTIUN VALUE C

00069 88 DELETION VALUE 0

0070 05 FILLER PIC X1241

00011
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00072 101 WS ULO MASI KECURD J
00073 05 OLD SUC SEC NUM9ER PIC X191

00074 05 OLD NAME

00075 10 OLD LAST NAME PIC XCl51

0007b 10 uLD I NIT IALS PIC XX

00077 05 OLD DAIE OF BIKTH

00078 10 OLD BIRTH MONTH

00079 10 OLD BJRIH YEAR

00080 05 OLD uAIE Of HIRE

00081 10 OlD HIRE MONIH

00082 10 OLD HIRE HEAR

00083 05 OLD LOCATION CODE Record layouts are

00084 05 OLD PERfORMANCE CODE identical
00085 05 OLD EDUCATION COOE

0008b 05 ULD TITlE OATA OCCURS 2 TIMES

00087 10 OLO T I TLE COOE

00088 10 OLD TITLE DATE

000B9 05 ULD SAlARY DATA UCCURS 3 IlMS
00090 10 OLD SALARY PIC 9151

00091 10 OLD SALARY DAT PIC 9141

00092

00093 S NE MAST RECORO

00094 05 NEn SOC SEC NUMBER PIC X191

00095 05 NENAME

0009b 10 NEI LAST NAKE PIC X1151

00097 10 NE I N IT lAl S PIC xx

000911 O Nlli UAIl OF I3IRIH

00099 10 NEW BIRTH MONIH PIC 99

00100 10 NEBIRTH YEAR PIC 99

00101 05 NEW DATE OF HIRE

00102 10 NEw HIRE MONTH Pie 99

00103 10 NEHIRE HEAR PIC 99

00104 05 NELOCAIION CODE PIC X131

00105 05 Nlw PERfORMANCE COOE PIC X

0010b 05 NEw EOUCATION CODE PIC x

00107 05 NEW TlllE DATA OCCURS 2 TIMES

0010B 10 NE TITlE CODE PIC 9131

00109 10 NEw T I TLE DATE PIC 914

00110 05 NEW SALARY DATA OCCURS 3 TIMES

00111 10 NE SAt ARY PIC 9C51

00112 10 NE SAL AR Y OA TE PIC 9C41

00113
00114 01 S BALANCE LINE WITCHES

00115 05 liS ACT I VE KE Y PIC XC91

00116 05 wS RI COR 0 K f Y AllOCA Tf 0 wiTCH PIC X131

00117

00118 PROCEDURE DIVISION

00119 OOIO UPOATE MASTER fllE

00120 OPEN INPUT TRANSACTION FILE

00121 OLD MASTER FILE

JOin OuTPUT NEw MASTER FILE

OOlL3 PERfORM 0020 READ TRANSACTION FllE

00124 PERfORM 0030 READOLO MASTER fILE

00125 P RF RM OU40 CHOOSE AC1IVEKEY ProceSSIng

00126 PERFORM 0050 PROCE S5 ACT I VE KEY terminates when the
00127 UNTil n5 ACTIVE KEY HIGH VALUES

00128 CLOSE TRANSACTION fiLE active key is HIGH

00129 OlD MASTEF f ILE VALUES ie when both
00130 NEMASTER f lLE

00131 STOP RUN files are empty
00132
00133 0020 READ TRANSACTIGN fILE

00134 REAO TRANSACTION fiLE INTO nS JRANS RECORD

00135 AT END MOVE HIGH VALUES TO JR SOC SEC NUMBER

00136
00137 0030 READ OlD MAST R fllE

00138 READ OlD MASTER FILE INTu WS UlD MAST RECURD

00139 AT END MOVE HIGH VALUE TO OLD SOC SEC NUMBER

00140
00141 0040 CHUOSE ACTIVE KEY

00142 IF TR SOC SEC NUMBER lESS THAN OLD SOC SEC NUMBER

00143 MOVE TR SOC SEC NUMBER TO nS ACTIVE KEY

00144 ELSE

00145 MOVE OLD SOC SEC NUMBER TO ftS ACTIVE KEY

00146
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00147 0050 PRUCESS ACTIVE KEY
00148 If OLD SOC SEC NUMBER loiS ACTIVE KEY

00149 QV YES TO WS RflORD KEY ALLOCATED S ITCH
00150 PERfORM OObO BUILD NEW MASTER

00151 ELSE
00152 M VE NO TO WS RECORD KEY AllOCA TED SWITCH Applies multipJ
00153
00154 I PE fOR4 007l APPLY TRANS TO MASTER transact1ons to c

00155 liNT IL loiS ACT IVE KEY NOT E 9 AL TR SOC SEC NUMBER single master
001 b

00157 If WS RECORO KEY ALLOCATED S lrCH YES record
00158 PERfORM OOeD WRITE NEW MASTER

00159
00160 PERfJRM 0040 CHOOSE ACTIVE EY

00161
00162 0060 BUILD NE MASTER

00163 HOVE WS OLO MAST RECORD TO WS NEw HAST RECORO
00164 PERFORM OO O READOLD MASTER fll

00165
00166 007DAPPLY TRANS TO HASTER
00167 IF ADDITION

00168 PERFORM 0090 ADD NEw RECORD
001b ELSE
00110 If CORRECTION
00171 PERFORM 0100 CORRECT OLO RECORO
00172 ELSE
0011 If D LETION
00114 PERFORM 0110 0ELETE ULO RECORD
00175
00116 PERfORM 0020 REAO TRANSACTION FILE
00177
00118 0080 I RI TE NEW MASTER Expanded from a
00179 RITE NEI MAST RECORD FROM WS NE MAST RECORO

b00180 program stu
001 1 0090 ADD NEW kECORO
00182 If S RECORD KEY ALLOCATED S IICH YES
00183 JISPLAY ERROR DUPLICATE ADDITION TR SOC SEC NuMBER
00184 ELSE
00185 MOVE YES TO WS RECORD KEr ALLOCATED S ITCH
00186 MOVE SPACES TO S NEI MAST RECORD
00187 MOVE TR SUC SEC NUMBER TO NEh SOC SEC NUM9ER
OJlbe MOVE TR NAME TO NE NAME
00189 MOVE TH OATE UF BIRTH TO NEn JATE OF BIRTH
00190 MOVE TR UATE OF HIME TO E UATE OF HIRE
0191 MOVE TR LOCATION COD TO NEh LOCATION CODE

00192 MUVE TR PERfORMANCE COOE TO NErPERFORMANCE CODE

I00193 MOVE TR EDUCATION CODE TO N EDUCATION CODE
00194

I
MOVE TR TITLE DATA TO NEh T1TLE DATA III

00195 MUVE TR SALARY DATA TO NE SALARY OATA Ill
00196
00197 OlOO CORRECT OLO RECORO
00198 IF wS RECORD KEY ALLOCATEO ShITCH YES
00199 PERFORM 0105 CORRECT INDIVI0liAL F1ELDS
00200 LSE
00201 DI SPLAY ERROR NO MATCHING RECORD TR SOC SEC NUMBER
00202
0020 OlO COkKECT INDIVIOUAL FIELDS
00204 IF TR NAME NUT EQUAL SPACES
00205 MOVE TR NAME TO NEh NAME
00206 If TR DAJE Of BIRTH NOT EQUAL SPACES
00207 MOVE TR DAJE OF BIRTH TO NEw DATE OFBIRTH
00208 IF TR DATE UF HIRE NOT EQUAL SPACES
00209 MUV IM JAIE Of HIR 10 Nl UAT OF HIRE
0021 IF TR LU ATIUN COOE NUl E UAl SPACES
OJ211 MOVE TR LOCATION COJE TO NEn LOCATION CODE
00212 IF TR PERfO MANCE COJE NOT EUUAl SPACES
00213 MOVE TR PERFORMANCECOOE TO NEW PERFORMANCE CODE
00214 If TR EDUCATION CODE NOT ECUAL SPACES
00215 MOVE TP EOUCATION CODE TO NEW EDUCATION CODE
00216 IF TR TITlE CODE IS NUMERIC
00217 MOVE TR TITLE CODE TO NEw TITLE CODE I1J
0021ij If Tk TITLE OhTE IS NUMERIC
00219 MOVE Tk TITLE DATE TO NEw TITlE DATE 11J
00220 IF TR SAlARY IS NUMERIC
00221 MOVE TR SALARY TO NEW SALARY Ill
00222 IF TR SAlARY OATE IS NUMERIC
00223 MOVE TR SALARY OATE TO NEW S A lARY DATE ll Precludes writ1ng
00224

new master and delete00225 0110 DELE p R ORO

record see lines00276

IIf WS kIUJRO K Y AllUCAllU SIOITCIi YES l
g j STMLlV E NU 10 R fOl o KIY l1 UCA W S LQJ 157 158

00229 DISPLAY ERROR NO MATtHI G RFCURD TR SOC SEC NUMBEk
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OUTPUT OF SEQUEIH I AL UPDATE

EW iASTER

This record has been added

Two fields have been corrected from
4 100 oOOOOOO 1UrU J J Oh31281100 871281 50001281 two different

100000000SUlJRUE P U4S0tl791 S3308BOll20a792BOOOI081l60000980
transactions200JOUOOOCRAwtORO MA094jOt 1 00 1 4440118 4l0000 803bOOOOb18

30JOOOOOOMIl GRWl 0200E655510814000681480000580
400JOOOO08ENJAMIN BL 054 100E13331073 300001081280001080

5 5 55N EMPLOYEE RT11440681100Eb5550b81 390000681
f 00000000 U1 R11 081 200 00118 8001180 00001 81 000I 80

700000000JUNES A 0 500178100G64440719333071Bj85000181j60000179
800000000S ITH BB08520b81300P84000681 385000681
900000000BAKER E Ob490879100G9 870a79 650000881550000879

Social Security Number 500000000 has been deleted

ERROR MESSAGES

ERROR DUPLICATE ADOITI0N 200000000

lNNU NG MAtCHING MILORD 40uOOOOOl

Lt RUN UM A I CH I NG RECORD 5555S 5S S5

Pertains to first transaction for this record
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PROGRA l MA I NTENANCE

A WELL WRITTEN PROGRAf1 SHOULD B EASILY READ AND

MAINTAINED BY SOMEONE OTHER THAN THE ORIGINAL

AUTHOR WE WILL PROVE THE EFFECTIVENESS OF THE

STRUCTURED METHODS THROUGH THE FOLLOWING CHANGES

1 INCLUSION OF A SECOND TRANSACTION FILE FOR

PROMOTIONS AND OR SALARY INCREASES

01 PRO10TlON RECORD

05 PR SOC SEC NUHBER PIC X 9

05 PR NAME

10 PR LAST NAME PIC x15

10 PR INITIALS PIC XX

OS PR SALARY DATA

10 PR SALARY PIC 9 5

10 IR SA1ARY DATE PIC 9 4

05 PR TlTLE DATA

10 PR TITLE CODE PIC 93

10 IR TITLE DATE PIC 9 4

05 lR PROMOTIONCODE PIC x

88 SALARY RAISE VALUE IR

88 PROMOTION VALUE II

05 FILLER
PIC X 37
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2 SALARY INCREASES ARE HANDLED IN THE FOLLOWING

MArmER

Tra saction salary becomes the

Transaction present salary in new master

New Master

Old Haster

Present salary in the old master

becomes previous salary in new master

Last level of old master salary disappears

Z PROMOTIONS I E J TITLE CHANGES ARE PROCESSEDJ

IN AN ANALOGOUS MANNER

4 DELETIONS ARE TO BE WRITTEN IN THEIR ENTIRETY

TO A i EH FI lE

r

ERROR MESSAGES ARE TO PRINT THE ENTIREJ

TRANSACTION IN ERROR
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MODIFIED SEQUENTIAL UPDATE

00001 IDE TIFICATION DIVISION

00002 PRUGRAM ID SllUPEx

OJ003 AUTHOR R GH AUER

00004
00005 ENVIRONMENT DIVISION

OOOOb CO FIGUH ATION SECTION

00007 SOURCE COM PUT E R IBI 4341

00008 Ot1JEC T COMPUTE R I 611 4341

00J09
00010 INPUT OUTPUT SECTION

00011 F IIE CONTROL
00012 SELECT TRANSACTION FilE

00013 ASSIGN TO UT S TRANS

00014 SELECT OLD MASTER fIlE Promotion file has been
01015 ASSJGN TO UT S MASTER

0001b ISElECT P OMOTION FIlE added

00017 AS N TO UT S PROMUTE

00018 SELECT DELEIED RECORD FIl

00019 ASSIGN TO UT S DElETE

00020 SELECT NEW MASTER fILE

00021 ASSIGN TO UT S NE MAST

00022
00023 oAT A D I V I S J ON

00020 FILE SECTION

00025 FD TRANSACTlON f IlE

0002b LABEL RECORUS ARE STANDARD

00027 BLOCK CONTAINS 0 R COROS

0002B R CORD CUNTAINS 80 CHARACTfRS

00029 DATA HECORD IS TRANSACTION RECORD

00030 01 TRANSACTIONRECORD PIC X180J

00031

00032 FD OLD MASTER FlLE

00033 lAnEL RECORDS ARE STANDARD

00034 BLOCK CONTAINS 0 RECORDS

00035 RECORD CONTAINS 80 CHARACTERS

0003b DATA RECORD IS OlD MAST REC D

00037 01 Ul D MA S T KECORD PIC X1801

OOUld

00039 FD PROMOT I crj f IlE

00040 LABEL RECORDS ARE STANDARD

00041 6L CK CONTAINS 0 RECORDS

0002 RECURD CONTAINS 80 CHARACTlRS

00043 DATA RECOkD IS PH OMOTION RECORD

00044 01 PRUMO T I ON RECORU PIC XI80

OU045
OD04t FD DELETED RECORD FILE

00047 LABEL RECORDS ARE STANDARD

a004a BLOCK CONTAINS 0 RECORDS

00049 RECORD CONTAINS 80 CHARACTERS

00050 DATA RECORD IS DELETED RECORD

00051 01 DLLET ED IH CURO PIC X1801

00052
00053 FD NEMASTER F IlE

00054 lABEL RECORDS ARE STANDARD

00055 BLOCK CONTAINS 0 RLCURDS

0050 RECUKD CUNTAINS 80 CHARACTERS

00J57 DATA RECORD IS N w MAST RECORD

00058 01 IE MA S T RECORD PI X1801

00059

OOObO ftURKING STORAGE SECTION

OOObl 01 FILLER PIt XI14J

00002 VALUE HS BEGINS HEkE

000b3
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000b4 01 WS TRANS RfCORD

00065 05 TR SUC SE NUMBER PIC X 9

00066 05 TR NAME

00067 10 TR LAST NAME PIC XII5

OOOb8 10 TR INITIALS PIC XX
000b9 05 Tk OAT Of BIRTH

00070 LO T tlIRTH MONTH PIC 99
00071 10 TR BI RTH YEAR PIC 99

00072 05 TR OATE OF HIRE

00073 10 TR HIRE ONTH PIC 99

00074 La TR HIRE YEAR PIC 99
00il7S 05 TR LOCATJONcODE PIC XI3

0007b 05 TR PERFURMANCE CODE PIC X
00071 05 TR EDU ATIO CODE PIC X

00078 05 TR TITLE DATA
00079 10 T R T I Tl E CODE PIC 93

00080 10 TR TitlE DATE PIC 914
00081 05 TR SAL ARY DA T A

00082 10 TR SALARY PIC 915

00063 LO TR SALARY OATE PIC 914
000114 U TR IRANSALTION COOE PIC X

00085 88 ADO IT ION VALUE A

00086 88 CURREC T ION VALUE C
00081 88 OELUION VALUE 0

00088 05 FillER PIC X1241
00089

00090 01 S PROMOTION RECORD

00091 05 PR SU SEC NUMBER PIC X 9

00092 05 PR NAME
00093 LO PR LAST NAME PIC XI 15

00094 10 PR INITIALS PIC xx
OOOS 05 PR SALAI Y OATA

00096 10 PR SALARY PIC 9151

00097 10 PR SAL ARY QA TE PIC 9 4

00098 05 PR TITlE DATA

00099 LO PR T I HE CODE PIC 93
00100 10 PR T1TLE DAlE PIC 9 4

00101 05 PR PROMOT10N CODE PIC X
00102 88 SALARY RAISE VALUE R I

00103 88 PROMOTION VALUE P

00104 05 FILLER PIC XI31I

00105
00106 01 WS OLD MAST RECORO

00107 05 OLD SOC SEC NUMBER PIC XI9
00108 05 OLD NAME

00109 10 OLD LAST NAME PIC XI15
00110 10 OLD INITIALS PIC xx
00111 05 OLD OATE OF BIRTH

00112 10 OL O BT R T H MUNTH PIC 99
00113 10 OLD BIRTH YEAR PIC 99
00114 05 lIL O JA IE Of H I RE Two levels of tHIe da
00115 10 JI 0 111 R MONTIi

00116 10 OLO HIRE HtAR PIC 99

0OlL7 05 OLU lOCATION CODE PIC XU

00118 05 ULO P fGkMANCE COOE PIC X

00119 05 OLD EOUCATION COOE PIC X

00120 ro j 6ru LE DA T A OCC 2 f ME s l Three levels of salar

00121 0 OLO TITLE COOE 913 data
00122 10 m O T I Tl F DATE 9141
00123 I 0 5 fJ0 SAl ARY DAT A occY S r

00124 10 OLD SALARY PIC 9151

00125 10 OLD SALARY DATE PIC 914
OOllb
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00127 01 S NE MAST RECORD

00128 05 NEw SOC SEC NUMBER PIC X19

00129 05 NE NAIE

00130 10 NE Ii LA S T N AME PIC X115

00131 10 lEft INITIALS PIC XX

00132 05 NEIi DATE Of 5IRTH

00133 10 rH 11 1 R T H MONT H PIC 99

00130 10 NEIIIRIH YEAR PIC 99

00135 05 NE DATE Of HIRE

0013 10 NEHIRE IONTH PIC 99
00 l37 10 NlHIR HI Ak PIC 99

00138 05 NE lUCATIUN CODE PIC Xl3J

00139 05 NEPERfORMANCE CODE PIC X

00140 O NEn EDUCATION CODE PIC x

00141 05 NEn TITlE DATA OCCURS 2 TIMES

00142 10 E TIT LE CODE PIC 913
00143 10 NEIi TITlE DATE PIC 9141
00144 05 NESAlARY DATA OCCURS 3 TIMES

00145 10 NEn SAlARY PIC 9151
00140 10 NE ALAR Y DATE Ph 9141

00147

00148 01 wS RAlANCE LINE SWITCHES

00149 05 S ACT I VE KEY PIC X191
00150 05 W RECORD KEY ALLOCATEDSwITCH PIC X13J

00151

00152 PRUCEDURE DIVISION

00153 0010 UPDATE MASTER fILE

00154 OPEN INPUT TRANSACTION fiLE

001 I IWMUIIUN flll

00150 OlO MASTER F ILE

00157 OUTPUT NEW MASTER filE

00158 DELETED RECQRDFllE

00159 PERfORM 0015 READ PROMOTION FILE

001 0 PERfORM 0020 READ TRANSACTION FIlE

001bl PERfORM 0030 READOlD MASTER FllE

001 2 PERFURM 0040 CHUOSE ACTIVEKEY

001 3 PERFORM 0050 PROCESS ACTIVE KEY
00164 UNTIL wS ACTIVEKEY HIGH VALUES

00lb5 CLOSE TRANSACTION FilE

00166 PROMOTl ON F IlE

001b7 OlD MASTER FIlE

00168 NEw MASTER flLE
00169 DELETED RECORD fllE

00170 STuP RUN
00171

00172 001S REAO PROMOTION FllE
00173 EAO PkOMOTION FILE INTO WS PROMOTION kECORO

00174 AT END MOVE HIGH VALUES TO PR SOC SEC NUMBER
00115

00116 0020 REAU TkANSACTION FILE
00171 RfAD TRA SACTION fllE INTO wS TRANS RECORO

00118 At END lOVE HIGH VALUES TO TR SOC SEC NUMBER
00119

00180 0030 REAO JlD MASTER FllE

D0181 RfAD OlD MASTI R FILE INTO WS OLD MAST RECORD
00182 AT END MOVE HIGH VALUE TO OLD SOC SEC NUM8ER

00183
OOl1l4 0040 tHUUSE ACTIVE KEY

001tl5 l
i rR SOC SEC NUMBER LESS THAN OLD SOC SEC NUMBER

D0180 IF TR SUC SfC NUMBCR lESS THAN PR SOC SEC NUMRfR
OOle7

I
0 SO S 10 S f

OD1H8 t 1 SE
00189 MOVE Pk SOC SEC NUMBER TO nS ACTIVE KEY

00190 ElSE

I00191 IF PR SOC SEC NUMBER lESS THAN OLD SOC SEC NUMBER
00192 I MOVE PR SOC SEC NUMBER TO wS ACTIVE EY

J00193 ELSE

00194 I MOVr 1lD SOC SfC NU B R TD W AC KEY
00195

Logic expanded to

include PROMOTION FILE
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00196 0050 PROCESS ACIIVE KEY

00197 JF LLD SOC SEl NUMBER S ACIJVE KEY

00198 MOVE YES TO S RECORD EY AlLOCATEU S ITCH

00199 PE FORM 0060 BUILD NE MASTER

00200 ELSE

00201 MOVE NO TO wS RECORDKEY ALLOCATED SwITCH

00202

00203 PERFORM 0070 APPLY TRANS TC MAST R

00204 UNTIL ACTJVL KEY OI EUJ L lR SOC SEC NUMBER

00205
00206 PERFORM 0015 APPLY PROMO TO MASIER

OOlOI UNIIL AlT IVE KLY NUl JUAL PM SUl Sll NUMBER

00208
00209 IF S kECORO KEY ALLOCAIEO SWITLH

00210 PEUGP OOBO wRIlf NEj MAHR

00211
00212 ERfGRM 0040 CHUOSf ACTIVE KEY

00213

00214 0060 BUILO NE MASTER

00215 MOVE WS OLD MAST RECOKO TO WS Nli MAST RECORO

00216 PERFORM 0030 READ OLD MASTER FllE

00217

00218 OOIDAPPLY IRANS TU MASTER

00219 IF ADDITION

00220 PERFORM 0090 AOO NERECORO

00221 ELSE

00222 IF CORRECTION

00223 PERFORM OIOD CORRECT OI O RECORO

00224 ELSE

00225 If OElEIION

00226 prRt URM OIIO OEI E I I UUKECORO

00227

U0228 PERFURM 0020 RrAD TRANSAL1ION FILE

00129 I d lId 1
00230 10075 APPLY PROMG TU MASTER 1

nterme late eve mo u e has

00231 IF PRUMUIION been added

00232 PERfORM 0120 00 TITlE UPOATE

00233 ELSE

00234 If SALARY RAISE

00235 PERFORM 0130 00 SALARY RAISE

00236
00237 PERFURM OOI5 R AD PROMOTION FILE

00238

00239 00dO WRI1E NEW MASTER

00240 wRITE NEw MAST RECURO FROM wS Ew MAST RECORO

00241

U024 OO JO AJlJ Nh RI LfIRlJ Error mEssages are

00243 If S ECORO K Y ALLOCATED SWI1CH YES b f
00244 OISPLAY

etter ormatt

00245 OJ SPLAY ERROR DuPL leAT E AclO III ON

00246 O S LAY TkANSACT ION jrl ERROR S TRAlS RECORD

00247 ELSE

00248 MOVE YES TO S RE IRD KO ALLOCATEO SwlTCH

00249 MOVE SPACES 10 WS N i AST l ORD

00250 MOVE TR uC SEC NUMBER TO NE SOC SEC NUMBER

00251 MOVE TR NAME TU NEw NAME

00252 MOVE TP UAIE OF BIRTH TO NE OATE OF BIRTH

00253 MOV Tk OATE Of HIRE TO NEw aATE Uf HIRE

00254 MOVE TP LUCATION COOE TO NEw LOCATION CODE

00255 MOV TR P RfORMANCE CODE TO NEw PERfORMANCE COOE

00256 MOVE TR EOUCATION CODE 10 Nlw EDUCATION COOE

00257 MOVE TR TITLE DATA TO N w TITLE DATA I

00258 MOVE TR SALARY DATA TO lla SALARY OATA Ill

00259
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00260 OIOoCQRRECT OlD RECORD
00261 IF kS RECOKu KEY AllOCATED SwITCH YES

00262 PERFORM 0105 CORRECT INDIVIDUAl FIElDS
00263 El SE

00264 DISPLAY
00265 01 SPLAY ERROR NO MATCHING RECORD

00266 DISPLAY TRANSACTION IN ERROR iJS TRANS RECORD
00261

D026B OIO ORRECT 1NOIVIDUAl FIElDS
00269 IF TR NAME NOT FQUAl SPACES
00270 MQVE TR NAME TU NEw NAME

00271 If lk DATE OF BIRTH NOI ECUAl SPACES

00272 MOVt TR OATE OF BIRTH TO NEW DATE OF BIRTH
00213 If TR DATE OF HIRE NOT ECUAl SPACES

00214 MOVl lR DATE Of HIRE TO NEW OATE Of HIRE

00215 IF TR lOCATION COOE NOT EQUAL SPACES

00276 MOVE TR LOCATIUN CODE TO NEk LOCATION CODE
00217 If TR PERFORMANCE COOE NOT ECUAl SPACES

00218 MOVE TR PERFORMANCE CODE TO NEW PERfORMANCE CODE
00279 If TR EDUCATION CODE NOT ECUAL SPACES
00280 MOVE TR EOUCATION CODE TO NEW EDUCATION COOE
00281 If TR TITLE CODE IS NUMERIC
00282 MOVE TR TITLE CODE TO NEW TITLECODE II
00283 IF TR TITlE OAIE IS NUMERIC
002 4 MUVE TR TIILE DATE TO NEM TIIlE DATE II
002115 If IP SAlARY IS NUMERIC

00286 MOVE TR SAlARY TO NEW SALARY Ill
002111 IF TR SAlARY OATE IS NUMERIC

00288 MOVE TR SAlARY DATE TO NEw SAlARY DATE Ill
00289

002J0 OllO UElETE OlD RtCORD Deleted records are
00291 IF WS RfCOKO KEY AlIOCATED swITCH YES
00292 MOVE NU TU W lURD K Y ALLUlAT ED SWI TCH written to a new file
00293 jwRITE DELETED RECORD FROM WS N w MAST RECORD
00294 ELSE
00295 DISPLAY

00296 01 SPLAY ERROR NO MATCHING RECORD
00297 DISPLAY TRANSACTION IN ERIWR WS JRANS RECORO
00298

0 1200U 1 IlLE UPDATE00299

00300 If WS R CORU KEY All 1 SW 1 TCH YES
00 01 MOL W IITlE CODE Il t l ll TLE CDDE 121
00302 MOVE NEw TITLE DATE III TO TITlE DATE 121
00303 MOVE PR TITlE CODE TO NE TIIl
00304 MOVE PR TITlE DAIE TO NEw TITlE DATE I
00 05 ELSE

h00306 DISPLAY Low level modules ave

00307 DISPLAY tfROR NO MATCHINREC OR been added
00308 DISPLAY PR0i40rIUN IN WS PROMOTJONRECORO
00J09

00310 10 13000 SAl ARY RA I SE tI
00311 IF WS RECORD KEY AlLOCAIED SwITCH YES
00312 MOVE NEW SALARY 12J TO NEIoi SALARY 131
00313 MOVE NEw SALARY DATE 121 TO NEW SALARY DATE 131
00314 MOVE NEW SALARY III TO NEk SAlARY 121
00315 MOVE NEw SAlARY DATE III TO NEft SALARY DATE 121
00316 MOVE PR SAlARY TO NEW SALARY II
00311 MOVE PR SAlARY OATE TO NEw SALARY DATE III
00318 ElSE

00319 OISPlAY

00320 DISPLAY ERROR NO MATCHING RECORD
00321 01 SPLAY PROMOTIUN IN ERROR WS PROMOTION RECORD
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INPUT TO 10DIFIED SEQUENTI L UPDATE

TRANSACT I o FILE

OOJOOOUJOl OIo JS034312BIIOO 9Hlll61550001161A
oooaOJUJObOROJl JS X C
2000000uJCHAIII Jk D MAU 430b1HIOO b4440LM0420000b80A
40UUDOOOOBENJAMIN BL C
4UOOOOOOO6ENJAMIN 1111054 C
4000000JOSENJAMIN Bl 1014 C
4000000JIAtNJAMIN Al 200 C
500000LlJOTAlfR C 0
555555555NE EMPLOYEE RTl145 C

555555555NEEI PlOYEE RTl1440661100E6444068139000068lA
555555555NE EMPLOYEE RT 55 5 C
10JOOOOOOJONES A 385000781C
800000000SMITH BB 400 C

P Ror l0T I ON FI LE

Benjamin s salary ill be updated in the new master

4oOUOOOOOBENJAMIN jsOOOOi 61

4UOOOOOOO ENJAMIN O182P

50UOOOOOOTATER 330000181 R
bOOOOOOOOGRAUER 9190J82P

looooo OOSl1 TH IOOOOOIB2 R

88SBe38B6JOHNSON 400000182 R

OLD f1ASTER FILE

10000oOOOSUGR UE P IL450tl71100E533l0880iLL0679180001081l60000980

200000000LRAJlfURD MA0930678100 640618 420000680360000678
300000000111L GROM IROb130580200E655510Bl4000b8J4BOOO0580
400000000BENJAMIN BLI051107JIOOE733JI013 3000010BllBOOOl080
500000000lATER JS0250077QZOUP433J017Q 310001081210000119
bOOOOOOOOGRAUER MTl1450ti77200E510011H180011B050000J181450001180

100000000JO E S A 09 OO778100G6444071q33J0178J90000881360000179

800JO 000 I1ITH BB0852J681300P6440681 3B50001 81
900000000BAKER E Ob90819100G99870B79 650000881550000879
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OUTPUT FROM MODIFIED SEQUENTIAL UPDATE

NEW f11AS TE R

Benjamin now has 3 salary level

to indicate that a salary
ooooOOOOOoCJROJSOj4JI2blI00X ijI1281 550 01 81

taken plac100000000 UGRUE P 12450819100 53330b802220819280 010 2bO 980 update has
20000UOOOCRAwfORO MA09430bI8100Eb 40b78 4 0 llOfflQ 0000

300OOOOOMIL ROM I Ob130580200Eb55510814000u814dOO 0580
400000000BENJAMIN BlI0541014100E7444016233310733 0 182

55555555NEw EMPLOYEE RTl1440b81100Eb5550b81 390000681
600000000GRAUER RTI1450b71200E59990182900lL8150000118L4500011BO

70 000000JONE S A 09S0071dI00Gb4440179j J011838 OOO181 60000779
800000000 MITH BBOB520681300P84000681 900000182385000b81 0 0
900000000BAKER E 06490879100G99810879 650000881550000879

DELETED RECORD FILE

Deleted records are now written to a separate file

JS02500779200P43330119 310001081270000779

ERROR r ESSAGES

Error message is better formatted

kIWR LhJPllCAI AOD II ION
M 09430618100Eb4440680420000680 1IkANSACTI0N IN EkkOH 200000000CkA fORD

EkkOR NO MATCHING RECURD

IRANSACl ION IN ERROR 400000001BENJAMIN Bl 200 C

RROR NO MATCHING RECuRD

PROMOTION IN EkROR 500000000TAlER 330000182 R

ERROR NO MATCHING RECORD

TRANSACTION IN ERROR 555555555NEw EMPLOYEE RT1145 C

ERROR NO MATCHING RECORD

PROMOTION IN ERROk 888888888JOHNSON 400000182 R
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THE POINT OF THIS EXERCISE IS THAT NON TRIVIAL CHANGES

CAf BE r ADE TO EXISTING PROGRAf 1S Et SILY AND CORRECTLY

THIS ASSUMES THAT THE PROGRAM WAS WELL DESIGNED AND

CONSISTS OF HIGHLY COHESIVE YET LOOSELY COUPLED

PARAGRAPHS ONE HAS A HIGH DEGREE OF CONFIDENCE THAT

THE CHANGES WILL WORK AND FURTHER THAT A CHANGE IN

ONE MODULE WILL NOT CREATE ADDITIONAL PROBLEMS

THE IMPORTANCE OF COBOL COSMETICS IS NOT TO BE

UNDERESTIMATED THE CHANGES WERE FACILITATED IN PART

BY THE AESTHETIC APPEAL OF THE COBOL PROGRAM PROPER

INDENTATION AND MEANINGFUL DATA AMES ARE OF PARA 1OUNT

IMPORTANCE
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fIlA I rHEI ANCE EXERC I SE

Discuss the implementation of the following changes with

respect to the expanded hierarchy chart i e indicate what

additional modules are required and or which existing modules

will change Indicate how the changes will be made in the

program itself

1 Salary increases are no longer put through automatically
but are to be rejected if any of the following
conditions occur

a The transaction salary matches the present salary
in the old master

b The transaction salary date matches the present

salary date in the old master

c The performance code in the old master is P and

d The name and initials on the transaction record do

not match the name and initials on the old master

2 new transaction type 8 accommodates a change in

social security number to an existing record The

existing but incorrec t social security number is to

appear in columns 1 through 9 of the transaction record

while the corrected social security number appears in

columns 5866 Realize that if a social security number

is changed the new master file will be out of sequence

and must be sorted However sorting is not to take

place if no social security numbers are changed If

multiple transactions are inc Lt ded all transactions

should reterence the old social security number

3 A new one position numeric field is included at the end

of the transaction record to permit historical corrections

on title or salary data Spec ifically a I indicates

the present level is to be corrected a 2 the previous

level and so on Valid values are I 2 and 3 since 3

levels of salary data are defined Valid levels for a

title correction are 1 and 2 You may assume that the

stand alone edit program has verified that the level is

valiJ

III



4 Deletions now contain a date in the TR TITLE DATE field

The deleted record is to contain this date as its

present title date and the title code 999 as its

present title This in turn causes the present title

data from the old master to become the previous values

in the deleted record Records deleted from the old

master file are still to be written to DELETED RECORD

FILE

5 Promotions Ie title changes are to be rejected if

any of the following conditions occur

a The transaction title matches the present title

in the old master

b The transaction title date m3tches the present

title date in the old master and

c The name and initials in the transaction record

do not match the name and initials in the old

rnast r
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REFERENCE

l The Balance Line Algorithm is described in an article by
Dwyer One More Time How to Update a Master File

Communications of the ACM Volume 24 Number 1 January 1981

2 The material in this presentation was extracted from a

forthcoming book by R Grauer Structured Methods Through
COBOL to be published by Prentice Hall and available in

January 1983
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TEACHING SYSTEMS ANALYSIS l ND DESIGN

Jeffrey L Whitten

Remarks

CIS 4 Systems Analysis Methods and CIS S Structured

Systems Analysis and Design are the core systems develop
ment courses in the DPMA model curriculum Professor

Whitten will offer some of his insights on the implementa
tion of these two courses The course syllabi presented by
the DPMA model curriculum will be viewed the minimum learn

ing experience Suggested supplemental learning outcomes

will be offered The course descriptions student minimum

outcomes course contint and cour SE approach has been

previously detailed

Systems Analysis Methods as the initial course

concentrates primarily on system documentation tools and

techniques rather than the process of analysis and design
deferred until CIS S The course method suggests

individual exercises or a comprehensive project also

individual Professor Whitten will outline two alternative

project approaches one for the analysis of an existing
system the other for the design of a target system The

latter approach will be suggested as most appropriate for a

stand alone course in the community college or two year

subset of the curriculum Professor Whitten will also

address the need to provide stronger conceptual framework

for the course and the need to integrate classical and

structured methods rather than treating them as an either or

proposition

Structured Systems Analysis and Design is the second of

the two courses Its emphasis is placed on problem solving
skills communications skills and the methodology of

systems development Professor Whitten will suggest the

need for an extended structured approach that more capably
meets the need for methodologies that can support the

development of decision support systems Structured

Analysis and Design are less effective in these instances
when users cannot clearly express their requirements data

flows A project approach will be sucgested

Finally the need for understanding the people and

behavioral aspects of analysis and design will be

presented as the major inadequacy in CIS 4 and 5 While

this topic can be stressed by the individual intructor in

the classroom it must be experienced to be fully
appreciated Professor Whitten will suggest and describe a

1
Adams David R and Thomas H Athey Editors DPMA

Model Curriculum for Undergraduate Computer Information

Systems Education 1981 DPMA Education Foundation pp

30 35
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strong interface to the CIS 7 course Applied Software

Development Project as one solution to the problem
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ELECTIVE COUA SES

DECISION SUPPORT SYSTEMS

SMALL BUSINESS COMPUTERS

I EDP AUDI1 AND CONTROLS

Chai noan John F S hrage
Associate Professor 1 1n gement Syst ma ic l t llll

Southern Illinols Univsr5ity t Edw rd vl11e
Edwardsville IL 62 2 S

Members Dorothy 6 Dologite
Assistant P otessar StdtltlCS and

Computer 1ntormatlon Systems
Barucn Coli e J
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CIS 10 DECISION SlJPPORT SYSTEMS

DESCRIPTION

1 A study of the design development and implementation of the

highest 1 evel of information systems which serves the

management deci si on ma er user

2 This liet of ystems provides quantitativ based information

derived from one or more data bases within and CiIr eternal to

an organization and Uiied to aid managl rs in the deciiiion

ma dng proceli5

3 Decision support systems DSS combine management information

systems management science lnd onganizational behavior

concepts in the analysis and design of systems to support
decision processes

4 Theoretical concepts wi 11 be applied to real world

applications with an analysis of e amp 1 eSi from specific
organizations

PREREQUISITE C IS l Introduction to Computer Based Systems
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COURSE CONTENT

teeiG ahill l Y l

1 SYSTEMS AND INFORrIATION CONCEPTS 10Y

STRUCTURE OF SYSTEMS IN RESPECT TO ORGANIZATIONS 10

3 TOOLS IN USING SYSTEMS 15

4 THE INFORMATION SYSTEM FOR MANAGEMENT 15

5 DECISION SUPPORT SYSTEMS 25

6 APPLICATION OF CONCEPTS WITH CASE STUDIES 15

7 COMMUNICATION SKILLS lO
I
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COMPARISON WITH ACM CURRICULUM

CXS 10 DECISION SWPPORSYS EMS

also call ed Management Information Systems and or Decision

Support Systems during the preparation of the CIS Mod e1 DI1PA

Curriculum

A C M XnFc ays e LU

The CIS 10 Decision Support Systems course is a combination of

the following ACM Information Systems Curriculum Courses

IS 3 MANAGEMENT INFORMATION SYSTEMS IN ORGANIZATIONS

and

IS 7 DECISION SUPPORT AND MODELJ NG SYSTEMS
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A CIS 16 Course on Small Business Computers

Dr Dorothy G Dologite
Baruch College City University of New York

This paper proposes that 8 course on Small Computers for Business

be considered for inclusion as 8 new CIS 16 Elective Course in the DPMA

Model Curriculum

It seems that the Model Curriculum is overwhelmingly mainframe

oriented This runs counter to current trends

The problem could be rectified with at least a CIS Elective Course

like CIS 16 Small Computers for Business I have developed such a course

for Baruch College of the City University of New York The course

description outcomes content etc has been cast into the format

arlopted by the DPMA to publish its Model Curriculum courses It is

attached for review and discussion is solicited

The course is applications and hands on oriented It seems it

would be one of the few courses es the Model Curriculum is now structured

thet would give students a computer experience from power on to

power off
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crs 16 SMALL CCMPtJIERS FOR BUSIrmSS

COURSE DESCRIPTION

An intensive study of the application of small computers to solve business

problems from single server systems to those serving hundreds in a

distributed data processing environment Common heavily used applications
on small computers like ord processing financial orksheet planning and

modeling and stand alone as ell as integrateci accounting vill be

examined Required lab projects include the dE sign and programming of a

sIrall computer business application and the systematic evaluation of

several soft are packages Small computer system alternatives selection

implementation and vendor commitments are examLned Prerequisite CIS 5
Structured Systems Analysis and Design

STUDEm OUTCOMES

To prepare students to be intelligent users and implementors of small

corrputer business solutions To be able to place today s small business

system capabilities into perspective To develop the ability to

intelligently evaluate buy and implement hard are and packaged soft are

To develop the ability to bring up an application from scratch on a small

computer

COURSE CONrENr

Characteristics of Small Computer Systems I skiii Level 21

Basic components and design models Features and differences among

micro mini and large scale computers Spectrum of capabilities
Population of su pliers and users Positi es and negatives Future

trends

2 Planning for Srr ll Computers 5 Skill Leve 1 2

Hard are and software considerations and tradeoffs Nake or buy
considerations Single user multi user distributed data processing

environnents Local net orks and data corrJ unications

3 Soft are end Hardware Acquisition Considerf tions si Skill Level 2

Locating proprietary soft are using rCF Directory trade magazines and

other information sources Locating hard are using loose leaf reference

services store demonstrations vendor literature etc Vendor

reliability and reputation Multi vendor llrrangements User interviews

Benchmark tests Checklists Evaluation matrix

CIS 16 l
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4 Evaluating and Implementing Skill Level 3
Application Packages 4

Deterndning specific user needs and im lementing co n application
pac ages such as ord processing electronic financial orksheet
stand alone and integrated accounting data base and file management
project aOllgenent portfolio management financial modeling graphics
and communication services systems Evaluating specific commercial

packages Case problems Successful and unsuccessful examples

5 Original Application Analysis Skill Level 3
and Design Considerations 5

Revie of softvare development life cycle Adaptation to scale of
user environment and system requirements Problem Ciefinition
Structured analysis and design Progr8IIJDer training Program
development and testing Performance validation Audit and control
considerations

6 Analyzing and Designing a System L Skill level 3

Actual case study problem analyzed designed and implemented General

accounting or industry specific user 8reflS

EXERCISES AND PROJEm

Ideally this course ill use packaged softvare for some stuCient exercises

minimally including a vord processing electronic financial orksheet and
stand alone accounting or simple data base file management packages If
hands on software is not available cflSe studies could be used for this

application orientation

A term project should also be required which involves the progr8Ildesign
and implementation of a simple billing or other application Students can

be expected to be prepared from the CIS 5 prerequisite to handle the

analysis and design phase of the project ithout much difficulty

A simple application is recommended because time is needed to learn ho to
use a ne system learning hov to create interactive user softvare from

power on to poveroff is one of the positive values of the tertIi project

COURSE APPROACH

This course is primarily a hands oncourse in which the stuCient gains a

orking knowledge of what small computers are and how they fill common

business application needs It also gives students a valuable computer
experience from power on to pover off

ICieally if time permits in addition to the exercises and project detailed
above stuCients should complete a hardware and or packaged soft are search
This should be related to the term project For example if a medical

CIS 16 2
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billing system is designed and programmed the soft are search should be for

a co parable package The hard are search could be for a system more

powerful than that used

SELECIED RElRENCES

Jhile there are DAny books available on small c omputer systems for business

no single textbook directly addresses all the concerns of this course

Readings must be chosen from among the any se ctions available through
books publications and reference sources This aspect of the course will

need special attention since the area of small computers for business

represents one of the most volatile areas of data processing

Best Peter J Small Business Computer Syste ns Prentice Hall 1980

Brandon Dick H and Sidney Segelstein Business Computers Boardroom

Books 1981

Dstapro Directory of Srnall Business Gon futers Dat ro ResearchJ VOLs

Or other reference souces as 8llropriate

Grillo John F and J D Robertson Eicroconl uter Systens An Applications
Approach Willian Brown 1979

reF Directory Vini Srrbl1 Business Systems 2 vols International Computer

Programs Inc Or other software reference sources as appropriate

Mini Micro Systems and other trade publications as appropriate

Sha Donald R Your Small Business Computer Van Nost rand 1981

Warren Carl and Merl Miller From the Counter to the Bottom Line

Dilithiurn Press 1979

Operating systeIt high level programming langua ge and user application
manuals as required

CIS 16 3
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Frederick Gallego3

CIS 13 EDP AUDIT AND CONTROLS

oIntroduction to Fundamentals of EDP Auditing

EDP controls

Type of EDP audits

COncepts and techniques used in EDP audits

Exposure to risk assessment

Professional standards

STUDENT OtmXMES

OUnderstanding of what EDP auditing is

oImportance of EDP controls and effect poor controls can have

oAppreciation of and rrotivation for proper dataand management processmg pract ces

COURSE CONTENT

Subject Area Level of Skill

EDP Audit Envirornnent and Canputer
Infonnation Systems 10 Skill level 3

Infonnation Systems Controls 25 Skill level 3

Canputer Audit Techniques 30 Skill level 2

Auditing Adv Infonnation Systems 20 Skill level 2

Systems Approach to Auditing 15 Skill level 3
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PRQJECIS

I Research Paper on an EDP audit related topic or a Test

Data Case providing hard on experience

II Case Study

Involving the use of

audit retrieval language
test data

on line case problem
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TRACK IV

PROFESSIONAL DEVELOpmmT FOR BUSINESS

oThe Information Systems Professional lJhere Hill He Go and

How Will He Get There

oAdvantages of In House Training rograms
orhe Applied Software Development Project
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IIIP INSTITUTE FOR CERTIFICATION

OF COMPUTER PROFESSIONALS

N

L I THE INSTITUTE FOR CERTIFICATION OF COMPUTER PROFESSIONALS

C was founded in 1957 by the eight professional societies

listed below

PURPOSE

ICCP is a non profit organization established for the purpose of testing
and certifying knowledge and skills of computing personnel It is a co

ordinated cooperative industry wide effort

A primary objective is the pooling of resources of constitutent societies so

that the full attention of the information processing industry will be focused

on the vital tasks of development and recognition of qualified personnel

The Institute will foster promote and encourage development and improvement
of standards of performance and of good practice It will become an author

itative source of information for employers educators practitioners and public
officials

PROGRAMS

ICCP serves as the focal point for its constituent societies which sponsor

related programs so that the results of their activities may be incorporated
into that of the Institute In addition to testing and certification ICCP

planned programs include job definitions curricula continuing education

and self assessment

Examinations

The Institute currently provides the Certificate in Data Processing CDP and

the Certificate in Computer Programming CCP One half day examinations are

given annually at test centers in colleges and universities in the U S A

Canada and several other international locations for these certificates

The CDP EXAMINATION consists of five sections which are intended to cover

the broad range of knowledge important for the management of computing projects
and organizations The successful completion of all five sections a minimum

of five years computing work experience and acceptance of the rccp Codes of

Ethics Conduct and Good Practice are required to receive the Certificate

The attainment of the CDP is intended to certify the knowledge and under

standing necessary to organize and direct the development of successful comput

ing systems

t r SC

A A 2 f i 1 i r CiP

CPA S d C c 2
i

t r r T CP 1

EDS A ccatrJ1 C 1 1

jiA j Cl2 I J O 1 Jr L

TST JG F PTI Y K J F C1C Al S L 3 C c
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u u

The CCP EXAMINATION is offered as three separate examinations Each of the
three examinations tests a common core of programming knowledge and an area

of specialization The three areas of specialization are Business Programming
Scientific Programming and Systems Programming There is no specific experience
requirement for the CCP but the candidate should be aware that the examinations
are primarily intended for senior level computer programmers Successful com

pletion of one of the examinations and acceptance of the ICCP Codes of Ethics
Conduct and Good Practice are required to receive the CCP in the area of special
ization Each of these certificates is intended to certify the knowledge and
understanding necessary for the design and development of successful computing
systems in that area of application

Specific requirements of this year s CDP examination are detailed in the CDP
Announcement and Study Guide available from ICCP headquarters

Both the CDP and CCP examinations are administered by The Psychological
Corporation a New York based research and testing organization

STRUCTURE

The Institute is governed by a Board of Directors to which each constituent
society designates two directors The Board of Directors elect Officers of
the Institute who as an Executive Committee act for the Board between
meetings

Standing committees that provide advice to the Board and assist in the manage
ment of the Institute are

1 Program
2 Public Information and
3 Budget and Finance

As programs are initiated by the Institute Councils are established to oversee
them and provide the necessary guidelines to assure the highest standards
Currently there are two Councils the CDP Certification Council and the CCP

Certification Council which have jurisdiction over the CDP and CCP examin
ation programs respectively

Am Association For Computing Machinery
ACPA Association of Computer Programmers and Analysts
AEDS Association For Educational Data Systems
AlA Automation One Association
CIPS Canadian Information Processing Society
DPMA Data Processing Management Association
IEEE The Computer Society of the Institute of

Electrical and Electronic Engineers
SCDP Society of Certified Data Processors
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Enhancing Hun1cln Endeavor
With the Use of Computers

By Donald E Price President Data Processing Management Assn
Executive Vice President Sierra College Rocklin Calif

j 7

The information management profes an MBA are certainly expected In fact
sion is moving at such a high rate of this would probably be a losing battle if

speed that traditional signposts are blur
rY

1
we simply concentrated on established

ring Just making the right moves and
r information managers

taking the right turns are becoming a t DPvtA through its Education Foun

risky operation demanding skill knowl r dation also is concerned about students

edge and courage from information being educated for careers in information
executives management Two months ago the

During 1982 the Data Processing t foundation released a precedent setting
1anagement Assn will be totally com

l i
Model Curriculum for Undergraduate

milled to making the unknown a man Computer Information Systems Educa

ageahle and challenging territory for its tion This is meant to improve the quality
members In addition DPMA will con

rJ
c

of graduates so business need not re

tinue to playa key role in society s under train someone who just spent four years
standing of computers and what these L J and thousands of dollars getting ready for

tools can do for business government that information processing position
education and other sectors of human en Another area of concern as the infor

deavor mation manager becomes more visible is

There is no doubt of the immense DPJ1A will cOlltinlle to the issue of trust With the public per
influence that computer and communica

J lay key role in societys ceiving computers as repositories hold
tions technology will have in the coming wulerstmzding of cOllljJlters

ing vast quantities of sensitive informa

years DPMA continues to provide tion on people there is the desire to

members the ammunition so they are and what these tools can do maintain the highest quality of computer

prepared to address targets such as low p b professional who is charged with securityor USlness
ered productivity health care economic of that information We recently ap

modeling safety of workers and thou u proved a Code of Ethics and Standards of
sands of other applications Conduct that details ethical behavior by

One area of the information cosmos in in a systematic and integrated way information managers who are members

which the computer will be invading with With the popularity of computers the of the association

light year speed is the office The speed chances of the information manager hid In order to educate all sectors on the

with which this trend is moving can com ing behind his or her black box and eom implications of the code DPMA decided

plicate introduction of electwnics to the puterese lingo are extremely slim The to hold off approval of an enforcement

office Our association is playing a computer manager has become quite vis procedure for a short time pending
significant role here by I educating its ible sometimes a target som tirnes a public review of the document and an

members to the complexities of office convenient place to lay blame more of understanding of the potential penalties
electronics of the needs of top corporate ten fortunately an opinion to be sought for unethical behavior The important
management to the introduction of new by other managers in the organization point here is that a profession in a

systems and to the variety of systems and We are hard at work honing the skills healthy and high orbit chooses to police
software available 2 providing mem needed for this new task skills that in itself in an effort to hold and enhance the

bers and companies with advice in the elude communications persuasive influ positive confidence of computers by the
form of publications and national semi encing negotiating human resource public as well as business government
nars on how the office can go electronic management and more These skills were and education users

at one time the fenced in domain of the We are just now breaking away from
MBA trained executive but no more the confining gravity of a technologicallyDATA PROCESSING MANAGEMENT

ASSN lIasfolll1ded in 1952 Its all 71wl con
The power and spread of computers are ieak atmosphere to the heady air of a

ference is Oct 17 20 ill Chicago Edward J leading to a broadening of the Illforma sphere where computers and information

Palmer is executil e director at 505 BIsse
tion manager s territory Wheth er or not systems allow people more time and re

Hwy Park Ridge III 60068 312 825 employers require that information man sources to be more human There is no

8124 agers have an MBA the kills related to more noble ambition Lm
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Turnover continues to be a problem in data processing
There is every reason to expect this situation to continue

Our industry has grown at a tremendous rate over the past
several years The U S Department of Labor reports the num

ber of computer specialists programmers and systems analysts
employed in the field increased from 607 000 in 1974 to 1 032 000
in 1979 which is a 70 increase The industry was in excess

of 300 000 people short of its needs when the year began in 1981

At that point we were hiring an average of 930 people daily
and it has been estimated that by the year 2000 that number
could exceed 2 700 people

This growth can be seen even more clearly when you realize
that by 1985 the DP industry will pull to within 17 of equal
ling the nation s mammoth auto industry and will probably pass
it within the following year or two Measured only in terms of
value of hardware if the current growth rate continues by the

mid 1990 s it should be a 2 trillion industry The number
of people employed in the field at that time could exceed
5 000 000 Experience teaches us that in a fast growing in
dustry trained people are hard to come by

Recently Computerwor1d reported the results of a survey
which was sent to DP managers representing all areas of the

country all sizes of installations and more than a dozen in
dustries Better than 60 of the respondents said that they
were operating below their optimum staffing levels The major
ity of the respondents said additionally that turnover had a

troublesome effect on their overall DP operations

The most recent turnover rate that I have seen is from 25
to 30 This is from a qroup of some 245 companies selected

according to a stratified random procedure and so seems to be
accurate

The costs of our people problems of turnover are

staggering Consider the initial period of low productivity
when you bring a new person onto a project this is compounded
by the effect upon the project of having to divert senior staff
to train the new hire Thus the low productivity spreads
to more people The direct costs of actually hiring a person
are high The staffing costs for a programmer hired at 25 000
recruitment selection initial training come to about half

the annual salary These costs by the way are quite a bit

higher when we speak of analyst and managerial slots

We also find that turnover has a multiplying effect within
many organizations Consider the effects upon the employees
of an organization beset by high turnover having to double

up on jobs tightening up schedules having vacations cancelled
in other words working under added pressure Will these people
be content to continue in such a situation
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CAUSES OF TURNOVER

The growth of our industry is rapid and expected to re

main so the costs of turnover are great both in a direct

and indirect sensei it is important that we understand the

major causes of turnover and how to handle each of these

problem areas

Salary is not as important a consideration as once thought
Several surveys have found that money is not a prime motivator

in an employees s decision to job hop The three major factors

have been found to bei 1 a lack of training 2 a low degree
of job satisfaction as it relates 1 0 career development and

3 orgainzational climate as percE ived by the programming staff

This paper will concern itself with the first two of these

factors

TRAINING

Let s discuss training or the lack of training in terms

of it s relationship to turnover In the survey that reported
the number of DP organizations tha t were understaffed respon

dents were also asked what incentives were offered to retain

people A high percentage of those who reported below staff

operations and difficulty in replacing those people lost to

turnover did not offer job related training programs

One of the most common reasons cited at intake interviews

for a programmers desire to switch jobs is a lack of state of

the art training or just as impor tant the frustration of

being given training that is neither timely nor appropriate in

light of project assignments

Employers are sometimes reduced to promising that new

hires will work with on line systems or will be trained in these

systems This can prove dangerous in two ways it can affect

the kinds of applications that get implemented if the real

need is to completely update an existing batch system but

people balk at working on the project it s difficult to get the

job do e On the other hand if people are trained in a dis

cipline such as CICS when they won t have any chance to work

with it they become very frustrated I know of situations wher

managers faced with turnover problems told their people that

they d get them CICS training even though there were no plans
to use CICS at those shops for over a year Well the people
happily accepted the training went back to what they now con

sidered an even more frustrating work environment and then

happily went off to a position where they could use their newly
acquired skills Training must be job related
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Research conducted by Daniel Couger highlights the impor
tance of effective training for DP professionals Couger
found that programmers and programmer analysts have the highest
growth needs of any class of workers surveyed High growth
need reflects a strong desire for personal accomplishment for

learning and developing new skills and for being stimulated
and challenged

A related survey administered to DP personnel in the New

York City area illustrated the importance of in house training
as a tool for keeping programmers informed More than fellow

programmers book manuals college courses installation
standards and programming schools in house training was cited

as the main source of information on skill development and

maintenance

Current research indicates that DP progessiona1s strive

constantly to improve their technical abilities In one study
programmers were asked to rate 38 items in terms of professional
need The item identified as most important was the desire to
be trained in a new operating system being planned in their

installation Items 7 through 10 on the scale were also related
to technical training and were perceived as being more important
than salary increases

There are therefore six major points to keep in mind re

garding training as a factor in turnover reduction

0 State of the art skills are important to our

population
0 In house training is the most important means

that programmers have to maintain these skills
0 Training for its own sake is wasteful and can

in fact increase turnover Training must be

timely and appropriate
0

Training can be used to develop a greater
applications knowledge and to increase

organization loyalty
0 Training can through cross training across

sections and shifts spread managements risk in

case of turnover and offer backup to critical

posts
0 And last but not least as Carol Oliver manager

of information control at Sun Life Services says
If you don t train your people they ll go to

work for someone who will
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CAREER DEVELOPMENT

A second major factor in turnover reduction one also

related to the in house training of DP professionals is job
satisfaction and career development Employment interviews

frequently find that a major reason for seeking a job change
is the feeling of Not being able to go anywhere of being
in a dead end slot Woodruff found that many DP personnel
feel locked into their present positions with little oppcrtu
nity for advancement

On the job what do DPers want According to a recent

survey junior members of DP staffs want challenging work

with new systems that seem important Senior members want

assurance of career growth ahead recognition for jobs well

done and smooth relations with user departments It has been

found that a DP staff s morale can hinge upon these factors

In fact many managers have found that their staffs tend to

worry more about promotions than salary raises

This is brought home quite clearly by looking at the

results of a study presented by Daniel Couger at a recent

DPMA session The five factors he found critical to motivation

are skill variety task identity task significance task

autonomy and feedback The variety of skills necessary to

hold a DP job seems to be a point of pride among many pro

grammers Most people as well have shown a demand to have

jobs clearly defined this is measured by the need for task

identity Task importance and task autonomy relate to the

need to understand how one s individual effort contributes to

the success of the organization Couger again found that the

growth need of DP professionals is very high and that this

need is best met through promotion and the challenge of a new

position

As any supervisor who has int erviewed propective employees
knows one of the first questions from a candidate is What

is the career path for me in your company Some interviewers

stumble along with some fabricated excuse that tries to hide

the fact that the department has no career path Others pull
out an organizational chart and proudly point to themselves

and imply that it is normal to receive promotions to manage

ment ranks

A more realistic plan is to show professionals a career

path based upon title and job responsibility changes The

path should be defined so that a programmer or analyst can see

a promotion at least every two years and sooner for the best

performers If a programming staff has not had significant
title changes in the past two years other than those caused

by turnover that department obviously does not have a career

path
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Career paths for systems and applications programmers
can and should contain at least three and preferably four
ladders These would lead to positions in applications pro
gramming systems management and marketing

There are special concerns to be aware of when an

employee elects the management track of the career path

The technician is concerned with doing things right He

is solution oriented tackles things from a limited scope
and expects immediate results from his efforts He is generally
primarily loyal to his profession

The manager on the other hand is concerned with doing
the right things He has loyalty to the profession and and
this is a big and to the corporation Because he has as his

responsibility a department of professionals he must direct
their energies to coincide with a broader set of corporate ob

jectives This requires an entirely different set of talents

from those of his people Although it is usually not neces

sary for him to actually program you will usually find him

doing just that eventually if you ve promoted without guidance
and training

Some companies have depended upon the general corporate
training department for all management training In these

companies technical training is controlled internally by DP

but management training is the responsibility of personnel
DP personnel have special characteristics that need carefully
tailored courses

If the central training department is not responsive to

the special needs than the DP department needs to consider

conducting its own supervisory training or going to a consult

ing group that specializes in DP training

Any career development program involving regularly
scheduled reviews they should be semi annual is going to have
an impact on the training department and through it on turn

over because of the training requirements that should come

from such reviews

It is important to establish lateral lines of communication
between DP and other groups in the organization Too often DP

professionals tend to congregate in their own private world of
bits and bytes They loose track of the company as a whole

Frequent guest speakers can solve that problem very quickly
These briefings should include operators and data entry person
nel who usually feel even more isolated
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To further this end users should be provided with some

form of Fundamentals of DP training Such training will

familiarize the user with the DP organization should include

a tour of the data center and should also provide the user

with a better sense of his responsibilities in the systems
design process We have provided this training for certain

companies with excellent results Users tend to corne away with

a much better understanding of the importance of DP and the DP

staff has a better basis for interaction Such reporting must

of course be anonymous individuals must never be identified

or your credibility will suffer

SUMMARIZATION

Turnover always effects an organization It is expensive
Difficulty in retaining competent personnel is most frequently
encountered in those shops who offer few meaningful incentives

Lack of education challenge and poor data processing manage

ment is enough to discourage the most dedicated of professionals

Recruiting firms can seduce our people only when we have

let them become ready for such seduction Maintain a state of

the art training program provide viable and appropriate career

paths and the turnover rate will drop This will show the

cost effectiveness of in house training
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Preface

This bulletin presents the results of a Bureau ofLa pational Outlook under the direction ofMichael Pilot

bor Statistics study of employment of workers in five Patrick Wash supervised its preparation H Philip
computer related occupations It includes information Howard and Debra E Rothstein conducted the re

on education and training for computer occupations search analyzed the data and wrote the report Vidella

the impact of advancing technology on employment H Hubbard prepared the manuscript The Bureau is
and education and projected employment requirements grateful to the many individuals who provided infor

through the 1980 s The study was conducted as part mation for the study and who reviewed and commented

of the Bureau s program to provide information about on the draft report

occupations for use in career counseling and education Material in this publication is in the public domain

planning and may with appropriate credit be reproduced with
The bulletin was prepared in the Division ofOccu out permission
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Highlights

The use of computers has become widespread in our The increasing sophistication and complexity of com

society puteroperations will require workers with more and better

The number ofcomputer systems has risen dramatically training
in the last decade In 1980 more than 600 000 computer Education and training for computer occupations have
systems were in use compared with onlyabout 100 000

in 1970 The number is expected to continue to increase
not kept up with needs

rapidly through the 1980 s If future needs for trained computer personnel are to

At fUSt limited to only a few industry applications
be met major improvements are required in at least

computers are now used in many industries New
two areas attracting qualified teachers and

applications are expected in the years ahead as rapid
standardizing program content

access to information becomes increasingly important Despite current shortcomings ineducation and training
improvements have been made The number of

The computer occupations are expected to be the most
computer degree programs is increasing rapidly and

there is a strong trend toward infusing computer
rapidly growing in the economy over the next decade

training into curricula besides computer science

Employment in computer occupations is expected to
Advances in al major areas ofcomputer technology will

rise from 1 455 000 in 1980 to 2140 000 in 1990 an
supply the user with more computer capability per invest

increase of 47 percent chart 1 This is nearly three ment dolar

times as fast as the expected rate of growth for all Hardware Advances in microprocessor technology
occupations in the economy have sIimulated the development of smaller more

efficient and less costly computer equipment Newer

Systems analysts are expected to increase from 243 000 hardware is expected to have a significant impact on

to 400 000 or by 65 percent computer employment
Software The development of easier to use

Programmers are expected to increase from 341 000 to programming languages and packaged programs is

500 000 or by 47 percent expected to continue These developments along with

the trend toward incorporating systems programming
Computer and peripheral equipment operators are functions into hardware will permit more direct

expected to increase from 522 000 to 850 000 or by 63 interaction between the user and the computer and in

percent some cases may simplify programmer job duties

Applications The number of applications made

Keypunch operators are expected to decline from practical by hardware and softwareadvances will make

266 000 to 230 000 a decrease of 14 percent the computer accessible to more users This increased

ule due to new applications will be the most significant
Computer service technicians are expected to increase factor causing rapid growth in computer employment
from 83 000 to 160 000 or by 93 percent over the next decade
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Chart 1 Employment in computer occupations 1970 1980
and projected 1990
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Chapter 1 Employment

This sIudy discusses employment in five computer Industries of concentration
occupations Systems analysts programmers computer Although computer workers are found throughout
and peripheral equipment operators keypunch opera the economy 8 ofevery 10 are in four major industry
tors and computer service technicians I Although a divisions chart 2 2 In 1978 the greatest concentration
wide variety ofother workers from engineers to sales about 30 percent was in the services division primar
clerks routinely use the computer in their daily tasks ily in computer programming services colleges and
this report focuses only on those occupations whose universities and accounting and auditing services The
very existence depends on computers Table 1 presents second largest concentration about 28 percenI was in
a brief description of the major job duties for each of manufacturing predominantly in firms manufacturing
the occupations studied durable goods About 13 percent ofall computer work

In 1980 1 455 000 persons worked in computer oc ers were in finance insurance and real estate the great
cupations Two out offive worked with computer soft majority ofwhom worked in banks and insurance com

ware either in systems analysis or programming Near paniesorganizations that have become heavily com

ly 1 in 5 entered data as a keypunch operator while 1 puterized in order to handle the large volume of trans
in 20 maintained and repaired computer hardware By actions Another 12 percent of all persons in computer
far the largest single occupation was computer and pe occupations worked in wholesale and retail trade es

ripheral equipment operator which accounted for more tablishments Most ofthese wereconcentrated in whole
than 1 ofevery 3 computer workers in 1980 table 2 sale trade where firms generally are large and where

computers have been used for years for inventory and
Geographic distribution distribution functions

Employment in computer occupations is concentra The remaining five major industry divisions ac
ted in the major urban centers where the majority of counted for less than 20 percent of computer employcompanies owning general purpose computer systems ment in 1978 Transportation communications public
are located The 25 metropolitan areas with the largest utilities and government employed mostof these work
concentrations of general purposecomputers accounted ers only 2 percent of all computer workers were found
for about 56 percent of the total value of these systems in mining construction or agriculture forestry and
in 1978 and the top 100 metropolitan areas constituted fisheries
84 percent of this total

However as the use of minicomputers increases and Industry trends 197078
as distributed data processing OOP networks become Employment of computer workers increased dramat

more widespread computer systems will become less ically over the 1970 78 period about two and one half
concentraIed This trend is expected to result in in times as fast as the rate of growth ofemployment for
creased opportunities for computer employment outside the economy as a whole chart 3 Computer employ
metropolitan areas ment grew rapidly in all industries even in those that

experienced little or no overall employment growth in
the 1970 s In manufacturing for example total employ
ment rose only 5 percent between 1970 and 1978 but

I
Fifty five different occupational titles shown in appendix C were

computer employment rose 34 percentsubsumed by the Bureau of the Census in the 1970 Census and in the
The growth ofcomputer occupations is unlike theCurrent Population Survey from 1971 to 1980 under six occupation

alcategories Computer programmer computer systems analyst com usual pattern ofoccupational growth whereby employ
puter specialist not elsewhere classified computer and peripheral ment increases as a result of growth in the industries in

equipment operator keypunch operator and data processing machine which the occupations are concentrated Employment
repairer The BLS 1970 industryoccupational matrix paralleled the

of secretaries for example has grown rapidly in recent
Census classifications This study however combines two of these

years due in large part to the rapid growth of theclassifications systems analyst and computer specialist not elsewhere

classified because of the similiarity of the work This study also uses

the term computer service technician in place of the Census title 2 Data on the industry division of computer workers are based on

data processing machine repairer in order to better reflect the job the 1978 industryoccupational matrix the most current matrix avail
duties these workers perform able when this study was prepared
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Table 1 Description of duties of computer worke

Occupation Duties

Systems analysts Analyze business scientific and engineering problems for application to

electronic data processing systems These workers are classified according to

their specialty In business they analyze business procedures and problems
such as development of integrated production inventory control and cost

analysis systems to refine data and onvert them to programmable form for

electronic data processing In scientific and technical areas they perform
logical analyses of scientific engine iring and other technical problems and

formulate mathematical models of these problems for computer solution

Systems engineers analyze electronk data processing projects to determine

equipment requirements After determining equipment requirements they

may plan the layout and implementation of computer systems to achieve
efficient operation

Computer programmers Convert business scientific and engineering problems to logical flow charts

for coding into computer language These workers are classified according to

their specialty They analyze all or part of a workflow chart or dlagram to

develop a sequence of program step s To do this programmers must apply
their knowledge of computer capabilities subject matter mathematics and

symbolic logic They thenconvert the steps to language that can be processed
by the computer

Computer and peripheral equipment
operators Computer comoe openztors monitor and operate the control console of

a computer to process data according to operating instructions They set

control switches on the equipment select and load the input and output
units with materials such as tapes 2lnd printout forms and then clear the

system and start the equipment During the run they observe the machines

and control panel for error signals Periphenzl equipment operators operate
online or offline peripheral machines according to instructions to transfer

data from one form to another print output and read data into and out of

the computer

Keypunch operators Operate alphabetic and numeric keypunchmachines to transcribe data from

source material onto punchcards paper or magnetic tape or cards

Computer service technicians Install repair and periodically service computer equipment following blue

prints and manufacturers specifications These workers test faulty equipment
and apply their knowledge of electronics to diagnose defects They replace
or repair defective components Oil occasion they consult with customers

when planning the layout for installation or in diagnosing system malfunctions

Source Bureau of Labor Statistics

Teb e 2 Employment incomputw o ions 197oaO

Computand
Comput

V Toul
SVft

Progr mmers
p ph 1 Kavpunch Ic

an lvstS Iuipment oPators
technici ns

o p ators

1970 676 037 93 200 161 337 117222 272 570 31 708

1971 709 000 715 000 1158 000 156 000 290 000 30 000

1972 798 000 88 000 188 000 196 000 283 000 46 000

1973 803 000 100 000 187 000 6 000 2153 000 47 000

1974 8157 000 113 000 199 000 46 000 249 000 50 000

19715 9615 000 140 000 223 000 9S OOO 250 000 57 000

1976 1 000 000 188 000 229 000 B7 Ooo 276 000 50 000

1977 1 003 000 150 000 221 000 102 000 280 000 50 000

1978 1 188 000 182 000 247 000 193 000 273 000 63 000

1979 1 352 000 213 000 321 000 4 3 0oo 274 000 91 000

1980 1 4155 000 243 000 341 000 i22 ooo 266 000 83 000

SOURCE aur of Ubor StatlftlCl
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Chart 2 Employment of computer workers by industry
division 1970 and 1978
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Chart 3 Percent change in employment of computer workers

and all workers by industry division 1970 78
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1 Decrease of less than 0 05 percent

Source Bureau of Labor Statistics
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finance insurance and real estate sector and the ser computer programming services Even more rapid em

vices sector which together employ almost one half of ployment growth occurred in hospitals and oIher health

all secretaries As output of firms in these sectors ex services and in miscellaneous business services Com

panded more secretaries were needed to handle the puter employment in health services increased as more

greater number of support functions Employment of flexible computer systems were increasingly adapted to

computer workers however reflects an industry s medical diagnosis and patient care Firms providing
capital expenditures for technology as employers install business management services those doing commercial

computers to increase efficiency and productivity research and development and private employment
whether or not their output is expanding agencies were three of the more significant sources of

Not all industry sectors have computerized their op growth in computer employment during the 1970 s

erations at the same pace These investment decisions These and other types of relatively small service firms

are based on price and the adaptability of computer were able to successfully incorporate small business

hardware and software to the needs ofpotential users computers into their operation
Prior to 1970 computers were generally limited to or Computer employment in wholesale and retail trade

ganizations whose size would justify the cost of a cen grew more than twice as fast as total industry employ
tral mainframe Many manufacturing firms banks and ment as wholesalers installed distriouted data process
insurance companies wholesalers and large retailers ing networks to give themselves better control over

and colleges and universities maintained their own com their inventory and distribution functions Employment
puter for batch processing of personnel records pay in retail firms increased even faster as single store op

roll inventory and records of student enrollment to erations installed a small business computer to handle

list just a few standard applications In addition proc their inventory and other business records and reIail

ess control compUlers were applied to industrial proc chains installed pointof sale terminals linked to a cen

esses that already had a high degree ofcontrol such as tral computer Finance insurance and real estate expe

steelmaking petroleum refining chemical production rienced relatively moderate gains in computer employ
and electric power generation OrganizaIions that could ment between 1970 and 1978 This reflected the rela
not afford to operate their own computer systems con tively slow growth of the insurance industry which
tracted with computer services firms to meet their data accounts for about one third of total employment in

processing needs Many others stayed completely out this industry division and the fact that operations in

of the computer market the insurance industry already had been largely com

Technological advances during the 1970 s presented puterized prior to 1970 This left only modest gains to

potential userswith an array ofmore efficient and more be made in the 1970 s

flexible hardware and software at steadily falling prices Computer employment in government grew more

that made it cost effective for a growing number ofor than twice as fast as total government employmenI
ganizations to install a computer More affordable main throughout the 1970 s This reflected the slower than

frames highly efficient minicomputers small business average growth in government during this period and

computers and a greater variety of software packages the increasing use of computers to manage the enor

all contributed to the explosion in computer employ mous amount of r ordkeeping that government pro
ment during the 1970 s grams require Growth of computer occupations was

As previously noted employment ofcomputer work strongest in State and local governments where gov
ers in manufacturing firms grew almost seven times as ernment employment growth was concentrated

fast as overall industry employment as smaller manu The smallest increase in computer employment oc

facturers installed less expensive mainframes and many curred in transportation communications and public
others adapted computers directly to the production utilities These are large centralized industries that

process One technique that developed over the period could afford the larger more expensive computer sys
was the utilization of minicomputers in distributed data terns available prior to 1970 It should be noted how

processing networks throughout a plant to enable work ever that even this relatively modest increase exceed
ers to better control operations such as the flow of raw ed the average growth rate for all occupations
materials and the precision measurement of manufac Computer employmenI in agriculture forestry and

tured items fisheries mining and construction combined increased

Computer employment in the services sector grew faster than in any other sectors as the relatively small
almost three times as fast as total industry employment firms in these industries made substantial use of small
as computer equipment became more affordable Em er less expensive computer systems

ployment of computer workers grew rapidly in the

types of establishments that already werecomputerized Occupational trends 1970 80

by the beginning ofthe decadecolleges and universi Employment ofcomputer workers more than dou

ties as well as firms providing accounting auditing and bled between 1970 and 1980 growing from 676 000 in
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Chart 4 Percent change in employment of computer workers

by occupation 1970 80
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Chart 5 Distribution of computer workers by occupation
1970 and 1980
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1970 to 1 455 000 in 1980 This was nearly five times grew three and one half times in response to the rapid
the average rate of growth for all occupations in the increase in the number ofcomputer systems in use Em

economy ployment of keypunch operators declined 2 percent as

Technological advances and changes in methods of more efficient forms of data entry were developed
operation have resulted in vastly different rates of The differing rates ofgrowth experienced by the in

growth among the individual computer occupations dividual computer occupations signficantly changed the

chart 4 All of the computer occupations except key distribution of computer employment by 1980 chart 5

punch operators grew much faster than the average for Keypunch operator for example was the largest com

all occupations Programmer employment for example puter occupation in 1970 with about two fifths of total

increased by about 111 percent and employment of computer employment As technological innovations

systems analysts increased by 161 percent as industries made their functions less important their proportion of

in all sectors sought to develop and refine software for employment fell to less than one fifth in 1980 By con

an increasing number ofapplications Decreasing hard trast computer and peripheral equipment operators
ware costs and the resultant rise in the amount of com who constituted less than one fifth of computer em

puter equipment in use contributed to a 162 percent in ployment in I970grew to become the largest of these

crease in the number of computer service technicians occupations in 1980 representing over one third of all

The largest increase however was for computer and computer personnel
peripheral equipment operators whose employment
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Chapter 2 Education
and Training

Current requirements fer good preparation for a job in this field
Educational requirements for computer workers In addition most employers prefer applicants who

range from high school to a college degree and beyond have some experience in computer programming Be

The most professional computer work which involves cause of the importance of programming experience
systems design and analysis and systems programming many who begin as programmers are promoted to an

generally is done by petsons having 4 years or more of alyst trainees Employers computer manufacturers and

college training The middle range ofcomputer work colleges and universities offer formal training in sys

involving scientific and complex business applications tems analysis
programming as well as equipment maintenance is Because technological advances occur so rapidly in

typically performed by those with training from a 2 or the computer field continuous study is required to keep
4year college or from a program operated by a com skills up to date Usually employers and software

puter vendor The work requiring the least formal ed vendors offer 1 and 2 week courses Additional train
ucation involves basic applications programming equip ing may come from professional development seminars
ment operation and keying functions This work is usu offered by professional computing societies

ally carried out by high school graduates many of An indication ofexperience and professional compe
whom have received some formal training from a pub tence is the Certificate in Data Processing COP con

lie or private school or on the job training from a com ferred by the Institute for Certification of Computer
puter manufacturer or other source Professionals upon candidates who have completed 5

Regardless of educational level however the most years experience and passed a 5 part examination

desirable qualifications for programming and systems
personnel are a background in computer science and Programmers There are no universal training require
data processing related subjects and a knowledge of the ments for programmers because employers needs vary

business the computer operation is serving Education Most programmers are college graduates others have

al requirements for the individual computer occupations taken courses in programming to supplement their ex

are as follows perience Firms that use computers for scientific or en

gineering applications usually require programmers to

Systems analysts A bachelor s degree including have a bachelor s degree with a major in computer sci

courses in computer science generally is the minimum ence and a minor in a physical science Some of these

educational requirement However the type of degree jobs requirea graduate degree Although some employ
employers prefer depends on the type of work done in ers who use computers for business applications do not

the organization For ajob with a bank insurance com require a college degree they prefer applicants who

pany or business firm a college degree in accounting have had courses in data processing accounting and

business economics or information systems is appro business administration

priate For work in a scientific or technical organiza Public and private vocational schools community
tion applicants need a degree in the physical sciences and junior colleges and universities teach computer
mathematics engineering or computer science In ad programming and data processing Instruction ranges
dition to the bachelor s degree in a suitable field some from introductory courses to advanced courses at the

employers prefer applicants to have related work graduate level High schools in many parts ofthe coun

expenence try also offer courses in computer programming
Some employers require systems analysts to have a An indication of experience and professional compe

graduate degree A growing number of employers seek tence at the senior programmer level is the Certificate

applicants who have a degree in computer science or in Computer Programming CCP conferred by the In
information sysIems Regardless ofcollege major most stitute for Certification ofComputer Professionals upon

employers look for people who are familiar with pro candidates who have passed a 5 part examination

gramming languages Courses in computer concepts

systems analysis and data base management systems of Computer service technicians Employers usually re

11



quire applicants to have 1 to 2 years ofpost high school frequently take computer science courses as well as sys
training in basic electronics or electrical engineering terns programming and management training Pro

from a computer school technical institute junior col grammers usually train in programming languages and

lege or 4 year college A few technicians are trained techniques and to a lesser extent in systems analysis
through apprenticeship programs Electronics training and design Training for computer service technicians
in the Armed Forces also is excellent preparation Gen often involves computer electronics and related courses

erally 6 months to 2 years ofon the job experience are Console penpheral equipment and keypunch opera

required before newly hired technicians are considered tors train in data preparation production control com

competent to work independently on more complex puter equipment operation techniques and occasional

systems High school courses in mathematics chemis Iy programming
try and physics are considered good preparation Com

Current status of education and trainingmunication skills also are important
As described in the previous sections various types

Computer operating personnel High school graduation ofcomputer education and training currently are avail

is the minimum educational requirement for computer able Because of the relative newness of the computer

operating jobs such as keypunch operator auxiliary occupations and the shortage ofskilled computer work

equipment operator and console operator Many em ers howeve r some problems exist in training comput
ployers prefer console operators who have some com er personnel
munity or junior college education Beginners usually One major problem that has persisted from the be

are trained on the job the length of training varies ginning of the computer era is a shortage of qualified
Auxiliary equipment operators can learn their jobs in a teachers in this field Educational institutions find it
few weeks butconsole operators require several months very difficult to keep their experienced teachers or to

of training before they are sufficiently familiar with the attract qualified teachers because salaries and research

equipment to be able to trace the causes ofbreakdowns facilities often are not comparable with those offered
Formal computer training is desirable because most by private industry Many institutions are unable to of

employers look for applicants who already are skilled fer more computer science courses because there are

in operating data entry equipment or computer con not enough instructors

soles High schools vocational schools computer and As a result of the shortage ofqualified teachers and
business schools and community and junior colleges programs the number of people receiving college de
otTer this type ofcomputer training Computer vendors grees in computer science although rising rapidly is

also otTer structured training programs for many of falling short of employers needs Graduates of pro
these workers grams in computer science are only filling lout of 4

jobs at the bachelor s level lout of 10 jobs at the mas

Postemployment training ter s level and lout of 4 jobs at the doctorate level
3

With the rapid changes in computer equipment and Due to the unique nature of the computer field

technology there is a great need for continuing educa technological advances and applications are increasing
tion programs for computer personnel The extent of at a very rapid rateeducational institutions find it dif

job related supplementary training varies widely Some ficult to design and implement courses that disseminate

employers have regularly scheduled in depth training the latest developments in a timely manner Thus the

programs in areas such as computer languages or data subject matter in similar course otTerings from ditTerent

processing operations Others provide this type oftrain schools is not always consistent

ing only when changes are made in computer proce Despite the shortcomings ofcomputer education and

dures or equipment Many companies also maintain a training in its current form a number ofpositive devel

tuition refund plan or pay for employee attendance at opments have occurred in the past few years

professional seminars Regardless of the type or length One development in computer education is the trend

of training it is usually paid for by the employer toward infusing computer training at the college and

The most common types of supplementary training university Ic vel into other curricula besides computer

include computer vendors course offerings in house science For example most schools now otTer comput

training programs on the job training professional sem er courses in their business and engineering programs

inars and reimbursement for college correspondence Furthermore one college administrator has estimated

and vocational school courses The length ofpost em that lout of 3 undergraduates and lout of 2 graduates

ployment training ranges from a few hours to more now use a computer in their coursework

than 1 year but training usually is completed in 1 to In order to make programs more relevant and to

12 weeks with the higher level computer jobs gener

ally requiring the more lengthy training 3 John w Hamblen Computer Manpower Supply and Demand

Among computer occupations systems analysts most by States 1981 lnformalion Systems Consultants
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encourage consistency among computer curricula the panded rapidly and the demand for skilled computer

Association for Computing Machinery has issued revis workers increased many people sought training in this

ed recommendations for computer education programs field But schools were not yet providing courses in

These guidelines inelude detailed course descriptions as data processing The educational system ofcourse re

well as recommendations on program organization and quired a certain amount of time to develop programs

implementation to meet the specific needs of employers Additionally
Steps also have been taken by colleges and universi the implementation of educational programs was de

ties to meet the needs of those already in the labor layed by two factors First computers were needed to

force Many schools now offer night courses in com provide practical experience for the student and this

puter science most of which are tailored to meet spe equipment was prohibitively expensive during the

cific job requirements 1950 s Secondly the relatively few people who were

CompuIer vendors and others have refined their qualified to teach at that time could earn considerably
canned learning programs to meet employers needs more money in the business world

These courses now cover a variety ofcomputer con As equipment costs gradually declined and as more

cepts and practical applications The programs which instructors became available through the 1950 s and

utilize a number of learning techniques are especially 1960 s a growing number of public and private co 1

useful for occupations with high turnover because they leges universities and vocational schools began to in

are self paced and relatively inexpensive elude data processing in their curriculums Neverthe

As the computer becomes more prevalent in all as less the number of graduates with specific training for

pects ofour economy it is increasingly important for computer jobs continued to fall further behind the ra

people to become familiar with this tool Towards this pidly growing demand To ftll this widening gap a

end a growing number of high schools are offering large number ofprivate vocational schools were estab

computer education courses These provide the student lished that offered computer training Some of these

with some programming knowledge as well as an un schools however were criticized for providing poorly

derstanding of the logic of computing and are excel qualified teachers limited subject matter and obsolete

lent preparation for use ofthe computer in any career computing equipment
In summary educating and training enough comput Thus the major sources of training in the 1950 s and

er personnel to meet employer s needs still present a 1960 s became the computer manufacturers Many per

number ofproblems The relative newness ofthe field sons trained in this way acquired only limited skills be

its rapidly changing technology and the inability of cause their training usually focused on the operating
educational institutions to compete for skilled teachers procedures for their company s computer system Em

have all been contributing factors to the shortage of ployees trained in this manner therefore found it dif

qualified computer workers in computer occupations ficult to transfer or advance to jobs requiring knowl

For a better understanding of the current situation a edge of different types of computers and related

brief look at the evolution of computer education and equipment
training is provided below Computer manufacturers continued to provide train

ing as part of the overall computer sales package until

Evolution of education and training the early 1970 s As a result of antitrust settlements

The dramatic rise in computer use during the 1950 s manufacturers thereafter considered training a separate

outstripped the availability ofpersonnel with data pro service thaI required a separate charge Thus the grow

essing skills As opportunities in the computer field ex ing awareness of computer education costs led many

Tebl 3 Enlisted strenGth in Department of Def computer speeialti1971 79

Total
AOP

AOP support

Var computer
r iren

and

specialti administration 1

1971 31 780 9 168 22 612

1972 29 591 8 516 21 075

1973 28 326 8 525 19 801

1974 26 736 7 860 18876

1975 26 238 8 184 18 054

1976 22 843 7 683 15 160

1977 20 760 7 284 13 476

1978 20 433 7 353 13 080

1979 20 509 7419 13 090

Includea computer operators analysts programmers and electric SOURCE U S O rtmem of O ns Defens Man

accounting machine operators power Oat Centtit
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computer users to look for and closely evaluate alter with a hi her level of specific computer skills The
native training methods in order to get the most for number of computer and information science programs
their computer education dollar offered at every degree level more than doubled over

One alternative for computer users was to train their the period 1966 67 to 1978 79 chart 6 Bachelor s de
own computer personnel These in house training gree programs experienced the most spectacular
programs generally took place at the user s site and growth 554 percent Associate degree programs in the
were tailored to meet the specific needs of the compa computer fields grew 225 percent for the period
ny s computer operations The programs were usually Growth in master s and Ph D programs was not as

administered by company personnel or an educational rapid as at the undergraduate levels reflecting the
services firm and included instructional tools such as strong demand for computer workers and the rising
videotapes cassettes and self paced computer manuals wages but the number ofprograms still increased 162

Another source of training for computer personnel percent and 117 percent respectively
was the Armed Forces Although occupation specific Along with the growth in degree programs the num
data are notavailable for years prior to 1971 the Armed ber of persons receiving degrees in the computer sci
Forces are believed to have been a major source of ences also increased sharply From 1970 71 to 1977 78
computer training during the 1950 s and 1960 s As may the total number ofbachelor s master s and doctoral
be seen in table 3 however the number ofmilitary per degrees in these fields grew from 4 104 to 12 060a

sonnel in computer relaIed job specialties declined 194perceDlt increase chart 7 Historical data by de
sharply over the 1970 s gree level for six computer curricula are presented in

Computer education and training continued to evolve table 4

throughout the decade In addition to the growing num The number of associate degrees awarded in data
ber of in house training programs the number of for processing technologies fluctuated considerably in the
mal degree programs offered by colleges and universi 1970 s table 5 The number of associate degrees in all
ties increased dramatically in response to rising student data processing technologies fell over the first half of
interest and to requests from employers for graduates the decade then increased steadily over the remainder

Table 4 Numberof college degrees confemtd in the computer sciences by degrlevel and curriculum 197071 through 197879

Total Computer
Information Computer and

Degrlevel and year
computerand informetlon

sciences and
D ltB Computer Systems information

information sciencn proclSSjng programming analysis sclenc

sciences general
systems

other

Bachefor s

1970 71 2 388 1 624 177 49 32 88 58
1971 72 3 402 2 451 268 504 8 72 99
1972 73 4 304 3 278 234 51 6 14 97 115
1973 74 4 756 3 761 338 5 39 15 54 49
1974 75 5 033 4 127 308 4 10 5 138 45
1975 76 5 652 4 530 493 4113 3 89 54
1976 77 6 407 5 229 553 465 20 105 35
1977 78 7 201 5 940 742 3 15 24 61 39
1978 79 8 769 7 350 840 4 12 56 48 33

I
Masters 4

1970 71 1 588 1 131 143 1 1 5 88 50
1971 72 1 977 1 572 142 1 11 7 110 15
1972 73 2 113 1 627 115 1 14 0 153 74
1973 74 2 276 1 801 198 1113 8 124 32
1974 75 2 299 1 921 147 1114 0 79 38
1975 76 2 603 2 349 166 1 0 87 0
1976 77 2 798 2 580 149 6 0 60

I 3
1977 78 3 038 2 713 234 i3 0 30 8
1978 79 3 055 2 773 183 i 1 0 23 25

Doctorate

1970 71 128 110 11 0 0 6 1

1971 72 167 145 16 0 0 6 0
1972 73 196 165 17 0 0 0 14
1973 74 198 178 13 0 0 0 7

1974 75 213 196 17 0 0 0 0
1975 76 244 221 20 0 0 3 0
1976 77 216 195 20 0 0 1 0

1977 78 196 183 13 0 0 0 0
1978 79 236 227 9 0 0 0 0

SOURCE U S Department of Education National Center for Education Statistic
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of the decade Only two courses computer program than an associate degree and at a lower cost

ming and data processing equipment maintenance reg Public and private vocational schools provide anoth

istered any net growth over this period This reflects er source of training Because historical data are not

the higher training requirements for programmer train available it is difficult to determine whether vocation

ees and computer service technician trainees some for al schools are growing in importance as a source of

mal training generally is required than for console and trained compuIer workers Nevertheless over 235 000

peripheral equipmemt operaIors keypunch operators students were enrolled in these schools in 1978 with 9

and related workers The decline in the number of de of 10 enrolled in public vocational education programs

grees in these latter areas reflects the ability of many table 6 The number of persons 58 000 who com

jobseekers to take entry level positions without any for pleted these programs in 1978 was about 6 times the

mal training Some of those who chose to take formal number of associate degrees awarded that year great
training may have opted for public or private vocation ly expanding the pool ofjobseekers with at least some

al programs that generally can be completed in less time formal training

Table5 Aaociate d conferNd inau pracine tchnologi 1971 72 through 1978 79

HEGIS
Auoclata dagr rded

CurriCUlum
cod 1

1971 72 1972 73 1973 74 1974 715 1975 76 197677 1977 78 1978 79

Total data procaalng technologl15100 8971 7 640 6998 6 821 7 176 7 993 9 339 10833

Data proc lno technology gen ral 15101 5 669 4l584 4 360 3921 3 981 4 671 5 096 6 974

Kaypunch operatorand oth r Input
prep ratlon technology 15102 402 327 133 237 202 131 264 230

Computer progr mm r technology 5103 2 198 2 118 2 018 2 199 2 547 2 618 3 368 3 797

Computer operator and perlpher
lQuipment operation technology 15104 431 249 206 240 229 304 263 475

Data proc lng equipment m lman nca

teChnology 51015 104 103 226 179 188 241 319 299

Other 5199 167 259 56 54 21 28 30 58

1
HEGIS codare from tha Higher Education G nerallnforma SOURCE U S Oep mant of Education N tlon 1 Center for

tlon Surv y s A Taxonomy of ImtrUCtional Prog in Highar Education Statistics
Education U S Dep mant of Haalth Education and Welf ra

1970

Tabla 6 Total enrollmentsand completions in public and priVlIta vocatiOIlll programs 19n 78

O E instruction coda and tltla
Public vocatlon 1 Priv te voc tlonel

education Iucatlon

Enrollments CompletloM Enrollmants Completions

Total 218 160 415 1599 18 737 12 188

14 0201 Computer and console oper tor 50 666 11 519 785 627

14 0202 Keypunch op tOr 7 674 5 171

14 0203 Computer progremmer 83479 11 166 6 913 4 776

14 0299 Othar buslnd ta proc lng 84 015 229115 3 365 1 614

SOURCE U S O pa mant of Education National Cant r for Education St tistics
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Chart 6 Number of college programs in the computer sciences

by degree level 1966 67 1973 74 and 1978 79

Number of programs
600
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400

197879
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Associate degree Bachelors degree Masters degree Doctorate

Source John W Hamblen Computer Manpower Supply and

Demand by States Table 1
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Chart 7 Number of bachelor s master s and doctoral degrees
in the computer sciences 1970 71 through 1978 79
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Source u s Department of Education National Center for Education Slatistics
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Chapter 3 Projected
Employment Requirements

Even after the spectacular gains registered in the Among the computer occupations increased termi

1970 s overall employment in the computer occupa nal use will have its greatest impact on keypunch op

tions is expected to increase by nearly one half from erators Fewer of these workers will be needed as data

1980 to 1990 chart 8 entry operations continue to move from card punch to

more efficient on line data entry systems Airlines for

Technological factors affecting growth example routinely use terminals at their ticket sales 10

Rapid technological progress is expected to continue cations that are linked by data communications systems

over the next decade affecting the types of comput to a central computer Data are entered directly into

ers available computer applications and the size and the central computer by reservation and ticket agents

composition ofcomputer occupations New technolog instead of keypunch operators who traditionally have

ies that will affect employment can bedivided into three worked at the central computer site This example it

major areas Hardware computer mainframe and pe lustrates another important facet of computer terminal

ripheral equipment software computer programs and usage terminals are expected to have a greater impact

languages and applications These areas are all inter on noncomputer occupations than on computer occu

related advances in anyone area generally have major pations As new applicaIions are developed for termi

implications for the others The development of more nals more and more workers in noncomputer jobs will

efficient hardware for example can generate a whole have to adapt to using terminals Bank tellers and loan

spectrum ofnew applications Elements in each of these officers for example increasingly will operate termi

three areas thaI are expected to have a significant im nals connected to the bank s central data base and

pact on employment in the computer field are discussed newspaper reporters and editors will use terminals in

in the following sections their work as well

Recent advances in semiconductor tech
Optical character recognition equipment OCR pro

Hardware vides another form ofcomputer data entry OCR equip

nology have spurred the development ofcomputer com ment reads printed information in various forms and

ponents that are smaller in size but have greater mem translates that information into computer input form

ory and more available functions In addition prices These machines can enter data into a computer system

have declined to the point where hardware costs are at a very high speed This equipment however was

less than computer personnel costs in most data proc slow in gaining acceptance due to its high cost and the

essing department budgets These technological ad limited number of typefaces it could recognize Recent

vances have led to new types of computer hardware as advances in microprocessor technology have reduced

well as major improvements to existing hardware Three the cost of this equipment Additionally OCR equip

major technologies that are expected to have a signifi ment gained greater acceptance in the marketplace with

cant impact on computer employment are discussed in the introduction of hand held scanners which have ex

this section Computer terminals optical character rec posed more users to the accuracy and ease of use of

ognition equipment and minicomputers this data entry technique
Improvements in the efficiency of computer termi Although BLpplications for this equipment are still

nals have resulted in a rising utilization of this type of somewhat limited an expanded product line that now

equipment The number ofinstalled terminals is expect includes three types of OCR equipment has contribu

ed to increase from just over 2 million at the end of ted to the development and acceptance of a growing
1978 to almost 5 million by the end of 1983 Terminals number of new applications Each type ofequipment
can be applied to many present computer systems im of course has applications for which it is best suited

proving present applications or making possible new

Page readers can identify characters at various locations
applications involving the transfer of data from one lo

cation to another for processing
on a shec t of paper Page readers originally were used

in the printing and publishing industries but applications

International Data Corporation Special Report Computer Industry now have been developed for other businesses such as

Review and Forecast 1974 1983 Waltham Mass insurance where forms are sent in for processing to a
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Chart 8 Employment of computer workers by occupation
1970 80 and projected 1990
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central location from points all over the country try and manipulation by workers at different locations

Document readers can recognize a few lines of thus increasing the efficiency and flexibility of field
information on a single pass The major application of operations
document readers is for billing purposes Major users Increased minicomputer utilization will have employ
include credit card companies and public utilities ment implications for all the computer occupations A

Hand held scanners which are mainly used In greater amount of equipment in operation can be ex

department stores in conjunction with pointof sale pected to spur demand for computer and peripheral
terminals are passed over an item manually to pick up equipment operators and computer service technicians
pricing and inventory information Other users include More systems analysts and programmers also will be
libraries where these scanners are used to check out needed to design systems using this equipment and to
books and businesses for inventory and production develop programs for the ever increasing number of
control

applications Keypunch operator employment howev

Although not technically considered OCR equip er will be negatively affected as minis increasingly are
ment oIher forms of character recognition equipment used for on line data entry
have gained increased acceptance in recent years

Bar code readers recognize printed vertical bars of Software Computer software will continue to evolve 4

varied sizes This equipment is mainly used in grocery rapidly in a number ofareas resulting in increased pro
stores to read the Universal Product Code ductivity for many computer users These software ad

Optical mark readers OMR detect the presence or vances also will affect specific computer occupations
absence of marks at specific locations on a document especially programmers and systems analysts While
Their most common application is in educational there will be conIinued strong demand for these work
testing Utilities also use this technique for reading ers their specific job duties may be affected Software
meters

developments also will continue to make the computer
Magnetic ink character recognition equipment MICR more accessible to workers in such fields as publishing
senses characters printed in a magnetic ink The best and medicine
example is found in banks which use MICR forcheck One trend in software technology has been the in
clearing corporation of systems programming functions into

In general the widespread use ofthese character rec computer hardware If this trend continues over the
ognition technologies will not have a major effect on next decade it may curb the demand for some systems
the overall employment ofcomputer workers The im programmers Overall demand for programmers how
pact on keypunch operators however almost certain ever will remain strong allowing these workers to

ly will be negative as these data entry techniques in shift to other types ofprogramming
creasingly replace card punching Packaged programs are another software option avail

Minicomputers minis are yet another rapidly grow able to computer users These programs which are be

ing technology in the computer field The value of ing developed for an ever increasing number of appli
minicomputer shipments by U S manufacturers is ex cations simplify programming operations reduce pro
pected to more than triple between 1978 and 1983 in grammer sYJII requirements and may require fewer pro
creasing from 3 1 billion to 10 3 billion chart 9 grammers at a computer site In some instances certain
These machines once defined as inexpensive single programming operations may be simplified to the point
purpose computers now encompass a wide range of where they could be performed by computer operators
capabilities and functions These packaged programs also will permit program

Small businesses relative newcomers to the comput ming to be done by noncomputer personnel in many
er market will increasingly use minicomputers as hard cases

ware costs continue to decline and more applications Another promising area for software improvement is
are developed Small businesses use minis for general in the devc lopment of useroriented high level com

applications such as personnel administration invento puter languages Thus far research in this area has not

ry control payroll and general business planning as produced all of the desired results COBOL for exam

well as for industry specific applications such as op pie was a language developed for use by managers in
timizing fertilizer and other crop input requirements business applications but in practice it has proved to
and projecting insect activity in agricultural production be too complex for this purpose Advances have been

Large businesses especially those with widely scat made in this area however that allow noncomputer
tered field offices such as insurance companies also personnel to bypass programmers and have direct ac

will utilize more minisoften in conjunction with their cess to the computer Table Producing Language
central computer These distributed data processing sys TPL for lexample now allows noncomputer workers
tems give processing capabilities to data users who can such as social scientists to use computers in their daily
immediately use the information They permit data en work Improved hardware and further advances in
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Chart 9 Value of computer systems produced by
U 5 manufacturers by type of computer
1974 78 and projected 1979 83
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software technology may lead to the development of mand for some computer workers due to increased pro
even more high level languages ductivity this is only a small part of the overall story

Far more important in terms ofemployment impact will
Applications Increases in the number of applications be the expanding number ofapplications made practiwill be the main stimulus to computer employment cal by these hardware and software advances As the
growth over the next decade Although progress in computer is made accessible to more users through these
hardware and software technology may temper the de developments many more computer workers will be
mand for computer workers at some computer sites needed
these same technological advances are expected to bring
the computer within reach of an increasing number of Expected employment growth by occupation
users In general a greater variety ofapplications advanc

Some new applications will be made possible with ing software technology and more efficient computer
the continued development and refinement ofnew com hardware 8111 lead to a greater utilization of computer
puter hardware For example computers can be applied equipment which will result in a growing demand for
to point of sale operations in supermarkets or depart computer personnel over the next decade Table 7
ment stores through the use of computer terminals presents employment projections for each of the com 4

character recognition equipment and other types of puter occupations Increasing applications and greater
data communications equipment Data communications amounts ofhardware for example are expected to spur
networks also will permit traditional computer users to the employment ofcomputer and peripheral equipment
develop and implement new computer applications operators and computer service technicians At thesame
Banks for example will increasingly use terminals for time changes in data entry methods will reduce the
electronic funds transfer systems EFTS demand for keypunch operators A summary ofthe em

Along with the introduction of new hardware the ployment outlook for each computer occupation
cost ofcomputer equipment has dropped dramatically follows
in recent years These reductions in hardware costs are

expected to continue allowing more relatively small

organizations to utilize computers These newcomers Systems anl vsts Employment of systems analysts is
will use the computer for traditional functions such as expecIed to increase from 243 000 in 1980 to 400 000 in

accounting and inventory control Additonally they 1990 or by 65 percent
will have new industry specific applications creaIing The history ofcomputers has been marked by many
more jobs for computer personnel over the next dec unsuccessfu l attempts to solve problems reduce costs

ade Small oil and gas exploration firms for example and increasc productivity A major cause ofsuch failures
are increasingly using computers for such specialized has been the lack ofadequate systems analysis and de

applications as production statistics land lease data and sign to take full advantage ofcomputer capabilities As

geologic and engineering applications the requirements of computer users continue to esca

New software developments such as higher level late they will demand greater efficiency and increased
easy to use languages will continue to make the com performance from their computer systems Similarly
puter more accessible This will increase the number of computer hardware and software advances will increase
potential computer users especially small businesses computer pplication possibilities and the compatibility
Also more industries will become computerized as of equipment from different sources These advances
packaged programs are developed for their specific also will permit networking or other equipment in
applications terrelationslhips such as distributed data processing in

As may be seen from the above hardware software new and existing computer systems As a result sys
and applications are all interrelated While hardware tems analysts who have always been in great demand
and software developments may appear to curb the de will continue to be sought to reduce computer systems

Table 7 Employment in computer occupations 1980 and projected 1990

1980
Projected Percent

Occupation
employment

1990 change
r8quiremenu 1980 90

Total all occupations 1 455 000 2 140 000 47 1

Systems analysts 243 000 400 000 64 6
Programmers 341 000 500 000 46 6

Computer and peripheral equipment operators 522 000 850 000 62 8

Keypunch operators 266 000 230 000 13 5
Computer servicetechnicians 83 000 160 000 92 8

SOURCE Bureau of Labor Statistics
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problems and develop more sophisticated and complex speed and the time required for manual card input has

computer operations widened due to advances in internal data processing

Programmers Computer programmer employment is
capabilities ofcomputers These problems along with

expected increases in Ihe volumeofdata to be processed
expected to grow from 341 000 in 1980 to 500 000 in have spurred technological advances in alternative

1990 an increase of 47 percent The overall demand methods of data entry These methods include comput

for programmers will increase as less expensive and
er terminals and other forms of direct keying along

more sophisticated computer hardware and software wiIh other data communications input systems Users

attract new computer users and increase the number
are expected to continue to employ these more efficient

and type of computer applications among existing users data entry methods thus diminishing the need for key
More systems programmers will be needed to devel punch operators

op the complex operating programs made necessary by

higher level languages and complicated computer con Computer service technicians Employment ofcomput

figurations as well as to link or coordinate the output er service technicians is expected to show the largest
of different programs from different systems As in increase ofall the computer occupations growing from

creasing applications expand the computer market the 83 000 in 1980 to 160 000 in 1990 or by 93 percent
need for applications programmers also will increase The rising demand for computer service technicians

although not quite as rapidly as in the past as more is related to the growing number of computers in use

people use canned programs 10 process data without and the geographic distribution of these computers

the direct assistance ofa programmer Continuing de Continued reductions in the size and cost of computer

velopment ofprogramming instructions built into com hardware will bring the computer within reach ofa ra

puter hardware useroriented languages terminal pro pidly increasing number ofsmall organizations As more

gramming by non EDP personnel and more standard and moreofthese small systemsare installed the amount

ized software packages are expected to simplify some of time technicians must spend traveling between cli

job duties of applications programmers ents also will increase further intensifying the demand

Computer andperipheral equipment operators
for these workers

Employ
ment ofcomputer and peripheral equipment operators Expected employment growth by major industry
is expected to increase from 522 000 in 1980 to 850 000 division

in 1990 or by 63 percent The major cause of this Although computer employment is expected to grow

growIh is the increasing use of computer hardware The substantially in all industries over the next decade con

increased utilization ofdistributed data processing sys siderable variation is expected Table 8 presents 1978

tems and the concomitant rise in the number ofmini and projected 1990 computer employment by major in

computers and other types ofperipheral equipment also dustry division The following sections describe the fac

will require increasingly large numbers of computer tors underlying computer employment yowth in each

operating personnel of these industry groups
5

Similarly recent advances in miniaturizing circuits

have enabled manufacIurers to reduce both the size and Manufacturing Computer employment in manufactur

cost ofcomputer components As the technology is fur ing is expected to increase rapidly by about 70 per

ther developed a continued expansion in the use of cent over the period 1978 to 1990 Because comput

computers is expected especially by small businesses ers are readily adaptable to manufacturing processes

As small business applications increase many of these this industry division had already made extensive use

organizations areexpected to install their own comput of computers by the early 1970 s Over the nexI dec

er systems thus generating additional demand for work ade the manufacturing sector will continue to apply

ers to operate the equipment computers to process control quality control business

forecasting and management information functions

Keypunch operators Employment of keypunch opera such as accounting and personnel management In ad

tors is expected to decline from 266 000 in 1980 to dition more intensive use will be made of existing sys

230 000 by 1990 This 14percent decrease is the only tems many of these will require additional computer

projected employment decline among the computer oc personnel Also minicomputer sysIems will continue to

cupations studied be developed for specific manufacturing functions such

Data entry has long been considered a bottleneck in
as product design and precision measurement Some of

data processing operations Cardpunchoriented data
As indicated earlier the lalest industryoccupational matrix avail

entry systems in the past have produced slow error able when lhis report was prepared presenled employmenl of com

prone and increasingly costly performance in many puter workers by industry for 1978 This section therefore describes

computer operations Further the gap between machine employment change between 1978 and 1990
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Table 8 Employment in computer occupations by industry division 1978 and projected 1990

Total all occupations Svsta s analvsts Computar programmars

Industry division Parcant Parcant Parcant

1978 1990 change 1978 1990 change 1978 1990 change
1978 90 1978 90 1978 90

Total all industries 1 157 983 2 140 000 84 8 181 998 4100 000 119 8 246 998 500 000 102 4

Agricultura forestry and fisharias 1 079 1 785 65 4 45 200 I 344 0 269 600 123 0

Mining 13 107 24 860 89 7 2 354 5 000 I 112 4 3 176 6 300 98 4

Construction 10 213 17 525 716 1423 3 000 110 8 2 481 4 500 81 4

Manufacturing 320 270 552400 72 5 61 915 119 500 93 0 73830 129 000 74 7

Transportation communication and

17 700 115 5 12 445 23 000 84 8pUblic utllltl 65 505 107 130 63 5 8215

Whos le and retail trade 141 665 242 000 708 18 782 35 000 86 3 19 409 35 000 80 3

Financa Insurance and raal ta 152498 266 900 75 0 14 358 30 100 109 6 26 300 51 000 93 9

Services 343 759 719 900 109 4 59800 147 500 146 7 84 366 204 000 141 8

Governmant 116 695 207 500 77 8 21 914 42 000 91 7 24 722 46 600 88 5

Computar rvlca Computar and paripharal
Kaypunch oparators

technicians equipment operators

Percant Parcant Parcant

1978 1990 change 1978 1990 change 1978 1990 change

197890 1978 90 1978 90

Totat alllndustrl 63 001 160 000 154 0 392993 850 000 116 3 272993 230 000 15 8 4

Agriculture forllStry and flshari 5 10 100 0 337 625 85 5 423 350 17 3

210 141 4 5 397 11 650 115 9 2 093 1 700 18 8Mining 87

Construction 95 200 110 5 3 641 7 725 I 112 2 2 573 2 100 18 4

Manufacturing 15 914 44 000 157 6 103 093 215 000 108 5 65 518 47 900 26 9

Tran ortation communication and

1 580 93 6 26 057 52 300 100 7 17 972 12 550 30 2pUblic utilities 816

Whol la and retail trada 18 737 46 000 145 5 44 466 90 000 102 5 40 282 36 000 10 6

Finance in ur nce and r est8te 527 1 300 146 7 69 026 147 500 113 7 42 287 37 000 12 5
86 000 182 6 103 647 236 000 127 7 70814 86 400 6 2

Services 25 132

1 683 3 700 119 2 37 340 89 200 138 9 31 031 26 000 16 2Govarnment

SOURCE Bureau of LaborStatistics

the job functions traditionally carried out by computer cline partially offsetting the gains registered in other

personnel will be performed in the future by engineers occupations
machinists and other personnel using minicomputers Wholesale and retail trade Computer employment in

Finally computer terminals will be used more exten wholesale and retail trade is expected to increase by
sively but will have a mixed impact on compuIer em about 70 percl nt less than the average for all industries

ployment For example terminals are used in warehouse through the next decade During the 1970 s both

inventory control and in research and development retailers and wholesalers increasingly adopted such
Some data input will be handled by warehouse person practices as computerized ordering and inventory sys
nel and research scientists or engineers decreasing the terns as well as integrated point of sale credit authori
demand for keypunch operators Greater terminal use zation systems These applications will gradually extend
however should increase the demand for systems ana to the smaller establishments in the industry division

lysts and programmers Also the larger amounts of
creating additional demand for computer workers

computer equipment in use will further spur the need Employment of systems analysts programmers and
for additional computer service technicians

computer and peripheral equipment operators will all

Transportation communications and otherpublic utili increase as small retailers and wholesalers increasingly
ties This industry division has been intensively com computerize their operations The largest percentage
puterized since the late 1960 s Consequently it is ex increase however is projected for computer service

pected to experience the smallest increase in computer technicians due to the expected growth in the number

employment through the 1980 s about 65 percent In of data processing terminals and associated communi

stalling new computers and upgrading present comput cations devicles Employment of keypunch operators
er systemsespecia11y in the communications sector

will decline as new data are captured at the source by
will result in sharp employment increases for comput noncomputer personnel such as sales clerks or keyed
er service technicians systems analysts and computer in via terminals connecting branch outlets to the organ
programmers The demand for computer and peripher ization s main data base

al equipment operators also is expected to increase with
Finance insurance and real estate Computer employthe greater utilization ofcomputer terminals The num

ber of keypunch operators however is expected to de ment in this major industry sector will increase
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sharply through the 1980 s by 75 percent as more for keypunch operators should decline

small and medium sized companies adopt computer The growth of computer service organizations also

techniques alreadly widely used by larger firms in the in will contribute heavily to the overall increase for com

dustry Most of this employment increase will occur in puter workers in this industry Service firms will con

the finance secIor More banks are expected to tinue to need large numbers of computer and peripher
automate their teller operations participate in al equipment operators as well as more systems analysts
automated check clearing facilities and offer 24hour and programmers to design and implement systems for

banking services through the use of on line terminals In the growing number of applications for small businesses

addition rapidly emerging banking applications such as and other organizations At the same time computer
electronic funds transfer systems EFTS will generate maintenance companies will need many more comput
expansion of computer staffs in financial institutions er service technicians to service the increasing stock of

Increased panicipation in centralized credit checking computer equipment Several factors will contribute to

and authorization systems will spur the demand for a growing need for contract data processing services

computer workers in credit agencies Within finance and the resulting demand by service firms for trained

the group expected to show the smallest employment computer personnel These sources of demand include

gains are securities firms These firms were extensively a growing number ofapplications featuring computer

computerized in the 1970 s with the implementation of to terminal interfacing or minicomputers and the grow

fully automated stock quotation facilities and a national ing popularity of franchised data processing services

system for clearing securities transactions that are expected to enlarge the market

Although overall employment in finance insurance Several other sectors wiIhin this broad industry di

and real estate is expected to increase rapidly growth vision will experience growth in computer employment
rates for the individual occupations will vary Employ Hotels for example will continue to install computer
ment of computer service technicians will increase the ized reservation systems and business services such as

most rapidly due to the large numbers of terminals accounting credit reporting and research will become

minicomputers and other data communications equip increasingly computerized
ment in operation The demand for systems analysts
programmers and computer and peripheral equipment
operators also will remain very strong as the industry Government Computer employment requirements in

continues to increase the number and types of applica government will increase by about 80 percent through
tions as well as the volume of computer equipment the 1980 s as new information systems are installed and

Keypunch operator employment will decline as more existing ones expand their capabilities State and local

efficient methods ofdata entry are adopted government agencies will experience the greatest

growth in computer personnel as their potential for new

Services Services the fastest growing industry divi computer applications is realized Growth in Federal

sion in the economy are expected to show the greatest computer employment will be somewhat slower but

increase in computer employment through the 1980 s steady nevertheless as data processing requiremenIs
employment is expected to more than double over the continue to expand
period An expanding market for data processing in Currently most State and local computer systems

hospitals educational institutions and especially com have been developed around a single functional area

puter service organizations will account for most of the such as revenue collection and disbursement payroll
increase Demand for programmers and sysIems ana4 or medical and insurance information processing In the

lysts will be strong as hospitals continue to computer future however consolidated systems serving a great
ize their medical information and communications sys er variety of information processing needs and using
terns as well as automating the services they provide terminal networks and other data communications tech

to patients Employment requirements of these systems nology will be developed
and of those for medical diagnosis and instruction will Within government employment ofcomputer serv

assure the need for computer specialists in hospitals ice technicians will grow dramatically keeping pace

Similar growth is expected in educational services as with hardware sales and installations Larger amounts

more computer assisted instructional systems are devel ofequipment in use will also spur the demand for com

oped library operations such as acquisitions and puter and peripheral equipment operators Require
cataloging continue to be automated and administra ments for programmers and systems analYSIS especial
tive tasks including class scheduling and maintenance Iy at the State and local level will also rise rapidly as

of student records are handled by computers Because law enforcement voter registration and trafficoriented

many medical and educational applications are expect applicaIions continue to be computerized Keypunch
ed to feature direct data entry by users such as hospi operator employment however will decline as more

tal record clerks or students employment requirements efficient methods of data entry continue to be utilized
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Agriculture forestry and fISheries mmmg and con computer related training into more curricula will
struction The number ofpeople employed in the com accelerate

puter occupations in these industry divisions is so small Shortages of computer workers are expected to become
that accurate employment projections cannot be made increasingly pronounced in the years ahead As more

It is expected however that computer employment in and more workers are required to bring new computer
these industries will exhibit the same trends as in the applications on line competition among employers for
overall economy skilled computer personnel will become increasingly

intenSl Thus firms are likely to continue usingJob openings aggressive recruiting techniques to fill their computer
In addition to openings resulting from growth in the staffing requirements

demand for computer workers many jobs will become
The shortage of trained computer personnel is likely toavailable each year as workers retire die leave the la result in a continued escalation of wages for these

bor force for other reasons or transfer to other occu workers Not only will entry salaries be driven up but
pations Data on estimated annual job openings between also the salaries of experienced workers in order to
1980 and 1990 are presented in table 9 Total openings mainta in an organization s internal salary structure
for each occupation consist of those resulting from em

The great demand for computer personnel will makeploymem change in that occupation and those stem
it more difficult to hire and retain workers in

ming from the need to replace workers who leave the
occupations requiring similar aptitudes Math teachers

labor force for a variety of reasons Although keypunch for example are being lured away from public schools
operator employment is expected to decline for exam by the higher salaries in computer specialties Colleges
pie there will be many job openings in this large oc and ul1tiversities also are finding it difficult to compete
cupation as workers die or retire with business and government organizations to attract

Sufficient data are not available to develop estimates and retain computer science professors who may earn

of openings resulting from transfers ofworkers to oth less than a beginning programmer As the continuing
er occupations The limited data that are available how upward pay spiral further discourages graduate study
ever indicate significant mobility both within the com

schools II1J1l find it increasingly difficult to alleviate the

puter field and for computer workers who transfer to
teacher shortage

other kinds of jobs Programmers for example often As electronic data processing operations grow in

advance to systems analyst jobs and many systems an importance across all industries the importance of and

alysts become managers To a lesser extent a career opportunities for skilled computer workers also will

ladder eAists for computer operating personnel with
increase Many companies for example now include
data pmcessing managers on their executive boards a

some of these workers advancing to programmer
practice almost unheard of a decade ago As data

positions processing budgets expand and the coordination of

Implications of employment projections computer operations becomes more complex
The extremely rapid employment growth projected opportUnities of this type are expected to become more

for the computer occupations will have a significant prevall nt

impact on education and training wages and other as In summary the shortage of computer personnel is
peets of the labor market for computer workers Some expected to continue resulting in higher wages more

foreseeable trends are job mobility increased job security and generally great
The educational system will need to develop more er opportunities for these workers At the same time

programs to meet the continually rising demand for this labor market imbalance will result in serious prob
computer workers Additionally as computer use lems for employers as they attempt to maintain a stable
becomes more widespread the trend toward infusing computer staff

Table 9 Projected average annual job openings in computeroccupations 1980 90

Total
average Emplovment Replacement

Occupation annual
change needs1

openings
1980 90

Total 93 700 68 500 25200

Systems analysts 19 000 15 700 3 300

Programmers 20 550 15 900 4 650

Computer and peripheral equipment operetors 41 800 32 800 9 000

Keypunch operators 3 900 3 600 7 500

Computer servicetechniciens 8 450 7 700 750

1
Separations from the labor force due to deaths and retirements

SOURCE Bureau of Labor Statistics
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Appendix A Methods

Sources of d ta per industry was obtained by summing across all of the

Data f r t lS st dy were obtained from several computer occupations
sources First mtervlews were conducted with officials

of the American Federation of Information Processing Change In matrix data base

Societies the International Data Corporation and oth The BLS is in the process ofconverting from an in

ers Various experts including educators and govern
dustryoccupational matrix based on census data to one

ment officials also were interviewed based on the Occupational Employment Statistics

Next a search ofexisting literature was made to ob OES survey These two data sources differ in sever

tain available informationon the employment and train al major respects

ing ofcomputer personnel In addition information was

sought on computer use by specific industry types of espondents The census based Current Popula

computer applications and advances in computer
tlon Survey CPS IS a household survey com

technology pleted by an individual who responds for all mem

These sources were supplemented by data from the
bers ofthe household Persons who hold two or

Bureau of the Census and BLS especially the BLS na
more JObs are only counted once based on where

tional indusIryoccupational matrix that provides de they w rk the most hours each week The OES

tailed information on the distribution of occupational
su ey IS an establis ment survey in which an of

employment by industry The employment projections
fic al ofthe respondmg firm completes a question

presented in this report represent an interim revision of
natre based on company records Data from the

portions ofthat matrix to reflect the results ofthe study
ES survey count all jobs in each surveyed

mdustry

Framework for projections Time frame Industry staffing patterns are avail

Projections of employment for the economy as a able from the Census only every 10 years The

wh le d by industry were prepared by BLS and de OES surveys are updated on a 3 year cycle with

scn m EmploYIent Projections for the 1980 s BLS staffing patterns benchmarked to the third year of

Bulletm 2030 A brief description of the assumptions the cycle
t at unde lie these projections is presented in Occupa
tlonal Projections and TrainingData BLS Bulletin 2052 OcCUpatiOns The CPS collects employment data

Computer employment projections presented in this for approximately 400 occupations The data are

study weredeveloped within the framework of the lat categorized according to job titles that were used

est BLS industry occupational matrix The most recent
in the 1970 Census The OBS survey collects data

Iy de eloped matrix presents data on occupational com
for more than 1 800 occupations Each occupation

posItion of all industry sectors for 1970 1978 and 1990 to be surveyed in a particular industry is defined

Matrix staffing patterns reflect the 1970 Census indus
on the questionnaire for that industry

try occupational employment estimates updated by the

Bureau s Current Population Survey that provides cen
lndustnes The CPS d ot collect occupation

sus based occupational estimates for the years between
al employment by detaded mdustry Staffing pat

the decennial censuses
terns from the latest decenmal Census are updated

Indepth analysis of the computer occupations and
based on estimates of cupational employment

evaluation of trends in the computer field led to an up
from the CPS and on estimates ofmdustry employ

ward revision of the 1990 matrix employment projec
ment from the Industry Employment Statistics

tions for each of the computer occupations These re
IES survey This produ es occupational employ

vised projections were then applied to the 1990 esti
ment data for 200 mdustnes The OES survey col

mates of total employment for each of the 200 indus
lects occupational employment by detailed indus

tries included in the matrix to yield new ratios show
try Data are not collected in the agricultural or

ing the concentration of each computer occupation in
h

A backgound diSCUSSion of the OES survey may be found in the

eac mdustry The total number ofcomputer workers BLS Handbook ofMethods Bulletin 1910 1976 pp S7 S9
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private household industries these are estimated than were reported in the 1978 CPS Differences in oc

This procedure generates occupational employ cupational classification are the most likely explanation
ment data for 378 industries for the different employment estimates The 1970 Cen

Preliminary findings indicate that the two surveys sus lists general job titles some ofwhich are now out

reported comparable levels of employment in 1978 for dated that the respondent has to fit to job duties

all of the computer occuptions except computer and whereas the OES survey has a specific definition in

peripheral equipment operators Preliminary OES sur eluded on each questionnaire that probably eliminated

vey results show substantially fewer of these workers a number of workers from this category
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T 81 Indusvy di1tribution of computer employment by MUon 1970 1978 and projected 1990

TotIIl 1 computer occuPltions Co uter programmn

1970 1978 1990 1970 1918 1990

I ndUltrv Perct Percent Percent PerCWIt Percent nt

Employ
of

Employ
of

Employ
of

Employ
of

Employ
of Employ

of

industry industrY industry industry industry industry
ment

employ
ment

employ
ment

employ
ment

employ
ment

employ
ment

employ

ment ment mont ITIInt ment I ment

TOlal all industri

1785
183 097 1 164 191 123 2 140 000 1 88 I 178 496 0 22 246 998 0 26

1500
000 0 44

Agriculture forestry fisnor 687 02 1 019 03 1 785 06 149 269 01 600 02

Agriculture 419 01 564 02 886 03 47 72 200 01

Agricultural production 154 161 01 230 01 20

Services exceot horticulture 225 13 327 14 500 16 39 02 52 02 130 04

Honicu tural Services 40 03 78 03 135 06 8 01 20 01 50 02

FotIIttV 149 28 473 59 775 1 09 90 17 179 23 350 49

Fisheries 19 04 25 04 145 23 12 03 18 03 50 08

Mining 6 114 97 13 107 1 48 24860 2 35 1 752 28 3 178 38 6 300 59

Metal mining 500 53 646 68 1 125 1 00 132 14 159 17 300 27

Ca mining 119 12 391 18 700 21 31 02 55 03 100 03

Crudepetro eum and N1tUral gas 5 037 160 11 419 253 21 935 447 1 494 54 2847 63 5 700 116

Nonm Uic mining QUarrying 398 34 591 48 1 100 95 95 08 115 09 200 17

Construction 7 045 15 10 213 17 17 525 25 1864 04 2 481 04 4 500 07

Generat building contnlCtOB 852 07 1 269 09 2 425 14 202 02 312 02 600 03

Generat contractors exc building 5 274 38 7 332 47 12 385 64 1 497 11 1855 12 3 250 17

Special t contraCtors 919 04 1 612 06 2 715 08 166 01 314 01 650 02

Manufacturing 238 399 121 320 270 1 58 552 400 2 34 60 615 31 73830 38 I 29 000 55

Durable 9ood1 169 644 1 49 235 027 190 421 700 2 90 47 474 42 58 043 47 104 500 68

Ordnonco 8 612 2 91 6 923 4 02 10 400 6 02 3221 1 09 2 143 1 24 4 000 2 31

Iumblr nd PtOductI 1 439 23 1 841 27 2850 39 294 OS 381 06 490 07

1 9 71 06 99 08 140 13 25 02 38 03 40 04

Sawmills ptenu19 mtlls 951 24 1 138 27 1 560 34 195 05 254 06 290 06

Misc products 417 34 608 48 1 130 67 74 06 91 07 160 I 09

Furniture and fixt 2 237 48 3011 58 4550 67 388 08 529 10 820

I
12

Stne cl V and 91 productl 3 732 58 4 983 71 8 120 114 719 11 895 13 l g 20

GI nd gilA productS 1 214 66 1 488 74 2 460 1 11 254 14 311 15 25

Cement concrete pa er 1 252 56 1 727 70 2 770 1 06 307 14 385 16 590 23

Structural claV products 193 33 188 37 230 72 37 06 37 07 40 13

Pottery nd related productS 190 43 272 58 500 118 21 05 27 06 30 07

Mise nonmetallic stone 883 66 1 308 86 2 160 1 40 100 07 135 09 230 15

Primllrv metal industn 11 043 85 13 515 1 08 20900 1 55 2202 17 2 549 20 4100 30

81ast fur stOlt works 5 402 97 6 028 1 25 8 620 1 80 1 048 19 1 129 23 1 620 34

Other primary stHl 1 982 54 2 499 68 4 040 95 404 11 418 13 840 20

Primary aluminum 1 519 97 2 275 1 27 3 690 2 04 324 21 426 24 730 40

Other primary nonferrous 2 140 96 2 713 119 4550 1 76 426 19 516 23 910 35

FabrtC8tod mila products 9 989 72 13874 90 22 670 1 21 1960 14 2 589 17 4550 24

CutllfV othhardwlJr 1 664 1 10 2 209 1 23 3 510 1 54 267 18 387 20 690 30

F bricatocl mll 1 products 2 199 65 3 949 19 6 780 98 610 14 825 16 1 670 24

Screw machine prodUCts 865 83 1 075 99 1 530 1 35 120 11 147 14 220 19

Metal st8mping 1 446 62 2 142 87 3 690 127 321 14 407 17 67C 23

Misc metal productS 3 215 69 4499
3 i

7 160 132 642 14 843 16 1 300 24

Machinery except electrical 58 319 2 85 90982 199 680 8 70 17 098 86 24 318 1

I
51 190 1 72

Engines and turbines 1 551 141 2 354 1 78 4 190 2 93 394 38 560 42 890 62

Farm machinery eQUICment

1
2 004 1 56 2 747 1 84 4680 2 60 429 33 572 38 920 51

COnstruct tOnmachinery 3847 131 8116 1 65 10 240 2 19 651 29 1 253 34 1 950 42

Metalworking mactllnefV 3 041 96 4488 1 29 7 820 1 79 1S9 24 1 011 29 1 900 44

Office accounting mMhinerv 4 849 5 33 4980 8 91 6 670 10 13 1 304 1 43 1 158 1 60 1 600 2 43

ElectronIC computing eqUipment 33 025 17 57 58 322 21 72 145 420 30 94 628 6 19 17 388 6 49 39 960 8 50

MKhinerv 8 C 7 922 93 11 975 1 23 20660 1 67 1 735 20 2 318 24 3 970 32

Electrical machinery 35815 187 I 47 031 2 29 78 670 3 15 10 751 58 12 002 58 19 900 80

Household apptianc 1 958 1

061
2 370 1 30 I 3940 185 407 22 464 25 620 29

Radio TV communications eQuipment 15 891 2 52 18 763

I
27 100 4 12 5 062 80 5 128 86 7 300 III

Electricaj rTt8cl1inerv n I C 17 966 1 63 25 898 47 830 2 92 5 282 48 6 410 50 11 980 73

Transportation equiPment 28 727 1 50 35 814 1 73 50 660 2 14 8 172 43 8 982 43 12 200 51

Motor vehicle equipment 9 111 1 13 13 827 1 41 22 400 1 96 1 999 25 2 855 29 5 180 45

AirCJ1lft and patts 1

1
2 51 182131 3 10 22540 4 39 5 446 82 5 316 91 5 990 1 17

ShIO boatbuilding repair 80 2

5921
92 3 680 117 588 21 594 21 680 22

Railroad equIpment 445 sa 661 108 990 155 94 19 125 20 ISO 23

Mobiledwellings 1 12 195 18 430 16 8 01 15 01 40 01

Cvlces misc transponation equipment 163 65 328 77 610 93 37 15 77 18 160 24

ProfessIOnal and scientific lnltruments 8 160 1 80 12 5581 2 22 19 980 2 92 2

0921
46 2 956 52 4 870 71

Scientific instruments 3 168 1 79 4454 2 27 6 330 3 23 816 48 1 051 54 1 430 73

Optical healthservice suppties 1 876 138 3

4281
1 66 5 710 2 14 4151 33 791 I 38 1 550 58

Photo eQUipment and suppli 2831 2 60 4 3 34 7 460 4 05 156 69 1 040 I 79 1 780 97

Watch and dock devices 305 97 99 380 105 69 22 74 24 110 30

Misc manufacturinC 3 552 82 4 495 97 5 930 118 577 13 699 15 930 18
I

Nondurable goods 68 755 84 85 7831 104 131 700 1 45 13 141 16 15 187 19 25 500 28

Food and kindred products 11 169 63 13 5691 19 20 020 115 1 903 11 2 157 13 3 390 20

Meat products 1 841 53 2 280 65 3 300 93 266 06 308 09 540 15

Dairy products 1 639 67 1

5881
85 1 750 1 27 239 10 218 12 240 17

Canning Ind preserving 1 741 61 2 318 77 3 840 1 06 384 14 479 16 820 23

Grainmill products 913 66 1 246 85 1 860 1 20 155 11 189 13 290 19

8 kery product 1 018 37 1 190 51 1 250 61

1
06 165 07 230 11

Confectionery products 643 78 674 87 860 1 07 13
i

15 140 17

Beverages 1 588 67 1 986 86 2 900 1 24 273 12 13 350 15

Misc food preparations 1 766 99 2 309 124 3 380 1 66 319 18 384 21 580 28

TobKcomenufacturing 188 96 817 1 21 860 1 49
1

25 192 29 200 35

Textilemill products 6421 66 7 134 79 10 370 98 12 1 282 14 1 960 19

Knitting mills 1 472 60 1 554 66 2 220 66

I
08 237 10 360 11

Dve ng finishing tntil 652 78 181 99 1 155 1 50 14 131 17 190 25

Floor coverings I 861 151 1 134 185 2 080 2 01 151 26 184 30 360 35

Yarn f bric mill 2 962 57 3 211 71 4 345 95 561 11 599 13 890 19

Misc textile mitt produCtS 458 61 464 65 570 69 105 14 III 16 160 19

APparel rex ttle Product 6

2061
45 7 093 53 10 750 69 894 06 1

0581
08 2 000 13

Apperef and accessories 5 462 45 6 203 54 9 360 71 805 07 946 08 1780 13

Misc fabricated productS 724 43 890 46 1 390 59 89 112 06 220 09

Paper and all ied products 5

8851
83 6899 99 11 250 142 1 0361 15 1 17 2 100 27

Pulp paper PoIQerboard mills 2 944 1 01 3 320 1 25 5 130 2 01 5821 20 23 1 010 I 39

Paperboard containers boxes 1 033 46 1 040 49 1 540 58 183 08 191 09 380 I 14

Misc paPlt nd pulp products 1 908 101 2 539 1 16 4560 1 71 271 14 359 16 710 26

See notes at end 0 f tabje
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Table 81 Continued Industry distribution of computer employment by occupation 1970 1978 and projected 1990

Total all computer occuPlltions Computer programmers

1970 1978 1990

I ndustrv Percent Percent Percent Percent

Emplov ind UV
Employ

of
Employ

of
Employ

of

industry industrv I Industry
ment ment

employ
ment I employ

ment
em OY l I

emplov

ment ment I ment ment

Primingand pubhshlng 12 220 1 05 1 15 921 1 26 25 740 112 2 199 0 1 9 3 101 0 25 5 590 0 42

N erpublishing printing 2 281 55 3 223 70 5 570 1 05 440 11 552 12 1 050 20

Printing publiShing exe newspaper 9 939 134 12 6981 1 59 20 170 2A8 1 759 24 2 549 32 4540 56

Chemical and allied producu 13 734 1 33 18 144 1 68 31 J20 2 33 3 193 31 3 851 36 6 400 48

I nclustriai cnemicat 4 389 1 38 5 5261 1 70 10 010 2 54 1 317 41 1 493 46 2 700 69

PlastiCS synthencs 1 042 1 02 1 3611 1 41 2 370 2 18 272 27 298 31 410 38

Symnllic fibers 1 128 1 04 1 4251 1 22 2 530 1 40 226 21 271 23 520 29

Drugs and medicines 2 778 1 94 4 4361 2 39 7 380 3 57 614 34 912 49 1 550 70

Soaps and cosmetiCS 2 034 1 63 2 577 192 4 040 2 43 345 28 416 31 590 35

Paints and varnishes 1 018 149 1 278 1 77 2 000 2 17 127 19 161 22 230 25

Agricuttural ch icals 557 101 777 127 1 220 2 14 124 23 168 26 190 33

Mite chernacals 798 72 764 89 970 85 168 15 144 17 210 18

Pftroland coal products 5 141 270 6 883 3 30 9 750 5 48 1 280 67 1 503 72 1 900 1 10

Petroleum refining 4 807 3 13 6 449 3 92 9 090 7 48 1 250 81 1 464 89 1 890 156

viisc petrgjeum coat products 334 91 434 99 660 117 30 08 39 09 0 11

Rubber mttc ptastic products 5 294 92 6 957 93 10 760 i 1 34 1 000 17 1 231 16 1 800 22

Rubber products 3 674 1 28 4162 1 41 5 750 1 70 760 26 822 28 1 010 30

Misc ptastlC products 1 620 56 2 795 62 5Q10 1 08 240 08 409 09 790 17

L amproducts 1 897 59 1826 71 2 040 95 289 09 283 11 310 14

Leether tanning fintsft1ng 109 42 1061 47 140 1 02 7 03 7 03 10 07

Footw r xcept rubber 1 319 58 1 2171 71 1 200 91 223 10 211 12 220 17

All om I ther prOducts 469 68 5031 79 700 1 02 59 09 65 10 80 12

TfIInsportlltion other public utilitia 48 606 97 65 505 113 107 130 1 69 9 345 19 12 445 22 23 000 36

Transponation total 1 20 130 70 23 966 73 32 780 93 3 095 11 3 894 12 5 500 16

R t1roads railv ltXpreu 8 186 1 33 6 937 138 6 225 1 45 768 12 689 13 650 15

L Interurban transit 540 14 595 13 880 16 60 02 73 02 100 02

Street railways bus lines 516 18 558 16 845 20 56 02 65 02 90 02

Taxicab service 241 03 37 03 35 03 4 8 01 10 01

Truck ing nd werehousim 4 3431 37 5 739 39 8 035 52 554 05 814 08 1 300 08

Truck ing services 3 8291 38 5 129 38 7 195 50 490 05 730 05 1 160 08

WerehOUSlng and It 5141 58 610 65 840 81 64 07 84 09 140 14

Water transponatlon 1 1061 47 1 2931 53 1 720 81 258 11 368 15 450 21

Air trn Ortation 4 5221 1 31 6822 1 63 11 080 2 10 1 155 34 1 486 36 2 100 40

Pipeiines 3671 2 17 5371 2 81 850 5 32 113 67 147 77 160 1 00

Tr8nsportation sarvie 1 0661 1 00 2 043 120 3990 157 187 17 317 19 740 29

Communtcattons utilities sanitary services 28 475 1 1 32 41 539 169 74 350 2 65 6 250 29 8 551 35 17 500 62

Communications 16 2861 1 51 23 992 199 48 525 3 50 3 300 31 4 628 38 10 400 75

Telephone wire and radio 14 660 1 1 62 21 097 2 19 43 450 4 02 2 887 32 3 985 41 9 100 84

Telegraph mISC comm ServlCl 1 004 2 11 1 931 3 05 3 160 5 17 276 58 445 70 850 1 39

Rldio broldcastlng TV 622 48 964 54 1 825 75 137 11 198 11 460 18

Utilities sanitary Services 12 190 1 13 17 547 1 39 25 825 182 2 950 27 3 923 31 7 100 50

Electric light and power 4 343 1 33 7 080 1 61 10 505 2 54 1 069 33 1 710 39 3400 81

Electrlc gas utilities 3 994 2 04 4

8471
2 36 7 210 3 08 632 42 989 48 1 700 73

Gas starnsuppjv systems 2 854 1 72 3 507 2 11 4 725 2 83 858 52 975 59 1 500 90

Water supply 758 57 1 060 69 1 600 85 141 11 185 12 300 16

Sanitary serviCes 152 06 950 33 1 460 36 28 01 37 01 110 03

Other utitities n e e 84 1 25 103 1 45 225 2 21 22 33 27 38 90 88

Wholesale and retail trade 93 137 57 141 6651 69 242 000 95 13 550 08 19 409 09 35 000 14

WhoiM traoe 62 738 1 59 94 6141 196 164 640 3 08 9 695 25 13 663 28 24 000 45

What except miSC wnolesal 50 254 1 90 78 2361 2 35 140 950 3 77 7 955 30 11 347 34 20 100 54

Motor venicles and equipment 4 309 130 6 441 150 9 180 1 76 643 16 810 19 1 450 28

Drugs chemlCats allied products 5 006 2 15 6 2501 2 32 8 220 2 82 670 29 832 31 1250 43

Drv goods and apparel 2 041 130 2 4441 1 46 3 370 1 75 300 19 369 22 450 23

Food and refated products 5 927 1 02 7 767 1 18 10 680 149 865 15 1 155 17 1 1 550 22

Farm productsf8w materials 633 60 1

1381
73 1 620 161 118 11 208 13 I 300 30

ElectrICal goods 4 766 1 50 1 6 671 178 10 120 2 20 664 21 908 24 I 1 400 30

Hardware plumbing 1 762 1 03 2 131 1 02 2 760 1 23 267 16 378 18 500 22

Machinery eqUIpment suppies 25 8101 3 46 45 3941 4 28 98 190 1 7 99 4 528 61 6 687 63 13 200 1 07

Misc Nhole5at trade 12 484 1 97 16 3781 110 24 150 1 50 1 740 13 2 316 16 3 900 24

Metals and minerals n c 1 362 1 01 1 673 1 19 2415 1 48 170 13 200 14 350 21

Petroteum products 2 336 1 17 2 5271 1 08 3 015 1 26 458 23 622 27 1 1 100 46

Scrap and waste material 82 08 1551 12 315 27 15 01 26 02 50 04

Alcoh04lc beverages
1 352 1 37 2 0421 156 2 760 1 22 118 12 183 I 14 250 20

Paper and i ISproducts 1 343 1 01 1 601 1 22 2 270 140 146 11 168 i 13 200 12

Lumber construction materials 708 44 9551 54 1 440 67 92 06 110 06 150 07

Wholesale trade n ec 5 299 1 14 7 4251 1 37 11 940 2 01 741 16 1 007 19 1 800 30

Aeta trade 30 399 24 47 0511 30 77 360 38 3 855 03 5 746 04 1 000 05

Building materials 937 16 1 311 18 1 940 24 149 03 215 1 03 300 04

Lumber budding materiats 5491 15 9211 19 450 30 87 02 139 1 03 200 04

Hardware and farm equipment 388 i 17 3901 16 490 1 15 62 03 76

I
03 100 03

General mecf1andise otal 15 5371 61 22 7271 77 37 420 87 1 956 08 2 819 10 6 200
I

14

Oegartment mad order 11 845 76 18 5701 96 31 615 106 1 498 10 2 327 12 5 550 19

Limited price stores 1 001 32 1 0651 38 490 45 95 03 106 04 150 05

Vending mactune operators 273 i 40 324 43 505 39 25 04 25 03 50 04

Direct selling 724 22 7821 22 850 25 168 05 165 05 200 06

Misc merchandisestores 1 6941 56 1 9841 66 2 960 60 1 110 06 196 I 07 250 05

Food and dalrV stores 3 996 i 20 6 5531 28 11 500 39 476 02 733 03 1 350 05

Grocerv stores 3 676 22 5 9751 30 10 400 40 452 03 698 i 03 1 290 05

Dairy product stores 1241 34 2191 49 350 84 12 03 19 I 04 30 07

Aetall bakeries 115 10 2311 17 530 35 8 01 13 01 20 01

Food stores n c 81 07 1281 09 220 15 4 3 10 01

Auto d rs gas stations 1 306 07 2 034 10 3 100 14 103 01 155 01 200 01

Motor vetlIcle d lers 7521 10 i
12 1 5851 16 72 01 100 01 125 01

Tire battery accessorv stores 515 28 35 1 460 40 31 02 55 02 75 02

Apparel aocl accessories 2 220 29 3 3031 36 5 0801 45 208 03 292 03 40 04

Appaaccessory stores 1 643 27 2 4611 33 1 840
I

43 135 02 181 02 300 03

Shoe storllS 577 38 8221 47 1 240 i 53 73 05 111 06 150 06

Furniture and appliances 1 421 26 2 1 33 3 940 I 49 264 05 401 06 750 09

Home furnishing stores 6681 19 23 1 620

I
3 86 02 123 03

I
240 05

Appliances TV radiostores

i 7631 36 1 2941 48 2 320 76 168 08 278 10 510 17

Eating and drlMking ptaces 1 108 04 2 736 06 4 310 08 1 103 166 i 250

See notes atend of table
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Table 81 Continued Industry distribution of computeramploymam by occupation 1970 1978 and projected 1990

Campu rerprogrammers

1990 1970 1978 1990

Industry Percent P ercent Percent Percent
of

Employ
of

Employ
of

Employ
of

i industry ment industry
ment

industry
ment

indUStry

employ I employ employ Implov

I ent I ment men men

3 874 i
I

10 0701Misc retail trade stores 0 26 6 150 I 0 33 0 42 606 0 04 965 0 05 1 500 I
0 06

Drug stores 1 028 22 1 338 27 2 0501 31 174 04 245 05 400 06
Liquor stores

m 08 I 147 09 2101 10 12 01 21 01 40 02
Farm garden supply stores 20 4471 27 720 39 49 04 86 05 120 07
Jewelrv stores 250 1 24 401 i 30 6801 42 27 03 47 03 90 06
Fuel and Icedeaiers 577 50 6 I 60 6951 86 50 04 52 05 50 05
Retail flonsts 12 I 01 01

201
01

lAisc retad trade stores 1 6691 36 3 1441 46 5 495 62 294 06 514 07 800 09

I
Finance Insurance raal estar 1103858 I 2 72 152 4981 3 03 266900 4 11 20 430 53 26 300 52 51 000 79

Finance total 52 796 3 27 I
423 172 890 5 66 9 039 56 13 440 63 26 300 93

Banking 39 878 402 5 20 135 990 I 7 02 6 656 67 9 915 74 22 100 114

Credit agencies 6 306 176 12 1381 2 38 20 700 2 68 1 153 32 1 997 39 4200 54
Stock brokers nvestment 6 612 2 49

5
3 09 15 2001 4 41 1 230 46 1 528 51 2 000 I 58

I surane 49 211 3 64 3 68 89 780 I
458 11 078 82 12 388 77 22 000

I 1 12
Aeal estate 1 851 22 2 8141 22 4230 29 313 04 472 04 700 05

ServiCes total 184 994 1 90 343 7591 126 719 900 i 2 06 50 531 24 84 366 31 204 000 sa
HOtets and lodging places 688 I 07 1 171 09 2 2201 12 99 01 152 01 270 01

Hotels and motels

I 06 1 110

I
12 21

I
16 99 01 152 02 270 02

Lodging places except hOtelS 03 61 02 01
Other personal services 1 06 587 04 6101 04 51 42 40

Laundry cleaning 13 5781 13 610 20 51 01 42 01 40 01
Misc business services 90 262 I 5 52 169570 I 6 36 376 610

I
9 02 26 071 1 59 44 023 1 65 112 300 2 69

9 Advertlsing 8541 66 1

0631 71 1 560 105 214 17 258 17 360 24
8uslness man8CJement ServiCes 6 8491 3 83 13 062 472 28 050 6 08 1 938 1 09 3 399 1 23 8 600 186
Commercial A O

1 s i 5 g 8 331 6 15 20 930 9 23 1 797 2 05 3 297 2 43 8800 3 88
Computer programming 110 3611 57 45 255 560 I 70 99 19 366 17 26 31799 18 55 79 660 22 13
Oetectlw and protective 407 I 29 937 33 2 160 46 82 06 161 06 480 10
Emplovment temporary he6p 6 725 3 12 9 4121 2 44 10410

I 166 307 14 640 17 1 600 25
Services tobuildings 36 01 681 01 150 02
Other miSC serviclS 12 701 2 58 26 3361 3 36 57 750 I 5 40 2 367 50 4 449 57 12800 120

AutomObile repairservices 780 16 1 232 17 2 190 25 105 02 151 02 310 OJ
Auto repair 39 01 166 03 3901 07
Auto services except rep lIr 741 44 1 066 49 18001 60 105 06 151 07 310 10

Other repair se lces 2 128 67 4 244 94 12 700 2 57
Electrical repairshOps 993 79 1 339 1 02 4 2001 2 29
Other reoair ServiCes 1 135 59 2 905 91 8500 1 2 74

Motion oictures theaters 862 36 827 40 1 0701 35 189 06 161 09 210 07
MISC entertainment 291 07 i41 10 1 2601 15 44 01 121 02 J40 04
Medica otherheelth 13 554 29 26 371 39 57 970 I 53 2 495 05 4842 07 13 500 I 12

HOSPitals 11 538 39 21 232 54 48 430

I
83 2 016 07 3 499 09 10 710 18

Convalesc nt Institutions 156 03 501 06 1790 06 27 01 66 01
2 I

02
HealthServiCes n e C 1 860 58 4 638 67 8 750 94 452 16 1 077 16 26

Legal services 201 05 365 06 6901 09 30 01 84 01 160 02
Educational ServiCes 33 927 56 58 066 77 102840 I 128 11 785 20 17 713 24 33 000 I 41

Elementary secondary 4 461 11 7 596 15 11 430 22 1 048 03 1 620 03 3 000 06

CoUegw and Unlversitles
i

26 507 1 68 45 195 2 24 80 720

I
358 10 047 64 14 887 74 27 500 1 22

Libraries 160 20 435 42 1 270 84 54 07 124 12 400 26
EducationalServiCes n 8 C 2 799 112 4 840 131 9 420 191 636 25 1 082 29 2 100 43

Museums art galleries lOOS 47 16 119 23 320 35 16 06

I
30 06 70 06

Nonprofit organizations 6 372 45 9 6161 50 l g 1 62 950 07 1 495 08 2800 11
Religious organiZations 587 10 924 13 14

Welfare services 2837 66 4 191 65 6 6701 71 423 10 586 11 1 200 13
Nonprofit memDer5nlp organiZations 2 926 77 44781 91 7 5901 125 527 14 809 18 1 600 26
Other profesSIonal related ServiCes 35 073 4 26 70 8501 5 47 146 050 i 8 94 8 696 106 15 752 1 22 41 000 2 51

Engineering and architectural services 3470 109 8 169 1 66 20210 i 3 22 1 317 41 2 462 50 8 100 1 29
Misc prohtsslonal services 5 002 2 42 9 943 2 76 23840 5 51 1 969 95 3 449 96 10 900 2 52

Government toral 82 343 1 94 116 6951 2 31 207 500 I 3 49 18 260 43 24 722 49 46 600 78
Federal publiC administration 52 551 2 32 68 3191 3 01 101

6751
4 26 12 765 57 15 277 67 20 600 86

Postal service 712 10 1 6371 24 3 800 57 I 143 02 278 04 600 09
Other Federal oubhc administration 51 869 3 35 66 682 i 4 19 I 97 875 5 68 I 12 642 82 14 999 94 20 000 1 16

State publiC adminiStration 18 504 3 00 30 0991 3 33 63 0251 5 56 I 3 185 52

I
5 629 62 14 000 124

I ocal pubhc admlnl tranon 11 288 82 18 277 99 I 42800 1 76 2290 17 38 6 21 12 000 49

See nOtes at end of tacie
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Table 81 Continued Industry distribution of computer employment by occupation 1970 1975I and projected 1990

Computer ystems analySts omQUttr and peripheral equipment operators

1970 1978 1990 1970 1978 1990

Industry 1 Percent Percent Pefcent Percent Percent Percent

Emp4oy
of

Employ
of

Em 10 1 of

I
of of

Employ
of

ment
i nduurv ment

industry
m ntV jlndustrv

EmpIOY
industry I

Employ
industry

I
ment

industry

emojov employ I emplOV
ment

employ
ment employ

I
emplOY

ment ment
I

I rnenr ment ment mant

Total all inaustnes 102 697 0 13 J181 998I 0 20 400 35 1 49 995 0 19 392 993 0 42 850 000 0 75

Agriculture forestrv fisheries 18
I 451I 171

200 Jl I 122 337 01 625 02

AgricUlture 8 75 I 89 216 01 380 01

AgricUltural production 10 35 61 120 01

ServICe5 except horticulture 8 17 01 SO 02 47 03 136 06 220 07

Ho icultural ServiCes 15 01 7 19 01 40 02

Forestrv 10 02 28 04 85 12 26 05 97 12 190 27

Fisheries
40 06 7 02 24 03 55 09

Mining 969 15 2 354 26 5 000 47 I 1 634 26 5 397 61 11 660 1 10

Metal mining 80 09 129 14 250 22 I 84 09 182 19 400 36

Coal mining 13 01 35 02 100 03 60 04 208 10 450 13

Crude petroleum and natura gas 840 30 2 132 47 4500 92 I 1 361 49 4707 1 04 10 150 2 07

Nonmetallicmining quarrying 36 04 58 05 150 13 129 11 300 24 650 58

Construction 839 02 1 423 03 3 000 04 1 432 03 3 641 06 7 725 11

General building contracton 81 01 164 01 400 02 155 01 409 03 1 100 06

Genera contractors axe budding 548 05 1 106 07 2 350 12 1 121

I
08 2 576 17

I
5 300 28

Special trade contractors 110 153 250 01

i
56 01 656 02 1 325 04

ManufacturincJ 38 002 20 61 915 30 119 500 51 I 45 967 23 103 093 50 1215 000 91

I I

Durable goods 31 103 27 50977 41 99 500 i 68 30 262 27 68 916 56 146 000 100

Ordnance 2 138 72 1 951 1 14 3 100 179 1 631 55 1996 1 16 2 700 156

Lumber and wood products 179 03 293 04 550 07 286 05 658 10 1 450 20

loggIng 370 I
14 01 37 03 80 08

Sewmilfs ptaninq mills 130 03 211 05 08 136 04 311 07 670 14

Misc wood products 49 04 82 06 180 11 136 11 310 24 700 41

Furniture and fixtures 142 03 242 06 420 06 500 11 1 187 23 2 370 36

Ston8 clav and glass products 431 07 706 10 1 380 19 959 15 2 152 31 4 400 62

Glus and glass products 158 08 249 13 480 22 231 12 523 26 1 150 52

Cement concrete plaster 150 07 238 10 440 17 336 15 747 30 1 500 58

Structural clay produCU 10 02 14 03 20 06

i
37 06 68 13 120 38

Pottery and rei tad productS 1 03 18 04 30 07 61 14 152 32 380 90

Misc nonmetallic stone 102 08 186 12 390 25 294 22 662 44 1 250 81

Primary met industries 1 214 09 1 878 15 2900 22 2 417 19 5 061 40 I 11 000 82

Blast furnaces st works 590 11 803 17 1 170 24 1 166 21 2 216 46 4 500 94

Other primarysteet 137 04 242 07 380 09 484 13 1 062 29 2 300 54

Primary atumlnum 276 18 508 29 870 48 306 20 766 43 1 600 88

Other primnonferrous 211 09

3261
14 480 19 462 21 1 017 44 2 600 1 00

Fabricatedmetal produc1S 904 06 1 620 10 2 700 14 2258 16 5 520 36 12 080 I 85

Cutlery omer hardware 179 11 333 19 610 27 274 18 686 38 1 500 66

FabrIcated metel products 270 06 508 10 910 13 591 14 1 499 30 3 380 49

Screw machine products 77 08 124 11 190 17 175 17 409 I 38 850 75

Metel stampmg 88 04 156 06 280 10 426 18 1 010

I
41 2 250 77

Misc metal products 290 06 499 09 710 13 792 17 1 916 37 4 100 75

Machinerv exc8Qt electrical 13 131 67 24 490 1 06 54 500 183 7 674 39 20 183 87 51 500 173

Engines and turbines 243 22 447 34 830 58 280 25 736 68 1 900 1 33

Farm machinery equiPment 215 17 362 24 550 31 395 31

9741
65 2 500 1 39

Construction machinery 672 23 1283 35 2 500 54 679 23 1 822 49 4 100 88

Metalworking machinery 300 09 515 15 1 020 23 713 22 1 764 51 3BOO 87

Offtce accounting machinerv 1 005 1 19 1 254 1 74 1 600 243 621 68 1 049 1 46 1 800 2 73

ElectroniC comPUting equipment 9 864 5 25 19 286 7 20 45 400 9 66 3 198 170 9 283 3 46 27 000 5 74

Machinery n e c 752 09 1 343 14 2 600 21 1 788 21 4535 47 10 400 84

Electrical machinery 5 977 31 9 362 45 16870 67 6 641 36 14 526 71 31 000 124

Household aQoJiances 274 15 411 23 720 34 392 21 829 45 2 100 99

Radto TV communicst1ons eqUipment 2 694 43 3804 63 8 100 93 2971 47 5591 93 9 900 1 51

Electrical machinerV n l c 3 009 27 5 147 40 10 050 62 3 278 30 8 105 64 19 000 1 17

Transpgnation equipment 5 285 28 7 504 36 11 800 50 5 668 30 11 919 58 20 800 88

Motor vehicle eQuipment 1 204 15 2

2191
23 4 400 38 1 937 24 5 054 51 9 590 84

Aircraft and ns 3 673 68 4 666 80 6380 124 3 115 47 5 4771 93 8 300 1 62

Ship boet building repair 326 12 452 16 690 22 463 18 972 34 1 900 60

Railroad equipment 63 13 130 21 210 33 76 15 203 I 33 460 70

Mobiled lIngs 13 02 35 03 90 03 25 03 88 08 250 09

Cycles misc tl8nsportatlon equipment 5 02 13 03 30 05 32 13 125 29 310 47

Professional and scientific instruments 1 408 31 2 490 44 4510 68 1 518 33 3 965 70 7 400 108

Scientific instruments 623 1 35 1031 53 1 600 132 536 30 1 255 64 2 160 1 10

OPtical hellth servIce supplies 210 I 15 466 23 970 36 335 25 1 087 53 2 100 79

Photo equipment and suppl 554 50 966 74 1900 03 615 56 1 546 1 18 3 000 1 63

Watches and clock devices 21 07 28 09 40 11 I
32 10 77 25 140 39

Misc manufacturing I
295 I 06 442 09 790 8 710 16 1 770 38 3 000 60

Nondurable goods I 6899 08 10938 13 20 000 22
i

15 705 19 34 718 41 70 000 77

Food and kindred products 877 05 1 279 07 2250 13 2851 16 6 177 36 11 900 69

Meat products 72 02 108 03 180 05 447 13 1 055 30 2 050 58

Dairy procluC1S 158 07
i

195 11 270 20 382 16 663 36 1 020 74

Canning and preserving
143 05 207 06 410 11 455 16 1 006 34 2 100 58

Grainmill products 79 05 I 128 06 230 15 279 20 637 44 1 200 77

8aky produc1S 27 01 54 02 90 04 281 10 599 26 750 37

Confectionery products 46 06 64 08 100 12 137 17 276 36 510 64

Bewrages 119 06 163 07 260 11 471 20 1 012 44 2 040 87

Misc foodpreparations 234 13 362 19 680 28 399 22 929 50 1 800 88

Tobacco manufacturing 66 08 87 13 130 23 209 26 357 53 430 74

Textite mill products 509 06 748 08 1 410 13 1284 13 2 656 30 5 500 52

Knitting mills 68 03 96 04 190 06 226 09 463 20 1 250 37

Dyeing finisning textiles 47 06 77 10 130 17 182 22 369 47 700 91

Floor coverings 1 68 12 104 17 220 21 236 41 545 89 1 300 1 26

Varn fabricmills 1 286 06 403 09 740 16 609 12 1 196 26 2 100 46

Misc t xt l mill products I 41 05 68 10 130 16 31 04 63 09 150 18

APJ8re1 tlxtde products I 386 03 569 04 1 090 07 1 146 08 2 626 20 5 900 38

Apparel and accessories 344 03 509 04 930 07 1016 08 2 286 20 5 150 39

Misc fabracatedproducts 42 02 80 04 160 07 130 08 340 17 750 32

Paper and all ied products 643 09 975 14 1 22 1 336 19 2 716 39 5800 73

PulP pappaplloard mills 1
380 12 482 18

I
30 765 26 1 443 54 2 900 113

Paoerboardcontainen boxes

I
67 03

I
05 220 08 200 09 386 18 700 26

Misc paper and pulp products 216 12 18 760 28 370 20 887 41 2 200 82

See notes at end of table
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Table 81 Continued Industry dinribution of computemployment by occulMlion 1970 1978 and projected 1990

Computer systems analysts

1970 1978 1990

Industry Percent Percent Percent Percent

I Employ i rv Emptoy ind trv
Empioy of

Em o I
of

men
plOy I ment

employ
ment ment

industry
I ntV 1 lnousrry

emptov I emptov
ment ment ment ment

Printing and puollShing

9181
0 08 1

6941 0 13 3 350 02 I 3 029 0 26 6 756 0 54 13 900 1 04
Newspaper PUblishing printing 109 02 147 03 2SO 05 I 778 19 1 781 39 3 600 68
Printing PUblishing exc newspaper S09 10 1 547 19 3 070 38 2 251 30 4 975 62 10 300 1 27

Chemical and allied productS 2

0531
20 3 3331 31 6 610 50 3 076 30 6737 62 14 900 1 12

lnaustnal chemICals

1
700 22 1 0441 32 2 140 54 943 30 1 934 59 4490 114

PlastiCS svnmetlcs 139 14 234 24 420 39 i 313 31 610 63 1 390 128
Svnthetlc fibers I 16 2771 23 580 32 209 19 473 40 1 130 52
OrullS and mediCines 43 1 1371 62 2250 102 i 546 38 1 479 80 3 300 150
SoaPS and COsmetiCS 212 17 3201 24 610 37 I 448 36 1 002 75 2 200 132
Paints and varnishes 85 13 139 19 270 29 247 36 554 77 1 200 1 30
AgrtcuJ rural chemicals 49 09 SO 13 150 26 157 29 363 60 740 130
Mtsc chemicals 104 08 102 12 190 17 213 19 322 37 450 40

Petroleum and coat productS 919 49 1 373 66 1 950 1 10 1 149 60 2 596 125 4 900 2 76
Petroleum refining 884 57 1 312 80 1830 151 1 094 71 2 444 1 49 4 520 3 72
Misc Pftroieum coal producu 35 09 61 14 120 21 55 15 152 35 380 68

Rubber misc P8Stic prOducts 403 07 704 09 1 330 17 1 246 22 2 860 38 6 100 76
Aubber products 282 10 402 14 710 21 869 30 1 656 56 3 300 97
Misc plMtic products 121 04 302 07 620 13 379 13 1 204 27 2 S00 60
Lelther products 123 04 156 06 250 12 378 12 697 27 1 100 51
Leather tanning finishing 28 11 57 25 100 73
Footwear exceptruQber 59 02 65 03 90 07 257 11 458 27 650 49
All other leather products 64 09 91 14 160 23 93 13 182 28 350 51

Transportation Other pubHc utilities 4 788 09 8215 14 17 700 28 10834 22 26 057 45 52 300 83
Transportation total 1 611 06 2 642 08

I
4700 13 4 232 15 9256 28 17 100 49

AallrOlds railwav expreu 4

1
08 596 12 BOO 19 1 624 26 2 619 51 3 200 75

Local int urban transit 01 50 01 75 01 130 03 290 06 600 11
Street rallwavs bus lines 31 01 41 01 60 01 130 04 290 08 600 14
TaXIcab service 4 9 01 15 01

Trucking and werehoullng 212 01 392 02 725 05 803 07 2 143 15 4 200 27
Truck ing SIIrnC8S 188 01 385 02 685 05 688 06 1 863 14 3 700 26
WarehOUllng and storage 24 03 27 03 40 04 115 13 280 30 500 46

Water transportation 122 05 205 08 400 19 144 06

i
296 12 600 28

Air transportation 609 18 1 017 24 1800 34 1 228 36 2 956 71 6 000 1 14
Pipetines 39 23 60 31 100 63 94 56 222 116 500 3 13
TranlpOrtatlon services 137 13 322 19 800 31 209 20 730 43 2 000 79

Communications utilities sanlt ry services 3 177 15 5 573 22 13000 46 6 602 31 16801 66 35 200 1 25
Communicattons 1 970 18 3 531 29 9 000 65 3 960 37 9 936 83 24 1000 174

Telephone WI and radiol 1 726 19 3 026 31 8050 75 3 558 39 8 805 91 22 000 2 04
Telegraph mase comm sennCft lac 39 379 60 700 115 261 55 738 116 1 200 1 97
Radio brdcastln9 TV 60 05 126 07 250 10 141 11 393 22 900 37

Utilities sanitary services 1 207 11 2 042 16 4 000 26 2 642 25 6865 55 11 100 78
Electric light and power 382 12 807 19 1 900 45 937 29 2 525 57 3 400 81

EJectlcgButilities 470 24 693 34 1 300 56 785 40 1 671 82 3 300 142
Gas steam supply systems 274 16 390 24 550 33 667 40 1 354 81 2 200 1 32
Water sugpy 38 03 66 04 100 05 193 15 469 31 900 48
Sanitarv SerYu es 35 01 74 02 120 03 37 01 793 28 1 200 30
Other utilities n c 8 12 12 17 30 29 23 34 53 75 100 98

Whotesale and retail trade 9 942 06 18 782 09 35 000 14 16 595 10 44 455 22 90 000 35
Whotesate trade 7871 20 14 789 31 27 540 51 9 25 24 948 52 49 000 92

Wtlolesale except mtK whatl 6856 26 13 126 40 25 600 66 7 526 28 19 926 60 38 500 1 03
Motor vehiclesand equipment 190 05 345 08 580 11 1 069 32 2 792 65 4 800 92
Drugs chemicals allied products 236 10 397 14 660 23 1 088 47 2 599 97 4650 159
Orv goodsand apparel 157 10 257 16 410 21 394 25 881 53 1 700 88
Food and related products 274 05 486 08 760 11 1 381 24 3 314 50 6 300 88
Farm products raw materials 45 04 108 07 200 20 135 13 478 31 800 80
EI Ctrlcal goods 568 18 992 26 1 550 34 688 28 2 183 58 4400 96
Hardware plumbing 50 03 89 06 140 06 280 16 727 35 1 300 58
Machinery eqUipment SUppJlltS 5 336 72 10 452 99 23 140 188 2291 31 6 952 66 14 550 118

Misc wnolesale trade 1 015 08 1 663 11 2 400 15 2 140 17 5 022 34 10 500 65
Metalsand minerals n c 166 13 250 18 3SO 23 231 17 497 35 950 58
Petroleum produc ts 330 16 565 24 170 32 8 11 15 01
Scrap and wastemateria

30 03 90 07 235 20
AlcohOliC beverages 33 03 621 06 90 07 270 27 757 58 1 500 1 21
Paper and its products 173 13 265 20 390 24 252 19 527 40 1 100 88
Lumbttr conStructionmaterials 40 02 60 03 90 04 183 11 430 24 900 42
WhOlesale trade n ec 273 06 461 08 680 11 1 166 25 2 710 50 5 800 97

Aetall trade 2 071 01 3 9931 02 7 460 04 I 6929 06 19 507 12 41 000 20
Budding materi 48 01 i I 01 150 02 204 03 563 08 1 100 14

Lumber building matenais 35 01 01 110 02 I 163 04 474 10 910 19
Hardware and farm eQuipment 13 01 24 01 40 01 I 41 02 89 04 190 I 06

General merchandise total 1 162 05 2 1381 08 4 100 10 3 537 14 9 363 I 32 19 100 I 45
Department mad order S09 06 1 628 i 08 3 360 11 2 661 17 7626 39 15 720 I 53
LImited prlcestores 98 03 147 i 05 220 70 205 07 424 15 860 26
Vending machine operators 22 03 35 04 50 04 34 15 104 14 280 21
Direct selling 37 01 41 01 50 01 200 06 340 10 440 13
MISC merchandise stores 196 06 267 09 420 08 437 14 867 29 1 800 36

Food and dairy stores 184 01 378 02 740 03 I 1 099 06 3 006 13 7 200 24
Grocerv stores 169 01 343 02 670 03 1 007 06 2 724 I 14 6 420 25
Dairy product stores 5 01 11 02 20 05 i 26 07 75 17 210 50
Retail bakeries 50 04 161 12 460 30
Food stores n c 10 01 24 02 50 03 16 01 46 03 110 07

Auto dealers gas stations 45 73 110 295 02 832 04 1 900 08
Motor vehlcJ dealers 18 20 25 176 02 434 05 980 10
Tire battery accessorv stores 27 01 53 02 85 02 119 I 07 398 15 920 25

Apparel and accesSOries 64 01 144 01 290 03 512 i 07 1 400 15 2 900 26
Apparel accessory Stores 40 01 98 01 00 02 397 06 1 076 14 2 220 25
Shoe stores 24 01 46 03 90 04 115 08 324 19 680 29

Furniture and appliances 85 01 190 03 390 05 278 05 S01 I 12 1 800 22
Home furnlshlftg Stores 22 01 65 02 150 03 151 04 402 10 900 18
ApPliance TV radio stores 63 03 125 05 240 08 127 06 399 15 900 30

EatIng and drinking places 100 171 220 266 01 1 518 I 04 3 100 06

See notes at end of tab4e
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Table B 1 Continued Industry distribution of computer employment by occupation 1970 1978 and projected 1990

Computer systems anaiYSfS Computer and penpneral eQuipment operators

1970 1978 1990 1970 1978

I ndustry I I Percent

I
Percent Percerlt Percent Percent Percent

I

Em 10
I of

Em 0
of of Em I

of Em 10
of

Em I
of

I
p V

I
ndustrv

pi Y
Industry

Employ II Industry
pay

Industry I
P V Industry

P OV I lOdustrv

ment ment mant ment ment ment

Iemploy employ emplQV emPlov 1
emcuoy mploy

i ment ment men ment ment ment

ces 1 02 g05 1 g eEi og
o Ugg o

Drugstores 58 01 95 02 140 02 208 04 530 11 1 100 I 16

LIquor stores
8 01 40 02 80 I 04

o

tC UPPIV stores
1 g 1 g g g I

Fuelond cedeolers 36 03 51 05 7 0 180 16 352 32 640 I 62

Retail flonsts
I

Misc retoo trooe stores 266 06 612 09 1 135 1 1 220 05 736 11 1 290 15

Financa nsuranca reel estate 8 352 22 14 358 29 30 100 4l1 26 229 69 69 026 137 147 500 2 27

Financa total 3 949 25 7 846 36 19 100 6Z 16 038 99 46 527 2 17 103 000 3 37

Banking
2 933 30 5 957 40 15 600 80 12 452 126 36 245 2 72 81 000 4 18

Cred agancies 454 12 9901 19 2 000 2 1 821 51 5 978 1 17 11 500 1 49

Stock brokers onvestmant 562 21 899 30 1 500 43 1 765 67 4 304 1 43 9 500 2 75

Insurance 4 251 31 6 204 38 10 400 53 9 751 72 21 374 133 42 500 2 17

Raal estata 152 02 3081 02 600 4 440 05 1 125 09 2 000 14

Servocas total
26 240 13 59 800 22 147 500 42 32498 16 103 647 38 236 000 67

Hotels and 10dgong places 93 01 100 I 01 170 01 130 01 540 04 1 400 07

Hotelsand mptals 42 62 125 01 130 02 540 06 1 400 11

Lodgong places excapt hotels 51 02

381
01 45 01

Otheroerspnalservcas 48 52 50 110 01 153 01 190 01

Laundry cleanong 48 01 52 01 50 02 110 02 153 03 190 06

Misc busoneslSalVlces 14 768 90 33 675 1 26 89 420 2 14 13 208 81 42 133 158 99 560 2 39

AdvertlSong
79 06 131 09 260 18 169 13 382 25 740 50

8us nessmanagementsarvlC8S
1 404 77 3 156 1 14 6900 150 1 024 57 3 402 1 73 8 400 182

Commerc al A D 958 1 10 2211 1 63 5200 2 29 683 78 2137 158 6 100 2 69

Computar programmong I 10888 9 70 24 640 12 83 66 560 1849 8 903 7 94 27 219 14 17 61 520 17 09

Detective and protectlva 7 01 23 01 90 02 111 08 445 16 1 300 26

Emplovment temporary help 58 02 154 04 SID 08

ServiCes tobuildings
Other misc sarvlces

1 376 29 3 360 43 9900 93 2 31B 49 8 548 109 21 500 2 01

Automoblla repaor SMv Cas 109 02 202 02 420 05 157 03 494 07 1 100 12

Auto repaor
35 01 162 03 390 07

Dthu

c

C8itr r 1
I

20 1 42 1 12 0 33 1 71 2

Electricat repairshops
I

Other repair services

Motion picNrheatars 89 04 93 04 150 ClS 162 07 289 14 510 17

Misc entertainment
5 10 20 69 02 347 04 690 08

Medical otharh llh 1 345 02 3 307 05 8 600 Cl8 3 174 07 10 809 16 28 600 26

HPIIotals 1 014 04 2 518 07 7 250 12 2 866 10 9 187 24 24 470 42

Convalescent institutions 38 01 124 01 650 03 33 01 209 03 630 03

Haalth services n a C 293 10 665 10 1 700 18 275 10 1 413 21 3 400 36

Legal S OC 5 10 20 26 01 134 02 360 05

Educational servoc 3 579 06 7 292 10 15 200 19 7 701 13 22 147 29 44 500 55

Elemantary secondarv 478 01 1 152 02 2 600 05 970 02 3 002 06 4 300 08

Collegesandunovaasnles
2 720 17 5 290 26 10 710 47 6 205 39 17429 66 35450 1 57

Libraroas
23 03 56 06 190 13 34 04 205 20 650 43

Educatlonalservocas n a c 358 14 784 22 1 700 14 492 20 1 511 41 4 100 83

Musoums artgalleroes zoos 5 02 14

031
50 ll5 18 06 66 13 190 21

Nonprofitorganozatlons 555 04 1 087 06 2 200 11 1 162 08 3 247 17 6 500 26

Ralogoous organozations
12B 02 375 05 510 06

Walfarasarv ces 364 08 706 Il 1 450 16 453 11 I 1 236 19 2 450 26

Nonorofitmembenhlporganozatlon 191 05 381 08 750 12 581 15 1 636 33 3 540 59

Otherprofess oonal ralated arvoces 5 639 68 13 958 107 31 200 1 1 6 581 80 23

2681
180 52 500 3 21

Engon ong and archotectural ServICes 761 24 2 121 43 4500 72 602 19 2 382 48 5 900 94

AccountIng auditing 3847 129 9 387 2 12 22 000 3 157 5 139 172 18 380 4 15 39 900 6 65

Misc profass onal ServICes 1 031 50 2 450 68 4700 1 09 B40 41 2 526 70 6 700 1 55

Govarnmant total 13 547 32 21 914 43 42 000 71 14 684 34 37 340 74 89 200 150

Federal publlcadminostratlon 10 446 48 15 094 66 23 500 99 9 432 42 20 664 91 42 000 1 76

Postal service 143 02 339 05 1 000 15 213 03 754 11 2 000 30

OlherFaderal public admonistratlon 10 333 67 14 755 93 22500 1 31 9 219 59

119
910 125 40 000 I 2 32

S atapublocadmonlStratlon
1 989 32 4408 49 11 000 97 3 157 I 51 10 135 112 29 000 I 2 56

Local publiC adm nlStratlon 1 1121 08 2 412 13 7 500 31 2 095 I 15 6 541 35 18 200 I 75

See notes atend of tabte
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Tlble81 Continued lndUItrV distribution of computemployment by occuP8tion 1970 1978 and proilCtlld 1990
Kevpuncn operators Computer servIce technicIans

1970 1978 1990 1970 1978 1990

Industry Percant Percenl Percent Perconl

1
Porconl Percent

Emllloy
of

m
of

Employ
of

Emol oy
of

Emo
of

Emplov
of

mInt
industry I

e pfOY
industrv

ment
industry

menl
industry

m

tV industry
ment

Industry
emtJIov ment emllloy emQioy emPlOY I I

emllloy employ
ment j mint ment ment I ment mInt

Total all industries 299 996 0 38 272 993
I

029 230 000 020 35 999 0 05 I 63 001 0 07 160 000 0 14

i
5

I IAgrlcul lUre forestry tisnenes 393 01 I 423 01 350 01 5 I 10

Agriculture 270 I 01 254 01 I 200 01 5 I 5 10
Agricultural production 119 100 80 I I
Services except horticulture 131 08 122 05 100 03 I
Horticultural serviCes 20 01 32 01 20 01 5 5 10

Forestry 123 23 169 21 150 21
Fisherle5

Mining 1 718 27 2 093 24 1 700 18 41 01 87 01 210 02
M taI mining 198 21 169 18 150 13 6 01 7 01 25 02
Coal mining 75 05 93 04 50 01
Crudepotroloum and nalUrlII gu 1 307 47 1 713 38 1 400 29 35 01 80 02 185 04
Nonmetallic mining Quarrying 138 12 118 10 100 09

Construction 2816 06 2 573 04 2 100 03 95 95 200

of
General building contrlcton 397 03 368 03 300 02 17 16 25
Gene contractors exe buildtng 1986 14 1 775 11 1 450 08 23 20 35

SPKiel trade contractors 443 02 430 01 350 01 55 59 140

M8nufoclUring 83 019 42 65518 32 47900 20 10 796 05 15 914 08 41 000 17

Ou ogoods 50 438 44 41 743 34 33000 23 10 370 09 15 349 12 39 700 27
Ordnonce 1 492 50 730 42 400 23 130 04 104 06 200 12

l um andwoodproducts 875 11 505 07 350 05 5 4 10

lo9g ng 32 53 26 02 20 02
Sewmdll planing mllll 485 12 356 08 240 05 5 4 10
Misc woodproducts 158 13 123 09 90 05

Fumitur and fixtures 1 180 I 25 1 011 19 850 13 27 01 42 01 90 01
Stone cl8V and DladuCU 1 617 25 1 225 18 900 13 6 6 10

GI and91producu

1
31 399 20 260 12 6 6 10

eomnt Cone I Ill 21 357 15 240 09

I
SIructueI ctev products 109 18 69 13 50 16

Po and rotlted products 97 22 75 16 60 14

Misc nonmetallic stone 387 29 325 21 290 19

Primary metal industri 5 107 39 3 910 31 2 700 20 103 01 117 01 200 01

81at fu I HI workl 2 530 46 1802 37 1 200 25 69 01 78 02 130 03

Oth priV St 935 25 687 19 470 I 11 22 01 30 01 50 01

Primary aluminum 607 39 I 570 32 480 26 6 5 10 01
Oth primary nonferroul 1 035 46 851 37 560 21 6 4 10

FabrlCOted m 1 products 4846 35 4 125 27 3 300 18 21 20 40

Cullery oth hord 944 62 823 46 710 31
Fobricatod motel proclucts 1 307 30 1 097 22 780 11 21 20 40 01

Screw machin products 493 47 395 36 270 24
1Mo l stamping 811 28 569 23 490 17

Mioc products 1 491 32 1 241 24 1 050 19
M8chinery except electr1CBt 10 337 52 9888 I 42 8600 29 8079 41 12 323 53 33890 114

En9fn andturbiMl 622 57 592 46 520 36 12 01 19 01 50 04

Firm rntMhinlrv equipment 946 74 812 54 660 36 19 01 27 02 60 03

Construction machinery 1 618 55 1 694 46 1 540 33 29 01 64 02 150 03

Matal rking m inarv 1 221 38 1 124 32 960 22 49 02 74 02 140 03
OffiCI accounting machinerv 794 S7 479 66 320 49 1 125 124 1 042 146 1 350 2 05
Electronic computing equipment 1 839 S7 1523 57 1 410 30 6 696 3 66 10842 4 05 31 650 6 73

Machinery n c 3 499 41 3 464 36 3200 26 149 02 255 03 490 04

Elactrlcolmochinary 11 140 58 9 305 45 7 300 29 1 306 07 1837 09 3 600 14
HousoIIold lPIJIiancos 875 47 652 38 480 23 10 01 14 01 20 01

Aadio TV communicatiOns equipment 4 548 72 3 458 58 2 400 37 618 10 782 13 1 400 21

ElecttiCIII rnachiMfV n t c 5 717 52 5 195 41 4420 27 680 06 1 041 08 2 180 13
TrlnlPOftation equipment 9 209 49 6 973 34 100 22 393 02 438 02 750 03

Motor ve N equipment 3925 49 3 623 37 3 100 27 48 01 76 01 130 01
Aircraft and pam 4 194 53 2 483 42 1 3150 25 278 04 302 05 520 10

ShiP bolt building r ir 730 25 516 18 310 10 71 03 58 02 100 03
RailroadeQUipment 212 42

I
203 33 180 28

Mobdodwollings 59 07 57 05 50 02
Cvdn misc transportation IQUlpmm 89 35 111 28 110 17

Prof lonal and scientific inttruments 2894 64 2 743 49 2 400 35 258 06 07 800 12

Scientific instruments 1 001 56 849 43 690 35 192 11 268 14 550 28

Optical h thservHasuppie 842 52 1 009 49 960 38 38 03 76 04 130 05

Photoequipment met suQPIie 868 SO 765 58 680 36 38 03 60 05 120 07

Watches and dock devices 183 58 120 40 90 25

Misc menuflcturing 1 938 44 1 528 33 1 100 22 32 01 66 01 110 02

Nondubll goocls 1
32 584 40 23 775 29

I
14 900 16 428 01 665 01 1 300 01

Food end k ndred products 5 458 31 3 861 23 2240 13 80 10

I
01

I
240 01

Moot products 1 049 30 806 23 I 520 I 15 7 10

Oliry products

1
851 35 505 27 210 I 15 9 10 01

CannIng ond inv 729 26 572 19 370 10 30 01 54 02 I 140 04

GtllnmiU produca 400 29 292 20 160 10

8akery products 564 20 372 18 180 09

Confectionery products 350 42 216 28 110 14

8 707 30 473 21 210 09 18 01 22 01 40 02

MilC foodp tlont 818 45 615 33 380 19 16 01 19 01 40 02

Tobocco manufactUring 307 38 181 27 100 17

Textiltmill products 3 484 35 2 448 27 1 450 14 21 20 50

Knining mills 970 39 738 31 420 13

Dyeing finishing textiles 298 36 195 25 110 14 7 01 9 01 25 03

Floor coweringl 406 71 301 49 200 19

Vam fabricmini 1493 29 1 002 22 590 13 14

I
11

I
25 01

Misc textile millproducts 297 40 212 30 130 16

Apparol lOXlillproducts 3 772 27 2814 21 1 750 11 8 6 10

Ap oI and ICCOSIOrios 3 317 27 2462 21 1 500 11 IMisc fabricated products 455 27 352 18 2 50 11 8 6 10

P andelliedproducts 2 711 38 1841

I
26 1 100 14 160 02 218 03 I 490 06

Pulp boIrdmilll 1 232 42 793 30 430 17 5 3

I
10

Plperboard containl boxes 583 26 359 17 240 09

Mile and putpproduc1s 896 47 689 32 430 16 155 08 215 10 480 18

See not at Ind of table
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18111e B1 Continued Industry distribution of computtlt employment by occupmon 1970 1978 nnd projected 1990

Keypunch Oter tors Computer ServIce Tecllnician

I 1970 1978 1990 1970 1918 1990

I ndu try I Percent Percent F erlent Percent Percent Percent

Employ
of

EmOloy
of

Employ
Clf

Employ
of

Emllloy
of

Employ
of

lnQustry industry industry industry industry industry
ment

emplov
ment

employ
ment

emplov
ment

IIloy
ment

employ
ment

emplOy

ment ment
I

ml nt ment ment ment

Printingand pubHshing 5 997 052 4 2SO O 3 2 600 0 19 I 71 0 01 120 001

I I
0 02

Ne per publis llng printing 930 22 693 15 500 09 I 24 01 SO 01 03

Printing publishing exc newspaper 5 067 68 3 557 44 2 100 26 53 01 70 01 160 02

Chemiclll and allied productS 5 369 52 4 174 39 3 000 23 43 49 I 110 01

Industn i chemicats 1 407 44 1 032 32 630 16 22 01 23 01 SO 01

Plastics yntlletlcs 311 31 211 22 130 12 7 01 8 01 20 02
Synthltic fib 528 49 404 35 300 17 I

Drugs and medicin 1 009 71 908 49 780 35

andc ics 1 021 82 828 62 610 37 8 01 11 01 30 02

Peints and yarni 559 82 424 59 300 33

Agricultural cIIemical 221 40 171 28 130 23 6 01 7 01 10 02
Mioc ch 313 28 196 23 120 11

Petrolmand coal products 1 718 94 1 388 67 900 51 15 01 23 01 SO 03

Potroleum refining
I

1 564 102 1 206 73 800 66 15 01 23 01 SO 04

Mioc petroim coal products 214 58 182 41 100 18

Rubber misc plastIC products 2 628 45 2 146 29 1 500 19 15 18 30

Rubber products 1 759 61 1279 43 720 21 5 3 10

Misc plutic products 870 30 867 19 780 17 10 13 20

Loamproducts 1 100 34 682 28 360 17 7 8 20 01

lathtanning finilhing 74 28 42 19 30 22

F IXC8lt rubber 780 35 483 28 240 18

All om I QtOduct 246 36 157 25 90 13 7 01 8 01 20 03

Transporution omer public utilities 23 113 46 17 972 31 12550 20 528 01 818 01 1 580 02 Jr

Transport8tlon total 11 091 39 8 039 24 52SO 15 101 135 230 01

Railroadl railway OXorea 5 304 88 2 993 58 1 500 35 33 01 40 01 75 02
Local interurban traMIt 310 08 178 04 100 02 5 4 5

S rail bua Ii 294 10 158 05

I
90 02 5 4 5

Taxicab HrYlce 16 02 I 20 02 10 01

Trucking and rellouaing 2 769 24 I 2 383 16 1800 12 5 7 10

Trucking 2 463 23 I 2 171 16 1 650 11

Wa ou il19 and storage 306 35 212 23 ISO 14 5 01 7 01 10 01

W rtransportation 582 25 424 17 270 13

Airtraftsporution 1 479 43 1 287 31 lOSO 20 51 01 78 02 130 02

Plpeli 114 67 100 52 80 50 7 04 8 04 10 08

Transporta1ion swvices 533 50 674 40 450 18

Commun altoM util itiest S8nitIHVservices 12 0221 58 9 933 40 7 300 26 425 02 681 03 1350 05

Communications 6 687 62 5284 44 3800 27 389 03 813 05 1225 09
Tel ona wirland radiol 6 241

I
69 4 880 51 3 440 32 248 03 401 04 960 09

Tetegrapll misc comm 171 38 173 27 160 26 112 24 196 31 2SO 41

Radio broadc8ating TV 275 21 231 13 200 08 9 01 16 01 25 01

Utilities sanitarY services 5 335 SO 4 649 37 3500 25 58 01 68 01 125 01

Electric Iigllt andpower 1 915 59 1 979 45 1 800 43 45 01 59 01 11115 03

EIectricgII utilines 1902 97 1 490 73 900 39 5 4 10

Gu t uppiy yat 0 1 049 63 783 47 465 28 6 5 10 01

Watsupllly 388 29 340 22 300 16

Sanit8ry services 52 02 46 02 30 01

Om utilities n C 31 46 11 15 5 05

Wholaand retail tradl 42 579 26 40 282 20 38 000 14 10 471 08 18 737 09 46000 18

Whol1tradl 25 446 65 23253 48 20 000 37 10 080 28 17981 37 44 100 82

Whola IXcept misc whol la 18 279 69 16 549 SO 14 000 37 9 838 38 17288 52 42 750 1 14

Motor va ncland equipment 2 507 75 2494 59 2 3SO 45
Oru chemlClll allied productS 3 004 1 29 2 415 90 l 6SO 57 8 7 10

Orygoodsand el 1 190 76 937 58 810 42
Food and related products 3 391 58 2798 42 2oso 29 16 18 20
Firm products raw matial 335 32 344 22 320 32
Electrical goods 2 368 75 2 153 57 1800 39 218 09 435 12 970 21

Hardaplumbing 1 165 68 937 45 820 37

M8chiV equipment 5uppli 4 319 58 4473 42 4200 34 9 336 1 25 18830 159 43 100 351

Misc wIlolaaall trade 7 187 55 6 704 45 6 000 37 422 03 673 05 1 350 08

Me ls and minerels n c 773 59 678 48 625 38 22 02 48 03 110 07

Petroleum ptoducts 1 528 76 1 311 58 1 100 46 12 01 18 01 30 01

Scrap Ind tomater al 37 04 39 03 30 03

Alcololic bavaragea 924 94 1 028 79 900 72 7 01 12 01 20 02
Pa and its products 755 57 618 47 5SO 34 19 01 23 02 30 02

Lumber construction mlterials 393 24 355 20 300 14

Whol l radl n l c 2 757 59 2 675 49 2500 42 362 08 572 11 1 110 19

Ratail tradl 17 133 14 17 029 11 16000 08 411 778 1 900 01

Building mat al 536 09 446 08 390 05 i
Lumber building material 264 07 245 05 230 05 I
Hardware and farm equipmem 2721 12 201 08 160 05 I

Glneral marcIIandial total 8 882 35 8 407 29 8 020 19

Dapenment mail order 6 877 44 6 989 36 6 985 23

Limited priceatora 603 19 388 14 260 08

Vending macline operators 192 28 180 21 125 10

Diractsalling 319 10 238 07 180 05

Misc l1WClWldiaa sto 891 29 834 21 490 10

Food and dairy sto 2237 11 2 436 10 2210 07

Grocarv to 2 048 12 2210 11 2 020 08

OIIiryproductstor 81 22 114 25 90 22

Rltatl baki 57 05 57 04 50 03

Food sto n I e I 51 04 55 04 SO 03

Au
i I 830 05 944 05 8SO 04 33 30 40

463 06 489 06 425 04 23 21 30

Tire battllfV accllSOlY stor I 3331 18 404 15 375 10 5 5 5

Apparelandaccauori 1 436 19 1 467 16 1 440 13

A raI acceaory to 1 071 17 1 128 15 1 120 13

Shoe tor 385 24 341 20 320 14

Furniture Ind applilncllS 738 13

7241
11 700 09 66 01 121 02 300 04

Home furnisling sto 399 12 353 09 ro I
07

IAppliance TV radiostores 1
339 16 I 371 14 12 03 121 04 300 10

Eating and dnnkil19places 619 02 I 881 02 740 I 01 I

See not at and of t8bla
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Table B1 Continued Indunry distribution af computer employment by occupetion 1970 1978 and projKted 1990

Kevpunch operators

1978 1990 1990

Industry Percent Percent Percent
of

Emplov
of

Emplov
of

industry industry industrv
emp oy

ment
ltmQloy

ment
employ

ment ment ment

Retail TradeContinued i IMisc retail tradestores 1 8551 0 13 1 724 0 09 1 650 0 07 312 002 625 003 1 560 0 07

Drug stores 588 I 13 468 09 410 06
1Liquor stores 83 I 07 86 05 90 04

Farm garden suppJy stores 122 10 147 09 150 08 I
Je rv stores 162 15 148 11 140 09

Fu ilnd ice dee ers 305 26 195 18 120 12 6 01 7 01 10 01

Retail floriSts 12 01 16 01 20 01

Misc retail trade stores 683 13 664 iO 720 08 306 07 618 09 1 550 18

Finlnce nsurance rea estate 48 564 1 27 42 287 84 37 000 57 283 01 527 01 1 300 02

Finance total 23 592 146 22 615 105 21 500 70 178 01 385 02 990 03

Banking 17 678 178 16908 1 27 16 400 85 189 02 341 93 890 05

Credit agencies 2878 80 3 173 62 3 000 39

Stock brokers investment 3 038 115 2 534 84 2 100 61 19 01 44 01 100 03
I sur nee 24 028 178 18 783 117 14 600 74 105 01 142 01 280 01

Real estate 948 11 909 07 900 08

I I I
Srvicos total 1

83 038 31 70 814 28 68 400 19 12 887 08 25 132 09 68 000 19

Hatet and loeIlng placlS 383 04 377 03 370 02 3 2 10

Hotand motet 312 04 364 04 350 03 3 2 10

l adging places OXClIIlt hatol 51 02 23 01 20

L OthorOSOftllHrVlCOS S95 04 337 02 320 02 5 3 10

laundrv cloenllV 590 10 328 07 320 10 5 3 10

Misc buaineaservices 27 718 1 89 32 490 122 30200 72 8 497 52 17 24 I 65 45 130 108

Adwniling 388 30 289 H 190 13 4 10 01

Buslnmanegement servICes 2 149 1 20 2 407 87 2 350 51 334 19 698 25 1 800 39

Common 81 RaO 511 58 538 40 470 21 80 09 148 11 380 18

ComPUtllf programming 12983 11 55 13852 7 21 12900 358 6541 5 83 12851 6 69 34 940 9 71

Detective end protective 192 14 257 09 240 05 15 01 31 01 70 01

Emplavment temporarv holp 6 382 2 98 8 618 2 23 8 300 132

Seriteto buiidingl 38 01 681 01 150 I 02

Other mlSC Services 5 153 1 09 8529 83 5 750 54 1 487 31 3 4 i 44 7 800 73

Automobile ir services 409 08 385 05 380 04

Auto repasr 4 4

Auto services except r ir 405 24 381 18 380 12

Other rep a SeNten 2 128 67 4 244 94 12 700 2 57
Electrtcal air snOlll 993 79 1 339 1 02 4 200 2 29

Otherrepairservices 1 135 59 2905 91 8500 2 74

Motion pictures t ters 414 17 259 13 190 08 8
I

5 10

Misc entertainment 173 04 283 03 230 03

Modical omh m 6512 14 7 585 11 7 300 07 28 28 70

Hospit 5 814 19 6 000 15 5930 10 28 28 70

Convalescent i iituti 58 01 102 01 120 01

HuJth SlIfVIcn n 8c 840 31 1 483 22 1250 13

Logol HrVias 140 04 157 03 150 02
Educational servicll 10 594 18 10 532 14 9 820 12 288 382 01 520 01

Elementaty secondarv 1943 05

I
1 799 04 1 510 03 22 23 20

Colleges and universities 7 344 47 7 343 36 6 780 30 191 01 248 01 280 01

Libraries 49 08 I 40 04 30 02

Educational lervices n ec 1258 50 1 350 37 1 300 28 55 02 113 03 220 04

Museums art galler es lOOS 8 03 9 02 10 01

NonprofitortlllnlZlltionl 3652 28 3 702 19 3 700 15 53 85 150 01

Religfoui organiutionl 469 08 549 08 580 07

IWet far servu 1 591 37 1 555 24 1 550 17 6 8 20

Nonprofit membershiP organiutions 1582 41 1 575 32 1 570 26 47 01 77 02 130

Otner professional rea tld senne 12 480 1 51 14 718 U4 13950 85 1 697 21 3 134 24 7 400 45

EnglneeriMC nd archittICtUservicft 669 21 893 18 820 13 121 04 311 08 890 14

Accounting auditing 10 715 358 12 451 281 11870 1 98 1 490 50 2 679 60 6 230 104

Misc proftssional senrlC81 1 076 52 1 374 38 1280 29 86 04 144 04 280 08

Government tomt 34 757 82 31 031 62 28 000 44 1 095 03 1 888 03 3 700 08

Federal pubjic admini tr
ti

18849 B3 15 660

I
69 12 000 50 1 039 05 1624 07 3 575 15

POlt81 service 213 03 288 04 200 03
Otner FedpubliC administration 18 636 1 20 15 394 97 11800 68 1 039 07 1 624 10 3 575 21

State public administration 10 161 1 66 9912 110 9 000 79 12 15 25

local pubtic administration 5 747 42 5 489 30 5 000 21 44 49 100

I C nOtelsewnere Classified NOTE A dIIIhdonates 0or1 than0 005 cont
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Appendix C Census

Occupational Titles

The 1970 Census of Population lists national totals Computer and Peripheral Equipment Operators

for computer occupations in sixcategories The six cate card tapeconverter operator

gories are designated as follows Computer Program computerconsole operator

mer Computer Systems Analysts Computer Specialists computer operator

n e c Computer Peripheral Equipment Operators computing machine operator

Keypunch Operators and Data Processing Machine console op1erator clerical

Repairers The BLS industry occupational matrix has digital computer operator

adopted exactly these census computer occupational high speed printer operator

categories However for purposes ofthis BLS comput K S T operator

er study two of these common census and matrix oc key station terminal operator

cupational categories have been combined Data for peripheral equipment operator

computer specialists n e c are combined with systems tape tocard i onverter operator

analysts because the occupational titles that comprise
the computer specialist n e c category seem over Keypunch Operators

whelmingly to involve systems analysis functions The card puncher

job titles included in each of these six categories are as card punching machine operator

follows
encoder

Computer Programmers encoder clerk

computer programmer
IB M machine operator

digitalcomputer programmer IB M op rator

electronic data programmer
IB M puncher

programmer computer IB M supervisor
Univac programmer

IB M verifier

Computer Systems Analysts
key puncher

computer analyst
keypunch operator

computer systems planning
punch card operator

computing systems analyst
punch ope rator office machine

data precessing systems analyst
verifying machine operator

digitalcomputer systems analyst Data Processing Machine Repairers
engineer systems computer s service man

health systems analyst computer data processing machine rental

manager computer programming data procc sing machine serviceman
It

systems analyst computer systems engineer customer s

systems analyst data processing IB M installer

Computer Specialists n e c
mechanic

e

computer scientist
computing systems

data processing systems project planner data processing

engineer computer application
electronic computer

methods analyst computer
IB M machine

software specialist
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Appendix D Glossary of

Computer Terms

ADP Automatic data processing CentraUzed data processing Data processing organiza

ALGOL A higher level programming language used tion in which the user places all computing power at one

for scientific applications
site

Alphanumeric A set of characters that includes letters
Character One of a set of elements that may be

numbers and special symbols such as punctuation or
arranged inordered groups to express infonnation Each

mathematical notations
character has two fonns 1 A fonn that can be read

by humans the graphic including the decimal digits
Analog computer A computer that operates on data 0 9 the letters A Z punctuation marks and other

represented by measurable physical quantities speed fonnatting and control symbols 2 a fonn that can be

temperature voltage etc read by computers the code consisting of a group of

Applications programming Development of programs binary bits

to meet specific user needs such as inventory control COBOL Common Business Oriented Language A

payroll and reservations systems higher level programming language designed for

Assembler A computer program that converts the business applications
user s instructions written in alphanumerics into a fonn Coding Preparing a set ofcomputer instructions from

that the machine can understand a detailed flow chart to perfonn a given action orsolve

Automation The development and application of a given problem
methods of making a process self moving or COM Computer Output on Microfilm An auxiliary

selfcontrolling computer device that produces microfilm records from

Auxiliary storageAny device that supplements the computer generated data

main storage area of a computer Compiler A compUler program thaI converts a higher

BASIC Beginners All Purpose Symbolic Instruction level language into a machine language program

Code A programming language that is relatively easy Computer A device capable of accepting a series of

to learn and can be used for a variety of applications logical operations applying prescribed processes to the

Batch processing A method that uses one program to sequence and supplying the results of these processes

process accumulations batches of similar data Computer off line A computer not actively monitor

Binary A numbering system based on 2 s rather than ing or controlling a process

10 s Only the digits 0 and I are used Computer on Iine A computer actively monitoring or

I controlling a processBit A binary digit 0 or I

Byte A sequence of eight binary digits usually ConsoleThe part of a computer used for manual

operated upon as a unit control and observation of the computer system

Canned packaged programs Programs prepared for Core storage The main storage area of a computer

users in machine readable fonn by vendors or software containing arrays of magnetic cores which hold

finns to meet specific applications
instructions and or data to be processed

Card punch A machine that encodes data onto
CPU Central processing unit That portion of a

tabulating cards in patterns of round or rectangular computer containing the arithmetic logic control and

holes Card punches may be activated by computer or
in some cases main storage devices

from a keyboard CRT Cathode ray tube A device similar to a television

Card reader A machine that transcribes data from screen upon which data can be stored or displayed

punched cards to main computer storage or auxiliary Data Basic elements of information facts numbers

storage devices letters symbols that can be processed by a computer
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Data collection The act of bringing data from one or High speed printer Computer output printer that prints
more locations to a central location all of the characters on a line simultaneously

Data communications Movement of data from one Higher levE 1 language Programming language
point to another by electrical transmission systems designed for a specific range ofapplications and relative

Data processing A series of planned actions and ease of use

operations upon data to achieve a desired result Input Information representing data to be processed
DDP Distributed data processing Data processing and instructions to control processing which is moved

organization that gives computing power to the person
into the intemaJ storage ofa data processing system

who can immediately and most efficiently use the Instruction A oded statement or command that

information causes a data rocessing system to carry out an

Debugging The process ofdetermining the correctness operation
of a computer routine locating any errors and Interface The interconnection between two pieces of

correcting them Also the detection and correction of hardware or two systems that have different functions

malfunctions in the computer itself
Internal storalge Memory devices such as magnetic

Digital computer A computer that solves problems by cores forming an integral physical part of a computer

using coded numbers to express all quantities and and directly controlled by the central processing unit

variables

DowntimeThe time interval during which a device is
Key todisk key to tape systems Systems for entering
data directly onto a disk or tape by typing at a keyboard

not working properly
Keypunch A keyboard operated device that punches

EDP Electronic Data Processing Equipment that holes in a card to represent data

processes data by electronic means e g analog or

digital computers
Key verifier A device similar to the keypunch used

EFTS Electronic Funds Transfer System Method of
to make sure that data have been correctly punched

handling monetary transactions such as bank deposits
into cards

and bill payments using computers and other electronic Line printer A printing device thataccepts information

equipment instead of paper
directly from a computer and prints one line at a time

External memory A storage facility or device such as Machine languageLanguage that can be understood

magnetic tape which is not an integral part of a and inIerpreted directly by a computer

computer Magnetic disll A flat circular plate with a surface that

FileA collection of related records e g a complete can be magnetized to sIore data

set of invoices in an invoice file Magnetic ink Ink that contains particles of iron oxide

FirmwareA set of functions built into the computer which can be detected read by machine sensors

hardware that would otherwise be handled by software Magnetic ta Tape with a ferrous oxide surface upon
or special purpose logic which data can be stored

FORTRAN Formula translator a higher level Main storage The general purpose storage area of a

programming language designed for mathematical
computer same as internal storage

scientific and engineering applications
General purpose computers Computers that

Memory A device or medium used to store

are
information in a form that can be understood by the

primarily character or byteoriented and programmed computer hardware
r

in higher level languages
Generation A stage of technological advance 1D

MICR Magnetic Ink Character Recognition Machine

computers First generation computers
recognition of characters printed on a document with

were
magnetic ink

characterized by their use of vacuum tubes second

generation by transistors and third generation by Microfiche Sheet offilm used for displaying computer

integrated circuits output using a small amount of storage space

Hard copy Printed copy of machine output e g MicroiIlm Photographic filmstrip used for retaining
reports tables listings documents and other business records of printed document while utilizing a small

forms amount of storage space

Hardware The actual equipment used in a computer Minicomputell Small general purpose computers that

system including peripheral equipment such as printers are part of a family that has at least one product in the

and tape drives as well as the computer itself 2 000 25 000 price range and comes with at least 4K
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RAM Size classes are Supermini Traditional Mini and absorption of the resulIs into the system The list of
Micro mini coded instructions is called a routine

Multiprocessor A computer system incorporaIing Program verbl To plan a computation or process from

multiple arithmetic and logic units for simulIaneous use asking a question to delivering the results including the

Multiprogramming A technique for handling integration of the operation into an existing system

numerous routines or programs seemingly Thus programming consists of planning and coding
simulIaneously by overlapping or interleaving their including numerical analysis systems anal ysis
execution that is by permitting more than one program specification ofprinting formats and anyother functions

to time share machine components necessary to the integration ofa computer in a system

Numeric A machine alphabet that includes only Punch card A piece of lightweight cardboard on

numerals in contrast to alphanumeric which has both which information is represented by holes punched in

letters and numerals a specific positions

OCR Optical Character Reader An information Real timeThe actual time during which a physical
9 processing device that accepts prepared forms and process occurs Pertains to the performance of a

t converts data from them to computer output media via computation during the actual time that the related

optical character recognition physical process occurs so that results of the

t Off UnePertains to equipment or devices not in direct
computation can be used in guiding the physical process

communication with the central processing unit of a Record A groupofrelated facts or fields ofinformation

computer treated as a unit For example one invoice is a record

On linePertains to equipment or devices directly
in a file containing many invoices

connected to the central processing unit Run Execute a computer program

Operating system A program that controls the overall Scanner That portion of a reading machine having
execution of computer programs It is available to the functions oflocating materials to beread and converting
computer at all times either in internal storage or on the optical signal to an electrical signal
auxiliary storage Small business computer Small general purpose

Operations research Application of scientific computer marketed by mainframers to smaller

principles to business management This may involve businesses and fmt time users Prices range from 10 000

setting up mathematical equations to depict business to 285 000

problems SoftwareThe programs operating instructions and

Original equipment manufacturer A company that other documents that make it possible to use acomputer

purchases computer hardware for use as components for a specific application
in the systems that it sells Source document An original document from which

Output Processed information recorded on a medium basic data are taken

such as a business form or magnetic tape StoragePertains to devices capable of retaining data

Peripheral equipment Any equipment other than the and delivering them on demand at a later time

central processing unit of a computer such as a printer Systems analysisExamination of an activity
card reader terminal or tape drive that provides outside procedure or method to determine what objective is
communication to the system desired and how operations must be carried OUI to

PL t Higher level programming language with awide reach the objective
variety of features and applications Systems programming Development ofprograms such

Printer A device for writing out computer results as as compilers and operating systems that control
numbers words or symbols computer operation
Process control computer A computer that controls a Telecommunications Transmission of data in the form

production process such as steelmaking petroleum of signals over long distances via telegraph radio or

refining or electric power generation other communications lines

Processor The hardware or software capable of Terminal An on line data entry and display device

performing or directing the performance of many usually located away from the central processing unit

functions If the terminal is intelligent processing devices are

Program nounA plan for the solution ofa problem
built into it and it also canbe used for data manipulation

A complete program includes plans for the transcription Throughput Productivity based on all facets of an

of data coding for the computer and plans for the operation e g a computer that can read write and
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compute simultaneously would have a high throughput vendor sells hardware software training and other

rating services separately rather than as a single package

Timesharing Use of one computer by several
Universal Product Code A standard system ofmarking

independent users
for labels adopted by the major supermarkets food

manufactufl rs processors and distributors for use with

Unbundling Marketing method in which the computer computerizled checkout equipment

t
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