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ABSTRACT

Computer science and information systemsareinterrelated disciplinesthat both cover thetechnical and functional aspects of computing.
They are fields of study in high demand by students and employers. Yet, many colleges do not have the resources to offer multiple
computing departments. So, professional organizations have devel oped model curriculumsto hel p define the knowl edge necessary for
information technology majors. This paper provides a discussion of model ISand CScurricula. Itishoped that I'T departments will
be able to devel op an infor mation technology curriculum, which suitstheir student’s needs.

INTRODUCTION

Computer science, information systems, and manage-
ment information systemsarein high demand. Industry needsthe
graduates. The shortage of qualified information technology spe-
cialist iswell known. Students want an information technology
education to be able to fill the demand.

The demand for information technology (IT) workers
will not decreasein the near future. Itisfueled by the decreasein
physical size of IT hardware, the decreasein price of information
technology hardware and software, and the increase in perfor-
mance, reliability, and flexibility. These affordability factorshave
caused IT to become critical to business operations and personal
daily activities. This demand is not limited to the United States,
theraising world wide demand is pushing the shortage to a global
problem [Freeman 1999, Watson 1999].

All organizationstoday depend on information technol-
ogy. Computersand information systemsare essential to business
and government. The information itself is a resource similar to
finances, personnel, material, and equipment, which must be man-
aged. To effectively management information requires technical
knowledge of hardware, software, and information production,
distribution, and integration. Therefore, theinformation technolo-
gist requires both technical and organizational knowledge [Davis
1997, IRMA 1999, Freeman 1999].

WHAT ISINFORMATION TECHNOLOGY

Information technology involves the “design, develop-
ment, implementation, support or management of computer-based
information systems, particularly software applications and com-
puter hardware [ITAA 1997].” An IT worker is someone who
performs at least one of those activities as 50% of their job. IT
workers can be further classified into one of four categories:
conceptualizers devel opers, modifiers, and supporters [Freeman
1999].

Conceptualizers are workers involved with the concep-
tion of the basic nature of an IT system or part of an IT system.
Developers are people who specify, design, construct, and test I T.
Theworkerswho modify information technology work with exist-
ing hardware or software. Finally, there are those who support the
existing systems by delivering, installing, operating, maintaining,
or repairing. Undergraduate institutions should emphasize pre-
paring studentsto work as developers, modifiers, or supporters or
for further education to become conceptualizers.

IT isnot ahomogeneousfield, it has many different and
diverse academic and professional origins. 1T uses as reference
disciplines mathematics, management and engineering [Denning
1998, Freeman 1999, Myers 1999, Watson 1999]. Depending on
theinterests of academic faculty the IT major originated from one
of three reference disciplines. In business, computers were first
used in accounting departments to track accounts receivable and
accounts payable. Thisquickly led to university business depart-
mentsinvestigating computing asit applied to management control
and accounting. Mathematiciansfound the algorithmic and logical
nature of programsto be aresurrection of thesefields of mathemat-
ics. Mathematics departments began investigations into the theo-
retical aspectsof software. Electrical engineering isof course nec-
essary to construct the hardware components of the computer.
From the academi c perspective, computing may have originatedin
the business department focusing on information systems, the
mathemati cs department focusing on software, or in electrical engi-
neering as computer engineering. IT isnow an umbrella-term for
the fields of computer engineering, computer science, software
engineering, information systems, and management information
systems.

INFORMATIONTECHNOLOGY DEPARTMENTS

Theriseof IT and the variation of businessand technical
emphasis has lead to many program names. Even with different
schools calling programs by different names, most IT programs
teach students the following areas: develop hardware or software,
maintain information systemsin organizations, and provideinfor-
mation services [ Denning 1999, Freeman 1999].

To help schools and departments develop appropriately
structured curriculums professional organizations, particularly the
Association of Computing Machinery (ACM), in conjunction with
the Computing Society of the Institute of Electrical and Electronic
Engineers (IEEE-CS); the Information Resources Management
Association (IRMA) in conjunction with the Data Administration
Management Association (DAMA); and the Association for In-
formation Systems (AlS), in conjunction with the ACM and the
Association of Information Technology Professionals (AITP) have
developed model curricula. Model curriculahave also been devel-
oped by other organizations, in particular the Information Sys-
tems-Centric Curriculum (ISCC) committee. This paper provides
acomparison of model curricula. From these models, computing
departments should be able to develop an IT curriculum, which



suits their particular needs.

TOPICSCOVEREDININFORMATION TECHNOLOGY
Information Technology consists of various technical
topics, which the curriculum modelsaddress. Topicsrangefroma
theoretical understanding of computing through the design of prac-
tical applications. These topics collectively represent the body of

IT technical knowledge expected of bachelor’sdegree| T graduates.

1. Useof Software Tools - Practice and theory in the use of soft-
ware development tools to construct small decision-making
systems.

2. Overview of IS- A survey of information systems specifically
their business application and effect on society.

3. Operating Systems - Control mechanisms for the execution of
computer programsin an environment of multiple resources.

4. Architecture - Computer organization for the implementation
of processors, memory, communications, and software inter-
faces.

5. Programming, Languages, Algorithms and Data Structures -
Design and construction of application programs using com-
puter languages.

6. Networking - Hardware and software datacommunication con-
cepts and the design, development, and management of com-
puter networks.

7. Systems Analysis and Design - The analysis and specification
of requirements and the design and development of the system.

8. Database and Information Retrieval - The modeling and imple-
mentation of databases.

9. Project Management - Planning and management of complex
software development projects.

10.Artificial Intelligence, Robotics, and Decision Support - De-
sign, development, and management of systems that support
decisions.

11.Ethics- A survey of thelegal and moral issues of computer and
system usage.

12.Internship or Design Project- An opportunity to apply class-
room knowledgein aprofessional setting.

These topics were derived from a collective analysis of the
curriculum models. Each of themodel’s courseswasthen assigned
to the topic most closely matching the course. Thisprovidesfor a
comparison of courses across models as shown in Table 1.

The table does not discuss the depth of knowledge or imply
equivalence between the courses. It only shows the coverage by
course of the topics. For example, the Systems Analysis and
Design topic has one course from ACM’s CS, and the IRMA/
DAMA models and two courses from the IS '97, and I1SCC '99
models. All of these courses discuss elements of requirements
analysis and systems design.

Itispossiblethat topicsin amodel are covered in courses of
the model but not specifically identified as such a course. For
example, the ethics of computing inthelS’97 and IRMA/DAMA
models may be discussed in Overview of IS courses, whereas, the
1SCC ' 99 model has two specific half-courses.

INFORMATION RESOURCESMANAGEMENT MODEL

Information Systems (1S) is the combining of business
and computer science. Asadisciplineitiscomposed of two parts:
information management and systems development. The acquisi-
tion, deployment, and management of information technology re-
sources and services are studied in the information management
portion. Thedevelopment and evolution of technology infrastruc-
tures is the focus of the systems development portion [Davis
1997].
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The Information Resources Management Association’s
(IRMA) IRMA/DAMA 2000 model has a business approach to
IS. Taking atop down approachto | S education thismodel stresses
learning general principles before specificimplementation details.
Specifically, programming is left to the third course after the con-
cept of information as aresource iswell understood.

Central to the IRMA/DAMA curriculum isthe recogni-
tion of information as the major organizational asset. This prepa-
rationfor an IT profession revolvesaround the application of I T to
business problems. Effective verbal and written communication,
time management, leadership, and del egation of authority skillsare
stressed in this program.

The proposed curriculum consists of 10 courses of which
the student must complete 7, 6 required and 1 elective selected
fromtheremaining five[IRMA 1999]. Thetraditional application
programming, systems programming, and computer hardware is
de-emphasized. How information is used in decision-making and
how information effects the various components of abusiness are
the basis of the courses. The el ective courses provide management
refinement and specialization [IRMA 1999]. See Figure 1 and
Table 1.
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Figure 1 Information Resource Management Model

INFORMATION SYSTEMS'97 M ODEL

The Association for Information Systems (AlS) Model
Curriculumfor Information Systems, IS’ 97, providesfor thetech-
nical aspects in information systems as well as a foundation in
businessprocesses. The AlS smodel comesfrom abody of knowl-
edge developed “from surveys of practitioners and academics’
[Davis 1997].

Thismodel is strong in fundamental computing and in-
formation systems knowledge. The curriculum is divided into
three components. The first level stresses the development of
small office and personal systems, the effective use of organiza-
tional systems, and the identification of a quality system. The
second part specializesin the technology; coursesin the hardware
and the software of information technology, software program-
ming, and systemsanalysisand design. Emphasizing teamwork in
systemsdesign, development, and project management isthefinal
portion [Davis 1997]. Thisthreelevel structure allows studentsto
leave the program and till have obtained an organized body of
knowledge, and perhaps a minor, in information systems.

The curriculum is divided into ten required courses and
one prerequisite (1S’ 97.P0). The prerequisite course provides stu-
dents basic knowledge in office applications. There are no speci-
fied technical electives.

Because | S professional s need to be ableto communicate
within abusiness organi zation effectively, coursesin communica-
tions, quantitative and qualitative analysis, and organizationa func-
tions are necessary. Courses outside of IT are also necessary to
provide technical background and breadth in business functions.
Therefore, non-technical required, but not specified, courses in-
clude coursesin communications, mathematics, and businessfunc-
tions. [Davis 1997]. SeeFigure2 and Table 1.

Quiteive
Adyds

ISTR- KronesteV R
SfvaeTal Kt
Ciziod ’
[ “— Rndias

—

IS972- Resye Rarldivityvith
ISTatrday

IS 1- Rrchneetdsd IS

ISF5-Raganmirg Dipard IST3 - IfanaionSeens IS4 Irfonaion Tetrdayy

Qpet Sudues TreoyauRatice HadhaeatSfivae
IS977-Areyssatl g IST6-Nwvotead
Dsgd anlS Téemuicios
IS8- s Dsignad
InpenaridiowithCBVE

v IST10-Rjet Mragertad
Ratice

ISI9- Pyscd Desgard

Inpenerizioitha

Ragamirgeniromet

Figure 2 Information Systems’ 97 M odel

INFORMATIONSY STEM S-CENTRIC CURRICULUM
‘99

A collaborative Academe/Industry Task Force has de-
veloped athird model known as the Information Systems-Centric
Curriculum '99 (ISCC '99). It is heavy in ethics and practical
skills. The authors are seeking the endorsement of the AlIS, the
ACM, and the | EEE [Lidtke 1999].

This curriculum looks at information as an enterprise
asset, which must be managed. The management is accomplished
through large-scale, complex information systems. Itisthe build-
ing of complex systems that takes precedence in this curriculum.
Thisis an engineering development approach to information sys-
tems. However, it does not exclude interpersonal skills, which are
necessary in the teamwork environment of systems development.

The key components of the |SCC’ 99 curriculum arethe
close relationship with industry and education through teamwork.
By using innovative pedagogical techniques such asteaming, just-
in-time learning, and guy by the side, the courses place students
into an activelearning role. Thelast courseisaproject that comes
from an industrial sponsor of the program.

The curriculum consists of 11 full courses and 2 half
courses aswell as 4 required foundation courses. The model also
contains4 technical electivesand identifiesanumber of non-tech-
nical coursesto bring in bus ness aspects such aseconomics, project
management, and business functions. The model encourages stu-
dentsto include in their studies courses that require interpersonal,
systemic thinking, and problem solving skills[Lidtke 1999]. See
Figure3and Table 1.
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Figure 3 Information Systems-Centric Model

COMPUTER SCIENCE

In 1991, the ACM and |EEE-CS published computing
curriculamodelsfor computer science[ Tucker 1991]. Themethod
used wasto dividethematerial considered important in computing
into concepts known as knowledge units.

The recombination of knowledge units allows creation
of multiple courses and curriculumsfrom the same body of knowl-
edge. The ACM/IEEE-CStask force created 12 different curricula.
All the curricula have a heavy programming emphasis. We will
consider here only the Computer Science program meeting the
accreditation requirements of ABET and CSAC [Tucker 1991].
Engineering programs in the United States are accredited by the
Accreditation Board of Engineering and Technology (ABET). The
nationally recognized accreditation organization for computer sci-
enceisthe Computer Science Accreditation Commission (CSAC)

Mathematics plays a strong part in all the curricula, but
most of the courses are not specified. None of the programs has a
reguirement for business courses. However, there is recognition
for the need for humanities, the social sciences, and communication
skills.

The curriculum consists of 16 courses: 10 required, 6
concentration el ectivesand adesign elective. Therequired concen-
tration may be in software engineering, multiprocessing, knowl-
edge-based systems, or asimilar area. The program iscapped with
adesign course [Tucker 1991]. SeeFigure4 and Table 1.

SMILARITIESAND DIFFERENCES

The CS model begins with programming courses in a
higher order language. The inverted curricula proposed by the
IRMA, AIS, and ISCC present at least one course that establishes
a foundation in information technology before focusing on the
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more narrow aspects of IT. The introductory course serves two
purposes. Firgt, it provides an introduction to the field for poten-
tial majors. Second, it serves as an overview to the field for other
majors. It providesthe non-major with an understanding of 1T and
acts as agateway for majors and minors [ Freeman 1999].

Most new students do not know the difference between
the computing fieldsand typically start in computer science. With
the introductory course as programming, there are high attrition
rates; and it becomes a rite of passage course [Freeman1999,
Shaekelford 1994]. This can present a problem with switching
majors from computer science to information systems. These
students have already completed courses, specifically program-
ming, which come latter in the IS curricula. These transfer prob-
lems need to be worked out between the programs at individual
schools.

The four models represent a continuum of the reference dis-
ciplines from businessto mathematics (Figure 5). IRMA/DAMA
provides a business management approach to IT education. This
model treatsinformation as abusiness resource, which needs effi-
cient and effective management. To manage theinformation it is
necessary to manage the production and storage tools (hardware
and software) and to understand the business needs.

The AISmodel providesfor both the business and technical
aspectsof IT. Thestructurerecognizesthat somelT knowledgeis
important to everyone. Course sequences are provided for all
college studentsand IS minors aswell asIS majors. The building
nature of these sequences allows students to start slowly and
continue or switch majors without loss of effort.

TheSCC 99 model is oriented toward large-scale sys-
tem design and implementation. This model stresses the need for
teamwork in problem identification and solution. Thefocusison
the construction of the tools necessary for information manage-
ment.

The ACM computer sciencemodel has no business com-
ponent. The coursesfocuson programming and the architecture of
the computer. The approachisthe most theoretical. Programming
related courses comprise nearly a third of the computer science
implementation. Architecture and operating systems comprise
another third. Thefinal third are electivesin an areaof concentra-
tion.

The IRMA/DAMA, ISCC, and ACM models contain
elective courses. The ACM model in computer science requires
that the electives form atechnical areaof concentration. The AIS
model recommends additional coursesin businessto completethe
curriculum. Each model also requires prerequisite work in math-
ematics.

The standard college education is based on an eight-semester
sequence of courses. The courses provide for ageneral education
and specializationin oneparticular field - themajor. The coursesin
the major are generally interleaved with the general education re-

Business M athematics

IRMA~ 1S'97 ISCC'99 ACM CS

Figure 4 Business Mathematics Continuum
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quirements. This allows students an opportunity to explore dif-
ferent fields and select an appropriate major. Therefore, the num-
ber of semesters to complete the major courses may be less than
eight.

The coursesinthe major are normally arranged isahierarchi-
cal, prerequisite structure. This provides for increased depth of
knowledge as the student’s education proceeds. For the curricu-
lum to be do-able, it must fit into the 8-semester time frame.

The IRMA/DAMA model is designed to start in the third
year. If the prerequisite business courses are completed in thefirst
two years, the model requires at least five more semestersto com-
plete the required courses. Thisis a problem because the student
has only four semesters left. However, if the IRMA/DAMA
program is started in the fourth semester (2" year) thisproblemis
resolved. Becausethe model a so suggeststhefirst course (IRM 1)
be part of all business mgjors this is not a serious problem.

ThelS’97 model isasix semester sequence of courses. This
includes one semester for the prerequisite computer literacy course
(1S'97.P0). Itisexpected many new studentswill cometo college
with these computer literacy skills and be able to complete the IS
97 curriculuminfive semesters. Plus, thismode identified 2 courses
for all studentsand a5 course minor beyond the prerequisite. With
this philosophy there is no loss of effort on changing majors.

TheSCC 97 and ACM CS models, including prerequisite
courses, comprise a seven-semester sequence. This leaves little
slack for entering the program late without extending beyond four
years.

CONCLUSON

All of these model shave good points. Most schoolswill not
beableto adapt amodel initsentirety. Rather each school needsto
assess its educational philosophy and student needs to choose and
modify the model best for them. By closely following amodel the
school’s prospective students, student’s potential employers, and
graduate school sknow the type of education received by the gradu-
ates. The school administration is assured that the I T department
isproviding arecognized curriculum, which coversall the central
topics of information technology. Although the models differ in
emphasis, businesseswill need i nformation technol ogist from each
of the models presented here.

Each of these models is under continuous review. IRMA/
DAMA updated their model in 2000. AlS expects to update in
2000, aswell. The ACM expectsto publish anew set of modelsin
early 2001 [ACM 2000]. IRMA/DAMA’s most recent draft is
available at http://gise.org/IRMA-DAMA-2000.pdf. AlSis cur-
rently collecting data and comments over the World Wide Web at
http://www.1S2000.0org/. The ISCC’s Web site http://
www.iscc.unomaha.edu includes an opportunity to comment on
themodel.
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