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The idea for a small invitational conference on the
v potential value to the education .enterprise of
Computer-Managed Instruction had its Eﬁgin in two
unrelated developments.
First, the last ten years have seen an increasing
interest in futarology, an attempt to forecast our
- society’s problems, ptactices, customs and shortcomings
by the end of the century (Toffler, 1970, 1974; Bell,
1973; Burdin et al., 1974). Second, educators interested
in technological applications in schools are painfully
aware that the rapid adoption’ of computers for
instructional use has not lived up to our expectations of
the 1960-65 period. Bhcause research ahd development
on computer-based é‘dﬁ tion is so decentrahzed, it
_seemed’ like an appropriate time to as$ss the current
"state .of the art by assembling a small nuknber of men
.and women who were actually in the ‘process of
veloping and refining systems of instruction involving
o ff)}puters in significant roles. We recognizégd that there
iz: were three main divisions of the contemporary R & D
‘-‘1‘ effort and the “Planning Committee was organized
R " around academic applications (including both college
- gnd lower school levels), military appllcatlons and
“industrial training.uses.

N
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, In plannlng the Conference invitation list, we
dehberately sought out those people who had 'solid
" experience with one or miore systemauc attempts to
develop and evaluate a computer-managed instruction
system. Oné-hour presentations about functioning CMI
systems were requested from nine of the invited
participants, In choosirig the nine different programs for
~ Co:;Zrence presentation, . the Planning Committee
atteyipted to achieve a balanced presentation between
the' thrée divisions- academic, military and gndustrial.
Balance was also sought in trying to be surq,that all
major sections 6f*the country were represented. ' “d

\ e

The followjng pages document the ptoceedings of
the Conference and the report is divided into three parts.
Part | contains the Conference Planning Abstract which
was sent to all participants several weeks in advance of
‘the meeting, held Novembsr 68, 1974 in Chicago,
lllinis. In addition, a valuable paper by Dr. Robert G.
Scanlon on present trends and future directions was
included here because of its orienfafion to likely new
developments. The Scanlon paper was first presented~at
a Special Superintendents’ Seniinar held at the' IB

. Center, San Jose, California, July 9,.1974. We ar
" indebted to the Intemational Business Machmes N
Corporation and to Dr Scanlon for giving us permission

INTRODUCTION

*to reprint it here. This paper was distributed to
Conference participants approximately one week 1n
advance. The remainder of Part I consists of four short
talks prepared by_members of the Planping Committee
and Dr. Michael W. Allen. These talks, given in the
opening session of the Conference, were focused upon
the special conditions and characteristics of the
academic, military and industnal mulieux which are
relevant to the development of CMY systems.

Part Il consists of brief descriptions of 23 CMI
operating systems which wer® represented by
partncnpants at the Conference Each parucnpant was

major purposes of the Conference was to facilitate
exchange of up-to-date information among professional
developers of CMI systems, your editor believes that this
portion of the proceedings presents the record of the
Conference’s greatest value to the field.

o, Part HI of these groceedmgs is a summary of the
Conference evaluation. We asked five questiong of the
participants at the close of thv@bnference and requested
responses on a five:po fit scale to each’ question. An
additional opportunity fvas provided for participants tg
make_a comment about any aspect of the Conferencé
Whlbh unpressed them clthet posmvely or negatively.

We ‘are grateful to Mr Arthur MElmed and Dr.
Glenn Ingram of the Nattonal Insututc of Education for
encouraging our effort$ and for gudance n planning the
meeting. Our thanks, to the Intemational Busmness
Machines Corporation llor providing the Conference with
an attractive meeting roQm at the Education Center n
Chicago and for computer.support for several of the
demonstrations by participants. The Planning
Committee, composed of Dr. John Bolvin, Dr. Henry T,
Lippert and Dr. Harvey Long, was especially diligent in
meeting the deadlines and peremptory demands ot
detailed program planning and execution. Mr. Wally
Lester of Penn State’s Conference stalf provided
invaluable.service in coordinating the several sessions and
in assisting participants. My graduate assnstant Ms.
Melissa ‘Berkowitz, handled a thousand details and ran
dozens of errands. Her efforts are warmly appreciated.
Finally, our gratitude to the busy men and women
engaged in educational applications of computers wha,
without temuneration, took the time to come to
Chivago and-efchange information with thenr colleagues.

L
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CMI Con ference Planning Abstrdct

November 6-8, 1974

AN EXAMINATION OF THE SHORT-RANGE POTENTIAL

OF COMPUTER-MANAGED INSTRUCTION

** Introduction
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It is evident that computers have not lived up to -

the educational potentjgl that was envisioned for them
about a decade ago (Bak er, Q:I,Camegle Commission,
1972; Tickton, 1970, p. 74). This conclusion applies
particularly to tutorial uses of computer hardware and
to specially constructed computer-based course
materials. Some possible explanations for the delay in
the application of computer technology include the
following overly simplified notions. 1) too much capital

tequired. for massive equipment acquisition, 2) lack of

adaptability of business-oriented hardware to
instructional functions, 3) an overly decentralized
education market, 4) the lack of resources for
developing even minimal amounts of .computer-based
course material, 5) a skeptical, anti-technology attitude
on the part of teachers and other educétors, etc. For
whatever the reasons, computer-assisted® instruction
(CAI) involving an integral- (not supplementary) and
interactive use of computers is developing much more
slowly than was envisioned in the carly 1960’s. '

# A somewhat less mtensnvc use of computers than

“in CAI takes place in computer-managed instruction'

(CMI). By means of a small invitational conference, an
examination of the near-term potential of
computer-managed instruction will be conducted. Our
thesis is that in the rush to get large numbers of students

into an mte;ctwc mode on computer terminals, some of

the basic pat cnnal of computer-managed instruction for
contributing to the achlevemcnt of instructional goals in
schools, colleges, industries, postsecondary, schools and

) mlhtary training centers may have been overlookcd Our .

suspicion. that educational techpolognsts “missed the
boat” by first going for the exciting and exotic CAl
applications is not advanced in the spirit of blame or in
the glorification of hindsight, but in the sense of “taking
stock” of the present situation.

It is unlikely that any direct documentary
evidence exists that can answer the question of where to
put the, developmental emphasis for

approximate answer, however, could come from the
process of several good men and women reasoning
togetlfer by pooling their knowledge and experience.

' 8

\d

computer.‘
applications in education during the next five years. An

n
a
4
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Harold E. Mitzel .o : - !
The Pennsylvania State University :

Ideally, we should be able precisely to define the .
term computer-managed instruction, even though for )
some humanists it conjures-up images of people bemng -
mampulated by machines. We take the poslnonjlzatzCMl
is information processmg, but that the information be
processed is one step removed from direct instruction.
CMI offers a, kind of middle ground of computer
application on a continuum between CAI (tutorial) and
administrative datg processing.

It has been three years sirice Baker's review, of
computer-based instruction management appeared n the
Review of Educational Research (Baker, 1971). Most of
the problems and inadequacies which he identified are
still with us. There have been, however, a number of
additional systems developed and there seems to be a
resurging inferest in CMI applications. We are seeing the
appearance of “new terminals, both plasma and
uathode-;ay tube, which should increase the output
speed of , computers involved with CMI applications.
These events argue for a careful re-exammnation of the
ea(ly potential of computer-managed nstruction.

Computer—Managed Instruction.
[

The state-of-the-art 1n  computer-managed
instruction suggests that_there are currently three levels
of application. In Level I the computer 1s used with
instructor-input in batch processing mode to tabulate
and accumulate systemati information about marks,
attendance, test performance, etu. At this rudimentary
support level, the role of the computer 1s.chiefly one of
replacing high quality clerical and tabllation services. In
Level 11 the computer 1s still used with nstructor-input

‘in batch processing mode to accumulate rtecords of

student . performance, and to feedback these cumulative
records tp both the instructor and the student on a
scheduled basis. A peripdi'c. prescriptive function,
however, has been introduced at Eevel II advising
students on a differential basis of what they need to do
to rergove va)[ious deficiencies which have arisen from
their i r's evaluation of ther performance bn the
modules. Examples of Level I CMI include the
Automated Instructivnal Management Sysum developed
at Ngw York Institute of Technology and the
Instruction Support System now mn use on a pilot basis
in the College of Education at Penn State University.

- Executive House, Chicago, lllinois -~
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Level Il of computer-managed instruction systems is .

characterized by a real nme interactive interface
betweer™the learner and the computé?"'and by a
diagnostic-prescriptive logic Keyed to the student’s
responses to the material stored in the computer.
Relatively few examples of these sophisticated CMI
systems are now operable.

v |

A threc-day#in'vitatikonal c(;nfelrlence/workshop
under the sponsorship of thé” National Institute df
Education on the general theme of Computer-Managed
Instruction will be held: The conference/workshoh will
be held at the:Executive Hodse, Chicago, Illinois during
November 6-8, 1974. About 35 experienced researghrs
and developers from schools, higher education, industry,
governmerft and mihtary training will attend. In order to
give the conference balance and to keep it from being all
“telling,” several experts from among the participants
have been invited to “show’” and/or demonstrate the
highlights of a currently operating CMI system. It is a
workshop in the sense that the majority of the
participants are themselves actively working with one or .
more CMI systems. Each person should expect to learn
something useful from the experience which he can take
home and apply. To facilitate the demonstration and the" ,
workshop component, access will be provided to the

Purpose

participants on a large computer facility in downtown
Chicago. 4

Q
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The following'list of 10 questions illustrates those
to which, the conferees will be expegted to address
themselves during the meeting: ,

-4
1. What are the current impediments and
constraints to widespread application of CMI in
education and training?

L
2. Given the current amount ofur{dérutilization of
installed computing power in education
institutions, what proportion of these
institutions could use a CMI application without
a new central processor acquisition? .

3. What modification to typical existing operating
systems+ would need to be made to
accommodllate CMI, and how much would these
modifications cost? . .

' 7

4. Assuming that an institution or a training
facility interested in CMI now has no significant

‘computer hardware investment, what are the

9

’ I,

L[] i
st.réng,ths and weéaknesses of several
mfmcomp,yters versus one large central
pmcessor‘N

. A
5. Assuming there are about threé distinct levels of i

complexity of CMI systems, which level, at
curfent computer ,costs, offers the best
instructional value? What level of conj’plexlty
will likely-offer the>best instructional value in a
decade from now? .
§,¢Whlch of our society’s social values are hkely to
bee ced by widespread application of CMI?
ich prevailing values will be challenged or
threatened by CMI?

»

7. Ho;v does a CMI innovator go about shifting a

. faculty, administration, and student bddy from

- mass education methods to individualized
adaptive education where the computer is the
focal pogl; instead of the teacher?

8. By what method and at what rate does an
instructional developer introduce CMI into an
edl\catiqnal institution—gradually or all at once?

9. What are the likely new hardware and software
developments ‘in computer technology during
the next decade that would significantly ympact
CMI either adversely or positively?

10. Is there a mandated developmental sequence
and time-line for technological adoptions i the
U.S. (sometimes estimated at 30 years), or is it
possible to make short-cuts in the
developmental process? .

Steering Committee

4

\J

A Steering Committee composed of the following

persons. has met and planned the program. The
ommittee will" be responsible for, editing a

comprehensive final report,
Chairman

Dr. Harold E. Mitzel

The Pennsylvania State University ¥

University Park, Pennsylvania

Academic Representative
"Dr. John Bolvin
University of Pittsburgh ™
Pittsburgh, Pennsglvania *




Industry Representative oo
Dr. Harvey Long \ . ' -
IBM Corporation ' : : -
Bethesda, Maryland ’

Military Representative .
Dr. Henry*Lippert L‘ *
Academy of Health Sciences
US. Army )
Ft. Sam Houston, Texas

Attendance

: .

Attendance at the conference is by invitation ’ -
only. Transportation _and-per diem expenses including
lodging will be reimbursed for participants. Usually only
one representative of an installation can be
accommodated. - N
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COMPUTER-MANAGED INSTRUCTION: i’RESENT TRENDS

.

4
‘ .

AND FUTURE DIRECTIONS

) Robert G. Scanion
. - Research for Better Schools, Inc.

Iftroduction

In the mid 1950, while_still in its infancy',‘

. computer technology entered the world of education.

‘First used primarily as a research and administrative tool ,
on college and university campuses, computers soon set
off thf\wagm_auons of innovative educators who .
foresaw the possibilities of using computers as
instructional tools. hey developed and appligd
computer technology "te “educational problems and
worked toward a revolution which would win" for
education its ultimate goal-individualized instruction.
Clearly, “the™ obvious benefiis of the computer in
individualizing instruction would stimulate rapid and
radical changes in education, and ear?; predictions saw
the lmmme’nt automation of schools. -

1D \

"But, while a wide range of computer applications
to education can be listed and dozefts of demonstration

projects can be cited, the promises put forth by early ‘.

proponents of computerized education remain largely
unfulfilled in the 1970’s. The instructional use of
computers has continued to lag far behind their use for
-administrative and ‘research purposes. Most of the
sophisticated instructional systems have mnot yet
advanced beyond the experimental stage., Those actually
implemented have not been widely used.

This relatively limited instructional use of}
computers has led to very different and even
contradictory predictions about thefuture of computers
in education. On the one hand, some proponents still
foresge an imminent breakthrough in the” uso of
computers in education. On. the other hand, the critics
feel the computer revolution jn instruction is stlll far off
in the future, if ever.

Pregent Trends in CMI .

My survey of the presént status of computer-based
instructional management systems is lithited ~to
applications,in elementary and secondary schools. It will
not, therefore, reflect the current activity in higher
education, mnlltary institutions and in industry, albeit
that successful, economlcally viable applications of CMI

t

” Management

[} \
-
i

in other.areas are likely to have positive effects upon

future applications in the schogls and for that reason..

.

warrant careful watching.

This status report is based on
available in the literature and from conversations with a
number of pevple involved.in CMI projects. Obviously,

we have not identified “all the operational programs. ,

Documentation of operational CMI programs 15 very
sparse and some. information is simply not available.
. , -
Local district experimentation with CMI seems to
be growing, but these programs are, of course, the most
difficult to identify. There is the added- prublem of
determining just what is included. under the CMI
umbrella. A few agencies: which claim in their
promotional literature) to have CMI candidly admit that
what they actually have is a component of a potential
CMI system.

We have organized the various activities n CMI
into three separate.‘categories. Major Instructional
Systems, Local School Systems, and Related Activities.

Major~ Instructional. Systems. Frank B. Baker
wrote a state-of-the-art review on the major
Computer-Based Instructional Management Systems
about five years ago. The systems he described are still

.the major systems in existence, Figure 1 provides recent

information on five systems designed for use in
elementary and secondary schools.
£
IMS. Althoughy a number of systems were
coneeived at about the same time—the late 1960's—the
first to become operational was the Instructional

Development Corporation for the Southwest’ Regional
Labs. The program was run for 24 years in a number of
school§ in Los Angeles using curriculum in mathematics
and reading. However, the system 1s said to be adaptable
to any curriculuni which has clear, concrete learning
objectives. The system provides for frequent testing
profiling, individual study recommendations, and
symmary reports on all. tésts. It 1s purpotted to help
make decisions regarding pacing, grouping, sequenying

o\

o

information- -

System developed by Systems .

/-~
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and _jndividualization wnthm a coffventional classroom
setting.

PLAN. Project PLAN /is a major ungraded,
computer-managed individudlized learning program

e developed by the American Ijstitutes for Research and
now"rﬁar_keted and monitgfed by the Westinghouse
_l;\__\ Learning  Corporation. “Th components of PLAN

include behavioral . objectives, teaching-learning units
(TLU’s), testing proctdures involving use' of
cntenon referenced tests reldted to the objectlves within
the units and to the lo g-term educational goals,
guidance and individual planning and teacher
development. A central computer in lowa City, Iowa, is
used to store and analyze the information and to send
reports back to the schools en a daily basis. The system
utilizes existing instructional materials. Piesently, PLAN
is said to ifivolvé 45,000 students in grades K-12. Cyties
where schools have been usmg PLAN include: San Jose
and San Francisao, California; Pittsburgh, Pennsylvania;
East Orange and*Ridgewood, New Jersey.

A recent EPIE evaluation of PLAN reported that

_although initial costs are very high, a school system that

haq een in PLAN over a period f several years could

. figure on about $42 per pupil forall “contractual services

(for the school year 1973-74).
. LN

S%  IGE |Individually Guided Education is a

+ comprehensive system of insfruction at the elementary

school level. The majer components are. a model for

. ﬁ!trucuonal programming for the individual student, a

" “model for developing measurement tools and evaluation

' procedures, and an orgamza tjonal-administrative
cg;ﬁponent called the multi-unit sEF\Jol.

The IGE programmmg model makes use of
. bchaym’al objectives and criterion-referenced tests.

 now operating in more than 1,000 schools. However,
. . [CMlis being introduced on a trial basis in 8 schools with
"plans to ‘expand the trial to 30 schools in the near

. *" future. The computer-based system will provide test
scoring, achievement p@g, dlagnos's prescrlpuon
. 4" and instruction.

v N * . ! ’ ' S
[PI/MIS. The IPI Management and Informatjon
System makes use of detailed objectives, methods and

individual competencc contmuous ¢valuation and
student performance momtormg The computer is being
used on an experimental Basis in the Oakleaf School to

b collect an\\proqess information on each student’and to
Q : ’
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* Presently, CMI is not a%art of the IGE system which is

materials to obtain the objectivcs determination of"

o

specifically designed for use with the IPI curricular
materlals > .

AIMS. The Automated Instructional Management
System develoged by, the New York 'Instituté of
Technology is reported to be in‘use in at east one school
system (Mineola Public Schobdls, Mineola, New York).
The system is specifically designed to be independent of
the course or curriculum, subject area or level, so that,
according to its developers, it can be utiized with any
course matérials desigged around behavioral objectives.
The system utlllzcs teletype terminals for immediate
reports on progress “to students, while eports to
instructors and curriculum designers are bat«;}?cessed.
AIMS includes information. on objectives, students,
curriculum and facilities, instructional strateges, tests
and feedback. Its functions include evaluation of student
progress, prescriptions, and empirical validation and

optimization of, instruction. ~.

Local School District Activity. There are
indications that local districts, in some cases, with
technical assistance of a research group and financial
support from federal funds, are developing CMI systems
to meet their own needs and specifications. One example
of a locally developed system has been developed by
Katherine Morgan of Montgomery County, Maryland.

An example of # local CMI \’program is the

"Instructional Management  Program (MP) i the
'Phlladelphla Public Schools. This program 1s designed to

ensure that each student achteves mimimum standards of
pcrfmmange in basic skill areas. The program was
developed in one school gnd hag spread to six other
schools in the district, involving more than 2,500

students. Each school sgts its own standards of .
- . performance on basic objectives. .
- .

‘ Learning takes place through independent study.
packets, student tutoring, and professional tutbring. ‘
Edch step in the learning process is .prescribed by a

computer system which matches the available learning
options to the individual needs and charactenstics of the
student. The “unique features of this program are its
concentration on' basic objectives ffid the attempt. to
match student ‘Jearning styles to the teaching

cHAracteristics of curricd‘lar materials. ’K

I Other, oM programs are in operation in

Phlladclphla, and in Madison, Wisconsin, Cedar Raplds

Iowa; and other,scho}j] districts.

supply summary reports to teachers. This system 1s .
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Related Activity. There are a few computer-based
testing programs which have some inStructiondl
management features. Three programs of this type are.

mprehensive  Achievement Monitoring (CAM),

Student Achievement Monitoring (SAM), and the\__

Classroom Teacher Support System (CTSS).

"~ .CAM is a computer application to instruction
Wthh monitors individual student progress on specific
behavioral objectives: It is essentially a computer-based
testing system which includes $re-tests, mini-exams, and
follow-up, data on student retention. The data can also
be manipulated by the computer to produce program
evaluation datd. CAM is being used in a number af
schools inwthe country and the concept is also
incorpbrated in the Minnesota/Ties system and in a
program called PREP under development at the General
Learning Corporatjpn. Operational. _programs are -
‘réported in schools fa Arizona, New Jersey, New York,
Illinois+«and anesota SAM, which is very similar to the &
CAM concgpt, has been in operation in the, QOakland-
School Dlstnct in Mrchrgan for a number of years.

»

. The Classroom Teacher Support System (CTSS)
‘ developed by IBLM provides clertcal and }ogistical support
for the teacher who cqntinues to make the decisions.
The teacherspectﬁes the objectrves and the test function
is accomphshed by the program. It is in use in the JLos
Angeles Ctty Unified SchoofDistrict. .

-
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St;ll another computer-supported system for
tracking 'and gurdmg student progfess is Tracer. Tracer is
»commercxally available from Educators Alliance, in Palo
Adto, I believe that Hewlett Packard is developing a CMI'
system s aﬁ’Well

. . , .
Conclusions.'!’his brief review of the present status
f “in schools suggests the following conclusions.
- ':‘l . Th’e.fe seents to be considergble interest in CMI
_at the local school level. A number of small CMI
systefns are operational or under development in
Jndividual schools or school districts. This seéems™
to be & direct result of the management prgblems
which are encountered as schdols individualize .

. “" their educational programs.
. 2.¢ CMI systems are still under development in
~ many Ia&e scale instructional programs. Despite
: _¢arly prodictions, IGE and IPI have not yet *
. introduced operational CMI systems. The
” developers have tendéd to concentrate on the
C ’ .
Q 0
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continuing redesign and redeyelopment of ‘the

instructional program itself rather than building a

computer management system. This situation
- should change in the immediate future.

3. Virtually no data exists on' the

. cost-effectiveness of CMI. While I suspect CMI
, may be a cost-effective technique, I_r:p.ri only
" support my opinion with ~some prelirenary
analysis of IPI done at RBS. We estimate that _

- most of the cost of adding a .computer

management system would -be offset by
reductions ’in the number of aides requrted to do

the clencal work’, Further, we feel we-can add -

some features to the program which might make 1t
more effective. I simply don’t know of any
literature \)hlt:h might support or refute my
feelings in thrsmatter o

Future Directions
In one of our brojects at RBS, we are attempting

to forecast future deyelopments in education and design
educational programs which are l;ased on these”
developments. Ons. of ow gmajor infoddets s the role
¢omputer technology . mi play n »schools n the’
immediate future. y

' Asa poirrt of ﬂqparture. we have been conducting
conferences _ on ‘educational futures and educational
technology. Not surprisingly, we ate finding that
educational futunsts have different visions of the role of _
the computer in edueatron over the next few years.
Figure 2 indicdtes the reasons some people have offered ~
for or against a.dramatic i increase in computer use in the
near future. The people predicting_a strong increase -
point to recent develdpments n computer technology,
including the steadily decreasing cost of computing and
the continuing increase in the availability *of curricula
and software materials. More importantly, they view
trends in education toward more accountability, ugher
levels of individualization, and improved productivity as
leading to more computer usage. -

Others predict a limited role for the computcr, at
least in the immediate future. These people cite major
problems with the  application of computcrs to
education such as the potential for depersonalization of
the educational ptocess, the limited financial resources
available for technology. -the resistance to computers
from traditional teachers and teachers’ unions, and -the
lack of cost/effectiveness data on instructional uses.

dd

.
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.outline our thinking on desi
: emphasrzmg the role of comp ter-managed instruction

™~ . Basic Education. There will be increased emphasis on the development of ccriar'n basic skills.

ERIC
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Dramatic Increase . ) Limited Role

Potential for Depqrsonalization

A Increasing Availability ‘of Software S Limited Financial Resources for Technology

Emphasis on Accountability 2 Reststznce from Traditional Teachers and Unions
»  »Movement Toward Individualization Lack of Data on Cost/Effectiveness in Instruction N
Need for More Productivity - . ot

Figure 2. PREDICTIONS ABOUT INCREASED COMPUTER USE IN SCHOOLS

ol
.

- 4
“We are presently analyzing this mass of prediction . that all schools will ever adopt a single set of educational ~»
and contradiction isolate some common g,cmes . goals, methods, or materials. On the contrary, we expect
which will provide a'strong foundation for designing the present movement toward decentralization, local
school programs. In the rogaining time, I would like t6© *  autonomy, and altemative schools to result n even more
s for schools of the futurg_ diversified educational programs mn schools of the future
- .

However, we also belreve that many schools in .

. . . - 1980 will share some objectrves in common. For .

Our fundamental assumption absut the future of _ example, we believe the propositions histed in Figure 3
Aherican education is that schools in 1980 will be at reflect some of the major needs and problems of schoals

li;qgt'as diversified as they are now. It is hi unlikely m the near future.

in thesé designs.

L

. ’ 'I'he Emergmg Conﬁontation Decreasmg school enroliments and i mcreasmg cdumtronal costs will
_result’in a confrontation between educators and taxpayers. - _

. o . .l

Educational Productivity. Educational costs and instructional effectrveness will bceome primary

<_ " considerations. .
") . *

v

Mastery Learning. A determmed effort will be made to ensure that every student masters the basic
objectrves of education. |

o . Quality Edr}oatian and Desegregation. Integration of the schools will be directly related to

. improving the quality of education for all students. .
™ -~ ' ’ N v .
™ : Individualization and Personalization. Individualization and personalization of the educational /\
. N process will become accepted practice at least in certain curricula arcas. - . -
sigure 3. PROPOSITIONS AROUT SCHIOOLS IN 1980
. .
o
. The Emerging’ onﬁ-ontanon. Decreasrng schpol Educational Productivity. Educational costs and
enrollments and increasi cducatronal costs will result instructional effectiveness will be primary considerations
in a confrontation betweenNgducators and taxpayers. in all educational programs. Technology, rm.ludmg both
Educators will view decreasitg_enrollnitents as an hardware and software systems, will be widely used to
Spporivnity to improve the quality vf education mainly reduce costs while marntamrng of even enhanung
by reducing class size. Taxpayers will\see decreasing effectiveness. Schools will be held accountable by the
.enrollments as an opporttunity to reduce co public for teaching n an effivent and cﬂ’c»u@c manner.
by cutting staffposrtrons
Q M
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“T Basic Education. There will be increased empha‘ﬁ
on the development of certain basic skills in all
educational programs. A broader definition of the basics
will be accepted by most schools to include not only the
traditional cognitive skills in reading, writing - and
arithmetic, but also some affective and career concepts.
Educators will place more emphasis on affective
concepts such as teaching conflict resolution and moral
judgments, as well as career concepts involving exploring
career$ and specialized experience in selected career

- choices. - o
Mastery Leammg A determined effort will be
made to ensure that every, studert masters the basic
objectrves of eduecation. Educators will recognize that
every student can learn the basigs when provided with a
program that truly adjusts t%dividual differencds in
A learning. .

Quality Education and Desegregation. Integration
of the schools will be directly related to impioving the '
qualrty of education for all students. Solytions to the
desegregation problem willNggke*the form “of providing
better-education for students rather than busing to force ]
integration. )

Individualization and Personalization.
Individualization and personalization of the eduuatroqal
process will become accepted practice at least in certain’
areas of the curriculum. Basrc skill education and .
integrated learning situations will be major targets for,

. . individualized learning programs. . .
} — '

. e ,"’~ '

General Conclusions |
; !

Three general conclusions can be reached on the ,

basis "6f this review of present trends an¥ futdre \

-directions in CMI.

' - » .
1. Wrdespread use of CMI will occur if scho Is
individualize instruction using structured curricu)a
materials. Developing a computer management
system is a fairly simple task if the -curricula
A - materials "in use have wéll.défined behavio alf'
objectives, alternative, teaching methods, apd
. criterion-referenced tests. Materials of this type’

- are still not widely used in schools. A majo

Qobstacle to the use of CMI is the lack of pubhshe
currrcula materials Whith are highly structured.

2. CMI1 has suffered from the lack of a natron ly

prominent demonstration project. PLATO fn

TICCIT have provided a vehicle for ¢xperime
. \)‘ | .

-

-~

t
L.

5_\_:-——-(

with CAI and demonstrating 1ts potential to the
ediicational community. On the other hand, .the
\ potentral of. CMI ha:i/ not been .systematically
explored in a large-scale, federally-funded project.
Consequently; the use of the computer as a
nagement tool has“ne{ been broughit to the
é:dux.ators or tfte public at farge.
/ . = —
3. Finally, ,'4 worili;l like to conclude with a word
to. our hosts. Educational technology 1s best
defined as the application of scientific processes
and products to the improvement of ‘education.
At r,!s worst, it is considered labor-saving lkrdware
and electronic gadgetry. We would all do well to
" remember that it is up to the makers of machrnes
to.carry out the tasks we present, it 1s not up to us
to warp our systems i order to provide work for
a machine designed to dp something else.

o

host of the, curricula \and materials for these
programs arg already available} A system for focusing,
integrating, and managing. the p{ograms is not available.
In' fact, t eration of these programs without a
computer rhanagement system s, almost mconcervable,

i

)

) Camputer anagemeni becomes mandatory when

sub]ex.t

Qf

areas, and diverse i ning
, ScheduMtng, and eva‘iuaung
spd nts under these uondrtrons requires Lomputer
aSsrst nce. -

e S
! j Foréxample in the programs outlined above, da}a
ould be t:ollectedxat periodic intervals on individua
student oB]ectrves' aptitudes, and interests. The \
uomputer would use these data to track student progress
at each step in the learnrng process, to schedule student
leamﬁlg acﬁrvmes on the basis of individual needs, to
sﬁpply cléncal agsistance and management data to
téauhers and to proyvide evaluative mformation to .,
admmrstrators on the effectiveness of rnslru»tron ’

X The particular cxamplgr used here are only two
désigns for schools of the future. We have models for a
- ndmber, of other programs. The critieal point 1s. that m *

' eyéry single . design we find a vital nced for a
uomputcr managed instructional system. We believe CMI
will play a critical fole i ln schOols of the future.

4
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. As I'm sure will be stated by others, the
application of computers to education has, farled to live
"up to their predicted potentialdin our elementary
secondary schools, and in undergraduate ‘colleges. a%f
course, there are many reasons for this, most of which
we are all familiar with just by the nature of our
positions.. However, it is the belief of some, and ] wish I
could say many, that the greatest potential for computer
use in the near future seems to be in the aréa of

.~ assistance to the management aspects of the learning

_process. Drrectly related to this belief is the more general

concern for individualized, personalized, or adaptive

education. Therefore, in order to examine the potential

uses of the computer we should back up and look at the

instructienal needs of the students and the effects these

needs have on the institution. To examine the

instractional needs of a given student at a given time,

. there are many variables or factors that should be

‘considered. Where is he now? Where does he want to go?

What goals does society say he should have in additjon

to his own goals? What does it take to help him reach

both his own gouls and society’s goals? What is the most

effectiye means ofhelping him obtain these goals? All of

. - thes®" questions imply that rnstxuctron begins with- the

~. individual student and not with? groups. They imply that

eduéation plans should begin with individual’s both long

and short tetm designs. They imply that the resources to

be utilized in the instruction ptogram should be geared

to individual styles, rates, needs, previous experiences,

and interests of the learner. In short, effective
instruction means  adaptability to the student.

PPN

Individualization of Instruction B

. To date, hearly all of the programs for elementaiy
and secondary schools and for undergraduate colleges
~ that have attempted to provide for individualization

single subject; a
single subjects

then sometimes combining these
Individually

o have begun by e::zz'mmng the instructional needs for a

nto a single system.

Prescribed Instruction has primarily been concemed ™

with reading, mathematics, science, and spelling..Project
PLAN (see Table 1) has emphasized  reading,
mathematics, social studies, language and science, v
mention a few at the elementary a,rld secondary’ levcls
At the undergraduate level the subject areas where
attempts to adapf have been more widespread include:
_mathematics, English or English language, science
courses and psychology—again single courses. Although
this approach is not necessarily a poor one, it does

ERIC. -
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‘ COMPU]Z@R-MANAGED INSTRUCTION: THE ACADEMIC SCENE 10

. John O. Bolvin
University of Pittsburgh _

4 motivation of the leamer toward learning and

matter.

N . . t -

provide limitations for management nﬂ’that Jire_ctly o
relate to computer assistance in management. A single
subject approach generates information "needs of a
particular kind that relate to the individual student ,
differehces and are of concern for instruction. The broad
categories of individual differences that now seem to b

of concern include providing for: N

1. differences in entering level of achievement amohg
studénts in a given class,

[}

. differences in rate of learning toward certam fixed
goals for.the course,/

3. differences in gross learning styles by having |
available a hmrted variety of resources and |
materials, ‘, ‘

* .

4. those individual differences among students that

relate to student-teacher interaction needs,

“S. certdin select subject goals for sr'Jme students and

not for all, and

6. a limited degree of attention to indidual
differences relating to differences in attitude and.

‘instruétional tasks.

It should be pointed out here that in addition to
the general goal of adaptive or individualized mnstruction
that is serving as a basis of need for computer-assisted
management, there are several other goals. One of these

e goal of mastery or proficiencg of the subject
Another is developing felf-directed and
self-initiated learners. And still another goal 1s to develop
learners who can begin to evaluate their own needs,
progress, and outcomes. These last several goals relate to
more concern by educators for the active role of the

‘student { Y the learning process.

A'll/of these factors then reFte specifically to the
general @rronmental needS of instruction in the
elementagy, secondary and -undergraduate programs at
this time. These needs can best be described 1n terms of
the instructional elements that are of major ¢oncern to
practrtroners,

G__IIIS?uI objectives \ .
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Instructional resources

“Instructional strategies .
- Classroom. management

Pupil outcomes i N

Program evaluation _

Lét me just say a few words about each of these
components and point out briefly what kinds of
information we now provide the practitioner, what the
weaknesses are with this information, what we ‘might
provide them, and in some casas, how information mi
be provided. s .

A

v

- Goals and Objectives

At the present time we more often than not
provide in some document to teachers and others the
* overriding goals of the institution and its program. These
" Boals are usually stated once, verbalized by all, and then
set aside hoping that the instruction system is designed
* to reach these broader goals. If general goals come up
again, for the teacher or institution, it is usually at the
time of evaluation. On the other'han/d, particular course
objectives are usually well developed, quite
c'mpprehensi've, are compiled in several documents and
repeated either as individual (ibjectives or groups of
objeétives on materials, tests, forms, etc. By the
emphasis placed on the documentation of these
objeetives there is no doubt that they are important, In
addition to providing the statement of objectives, we
organize them into units, clusters, levels and topics. This, .
org,énization helps both students and instructor§ andisa *
real strength to instructional programming. A weakness
that should be pointed out, however, is that because
they get the emphasis they do, often these ‘objectives
become ends and not means as intended. To ‘adjust for
means-end confusion we need to begin establishing™
priorities of objectives relative to total outcomes. These
priorities need to be explicit and well documented for
classrgom use. Through the priorities we need to call
attention to alternative sequencing, objective§ that serve ¢
a !prerequi'sites to others and for what reason. L think .
~w§\ht many of us have Gbserved over time is thaj sOme of
R the original supporters,of the concept. of individualized -
" and mwre systemized instructional programs have‘bﬁcked

B

AN
K

. away because of the seeining rigidity that has-come into *

the programs :because we"have_not paid attention to
inequality among the objectives. Some objectives are .
. moere irX)ortant than others, especially as we think
about-individual students. , *

‘ l
/ . r

Q
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v
Student'Diagnosi_s

At the present time insttuctors are provided
information of both general and specific nature. Also,
they are usually provided some prerequisite irformation
as well as the pre-instructional kind, and most of this is )
criterion-referenced rather than norm-referenced. The ‘
weaknesses here from the practitioner point of view,
however, are that there is too much concern for the
specific objective learning outcome and mot enough
concern for the means by which the student can obtain
.the knowledge. How long might it take a student to
“master” a particular objective? Is it worth it at this
time? What strategies should be employed? Watch’ -
teachers...the first thing they want to eliminate now in
many, programs is the pre-instructional tests<because the
student time taken doesn't seem to have an information
payoff. Also, at the same time tgachers ttwo,keep the
post-instructional tests and eve pose nigid standards..

What should be, the standards fqr whom, when, and /

why? These midst become part of the diagnostic and N

student assessment programs, Here the computer can .
|
|

play a real role since it can store large quantities of data
over time for many students. , '

.

Instiuctional Resources

.- \
Presently, we provide information as to what 1§ %
available and often where, and how that should be-used. - |
Some programs spend houts categorizing new resources
‘and materials and usually the uptlates are an addition to
what s already.thercb,Good! However, what 1s now
missing—information, on what &{pp_s what better, for f
whom, and wiiy? What"is ‘needed Is ‘information readily
« accessiple fo the practitioner [(both -student and
_instrucfor) }fatrtan assist in short-term student planning |
_ in’a way thay reduces the time for this planning. Part of
~ {his information should be an updated analysis of how |
* the student is doing with the resources he 15 using. There i
is a real caution that must be stated hererthat 15 a J‘
|

»
.

>~

caution against the crutch. Do weshave the stident take ;

the easiest route and create a crutch that he can't live.
without? , " y
PR s

. ‘ ' /
Classroom Management ll’la.nmng . -

. Cal

A real time-consuming aspectvf any nstruc ion;
program is classroom managemgnt planning. Presetly,
most systems provide information about. what /each
student. is doing and (his ir}fomh‘tion'oftc i

e b

18.;;.
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where the effort” takes place. What is missing now,
however, is system information and suggested
procedures for using the information that can project

- student needs, relate these to resources and suggest

"be available as
‘accomplished both individual and group objectives.

alternative ways of matching the two. Again, the
c'gmputer can assist in this aspect if we take the time to
ask the proper questions.

Pupil Outcomes

v

And finally, just a word about pupil outcojnes. In '

contemporary CMI systems, information does seem to
to how well each student has

However, little information is presently available about
proficiency levels needed by whom and when. As stated
earlier. this lack of analysis leads too often to cerfain
rigid standards that may or may not have validity.

General Concerns About CMI Systems

Let me move on now and explore some general
concerns that should be expressed about the present
strengths and weaknesses of the information provided by
CMI systems. Keep in mind that the total instructional
management System is one that helps us relate all the
pieces to the total or the whole. Presently we can
provid¢ information both to the instructor and to
students as to what is going to be learned, what can be
used to leam it, the student’s readiness to leam it, and
then whether or not the student accomplished the task
satisfactorily. Also, we are able to have -individual
schools or individual instructors identify the objectives
that seem important and necessarily to be considered in
thé system for a given course at a given time. This is all
to the good. It can help us move toward adaptive
instruction. However, this information base has builtsin
weaknesses that by their nature may destroy just what
we are attempting to achieve, Since most CMI models
are developed t pe applied to the present goal model
wheze the cleares§ goals are course orprogram goals and
not the total edutational goals, we may be building for
defeat. This outcofne may occur because as practitioners
use the system, those goals that are clearly stated and

Jncluded in the CMI system will become THE goals.

* Other goals, though intended, will be lost. Also, with a

Q

Ric - L

few exceptions such as beginning reading or beginning
mathematios, theres are probably very few course
objectives that must be mastered at a particular time by
any great numbers. Keep in mind that, in any given

& A
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course or program, there are usually process objectives
that are not only important to the particular course, but
are important generally in learning. These are not
presently included in most CMI systems since they relate

to both content and procedures for learning th: content,,

for example, “example—rule or rule—example.” Many of
our sévere critics in elementary and secondary educatjon
in particular will be attacking us on the institutional and
more general goals with probably good cause. What can

"be done about the present concerns? — 1) hopefully

recognize them now, 2) next, for all levels we can pay
particular attention to some of the weaknesses outhined
above under each component, and 3) examine more
carefully how technology is changing the outcomes as
well as the means to the outcomes. In magy mstances we

.have stated desired outcomes before -4dding certan

technological devices and systems, but these were merely
stated and probably attained by only a few students. But

what is the overall effect when more students are able' to®

attain these goals? What is the effect of superimposing
these goals upon the goals of otHer programs or other
courses? Who is not screened out of what because they
hzgve or have not attained these goals?-Directly related to
this question is the question of who wjll select
themsglves out because they don't want to attain the
goals. . .

*
.

What I am trying to point out here is that 1n most
instances-the apphcation of CMI, like the application of
other technologlcal devices, changes the student
outcomes or the product and not merely the means to
the end.

Time-on-Fask . . &
4

Closely related to this concém ;s aconcern for the
present concept of “educational time™ and 1ts relation tb
CMI. Presently, our goncept of time n the educational
sense is generally speaking a constant—credit hours,
carnegie units, math. penod reading period, etc. We do
vary these somewhat, but not a great deal. As-we begl_n
to adapt to individual needs, there 1s no real trouble with
those who can accomplish the tasks in the same time

)

that was allotted before or in faster time than was

previously allotted. However, what about those.students
who need more time? Where dogs.1t come from and who
decides? Granted, this 1s educationally a better problem
to deal with: than the problems that the present system
creates, particularly at the upper elementary and high
school level.

However, to deal with tlus problem

¢
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honestly and effectively we will have to increase the. -
instructional time for these students. This costs money
and these additional costs will be blamed on the
computer. We in this room have to begln to deal with
the tensions created by programs " that adapt to.
individual dj }'ferences We've got to describe some of
these outcomes before they become problems. The
time-on-task concept is going to be a major problem in
collegés for, keep in mind, we charge by credit hour to a
large degree and we assign workloads by the same
concept. I'll' not play this out any further, but Pm sure
you see the problem. These ‘problems arg not necessarily
"the problems of industry or-of the militafy. Also, they
are not “the major problem in some educational
institutions today since we are still mainly concerned
witlr single courses as the major element. But,they are
potential problems which could have a negative
influence on development and- acceptance if not dealt
with now.

Summary <, : ‘

Thc variety of roles that the computer can. play
relative tp instfuctional management has increased. But
we néed: to look at the functions that-it assists. The
practitioner/does need assistance in measuring, tracking,
analyzing progress, etc. But the practitioner has other
and " sometimes more important needs that are
overlooked. We need to work with and listen to the
practitioner if we are gaing to build for what should be.

RIC L
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CONSIDERATION OF THE EFFECTS OF ACADEMIC ENV IRONMENTS 14
v ON CMI DESIGN AND FUNCTION

.
.

It is apparent from the number of CMI-related
_presentations being made at the various educational
conventions héld throughout the world; the nuriber of -
CMI progrdms b,eing developed at universities, vocational
schools, industrial training centers, government training
* centers, and even primary and secondary schools, and
the assembly of this meeting which has brought together
so many educators for whom CMI is a primary interest,
that Camputer-Managed Instruction is indeed a highly
sngmﬁcant product of educational technology. The
impact* CMI will eventually have through making
individualized education more universally feasible |s
probably not recognized even in the excited “in- -group”’
dlscussnons held daily among CMI system dcvelopers
#But, in those discussions it is always observed that CMI
has far greater potential for solving instructional
problems and generally improving educational
opportunities than is shown by the currently operatxonal
- CMI- systems.

-~
”
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. promising educational tool, gspecially in the short run,
tutorial CAl<has seen the advantage of greater large-scale
* fupding and has drawn the fascination of many for
whom CMI might be a more practical and satisfactory
solutlon CMI developers, being extremely * cost
conscious, turned almost immediately from the
deVe}opment of _programs in which the mstructlonal
subject -matter was imbedded to generalized systems
which need little or no revision to dccommodate a
. variety of disciplines. In "many cases, additional
programmmg has been done to support  insertion,
modification, and‘ dcletlon of course matenalsﬂ by
non-programmcr users; but few if any have had the
fund$ necessary to develop a fully educator-oriented

system having great flexibility for the non-student user. |

Programs to d‘atc& while frequently of the generalized
type rather than the subject-specific type, are developed
to solve local functional needs. Because most systems are
programmed in higher level languages (e.g., FORTRAN),
it is often said that systems can be modified to meet
N different needs rather caslly While this has been true in
some casés, depending, of ¢aurse, on, the severity of the
difference between the original functions the system was
designed to provide and the new functions needed,
systems have not been developed to provid a great deal
of flexibility in support functions- flexibility which is
required if the sysfems can be said to be adaptable to
varied and changing attributes of the educational

cnvnronment Flexibility is required if a single system is
L]
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* " Even though many of. us see CMI as a much more

Michael W. Allen . T
Control Data Comorati(}n" :
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to"be’ appropriate for use in institutions other than the
one in.which it was originally devejoped.

The purpose. of this paper is not to detail the
various features which- have been mncluded in CMI
.systems, but rather to briefly enumerate some of the
attributes of educational environments which need to be
considered in either the design or adoption of a CMI
system. e 'L

/]
Faculty and Staff

" Any instructional systefn which serves to augment
humans in their capacity t6 ufate and guide learning
must give attention to the instructor/system interface.
Just as it is important to provide 1nd1v1dualwq_q
education opportunities. fﬁ;‘students it 15 also important
to_allow instructors to ‘specify the services CMI 1s -to
provnde and the decision rules which the system is to

. Systems which provide, such individualized
support for the educator can be said to have vartable
management strateglef

,
.

. No single mana&cmeqt strategy can ever be
approprlate for all curritula, all instructional conditions,
and all instructors, but perhaps the most important
element of the academic envifonment to be considgred 1s
the ‘indivdual dlffe;enccs among the.nstructional staff.

There is fno system which will notprovc a fallurerf it 1s -

restrictive of the talents o ructor or 1f 1t cannot
be adapte e instructor’s needs. The t’ollowmg
examples show how only shghtly different requiremeénts,
if not met, can render any fixed management strategy
rg} system unacc;ptable for agiven situation:

*

-

Professor C. L. Rodgers conducts a law course
. which has*as an overall objective that students will learn
to locate” on “their own authoritative sources of.-
_pformatlon. Throughout the course CMI s used to
generate tests asking students for facts they muwst find in
library, ma{erlals Professor Rodgers uses the system to
randomly gcnerate a unique, test for each Student, He
also requiites the system to repeat the samg-unma {ered
tests (lettmg LOI’I’C&I{Y answered questsons)
. student until all the cgrrect information 1.
End-of test fcedback should be spccnﬁc with’

on third and subsequent tcsts—wnth rcspnct
information can be found.

~
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‘ Dr. S. J. Swenson supervise$ a large-enrollment
\  physics course for college freshmen. A wide variety of
maltimedia instruction resources are avatlable but only
in barely sufficient quantities. Dr. SWensért wishes CM1
to generate a new random test each time her students
request a test. End-of-test feedback should include not
only a description.of -the material mastered and not
mastered, but also a listing of the available resources
which should be most helpful for each student’s
* measured needs.

: It is easily seen that Rodgers and SWenson would
heed to specify different test and feedback generation
tules, although other system functions might be
ppropriately sumlaf\ Rodgers might be interested,
owever, in generatlng a test askmg the student what
esources he had attempted to use when little progréss
".Jas indicated on subsequent tests, while Swenson might
ish to havé students choose one of several instructional
media *available on a given topic and have the system
_xeport to the student the relative effectiveness of his
X‘z, choices ’

/
!

These examples could be elaborated further
showing how some identical features of CMI could serve
both equally well and how very different features niight

IV;: become necessary. The point is made, however, that any
) widely acceptaifie CMI system must have
".. instructor-specified optiens in the management strategy.
Options must include sefection “of testing progedures,
scoring procedures, type of feedback, sequencing of
:course topics, provisioh of optional course modules,
unrecorded practice tests, a'nd many others.

Other faculty- and staff-related aspects to be
cons:dercd are listed below

. "

I. Availability. In some cases, faculty cannot be"

readily available for student consultation. Systems
that do not require’a sibject mattér expert fo be

present- at.all times may be of value, while those '

, which rely on the instructor to make frequent
" pedagogical decisions and to provide information
to students on demand cannot be considered.

\

» bt

2. Willingness to Adopt a New Role. CMI tends
not to support teacher';ccntercd instructional
practices and provide a new role for faculty as
learning counselors. The breadth of variability in
the managément strategy of any system
determines to a large degree the freeddm of the
: instructional ‘staff to teach the way they wish.

- CMI systems designed to support a narrow and

t .
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\\speciﬁcally defined set of instructor behaviors will

_individualized pacing may become

require new users to conform to this instructional
style and may, therefore, find a very lLmuted
general utility,

3. Commitment to Individualized Fducation.
Lack of a thorough  understanding of
contemporary educational philosophy

indicator of faculty  motivation to reform
educational practices. Innovatjon is hard work,

and the development of CM,I curricula is no less

difficult. An exnstmg low level of motivation may
well change once famtllarlty with the instructional
goals and technology is gained. Nevertheless,

- recognition that faculty may wish to spend far less

than . the optimal effort in courseware
development guggests that highly sophisticated
systems may be less appropriate than very easily
understood and operated ones, at least at the
outset. Proposing .a system which requires
identification of learnlng hierarchies, specification
of complex testing strategies, and a complete

restructuring of instructional resources is sunply )
) unreallstlc for many envnronments

R ¢
4. Confidence in SubjectWatter. Vanable ume
learning systems sometimes provide a challenge
which faculty are unaccustomed to in that
students may.raise at any time insightful questions
concerning advanced course topics or very basic
questions usyally dealt with orily in the ‘course
introduction. When faculty or staff do not have g
high degree of confidence in their knowledge of
the subject matter, CMI’s- support &f

unacceptable threat CMI procedures can be used
to provnde reduéed variance in subjects being
taught concurrently, while faculty learn to deat

with some of" the new _challenges nnovation:

presen‘ts .

S.  Faomiliarity with Educational .Teclmology
(Computing). Although many who support

individualized-education are more than capable of -

dealing with its challenges, many are also reluctant
to bring the computer into the very hum‘d\n
process of instruction. Fear of computer hardware
or simple unfamiliarity in working with it may
provide a significant problem for the CMI designer
who must cuncern himself ewith man/machine
interface. It is necgssary for those who have little
or no experience with computlng systems—either

>
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and
commitment to its principles may be a good -
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on-line or off-line—that their lnstructlons be easily
}entered into the system without first having to
translate them into an unnatural symbolic format.
. The extent to which these people perceive their
ability to control the system may well determine
its vigbility in the environment.

6. Research Interest. Some CMI systems are
satisfactory to a particular group of users because
the system provides an abundance of research
data..Not all user groups are primarilgnor evens
significantly concerned with such data, however,
and systems which emphasize experimentation to
the neglect of accommodating the different
pedagogical requirements would be clearly
,junsuitable ta them. Similarly, "the lack of a
data-collecting\¢apability would make other
systems unsuitabl r whom ease of
educational dtion makes CMI
appealing.

The character of the facul ty and staff for whom
various CMI systems were developed to serve can be '
easily determined by studying the specific attributes of
any given system. But it can b¢ clearly seen, even from

"the extremelﬁ..bnef llstm‘g affd discussion above, that *,

satisfaction ofiocally identififd needs and the omission
of concern forftture needs, ds.well as for those existent
at other institutions will

the possible distribution of the courseware developed for
faculty f and staff demands and
considerations may compgrise the most significant class
of environmental attribufes affecting CMI system design
succgss, a number of additional
attributes may also be iHlentified as having effects"which
are by no means trivial
Courseware and Equi
[
14

Since CMI is gn instructional support system,.its
success is closely tted with measures of learning which
occurred under th system. But since CMI does not
“teach,” the qualify of the instructional material it
manages has a lot tp do with the learning outcome and
therefore CMI's eyaluation. Only three of the many
courseware and eqptipment factors which influence CMI
are,singled out beldw as examples:

ent.

I, Existing Curriculu Structure. The step fmﬁ/

verely limit the universal
utility and value of the systtm and most likely also limit **,

\.'I

2

. b‘
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d

to recognize, however,

./7“. - .

and individualized the existing curriculum is, the

less difficult CMI adoption will Ge. It is important
that CMI tends to be
exasperatingly demanding- with respect to the
definition of* objectives and the identification of
learning resources related to them. Any undefined
component behayior will not be tested and no
study recommendation can be made when it is not
mastered. Higher level behaviors building on such -
components may not be mastered because of the
incremental learning deficit, and the system’s
being unable to determine the real cause will not
suggest truly appropnate learning activities. No
matter how sophisticated the CMI design,flaws in
curriculim structure will be magnified by the
System until restructuring is_accomplished. Such
flaws may ultimately brihg discredit to the

_\‘pgticular CMI system in use and erroneously

indicate that less exacting methods of
instructional management are superior. Judicious

* avoidance of such a frustrating situation may be

accompllshed by refraining from the introduction
of CMI when the éxisting curriculum structure is
inadequate and when a serious restructurmg 1s not
feasible.

2. Individua? Learning Resources. Some .CMI
systems such as the one in operation “in lthe
Introductory Biology PrOject at The Ohio State
University (Allen e al., 1972) provide a practical
means for the - management of avajlable
instructfonal resources without the requnrement of
constructing special ones to meet the needs of the
system’s  study prescrlpﬂon generator. At the
heart of this design is the recognition that
available " resources may, not relate to a single
objective but rather to an identifiable group of
objectives. Access to a relatively darge library of
such commonly available resources pefmits
computer comparison of the set of measured )
student needs and the composite sets of needs
served by the possible combinatiens of selected
resources. An algorithm which can take into
account prévious prescriptions generated for the
student, preferred instructional media, etc. is then
used to recommend a study prescription.

Although individual learning resource
. ol
management such as the one described can
overcome .some shortcomings in the resources
themselves, the quality and quantity of, resources ;
available strongly influences the value of CMI. It 1s
vitally important that some of the resources

. ?
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available cover specific ‘behaviors. A CMI student
studying  FORTRAN, for example, cannot
reasonably be expected to study 1 ‘textbook
chapter on algebraic expressions when he forgets
whether addition or multiplication operauons are
executed first. A simple instructive paragraph
would be much more satisfactory. Appraisal of
the resources available, the possibility of acquiring
additional ones, and the flexibility of CMEF

*  prescription generators available is extremely
important.

3. Leamning CenteN Location and Hours. In a
university environmen), students may have access
to a learning center at 4lmost any hour. If this is
true, an oniine system\has many advantages in
providing service to the udent wh¥n he wishes.

Computing'Sérvices*
" -

Obviously, -the puter hardwate and|software
available dictate many of the constraints undbr which

CMI must operate, but system" modificatidns and

additiong may often be made which will benefit the CMI
users. Systems dlffef in the extent to which ed cational

more commitment to CMI from
" than do batch systems, but even wit
of systems there are differences i

negative atutudes developed by students trying t
with an unreliable system. Service rellablllty isi
in determining whether to unplemcnt CMI at A1l as well
" as determmmg what kind of System to Mse. Again,
on-line syStems are, for example, much moé sensitive to
the quallty of service than are batch systems.

‘Many other factors i in thls category such as hours
of system avallablllty, tum’ around time, possible’

ERIC D~
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communication speeds, and type of mass data storage -
available are just as important as those discussed above,
but sunf:l cannot be itemized here. The statement
should be made clear, however,%that the nature of
computing services available is as important an o
environmental factor mﬂuencmg CMI as any of the
others.

Administration . . /

As a part of the educational enilird‘iunent,
academic administrators exert both direct and indirect
influences on CMI outcome es- Certainly policies of giving
professional recognition for instructional Innovations 1n N
general and for those using computer technolog y in ’
specific %‘:ve much to do with the future of CMlin a
given institution. CMI is not always cheap (although

_there are dramatic demonstrqtlons of 1ts ability to e
-

reduce training costs) and it is not minor part-time
activity (although systems differ greatly in the time and
effort required for course implementation, operation,

. and monitoring). Administrative support ef CMI- 1s

indeed necessary but not sufficient for success. -
Administrative demands for instructional
accountability, constraints on student/faculty ratio,
needs for instructional cost reduction, and values for
individualized education should.(and often must) be
considered not only in considering whether to use CMI,
but also ‘what criteria should be used in selecting a
stritable system design. CMI systems are often designed
for the ideal environment which, for example, permits a
student-variable learning period and supports a fixed
minimum achievement citerion. Administrative
requirements, on the other hand, permit variable student
learning within a defined time period at the end of
which a performance grade must be produced. Such a
system design and educational environment are simply
incompatible, and some kind of adjustment .must be
made. For this envnronmental factor just as for all the
others identified.in this paper it is well worth the effort .
to consider the possible effects it will thave on CMI.
before a specific system is implemented. :
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L L ~ Academy of Health Sciences; U.S. Anny
‘ oo Ft. Sam Houston, Texas - . )
— The military environment is very conduclve jo the environment._ The Faculty ;Defvelopment Course at the
-development of CMI. In general, the necessary * Academy of Health Sciences, for example, teaches the
ingredients are already in existence. There are five major potential instructor how to write student-oriented .../
" considerations. . instructional objectives. He is then taught how to
i ; ¢ ofganize instructional content wlthln a chosen method
Centralized Facilities ‘ ] of instruction for designing lesson plans that will all
and f/’acrlltate the students’ learning. The instructor
Schools and training centers have been establighed  * candrdije is then taught how to evaluate student
where similar Kinds of training and education take place. performance Further, he is taught how to communicate .
For example, Army communications subjects are taught . . . to the student from the platform as an instructor. .

at" the US. Army Signal Center and School, Ft.
Monmouth, New Jersey; Army medical subjgct,sgare

-Instructional quality is also monitored after the training
aburse with feedpack given to.the instructor for the

taught at the Academy of Health Sciences at Ft. $ain pl)rpose of self-lmprovmg his instruction wherever
Houston, Texas; Basic Airman training is ‘taught at rble - ; \
Lackland Air Force Base, Texas; foreign languages are. - br\ o J
taught at the Defense Language Institute, Washington, . Courig_Pesrgn )
D C e '(’
— — -~ “Courses of instruction are desrgned&)ugh what
: #Full-Time Learning - "are called “Systems Englneerlng” procedures. This is a
’ o .formal procedure for making a cours® of instruction as

Students go to school for a scheduled eight-hour effective and efficient as possrble At the Academy of
day. There is variety in the schedule—not all eight hours Health Sciences, for example, the followmg procedures
are lectures. Any training day might contain a variety of are used. . ¢ . :
lectures, demonstrations, practical exercises, !
laboratories; and individualized study and research time. Task Analysts The requrred tasks are analyzed to
Going to school is consldered a part of one sjobin the determine ¢ontent”and sgquencing requirements. Some-.
mrlrtary . - skills are selected for training, others will be reguired as

: N * . ° prerequisites, and some will be deferred to on-the-job
Defined Jobs » . training. . . .

In the Army, the Military Occupational Speciaity, Evaluation Plan. An evaluation plan is specified
referred to as an “MOS,” is a job. All MOS’s are defined and is designed to evaluate the students’ petformance
by a job description that is valid Army-wide. The other level and the effectlvcness of the instruction.

o services call their jobs by different names, but the ‘
+ concept is similar. These “jobs” range from technical Instructional Controls. The systems .engineering |
skills to broad administrative and professional activities. procedures facilitate the development of a Program of
: . . Instruction (referred to as the POI) which completely
' . MOSProducing Courses. These courses train, defines the content of a course of instruction. Lesson
students to perform the job skills necessary for Plans (.referred to as LP’s) are then designed and writte
performance on the _]Ob S by individual instructors to cover all of the schcdu é/:i‘
. hours in thcfPOl These lesson plans are reviewed 2§ to
.~ N’on-M0§ Producing Cpurses. These' are their adequacy in facilitating learning so student{ can
professional courses- for carcer persons, for skill accomplish the required objectives.
advancement within an MOS and foY covering general . .
topics that are independently required of a specific job. . Quality Control. The instruction that tgkes place
, L is high)y efficient‘and effective in accdmplishjfg learning—
Instructor Development ' " of the required knowledge and skrlls Fhrough the
. h . *© . systems engineering processes t n continues,
. Unlike almost all postsecondary education and making sure the graduate ca pcrform gh the job, and
training institutions, the military actually teach subject that both the job holder and the supcyx;rsor are satisfied
mattcr personfiel  “how-to-teach” in -the service with the work being performed ;
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’ ’ . Harvey S. Long
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P, i Bethesda, Maryland .

Unlike its academic counterpart, industrial
education and training are at best sidelines”of the -
nation’s business organizations and are, wjth limited
exceptions, hardly the reasons for these organizations’ -

& existence Therein lies the rationale behind many of the
observations made helow in briefly discussing the
characteristics of industrial education and the potential
adap'tabxllty of independent study techniques (i.e.,
computer-managed mstrucuon) to the lndusmal scene.

z \ !

To mdustry, the education and training function
represents an expénditure of no small magnitude, at
times exceeding the budgets of leading state universities.
From the standpoint of instructors, most of whom did
not receive “their baccalaureate training in teacher -
educatlon and their associated salaries, there are few
industrialists who would not delight in being able to turp
over their complete education requiremepts to education..
institutions if this move were possible. There, are,
however, a number of characteristics of the industrial
training requirements and a small set of limitations of
academlc institutions *which together inhibit that
" transfer. Let’s observe those characteristics.

Industrial Curricula
N

. ° . [Industrial curricula ténd to be specialized, dealing
with the unique products or services rendered by the
various firms. Economies achieved by offering a sifigle
course to a large student body centered at a single site
are seldom present. Compoundin the problem is that

/cﬁ)mles gam/a through repeated rings of the same

course over exterided periods are not present. The reason

for this conclusion lies in the fact that industrial
education end training is product-oriented and it is
common for product lines to be dynamic, thus requiring
frequent curriculum changes Not only do the objectives
of the education .and t‘, gz ex erience change, but so
¢ reference mafer gwé’ated with the courses.
“"ioﬁf the nattdn s leading ipdustries virtually become
smallyolutiie publishers outdf hecessity, unable to take
advantage of the economies assoaated with large volume
téxt output, an adyantage Seen in the more stable

academlc course areas. .

¢

-

Demands on the industrial education system also
tend to be a bit foreign to those placed in a traditional A
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' --themselves
sgm nonprodugtive administrators. As wide as their age ,
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academic semester or term basis. Rather, i{ must be -
prepared within reason to provide education on demand. v
Where high turnover of employees is common and

- new-hire programs are constantly in place, few; industries .

can afford to have trainees unproductive for weeks
waiting for the beginning of a formal cou?se. This
economic concern is shared with the military to some
extent. L2

5

. The need for on-demand training more often than®

~ not results in sglall group education. Wﬁerq traditional
classroom instn ctio,n methods are used to satisfy the
requirements__oﬂthesc small groups, the salanes of both N
the instructor and the students .combine* to make
staggering cost for education éxpenditures. *

X 4

_ Contributing to the inability of professional
educational institutions to handle the education and 3
training requirements of industry is the frequent
occurrence of little advance notice of the need for a
training requirement to be fulfilled. The latter 1s simply
- the result of an industry’s attempts to respond to market
variables which; result in mcé:lsed/decreased prodi®:tion

am

output and product line changes Both of these may. .yé

require education redirection in malntalmng~ a. 55"
" knowledgeable worlforce. And~then . there are the |,
employees themselves who frequently do not.resemble .
next fall’s incoming freshman cl s at the local
university.

Industrial Students o J

What are indusrial students like? Ther academic
background may b that of a high. school dropout to
professnonals ylth multiple doctorates. In age and
expenem.e a particular industry, the range 1s wide
and divesse. The same can be said of learning abilities
present ift gbe workforce. Organizations which decline to
train the~older employee in new technologies find
top heavy with highly paid,

nd experience spread may be, the andustnal employees
, do have one common hond They are motivated by -
" “dollars. Where an education opportunity presents itself
and is recognized as an opportunity to secure those *

* dollars, that opportunity will not be ignored, but at the

. same timé not necessarily capitalized upbn
uncondltionally. )

o o
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The industrial employee wishes his/her education
opportunities to be convenient and not cause, 'undue
hardship. Labor unions frown upon “homework” and
often insist upon overtime pay if after-hours sfudy is
required. And then there are peer concepns. The
ifdustrial, employee may, decline a highly ‘desirable

. educatlonal opportunity ‘if the learning environment .
could put-him or her in an embarassing posltlon in the
'Y presence of peers or managemertt. Once having chosen
‘ an ingtructional opportunity, the industrial student will
usually ‘place a number of personal demands on the
system being used. Since the output of the course could
* directly impact salary, quality education is of great
importance. Although the media is of importance as it
relates to, peer concems and cqnvenience, the message
represents dollars. To assure themselvés that tearning is
taking place and,will have staying power, the industrial

trajnee demands feedback and tends’ to be
print-oriented. He or she will invariably evaluate class
effectiveness to some deggee on the amount of reference”

~and follow -onresource material supplied. ~°

i3

this student profile in rind, the reader could

_conclude “t at aR mdependent study system such as,

computer- man“gggL,)nstwctrorr'eoqu offer Tuch to,
_.w="+ffidustrial education and training. That might be a bit
Sl preemptlve however, if one fails to examine what
) * industrial managemeh&looks for in an education system.’
* They too are dollar-oriented, with “the' profits of .the
. corp,oratlon chiefly under consnderatlon.

£y ~

., Industrial Management : ' . N

What does turn management on relative to

education” Unlike most academlc institutions, industry

. places a dollar value on their * ‘student’s” time. Although

management would prefer that-4il of their empl ees;,

. time be invested directly in producing goods/ and
services, they recognize the importance of investing time .

in education—but as little as possible. If, through the .

.proper investment of that, time, the morale of .their

workforce is: improved, management is quick to

recognize thg indirect value of sound instruction in

" increased qutput and decreased personnel problems

Rarely will sound management imply that they are not

interestéd in improving the quality of the educafion
produced by their training, departments, but with the

same rarity will they say mg that interest is their major

one. If a new methodology will malntaln thé company’s

current level of edycation at teduced cost with increased

availability of @ motivated workforce for direct

productlve act\lvltges tiat technology 1S certaln to gam

4

Q . ‘\“ ? - i k
ERIC - .
' -

«©
.
£ st

Ve ' .
attention in an industrial setting. But, possibly nothing
more than attention will be gamed unless transntlon to
the new method appears {gasible.

" Conclusions
Having described in brief the environment .of
industrial education and training, the concerns qf
management relative tg the significance of mstruction
technology, and the prxl' ile of the mdustnal learner, the
_writer suggests that independent study tecKniques in
general and computer-managed instruction in particular
offer much toward meetlng the needs mentlo'ned above.

-’ . .

The track record for the sugcessful introduction

of instructional teehnologles requiring radical changes of. '

current educational systems has been a poor one,
althougﬁ“admlttedly far more impressive in nonacademic
..envnronments than within*, academe Technologies

" requiring extensive curriculum 'preparatxon formats, such

as programmed instruction and tutorial CAI, have been
slow to, take hold. Where entty-costs have been high_
because of the insistence upon speuallzed ¢omputer
--hardwate and software, only the resean.her with hands’
and;hat extended has Eeen able to scale the barrer.
Nevertheless, where entry hfs been: made via the
eomputer in industrial settings, the success .of the
technology as a manager of mstrm.tlon dissemnation®., .
and as a plescripter of education has gone for the most
partyupchallenged. Although the cogclusion could be
_premature, there is data to suggest"‘that CMI has a

. significant role to play in industrial education and may

sepresent a’ road to thé successful use of some of the
more exotic technologles which have been slow to
activate and of which CMI could be a fundamental | part.
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DESCRIPTIONS OF OPERATING CMI SYSTEMS
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MULTIFACETED COMPUTER-BASED.GOURSE MANAGEMENT SYSTEM 25

»

e ‘ . - Thomas H. Anderson \
University of lllinois/Urbana

.

v

- The Course Management System (CMS) was PLATO 1V, an interactiye CAI sy$tem, is utilized .
designed to integrate books, computers and live teachers in the project. Terminals are focated mn the
in an effective manner. The system is intended for Undergraduate Library,. foreign language‘bunl.‘.mg_and
courses with large numbers of students and instructars, College of Education building. Dunng the first, second
such 2¢ inwoductpry courses in community college, and third semesters 70, 100 and 360 students,
university, or military settmga The logistic problems respectively, partigipated in CMS expertmental courses.
associated with multlface&d instruction programs and '
large numbers of student$ and faculty were solved, in CMS was designed by the Departments of
part, by using a Computer-Assisted Instruction (CAI) Psychology and Economics of the- Umversnty of llhinoss.
system. ) The Advanced/ Research Ptojects Agency of the
~ ," ' Department of Defense and Navy Personnel Research

*" In the managed course, students are expected to and Development Center funded the project. (Contract

quire qpasic information concepts primarily from No. N61339-73.C-0078) Additional nformation and

indivic_ip_i reading. Their attention to the material is project demonstratien are available by contacting Dr.
raintaitied and their progress monitored by a previously Thumds H. Anderson, 226 Educaiwun Bulldmg,
developed and evaluated ‘study manpagement system, Umversnty of Illinois, Urb,ana, Ilhnois 61801
SMS (T. Anderson er al, 1974). SMS intermittently (217/333-8287).

. questions the student about what he is studying so as to *
maintain deep cognitive processmg In practice, the
student signs in at a computer terminal and receives a T
brief study assignment in his textbook. Upon completing References
the assignment in a nearby workspace, the.student again . .
signs in. This time he receives a short quiz over the Anderson, T.H., Anderson, R.C., Dalgaard, B.R,,
assignment just finished. The cycle starts agam with the . _ Wietecha, E.J., Biddle, W.B., Paden, D.W., Smoch,
next assignment. - H.R., Alessi, SM., Surber, J.R., & Klemt, LL. A

computer-based study management system.

Lectures and standard quiz sections are little used Educational Psychologist, 1974, 11, 36-45.

in CMS. The time of instructors, saved because routine - . .

laciuting and review are no longer required, is invested in " Anderson, TH., ef al. An experirhental evaluation of a
remediation for students having trouble mastering the computer-based study management system.
core curriculum, and in teaching’a smorgasbord of Educational Psychalogist, 1975, 11 (3), 184-190.

topical, high interest, activity-oriented seminars and
special projects. The rote of the computer is to manage
study behavior, administer on-hne achievgment tests, : . : / ) .
and schedule group tutotial and seminar sessions. The - '
managed course fedtures mastery learning and permits
able, hard-working students either to complete the ‘ o K
course in as little as 12 ?vgetﬁor opt for extra credit by .

taking additional seminars. R .. )
X I —_— . . .

-

) CMS is being tried out this semester (Fall, 1974) -
in an introductory economics course on the college level
with 360 students. To date, achievement data support-
the contention that students can acquire basic

" information from individual reading. Students are . ) ’.
scoring as well on achievement tests as did students in ‘2 . ) .
previous semesters with lectures and discussions. In
addition, ac_cording to questionnaire data, students liKe
the seminars and their high seminar grades indicate that
the students are performing well.

-,
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THE SHERMAN SCHOOL CMI PROJECT ' .2
Frank B. Baker John Chapin “
University of Wisconsin Madisan Public Schools

Madison, Wisconsin

5
The Sherman School CMI Project is a cooperative
effort of the Madison Public Schools and the University
of Wisconsin. In 1969 the staff of ‘the Sherman School
developed the cugricular plan and »instructional model
described belowl} to individualize their mathematics

" program. In 1971, the CMI software was develpped and

used on a demonstration basis in the spring of 1972. Full
operational use began in the fall of 1973. During the
summer of 1974, a large number of reﬁnements in the
curricular plan, instructional nfodel, and the computer
software wete madc to incorporate the ﬁrst year's
experiences. The CMI pro_;ect is currently in_jts second
year of full scale operation involving seven teacHers, two
teacher aides, and 165 pupils. It is also in its first year of
three years of sugg’ort under Title III, ESEA. The
funding will ‘extefid the use of the.system to other
schools and other curricula as well as transfer full -
tesponsibility ‘of the computer component to the
Madison Public Schodfs.
f

The CMI syst'ém is used to manage a combined
fourth and fifth grade "conventional mathematics
cyrficulum. The subject matter of the two grades has
bé divided into 63 units of instruction, each having six
0 ]ectlves The units of instruction are arranged in a

' lmear structure with major topiolppearing in a “spiral

staircasc™ fashion. Review units appear roughly every

" five uiits. Each unit has associated with it a pre-test and

three post tests, each covering the six objectives ot the
unit. These tests are pencil-and-paper tests that are not

" amenable to machine scoring. Due to the linear structure

of the curriculum, each unit has only one prerequisite.
Locally prepared study guides in either printed or audio
tape form gre used to introduce a unit to a pupil. A
variety .of textbooks and locally developed materials are
employed by a student to study the objectives of a unit.

r The instructional model is analogous to a medical

clinic where teachers perform specific functions and the

" pupils move freely from one station to another. During

the mathematics period_the complete second floor of the
school is employed and the pupils in the seven
classrooms merge into one group ‘of 165 pupils. The
basic instructicnal cycle begins with‘g pupil taking a unit _
pre-test that is scored on an Objective mastered,
nonmastered basis’by a teacher aide. The test results are
given by a pupil to another teacher aide who operates a
computer keyboard terminal. The objectives  not
mastered by the pupil are entered and the computer

o

[ ® o

_ (MICA). ‘The

Madison, Wisconsin

generates a “tear-off sheet™ that is given to the pupil.
The sheet contains a list of seven prescriptions for each
nonmastered objective and designates the
computer-selected “best™ prescription. Upon completion
of the prescribed activity-—typ}cally problems from one
of the textbooks—the pupil's work 1s reviewed by a quiz
teacher who ascertains if the pupil 1s prepared to take
the unit post-test. If not, the qynz teacher can assign
addjtional prescriptions from. the “tear-off sheet” and .
the cycle is the same as the"Pre-test. Mastery on five of
siX unit ubjectives results in a forward prescription. to,
the next unit.

The instructional model employs rate of progress
as the basic dimension of individualization. Due to the
use of teachers in the testing room, study room, seminar
room and as quiz teachers, each pupil fias vonsiderable
teacher contact and individual attention ufider the
model.

. Lo

The instructional management philosophy focuses
upon management of the unit cycle described above and
upon managing the pupil’s progress through the
curriculum. Instructional
management decisions ‘are based upon four different
reports printed by tle keyboard terminal. These are a

‘Student History, Report which contaits « complete

record gf a students instructional history, a Group
Report listidg pupils by, homeroom and showing their
currently assigned pnit, an Objective Report listing the

-names of pupils working on each umt, and a Contact

Report containing.the names of pupils having no contact
with the computer since 4 given date. It should be noted
that the teachers have no grade books for mathematics
and "all information is stored by the computer. The

.reports are used to monitor student progress, detect
patterns of pupil achievement, prepar(; report cards, and

to evaluate the curriculum.

The computer software supporting the Sherman

* Schbol CMI project is a general purpose CMI package

called “Managed Instruction with Computer Assistance™
software was conceptualized, fully
documented and implemented by six graduate students
as a'homework assignment in a two-semester computer
soience course. The MICA prograin of approximately
6,000 lines of FORTRAN V was written for the Univac
1100 series of Computers and employs a locally
developed virtual memory capability. |

decision-making  and

v
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i . The~ MICA' software is highly modularized and : . ‘ /
access to ifs various capabilities is via a simple job . : T
control language The computer-teacher dialogue is such ‘ oL R

that little’ training is required in order to use the systent. . N
The MICA software system is built upon a sophisticated ' -
data base management. capability that supports the /
classroom use as well as the data base maintenance. The ' R P :
data base consists of five iugjor files: Student History, ] _ ' —5 )
Student Data, Group, Unit,” and Prescription. - ~
" Dictionaries containing the actual student names, . o
prescriptions, etc. are used to provide a modified index ) -,
sequentral file scheme. Header records are aSsociated . .
with each file that describe the elements within a record. « '
Documentation at the system concept and system design -
level have been written as part of the MICA developmepts
process. -

kd . >

“%
/

The MICA software system is also being used to o
"demonstrate the management of a modularized teacher PN ) . '
¢ducation program via an intéractive terminal., * . T

The developmental cost of the MICA software was
roughly $70,000. Operhtional dosts for the first year * _
were $2,000 for computer time, $2,000 of teacher time' . v . u '
to- develop the prescriptions, $3,000 to create the data ] ) '
base, and ,$5,000 of programmer time to ‘maintain the k

system. ’ . ol .
. ¢ . P . -
" The Sherman School Project has been a classic . LY Co "
exapiple of iterative development of a sound underlying -
concept. There has been considerable interaction among ’ .
the curricular plan, the instructional model, and the . ' , e
" MICA software. The total developmental process has . 1 ' o
R . v P
* = een under the direct control of the classroom teachers .
- N ¥ L -
with the support.of various specialilts. .
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_ AN INSTRUCTIONAL MANAGEMENT INFO

. R. Louis Bright
_+ Baylor University

The vyision of an indivilualized ‘school in which
each student is prdgressing independently of any other?
“finishing and starting courses ‘at any time and having the
option of changing his grade - ~cdntract or schedule
whenever he wishes is the dream of many instructional
technologists, but it conjures up a chaotro nightmare for

most school administrators. .

The objective of this information system was to

‘rectify that chaos. It was developed for a tqtally

individualized Secondary school, grades 7-12, but it is

l' also applicable td most mdrvrdualued postsccondary

situations.

.
.

The  system to" be described is not involved in
instruction per se; i.e., it does not include CAI functions
such as subjéct™ miatter presentation or drill and
practice—nor at thspres;nt time does it encompass any
*diagnosis or prescrrptlon Such functions can be and are
performed on the same computer but as yet they are
not rntegrated , - ,

k4 . <
: W;hy is such 4 system needed” My own rather
extensive experience with individualized instruction has
led me to believe that tj\lere are several important
reasons, although some of .them may cause my more

liberal acquarntancesjvho are proponents of
unstructuted educatron to label me as an arch
reactionary. '

.

In visiting numerous ' individualized ~ programs
around the countty, I have become sensitive to the fact
that in most of theseinstitutions it is fairly common for
a student to beWnaking little or no progress, and no one
is conscious of the fact that he is “lost.” Consequently, I
feel an urgent need for a system that will record and
report on each student’s progress, ’

“ 5

Evén though 1 am a staunch advocate of .

individualized, continuous progress educatiorial
programs, I cannot endorse the concept of “each student
‘pro‘greSSing_at his own pace.” Some students are
scemingly quite content to make no progréss at all.
Rather, 1 believe that each student should have a
goal an individualized goal jointly agreed to by the
student,
progress should be reported relative to scheduled

progress toward that goal. The reporting system should

generate exception reports which clearly flag the
students who are srgnrf~ cantly behind schedule.

[

-
. numbers, teacher

his advisor, and his parents and that his .
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-

Another somewhat controversial concept in
secondary education s the “open campus.” Personally, I
don’t think that most junior and maty high school

. students are abie to cope with that much “freedom.” On

the other hand, I do believe that it makes a great deal of
__sense to allow a student to make up his own schedule
~(with the approval of his advisor). Some students prefer
to spend, all day Monday, on math, Tuesday on English;
others may have all kinds of legitimate reasons for
preferring one schedule uver another and even changrng

. it as specral projects or act|v1t|es arise. The advisor may

also wish to schedule a student for more time mn the
English Department and less in the Science areas. The
objective is to have a simple, manageable procedure for

" changing schedules at frequent intervals and then to have

a method of checking to make sure the student is
dctually where his latest schedule indicates.

.The “bugaboo™ .of many individualized learning
programs is the tremendous record-keeping load that 1s
imposed uport the teacher. Thus, another major
requirement is that, insofar as possible, all the input.
should be generated by the student and not the teacher.

Most of the features of the system to be described.
were in operation last year on a remote job basis to the
National Educational Computer .Service. As a

consequence of NIE's termination of suppurt for that '

project, we are rewriting the package for a self-stgnding
PDP-11 system.” The scheduling comporgnt is. now
operable and we hope to again have the entire system by
the end of the school year.

There are three’ major types of input. The first
type builds the basic files of teacher names argenumbers,
student names and numbers, and cou name,
room location and any scheduling
restrictions. These inputs are by conventional punched

\ cards.

<

The second form of input 1s the schedule deck.
Each student is issued a student card pre-punched with
the studént’s pumber and a pre-punched card for.each
period in the week. The student then picks up a
pre-punched course card for each course he 1s taking.
Since our card reader can read either pencil marks or
punt.hes interchangeably, the student inputs his grade
" conttact, the starting date, and the scheduled
completion date for each course by marking the

" appropriate card locations on the course card. He then.

‘C ," .

PO

.




assembles his schedule deck in the following manner;
first, his student card; next a course card followed by afl
of the periods for that course, then anoth®r course card,

i followed by all of the periods for that course, and so on

until all of the course cards and period cards have been ,
used. This deck then serves as the input. to_the”

scieduling program. The student can generate a new
‘schedule simply by reshuffling the order of the cardg in
his deck. He will keep the same deck for all six
years—adding or deleting course cards as appropriate.

. These altered schedule decks can then be run
either once a day or once a week as desired. The new
schedule is printed out and becomes effective as of the
following day. oLt

As is;gssential withl any student-generated input, -

there is extensive editing to: epsure that all periods are
used, that courses haven’t been dropped without
authorization, etc. The program also detects any course
additions and prints out a course addition list for the
appropriate teacher.

»+ The third- type of input is a *“test card” that
. records the students’ ‘progress in their courses, A supply
of test cards pre-punched with a studerit’s name and
number is stored at a convenient location. A student
who wishes to take a post-fest on a learning packet picks
up one of these cards and marks on it the date, the.
course number, the leaming packet numbers and his
grade’contract. HQtlLen presents this card to get his test
and it is clipped to the test. When the teacher grades the
test,. he makes one mark on the front of the card to.
indicate whether or"not the student met the passing
criterion (usually 90%). He then writes any comments he
may wish to make to the student on the back of the

Similarly, weekly course lists are prepared for
each teacher showmg each student’s progress relative to
»his own individual schedule and indicating when that
student is scheduled to be in the related leatning area.

The principal gets an exception Ust indicating all those
students who are more than sorhe“s number of
days behind schedule in a courge. Obviously, many other ‘
types of! reports and staustlc analyses can be generated

to assist in the managem t and improvement of the

institution.
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- card. These cards are entered into the computer each ,
morning and then distributed back to the stutents. Once ™"~

again there is a very thorough editing routine that
detects almost every conceivable error the student might
make. ,

**  With all of this data in its files, the computer can
generate myfiads of reports; Some of the most
important are the learning area rolls—for eaclt period of
the day, the report lists the students that are scheduled
to be in each learning area and”indicates for each the
cdurse that he'is scheduled for and the numbet of days

A that he is ahead or behind schedule in that course. The
- area supervisor then knows whlch students should be
closedy supervnsed ’ :
-
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- INSTRUCTION SUPPORT SYSTEM'

Terry A. Countermine and Jane M. Sirigh-
The Pennsylvania State University. * _,,
University Patk, Pennsylvania

— .
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At The Pennsylvania State University in the

"College of Education, graduate and undergraduate

courses offered with both computer-managed instruction
(CMI) and computer-assisted instruction (CAf) are being
‘'used and accepted with a high degree of satisfaction. The
two systems are being used jointly as well as
independently dsbending on the type of instruction that
the instructor, chooses. Because of this dual role of

- computer tecl}hology in instruction at Penn State, an

instruction support system (acronym ISS) has been
jmplepiented with the underlying implication that it is a
large' system using'thany different types of technology to
support and/or manage instruction. Thus, Pean State has
both an interactive data processing system (CMI ;+ CAI)
and a batch dat¥¥processing system, both operating
under the aegis of ISS. For example, one course
(Language Education 441-Teaching of Children’s
Literature) utilizes the CAI system for measuring an
individual sﬁjdéng’s competency in basic knowledge in
six separate areas.of children’s literature, while it utilizes
the batch data processing for daily feedbatk and weekly
progress reports of all competenties, including those
utilizing tife CAI system. Other courses (Curriculum &
Supervision 401-Test & Measurements, Courselor
Education 425-The Use. of Tests in Counseling,
Mathematics Education 420-Teaching Mathematics in
the Elementary Schools) use batch data processing only.

ISS is a system aimed to support individualized
instruction. It has the flexibility to perform a variety of*
computation tasks needed fot evaluative variants as well
as individualized tecord-keeping and varied feedback
control. Thus, while ISS has its origin-in the College of
Education, which initially felt a need 78 ugplement a
compe'tenci'-baséd teacher education program, ‘it’is a
systém which isjadaptable to forms of instruction in any
area at any level of complexity.

One of|'the wunderlying assumptions of

" individualized ifstruction is the diagnostic-prescriptive

process. Penn [State’s. ISS has this capability. The
sophistication off the diagnostic-prescriptive process is »
primarily *depenflent on the instructor singe ISS has a
mapping flexibjlity of larfe proportions ad can
'ie instructor’s prescriptjons in bo
ten langu®ge form. Feedbatk to the
ing progdrﬁss can be immediate, <daily,
desired..ISS is presently operating at

nurhetic and*w
student concer
andfor weekly,

Perin State in all t;hke modes. ,

A

s

The standard ISS input form accommodates the
variants described above. Once the input has been
prepared the data are initially transferred by means of
the OPSCAN 17, an auxiliary non-computer -piece of
equipment, which senses the darkest mark in a given area”
and sends out an appropriate signal to an external
device. The external device in ISS is a remote-job-entry
silent typewriter terminal with cassette tape capabilities.
The data are thus transferred by means of the OPSCAN
17 to a cassette tape mounted on a Texas Instruments
(TI) cassette terminal. It is then possible to edit the tape
off-line to make any necessary corrections before
sending the input to the computer. When the tape is
ready, a telephone connection is made between the TI
terminal and an IBM system 370 Model 168 computer.
The data are then transferred from the cassette tape toa
disk file connected to the IBM 370/. At the University
Computation Center, these-files are referred to as batch

and terminal or BAT files. At this point the software of

ISS (written in WATFIV, a versiop of FORTRAN) 1s -
¢xecuted and either a daily report or an accumulated
progress report is produced depending on the
instructional course design. The job 1s initiated from the
terminal and the output.routed to a high-speed printer.
7 .
The approximate cost for daily printouts from ISS
per 100 daily transactions is $2 per day. At present Penn
State has one course utilizing weekly progréss reports in -
addition to the daily printouts. This weekly printout
cost depends on the.number of students. At present the
one course utilizing this procedure has 142 students
enrolled. A duplicate set is printed each week, one for
the student and one for the instructor, and 1ts operating
cost for these 142 students is approximately $6 per
week.

Computer-managed instruction in the form of ISS
at ,The Pennsylvania ‘State University is operating
efficiently and effectively.kmn
who are dedicated to_qualit¥Qnstruction have found 1SS
indispensable to quality individualized instruction. -

'

students and instructorg, ..

-
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" COMPUTER MANAGED INDIVIDUALIZED INSTRUCTION ~ ° 31

Jan Danford

* Capital Area Career Center -
' Mason, Michigan

'The Capital ‘Aréa Career Center has developed a
Computer-Managed Individualized Instruction program
that addfesses itself to three factors. We needed a
curriculum and a system that: )

— takes into consideration the competencies of each
student in the selection of occupational training
abjectives, sequence of study, choice of materials
and procedur&s,

— allows a student to spend whatever time he ﬁnq's
necessary in a given subjegt area as determined by
his performance rather thanby the clock, and

~ % ..

— measures each student’s progress by comparing his
performance with specific objectives rather than
other students.

<

. .
A Univac 70/2. Computer was used in essentially

two ways: first, ig analyze the data received from

industry, and second, to manage the instruction. The
first item, analysis of the data, was accomplished with
the use of a technique of industiial job task analysis,
sometimes referred to as critical incident studies.
Representatives from’ industry and education designed

job task analyses to determine what a person needed to .

know in order to perform each occupation properly. The

five areas of competence scrutinized in the job task

analyses were: ° cw

1. Job Skills - The observable, hands-on physical
activity entailed in the job.

2. Job Kriowledges - "The knowlédges or theories
needed to perform the job function properly.

. Behaviors - J8b ‘attitudes, behavioral skills
required to get and keep'a job. ‘

B

4. Basic Skills - Identify'ing the exact arithmetic
skills,9freading levels, and measurement skills
required by industry for each job. « N

5. Equipment - Analyzing all the equipment an
individual must manipulate on each job and the
proficiency required.

After all tasks were de\iéloped (“anticipated”) for
each occupation, they were given to persons in that

r
A
s
?

occupation to determine a) whethep/t was or wasn't a
skill needed, b) whether the s an entg#%l skill,
and c) the frequency it was perfformed in a given span of
time. The resulting data gave {s a list of accepted tasks
and commonalities between Occupations which was the
basis for the curriculum. This initial phase required
131K of memory and 120 milli%characters of disk to

manipulate the data. te—

’
The next important step was the writing of
performance objectives for the accepted tasks, again
based on industrial standards. Once that was completed,

_ individualized learning packets were developed called -

modules to teach each-skill spelled out in_the objective. .
.Each module consists of at least five things: the
performance objective, the need-to-know data, materials
and equipment, job steps, and a technical word list.
. i

The Computer-Managed Instruction portiuﬁ‘takes
the information gathered from the task analysis and
compares it with a student’s competencies and
occupational selection and provides an. individual
learning prescription. Each student goes through a basic
needs assessment, checking his skills in reading,
arithmetic, and pre-employment. If a student brings
experjence or training in a given occupation, -he/she 1s
given a hands-on test and that result 1s considered in the
development andP finalization of the leagning
_prescription. Once the skills needed are .determined, a
sequencing of daily and wegkly schedule is provided to
each student. It .schedules the student who has the
severest basic skill (reading, math) deficiencies first into
those areas and keeps track of their progress, moving a
new studént in when one has completed. .

Every Monday each student gets ‘a weekly
schedule telling him what modules he will work on for
that week. It lists the seqpenced modules and all related
informatior so the student knows where, who, and what, _
If the student worksat a fagmian anticipated and *
completes his “mods” early, he merely goes to one of
the teletype terminals located throughout the building, -
activates the computer by punching certain information
into it, and gets an immediate update of the next
modules to be completed. If by the end of his Friday
period he has not completed his modules, the

iggomplete modules appear at the top of the schedule
for.the following week. .



The instructor, of course, evaluates whether or
not a student has met®the performan9€ standards and ,
conveys the information to the computer via a system . . .
.. using an optical scanner. While evaluation is conttnuous, L
X a Cumulative Student Brogress Report (CSPR) is issued
every nine weeks. It compares the student’s rate of
quallty productivity within' the evaluation period with - . )
the total time available to the student, which is usually ' ‘
graduation, and indicates whether he/she will or will not \ v , £
complete ¢ the occupational goal) As part of the - ‘ . - .
"}’;__,. tota}ue%r%,u:he' instructor does a narrative evaluation ! ef : .

e " “"which is printed on to the CSPR'by the computer. S ’ .

Finally, upon graduatién from a program, each e . ‘ < : P
student receives a certificate of completion. It i ) ' '
an explanatlon to employers and a list of tasks
student can perform and that we at the Center will stand

behmd - ) N > - .
As previously stated, a Univac 70/2 is used..We . . 3
utilize DOS communication systems and a maximum of , - ' . £
60K is needed for the operations. The memory - o .
requirement for management system’s is 96K based on a '
unique scheduling program. The system‘is written- in - . , !
COBOL -and communications is Assembleér. The Univac ) . ’ .
system consists of one. control processor, 131K, 4 dJsk ] - - . ’
devices, 30 million bytes each, %, 30KB tape drives, one , N
reader, one printer, one punch, and one commumcauons ) . £¢ '
controller with eight teletype lines. o . T . : 4 ) *
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PLAN: Program for Learning in AécdBance with Needs ‘ Y

George De Hart N

- Westinghouse Learning Corporation
Palo Alto, Caleomxa

PLAN was developed by the Amerlcan Institutes
for Research (AIR), under the leadership of Dr. John C.
Flanagan, during the four year period 1966-1970. The
praject was to create a comprehensive program for the
individualization of instruction in Language Arts,
Mathematics, Science and Social Studies, K-12. Fromits
inception the computer was always considered a major
management tool. AIR early saw.that the greatest value
of the computer was in. the management of processes,
rather than tutorial, in an individualized program.
Working with 14 public school districts, AIR continually

‘redefined and implemented the computer management

system during the developmental years,

Marketed commgrcially by Westiﬂghouse Learning
Corporation sifice 1970,-PLAN has contihued to use the
computer as a senm;l component ngeded to manage
an individuali instructional progrkm. Currently
(November 1974), approximately 60,000 students in 64
school districts in 24 states and one foreign country are
using the system. The computer program has been and is
being continually changed to reflect the needs of

"teachers and students. J

8

Cabable of" supporting any ~ objective-based
curriculum, the WLC’ computer management system
currently supportsi«PLAN and locally developed

programs with the following functions:

1. Identification and achievement level assessment
-of each student,

2. ldentification and recommendation of the
-quantity of instructional materials needed,

3. Daily status reports of each student and
planning sections for teachers and students,

4, D’aily instructional objective test scoring, . ¢

5. ﬁaily placement tésting,
- &

6. Daily PLAN achiievement test scoring,
7. Periodic student progress reports,
8. Administrative Teports,

9. Weekly summary reports,

10. On-line stent progress reports,

11. History ofstudent progress,
-,
12. On-line ordering of additional materials,
13. Development of each student’s program of
study, .

14. Processing of# locally developed objectives,\

independent gctivities, and courses.

"o .

fch Center in Towa City, Iowa on
. The mostgcommon terminal used 1n
the school districgs is the IBM 3735 with an IBM 295%
Card Reader and an IBM 3288 Matrix Printer.

Increasingly popular as school termmal% arqthe
Minicomputers, which can provide services beyond the
PLAN computer program. A Hewlett-Packard 2100 8K
CPQ with OMR Readers and Printers is most commonly
used. A few schools are using their own IBM System 3.

’ . ®

Five school distficts are nowUegsing the WLC
PLAN software on local computers to manage both
PLAN and local curriculums. This provides a locally
controlled and economically. efficient service using
committed resources. The PLAN program, written in
ANS COBOL, Version 4, requires hardware of at least
110K with 3 tape drives and 9-track dual density. .

-
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. A COMPUTER-BASED [1ES>Q UESTION SYSTEM « - T34
‘ " . James N. DeNio .. )
. Umverszty of Kansas Medical Center B I
. Kansas City, Kansas - _

CMI first entered’ the scene at the University of
_ Kansas Medical Center several years ago, when a general
‘revision of the pre-clinical Medical Pharmacology course
was being plarined. The overall objectives of the
curriculum revision were 1) to* permit each student to
select the educational approach which is found to be
most effective for him, and 2) to enable each student fo
* progress through thie course content at his own rate.,

At the present time the pharmacology course is
divided into five independent modules or units and the
material in €agh of these modules is availdble do the
student through a variety of scheduled (lecttlres' ‘1abs,
discusSion groups, clinical .conferences, etc.) and
nonscheduled (CAI, AV, tutorials, ward rounds, etc.)
options. In addition, a syllabus has been prepared which
outlines the material covered* in each module. Each
student can utilize 3as fuch of the material in each
option as he needs to achieve his objective, which is to
demonstrate .cbmpetencé (pass an exam) in the area
covered in each of the five tmodules. New exams for each
of the five modules are provided weekly, and Since there
is no penalty assocrated with failure to pass an exam, the
student_is encouraged to use the exam as a “progress
yardstick.” He is aided i in-this evaluation by a diagnostic
identification of weaknésses.

Computerized support of Pharmacology’s
(‘omputer-Assrsted Teaching System (CATS) is® now
being maintaiged by the CAI/CMI section of the
Department of Health Sciences Education. Three
subsystems *have been developed to support CATS.
These are: the KUMC Test Question System (VH
Programs), the Exam Grading/Analysis System (LR
Programs), and the CAI System (IBM Coursewriter I1I).

- ~

KUMC Test Question System  \

This system performs test item:pool-management
functions and generates examinations. The Department
of Pharmacology currently has over 11,000 items in
their pool Using this pool they are able to generate from
" 3 0.8 unique examinations each of the 17 weeks that
the course is in‘progress, The test rtem pool is stored on
an IBM 3330 di tan be Updated from a termirial or
in batch mode. EXammatlons can be generated by calhng

‘e specrﬁc items Qr by 4nndom selection of items within a

LS

examination,

‘e
v

category Examinations are prmted on the system \

Yrinter ready for duplication. Selector cards are retained | «
* on file in the various departments for each item i the
—aspool. These cards contain the correct answer, category

sdesignation, item type and item analysis data.. A.test
report is run on a proposed test prior.to test generation

to provide*the test coordinator with information about .

the drﬁibutron of items over categories, item type and
correct answer, and the ptojected level of difficulty and
discrimination. This infofmation enables him to make
-necessary changes to"the test before the final run and
eliminates many potential errors that are often made in
the preparatlon of an examination,

Exam Grading/AnalysisSystem

Students taking examinations respond on answer
sheets that are read by an optical scanner (OPSCAN 17)
and transmitted drrectly to disk on our IBM 370/145. A
series of batch programs are used to score the
examination and provide reports to students and the
faculty on the results. Each Student receives a letter
giving him his grade, the ‘correct answers to the
his answers, whether his score was
superior, satisfactory or unSatisfactqpy, evaluation. of
performance on the various categories covered by the
exam, gnd his progress to date in the courSe. Absent

lefters are sent to students nof taking an exam in a given .
week to serve as a motivator. Unit chairmen within the

department receive several reports. These include a
listing of the responses of the students who took the
exam, item_analysis of ¢ach item used in the exam, and

. student performance by catqgory. The unit chairman

also receives a report listing the status of all students in
his unit as well as a performance analysis based on the
hrghest score each student received in the unit. The test
t;oordlnator for the department receives a report of each
student’s performance during each week of the course.

)

o



" EDUCATIONAL MANAGEMENT INFORMATION SYSTEM AND
: - COMPUTERIZED INSTRUCTION SUPPORT SYSTEM
- . B: Ward Deutschman

' o ‘New York Institute of Technology
. ) R 0Old Westbury, New York

?

. EMIS N méasure of rate of progress to an individual’s work. The
« system also functions to co‘llect information on the

" “he Educational Management Information System .validity of testing material, and the effectiveness of the J
(EMIS) consists ofa series of sophisticated programs and course material. The Automated Instructional

files which can administer, monitor and ‘record Management System (AIMS), which provides
individual student work in subjectmatter review drills prescriptions fo the learner# based upon the
and tests. The study and test material may be presented accomplishment of specific ob]eeuves 1s the progemtor
to the student either on-line or as computer-printed hard of CISS and EMIS. CISS is a-group of related programs

prepared in advance The intention of EMIS is to and files which proyides omline cortection of tests,
prov:ﬂe a large number of objective questions of all issuing of remedial prescriptions, marking of attendance

types o sewé?‘ag criterion checks and achievement * cards, generation of reports on individual student
indidathy *4;” -, ‘ . progress, query of-history of responses for any student,
' Lo " and updating of test answers and student information.
EMIS, de gned by Dr. Harvey Pollack, is a The system provides off-line editing and reporting of
tombination of 3AI ‘and CMI. The EMIS, presentations responses captured during on-line operations, data
are supportivé and supplementary to )classroom ' analysis of curriculum matesials, and creation, -
instruction, self-paced individualized study, laboratory . maintenance and backup of data files, Dr. Alan |
experiences, and auxiliary audlq-vmial aids. In the Rosenblum is the designer of the system .
on-ine mods, every student’s response is evaluated and . - ' '
recorded for future statistical andlysis and the student | CISS uses a teletype-like terminal and an optn.al
receives hjs score immediately after eompletmg the bank mark reader, acoustically coupled via telephone to a .
of questions for that topic. W . time-sharing computer. The system consists of three data
) " files,and the-programs which access them. The data files
EMIS is a chained assembly of a number of Yconsist of the Student Fil taining identifying
compiiter programs and files. All of these have been information about each stuc?rz *Test File containing -
written in extended BASIC so that they Jmay be loaded test answers and prescriptfons, and the Response File
mto any large computer. o mmu;,()mputer with minor which stores all transactions. The programs have. been
modlﬁcatxons Currently, the EMIS programs " are . written in interactive COBOL and are _running on a

running on a Xerox SlGMA 6'computer operating under
Universal TlmeShanng Opeérating System

Xerox SlGMA '6, operating under UTS.

EMIS is used as an instruction support system for

_EMIS f)rodﬁces reports for the student, instructor, postsecondary teaching at the New Yor.k Institute of
and curriculum designer. Each user has access to specific Technology, and CISS is uurrently utilized Jm alocal
course information predetermired by the EMIS junior-senior high school to enhance English, SOulal
developers to ensure materiai security and test integrity. Science, andMathematxcs instruction.

The reports offer: records of individual studentprogress : .
analysis of individual performance for remediation, . -

records of cumulative | class progresshanalyses of
strengths and weaknesscs in questlon categories,
cumulative item analyses,,'ar]d indications of the
existence of trouble flags. ( o , . .
CISS : : o ' :

|
. N . . i
|
|

“a

X7

The Computerized Instructional Support System
(CISS) keeps track 6f a student’s progress throughouthis ~ . T '
course work giving immediate correction of tests, oo '
remedial prescriptions if fieeded, and ascribes some

. T4




COMPUTER-MANAGED INSTRUCTION IN THE
COLLEGE OF DENTAL MEDICINE

Karen A. Duncan
Medical University of Sauth Carolina

In 1972, the College of Dental Medicine at the
Medical University of South Carolina embarked upon a
program of developing a self-paced dental curriculum.
The program included the concept that the computer

was indeed a useful if not an essential tool in its -

development: Accordingly, following a study to

ascertain the best method of integrating computers into
the curriculum, plans were made fo:él\e acquisition of a

time-shared minicomputer system wilich would be used
,/eXclusively to enhance the educatio
dental students.

experience of the

System acquisition, a PDP-11/20 using the RSTS
operating system, was completed by July 1973. The
efforts of the staff of the newly formed Office of

' Computer Resources have been in the areas of

Computer-Assisted Instruction ahd Computer-Managed
Instruction equally. While the long range goal of a
tqtally self-paced dental curriculum’can be met in large

,h part by using traditional CMI techniques,: the most
_. bressing problem for .management 4in the dental

A

curriculum is in the area of student-patient clinicc -

assignments.

- A dental curriculum is similar to, a medical
curriculum _in that the students spend approximately
half their time studying basic sciences with lectures and
laboratories and the other half of their time actually
seeing patients in a clinic setting. However, unlike the

" medical curriculum where students are assigned to a

specific clinic and may or may not see a patient with a

~~Tgiven disease, the dental stadent must meet a list of

clinical requirements. That is, the students must actually
see patients with a predetermined set of conditions. This

structure requires the dental school to assume the
" administrative chore of locating a large pool of patients

from the population of the community and keeping a
fecord of the treatment needed on each of . these
patients. It,is an obvious extension to use the computer
to maintain thepatientsfiles ds well as = file on every

~-student and the kinds of treatments that students need

to carry out or have already carried out for purposes of
grading. Thus the major goal of the Office of Computer

Resources in the next two years is to complete the—

building of the patient file.and the student file. This
includes maintaining records, from both the student and
patient point of view, of every treatment which is
completed, each treatment which is in progress, and
treatments which are yet to be done. This allows an

&

up-to-the-minute progress review and grading s.heme Yor

the students and prevents incompletely treated patients

records from_getting lost for whatever reason. The

system will further involve keeping track of patient .
appointments and clinic utilization.

4

*

The clinical assignment system described above 1s
presently well underway 1n its development. In addition,
an extensive didactic grading system has been developed.
At present this grading scheme addresscs course grades
rather than modules.




Focus

v Comprehensive AchievementMonitoring'(CAM) is
an evaluation methodology with associated computer
hardware and software which falls into the rubric of
Computer-Managed Instruction (CMI). At a general level,
evaluation methodology has as its purpose: “To provide
information upon which a specified decision-maker is
able to base decisions.”” CAM is an- evaluation
methodology especially, designed for instructional

‘v situations because it is criterion-referenced, flexible, and
computer-assisted, and provides
decision-making. CMI systems are desngned to provide
information about students’ performance foteachers or
students upon which they are able to base decisions
about future instructional activities. Therefore, CAM is
an evgluation methodology mény of whose components
and uses are associated with CMI. CAM will be discussed
"as an evaluation methodology below.

' CAM has been systematically developed, from
1967 to 1969, at the Research and Development Center

- for Teaching, Stanford University, and from 1969 to the
“present at the Center for Educational Research,
- University 'of Massachusetts/Amherst. It is
conceptualized in 12 major steps, each of which is

- ~thoroughly documented in numerous operational

subste An analogous Generalized Evaluation
Methodology developed by Thomas E. Hutchinson and
others (Hutchinson, 1972) has contributed to the

" refinement of CAM. The 12  steps include:

Step I. The Enterpﬁsefthat aspect of the instructional
situation (such as an individual student, a group,
or the curriculum) about which decisions are to be
made and, therefore, about which data are to be

evaluation.
. »
Step 2, The Resources available for the evaluation are
- o e e . ! .
specified by the person initiating the evaluation.
‘ »

Step 3. The Decision-Maker, who makes decisions about
the enterprise "and to whom data are .to be
. - teportted, is identified by the person initiating the

chosen. The decision-maker may be an individual,
— a group, or a collection of people. The initiator
may or may not be selected as the evaluator.)

‘

collected—is defined by the person mltlatlng the-

evaluation. (More than one decision-maker may be

University of Massachusetts{Amherst

information for -

4
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, COMPREHENSIVE ACH}EVEMENT MONITORING: ‘ T3 .
DECENTRALIZED, FLEXIBLE COMPUTER-MANAGED INSTRUCTION

William P. Gorth v _ _ i '>'

-

S A,

.

Step 4. The Goals of the enterprise are elicited from the
decision-maker by the evaluator but not stated by
" the evaluator. -

Step 5. The Objectives associated with each'goal are
elicited from the decision-maker by the evaluator
but not stated by the evaluator.

Step 6. The Decisions to be made about each objective
are elicited from the decision-maker by. the
evaluator but not stated by the evaluator. o

Step 7. The Measurement Technigue (or tems) is °
developed _by the evaluator or the decision-maker
and is criterion-referenced—i.e., related to an
individual objective.

Step 8. The Design, consisting of “which measurement
instrument to be administered to which subjects
on what schedule,” is created by the evaluator and -
approved by the decision-maker. The design
usﬁally includes multiple matrix sampling.

L4

Step 9. The Collection of the data is carried out by
systemauc logistics procedures ]

Step 10. The Analysis of the data collected 1s performed
quickly and flexibly by computer to the
specifications set by the evaluator and approved
by the decision-maker.

Step 11. The Repott of the data is printed by computer  £%°

and submitted.to the specific decision-nmaker for

whom the evaluation was designed.

Step 12. The Revision of the CAM evaluation. js

considered by the decision-maker. .~ .
. -

The methodology has been desCrlbed in detail by

Gorth, O'Reilly and Pinsky (1974)-and 1n a number of

technical reports. The CAM evaluation techniques have »

been instituted in many schools across the country, at all

grade levels and for. many subject matters including

special education (Gorth & Hambleton, 1973).

Instructional Dependency ~ *

”.

CAM is designed to provide a specific
decision-maker with criterion-referenced lnformatan
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about a specific aspect of the instructional situation.
Regardless of whether the decision-maker is a student, a
her, or an administrator, of whether the enterprise is

a student, a group, or the curriculum, of whether the
" decision to bé made is concerned witha planning,
. determining current status, or retrospectlve 1ssues, the
evaluation begins with the _enterprise  that the
decision-maker specifies from his own perspective in
terms of his goals and their related objectives. The
measurement technique is written from the objectives.
Therefore, there is always a close relationship between

the objectives of instruction and the criterion-referenced

measurement instrument.
A .

Objective and Item Generaflon .

The decision-maker is responsible for specifying
his goals, objectives, and decisions (to be made) for the
enterprise. The process may include the selection of
objectives from the bank of objectives provided by the
CO-OP (1972), but only after a2 <t of goals and
preliminary objectives have been defined. A numerical
indexing system is assigried to the objectives. However,
CAM could be used with existing objective-based
programs such as IGE IPL, IMS, and PLAN

The test items are generated from the objectives
by the decision-maker, if he is a teacher, or by the
evaluator, if the decision-maker is an administrator. A
computer-based system for objective and item storage
* and test printing has been developed to facilitate a rapid,

flexible, and accurate construction of numerous test

forms from the criterion-referenced test items (Gorth,
Allen & Grayson, 1971). .

Test Model and Packaging

After the test items have been generated, the
assngnment of the items to test forms and the scheduling
of what students.are to be tested with which test forms
on what schedule (i.c., the design) is determined by the
decisions the decision:maker wishes to make (O'Reilly &
Gorth, 1972).

14

The designs created to collect data fqr each of

these decisions may use any of several alternatives. .

However, the multiple matrix sampllng design is often
used, wherein a set of test forms is prepared, each form
containing a sample of ijtems representing all the
objectives taught in a particular portion of a couise. The
set of test forms is administered in a *‘time series™ design
at regular intervals, but in “such*a way that no student
takes the same test form more than once during the

.

series of test administrations. The use of such a de51gn
for a science curriculum evaluation has, been described
by Hambleton, Gorth & O'Reilly (1973).

Test Scores
Computer programs have been designed to score,

store, retrieve, analyze, and report crterion-referenced
information collected using multiple matrix sampling

- and a time seriey\design. The enterprise may be a

student, a groupmf students, or a large and complex
curriculum, Reports may be selected by the
detiston-maker from a variety which are available (Gorth
& Grayson, 1969; Gorth, Grayson & Lindeman, 1969;
Gor(th, Grayson, . Popejoy & Stroud, 1969; Gorth,
Grayson & Stroud, 1;69). ’

.
.

Reports are available o produce information
about each of the following enterprises:

L . . .

a. Student Report cortaining identification
information, student’s score on each objective,
total scores; and indication of the objectives for
which instruction has been completed-

b. Teacher Roster ‘containing the students’ names
and both total score and score %n objectives
completed for all test admmxstratlons to date.

L] . . ’
¢. Group Summary containing average scores on
each objective or group of objectives for a portion
of a class, i‘:l of a class, all of a building, or all of a
district at each test administration tq date.
s . .

d. Grouping Guide containing stidents below

~criterion on an objective,”

e. Prescription Guide contamning a listing of related
eaercises for each student for each objective.

f. Item Analysis containing difficulty indexes
before, “immediately after, and a delayed tme
after instruction.

[

. y : = -l 1 ”»
8. Curriculum Analysis contaihing pre-instruction,

_postinstruction, and r¥ntion averages for .

. objectives. ‘
) . . . - ’
The CAM system has been used in several Title III
projects, it is also the system providing the evaluation
design for the New York State system called the System
for Pupil and Program Evaluatiop and Development
(SPPED), developed by Robert P. O'Reilly.

™

v
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Computer Hardware te

. CAM computer software was originally written for
an IBL(i 360/65 computer at Stanford University and was . 1 4
considered a research system rather than one which NP
could be implemerited by schools, More recently, S 1

-adaptations of the original software have been written ‘

for “mini” computers such as Digital 11/45 and
Hewlett-Packard 2000F. The smaller computers and
their associated computer software have allowed the
decentralization of activities, but have used the
stanidardized procedures at the decentralized sites. )

Additiongl information is available from William
P. Gorth, PhD., Center for Educational Research,
School of Education, University of Massachusetts,

- Amherst, Massachusetts 01002 (413/545-1537). " . ", ‘
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PROJECT ABACUS . 40

G. B. Howard, Colonel , . )
US. Army

"-Mission
. . . —

The primary mission of Project ABACUS is to
procure, test and evaluate a computerized training
system tailored to th: needs of the Army. In addition,
the Product Manager advises the Commander, U.S. Army
Training and Doctrine Command (TRADOC) on matters
related to computers in training, acts as consultant to
the Department of Army Staff, participates in the
PLATO IV Project sponsored by the Advanced-Research
. Products Agency, serves on the ARPA Educational
Technology Advisory Panel, and maintains liaison with
other Department of Defense agencies and civilian
institutions. On July 1, 1974 the Product Manager's
Office (PMO) was additionally charged with the
development of a Long Range Plan for TRADOC
Training and Schools, proponency for TRADQC
subgroups on Policy and Procedures and Tactical
Application of Computers and the Supervisory
Management of the Combined Amms Tactical Training
Simulator (CATTS) at Ft. Benning,'Georgia,

Objectives
Employing three Ammy training courses, the
project aims to achieve the following:

1. Cost effectiveness - through reduction in training
time, decrease in failure rates, streamlining of
training management, use of small-scale
computers, and provision of a base for rapid
expansion.

2. Training effectiveness - by individualiéing
instruction, incorporating the best of existing

‘media and relieving “the instructor of routine

.

administration.
3. Technical efficiency through utilization of

off-the-shelf equipment:
Backgr(')und

In June 1972 the Vice Chief of Staff of the Army,
based on recommeridations of a task, group, approved
Project ABACUS. This approval included the following
stipulations: use of small-scale computers, concentration
of expertise at a single location, use of three training
courses, and a maximug} of four years duration.

Selection of Ft. Monmouth as the ,s'rie for the
management office was based on  the existence of

-~

expertise developed there during an earlier successful °

"project. In that experiment, utilizing 102 houss of basig

electronics, over 1,300 students received instruction by
means of the computer. A summative evaluation

.comparing results gained from students n the project

with those of conventional classroom students showed a
35% reduction in training fime, a 21% decrease n
attrition, an equivalent academic achievement, and a
highly favorable attitude toward computerized training.

Conduct of Training

Under the Computerized Training System
concept, instruction will be individualized from
beginning to end. Each student will progress through a
course at his own pace.

To accomplish this goal, the instructional
personnel and the computer must function as a team.
The instructional personnel will prepare lesson matenals,”
monitor performance, supervise laboratory work, and
provide direct assistance. The computer will maintain
records, guide student activities and present portions of
the instructiondl material. In this manner a reduction in
overhead personnel is considered feasible. °

Y

The need for group activity is not overlooked,
Lectures, demonstrations, conferences and team
exercises will be included, as appropriate.
Evaluation - .

Evaluation of Project A’BACUS will consist of two
major elements. The first will be' designed to provnde
qualﬂy assurance of course materials, while the second
will form the basis for recommendations for the future.

’
-~

Although both elergents of the evaluation will be

*accomplished by in-house personnel, consultants will be

called upon from time to time to advise in specific areas
and thus ensure validity of the findings. The final report

,will include an analysis of the results weighed agdinst

objectives of the praject, i.e., cost effetiveness, training
effectiveness, and technical efficiency.

H
i

.8

[
Status of Procurément .

On December 26, 1973, a contract was awarded
by the US. Army Computer Systems Support and
Evaluation _Agency to GTE Sylvania Inc. for a 128
terminal mulnmmlcomputcr system (MMS). A GTE
Sylvania information bulletin defining the utihzation of

'S
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the system is available. ,
A 32-terminal displa.y ;:ontroﬂér subsystem was
delivered to the U.S. Army Signal School (USASIGS),

Ft. Gordon, Georgia ori July 29, 1974. Upon completion -

of the subsystem test and acceptance, it will primarily be
used to support course material development and on:line
entry utilizing available CLASS I authoring commands.

The remainder of the system to include software
and CLASS I language is scheduledfor- delivery by
March 1975. Following the acceptafice testing of the
128-terminal system and the CLASS I authoring
language, course material validation and ‘systems
debugging will take place. It is anticipated that the CTS
will be operational with the first course by August 1975.

Course Development

The US. Amy Signal School Computenzed
" Training System was initially established in January
1974 and its participation on the ABACUS Project
consists primarily of the development ~and
“administration of three technical training courses on the
CTS provided by the Product Manager The courses, the
first of which is scheduled to be opepanonal by August
1975, are: MOS 31E20-Field Radio Repa:r, MOS
31J20-Teletypewriter Equipment Repair, and MOS
35L20—Avionics Communications Equipment Repair.
Progress in course development by the task group has
been significant. In addition to a seminar held at Ft.
Monmouth for course leaders, several workshops have
been conducted for course instructors and consisted of
workshops on the instructional model and teaching

strategies, the CLASS T authoring language commands,’

and lesson deveélopment techniques and procedutés.
Presently course development of the three courses is
actively underway:

—~
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A'COMPUTER-BASED INSTRUCTIONAL MANAGEMENT SYSTEM - 2
FOR ELEMENTARY: SCHOOLS . .
.. Tse-Chi Hsu °
- , University of Pittsburgh -

An ideal individualized instructional system
usually includes four phases of activitigs. 1) diagnosing
student charactegistics and assessing student
achievement, 2) storing and retrieving student data for

decision-making, 3) prescribing instruction according to

students’ needs, and 4) instructing students, using the
gnost appropriate method. ‘'The computer-based
instructional management system described here
attempts to employ the assistance of a computer in all
four phases of the instructional process. This computer
assistance includes: computer-assisted testing (CAT),
information retrieval, the instructional option display
(IOD), and computer-assisted instruction (CAI).
Although the use of the computer in instruction is an
integral part of an instructional management system, thjs
"component can initially be developed independently and
implemented as an option for instruction. Therefore, the
role of the computer in instruction will not be discussed
here.

&

In order to explore —.the possibility of using the

-

teachers, supervisory personnel, school admunistrators,
curriculum developers, test constructors and researchers.
The types of data collected and maintained include. 1)

_.information concerning students’ backgrounds, 2) test

results, and 3) instructional tasks prescribdd. Although
the system was designed-for. data 1n various subject dreas,

“. only math data for about 200 students from grades one

through five were collected and stored in the data base
during the 1973-74 academic year. During the 1974-75
schiool year, two classes in kindergarten were also

' .mcluded,m the data baset

Thjs information system can be divided into four
major gomponents. 1) data gathering and verification
procedu;es used by aides to enter data using the
Datapomt 3300 at the end, of each school day, 2)
backup procedures perform programmers at LRDC
befote running the UPDATE program, 3) updating of
temporary files into the permanentdata base, also done *
by programmers usually the next day, ‘and 4) retrieval
and reportmg routines prepared for users. There are two
~types of retrieval routines. 1) standard reports and 2)

computer to adminigter achigvement tests, a’
computer-assisted testing \lﬁd'el was developed. This

mbdel was designed to generat€ and administer pre-tests,
Siaost tests, curriculum-embedded tests (CETs), and’,
exercise pages (practlce problems) for all skills mcluded
in a unit. Based on this model, six experimental
"programs were written for Eevel IPI Math in
Numeration/Place Value, Addition/Substraction,
Multiplication, Division, and Fractions (comparable to
third and fourth grade math). These "programs were
' implemented during the past two years (1972 1974) to
. study the feasibility of CAT as an alternative for testing,
-, the strategy of item generation, the characteristics of
“jtems generated by a computer, the establishment of
rational mastery criteria, and the impact of CAT on
students’ attitudes toward math and computer testing.

To process test and instructional data, an on-line
information retrieval system was developed and
implemented at the Oakleaf Schodl beginning in the Fall
of [973. This system was designed to be used by

N.B. The research reported herein was supported by a grant
from the National Science Foundation (NSF) and by the
Learning Rcsea(éh and Development Center, supported in part-as
a research and-development center by funds from the National
Institute of Education (NIE), U.S. Department of Health,
Education and Welfare. The author wishes to thank all past and
-present staff of the project and .other colleagues at LRDC who
have contribufed to the design, development, and
implemeiitation of the management system.

[ ' Ly
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the QﬁERY programs. In standard reports, the types of
variables to be prmted and the output formats %re
predetermined. In the QUERY program, the values to be
listed and the output formats are specified by the user at
the time the’ _program is run. Both types of routines are
designed fgr online retrieval through terminals.
Prelifinary reactions from teachers and researchers n
using this syStem are extremely favorable.

The instructional optlon display is «a new .
adyenture Ju§t launched at LRDC. Programmung of the
IOD model "using Unit E-Divisien of IPIi Math 1s
undgrway. Field testing of this model Is expected to-
begin in the Winter of 1975. The purpose of the 10D is
to display available instructional options and t suggesta .
sequence of learning accordihé to the computer or
paper-and-pencil pre-test results. Based on this display,
students may choose the option for study by themselves
or with the teacher’s guidance. Another purpose of this
display is to replace hand-prepared prescription sheets n
order to faethta'&e the process of data entry througlt

terminals. N

-

The' computer used for developing the
management‘system is a DEC PDP-15, a mediumsscale,
general  purpose, multllanguage, ttme sharing system,
which i§ housed in a van located at the school. This

5 @ * experimental time-shating system (ETSS) includes 32K

\
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words of memory, memory protection-relocation

¢ hardware, a 1 million word drum storage unit, three IBM
;2314 equivalent disk drives, two DECTAPE drives, paper

tape eqhipment, f6ir, Jinternal clocks, telecommunication’-:

equipment, and “a termmal “controller capable of
controlling 64 terminals -of *which 32«are currently
installed. Users access this system through: rémote
termifitfls on a telephone ~dial-up basis or through
- terntinals at the computer sité, which are directly wired
to the machine- In addition to the management system,

-ETSS also supports CAI efforts in . spelling and
*."mathematics. * . .

Although CAT, information retrieval, and IOD
were developed independently, our plan js to integrate
them into a complete computer-baseﬁ mstmctlonal
management system. The initial phase of mtegratlon has
begun ‘in-the design of IOD, which will use CAT results

or data available in the information system to select the,

appropriate options to be dlSplaye& “The Dext step df) the

integration is to develop a program for transferrmg CAT,

data into the permanent data base. Anﬁther major
concern “in our future development is to make the
mahagement system-more generalizable to other.sitbject
,areas, other school se.tt‘mgs, and other computer systems.

The implementation of the management systemt-..

fhas numerous important implications. In addmon to the
effect on students’ learning processes, a favorable
modification of the role of teachers in the classroom can

occur. Instead of lecturing and maintaining students’

records, teachers should be able to devote more time not
only to the process of” ptovndmg individual and small
group guidance, but also to the selection of instructional
and testing material. Another even greater impact of the

. system is related to the work of . evaluators and
- researchers. 'Evaluators and researchers need not be

overwhelmed by an unmanageable amount of data.
When reasonabl¢ questions are formulated with a proper
regard for the data maintained in the management
system, evaluators and researchers can obtain accurate
information ang’, answers _arranged m -a meamngful
manner.

Aruitoxt provided by Eic:

I
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NAVY CMI SYSTEM. . 44

- Kirk A. Johnson
Navy Personnel Research & Development

c _ " Center, Memphis, Tennessee

The Navy Computer Managed Instruction system
became operational in the Summer of 1973, in two
courses at the Naval Air TechmcMrammg Center,
Memphis, following a research and development effort
that took place over a period of six years. Additional

courses “are being added and the system has been

extended by means of telephone lines to the Naval
Training Center at San Diego. A CMI terminal is being
_installed at this time*at the Naval Training Center, Great
Lakes, but-far§e scale use of this extension of the CMI
system is not planned for the immediate future. To date,
approximately 15,000 students have received at least

~ one week (30 hours) in CMI learning centers, shops and

»

laboratories. At any given point in time, about 1,500
students are under instruction.

The Navy ' CMI system was developed with
computer hardware located at Memphis State University.
At the present tlme the hardware confi iguration includes

as a central processing unit a Xerox Corporation SIGMA )

9 with 256K characters internal storage, with 8
rémqvabie disk packs with a total of two million

characters of Storage~Four of these,drives are dedicated

to the CMI files. One 9-track-800 BPI (bits per inch)
magnetic tape drive is used for storage of backup ﬁles
The’ input/output function is hiandled by an interactive
time-sharing terminal which consists of a cluster of three
pieces of equipment. Initial input into the system is
made by means’of an Optical Scanning Corporation
OPSCAN 17. Each scanner can handle approximately
100 interactions of the type required per hdur. The
‘second piece of equipment is a Control Data

" Corporation* 713:10 Conversational Display Terminal.
“ The output device is a Contiol Data.Corporation 713-10

thermal printer, which has a capacity of approxunately
30 characters per second.

The usual student input into the system is irr the
form of answers to questions that are designed to
measure the specific objectives of the ¢course. The
student often is reasomably sure that he knows the
answer to the questigns involved because of the
immediate feedback féature that is built into the
instructional material when it is developed. So it is not
unusual for the input into the computer to be priarily
a matter of confirmation to the student that he has, in

+ fact, achieved the competericy in question, and also for

N.B. The views expressed are those of the writers and

are not necessarily concurred with by the Department of
hc Navy.

G. Douglas Mayo .
Memphis State University
Memphis, Terfnessee

A

the purpose of making it a matter of record 1 the
system?, The computer can be very specific in its
feedback to, the student, however. In an instance in
which the student has input answers to a 50-item test,
. for example, specific comments and instructions can be
given concerning any one ot all of ‘the items. As a rule,
" the student will have more than one medule of
instruction on which to work, so that.any delay in the
—availability of the terminal or in the computer's response
to his input will not result in his being delayed in
achieving the objectives of the next~ Enit of nstruction.

The terminals at all three Navai Trammg Centers
(Memphis, San Diego, and ‘Great Lakes) are connected
by telephone lines to the SIGMA 9 computer at
Memphis State University. Other hardware
configurations were used during the R&D project, but
did not prove to be as effective as the one just described.
The primary characteristic that differentiated the earlier
configurations” from the .present one was that they
utilized batch processing terminals instead of the
interactive type terminal that is being used at the present
time. At different times durmg the R&D project, the,
Memphis State University- Computing Center had
automatjc data processing systems other than. the

SIGMA 9. @ne of these was an IBM 360/40, another was _

a Xerox SIGMA 5. While some adjustment in the
computef software was involved each tlme'the data
~sprocessing equipment was changed, CMI did run on all

_ ‘thiree of the systems. The Navy has been working toward
~ procurement of its own computer to support the CMI

system since the time the system was approved as.
operational. It is expected that_this computer hardware
will be delivered next spring. .

The Navy CMI system is programmed in a
standard programming language that is usable ih a
number of computers
manufacturers, The primary progtamming language 1s
COBOL-hence, the programs will run with relatively
minor adjustments on most machines for which a
COBOL compiler is provided. The basic CMI computer

software package was develo;@d for the Navy under an

contract with Memphis State University. Features of the
package include. extensive test, evaluation, and
record-keeping capabilitics, the option of presenting
comments and,, detailed remedial matenal, and
generation of o‘ptional individual reports. In addition,
history files are maintained that allow
optimization through periodic analysis of student
ggfo;mance anc‘i response palterns.

.
[
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'COMPUTER-MANAGED INSTRUCTION (CMI) SYSTEM . 45

.o : ‘ - _ . Wilson A. Judd
‘ : University of Texas/Austin

Terminal-Oriented Interactive System

The College of Education’s current CMI system
was developed for two purposes:  to_ support
” lindividualized instruction used in corjunction wlth an
undergraduate educatiorfal psychology course, and to
provide an instructional context for research on affective
variables. The system’s developmerit and the research
conducted were supported primarily by the National
Science Foundation. Only the instructional aspects will
be discussed. ’

In cooperation with the course instructors, five
topics were identified and a sglfu)st-nq:tlonal module
" was develogea for each topic. Each of the modules

(Computers ~ in" Education, Classroom Manage
Statistjcs in the Classroom, Tests and Measuremenl‘nd
Cultufal lefcrenccs) was designed to require four hours
" of @ student’s time and consisted of a series of readings
with behavioral objectives and corresponding samiple test
items. Most readings were sclected and edited. Some
were written locally. With reference to, Bloom’s
taxonomy, all modules included objectives at the
knowledge and ‘comprehension *level, three included
‘application level objectives, two included analysis
objectives, and one included evaluatjon level objectives.
_ Two parallel forms of a criterion-referenced multiple
choice test (15 to 20 items per form) were developed for
each module. The tests, diagno‘stic protocols and
prescriptions were programmed in Coursewriter II for
the IBM 41500 computer. A disk-oriented data
management System was developed to permit timely
generation of instructors’ reports. .

Followinga manual pilot test in the summer, the
system was implemented for the fall semester of 1972.
Materials and tests were revised between semesters and a
summative evaluation was conducted in the spnng of
1973. During the four semesters of its use,
approximately 8,900 tests were admitistered.

Each course instructor could select the modules to
be used in his class, determine the sequence in which
modules wére to be studied, the mastery critqrion for
each module, and the dates by which students were to
complete each module. During the first class week,
students were given a handout describing the procedures
to be followed and discussing the effective use of
behavioral objectives. They purchased the instructional
modules at the University bookstore.

Al
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When ready to take a module test, a student made
an appointment°by telephone for a,dné-half hour block™
of terminal time. At the time of his first test, he was
given a brief computer-assisted tutorial on using the
terminal. He sngned on with-an assigned number, was
shown his owrt name for purposes of confirmation, and
was randomly assigned to one of the two parallel test
forms. Test items were displayed on a CRT and students
responded by typing the number of the selected
alternative. No feedback was provided until the end of
the test at which time overall score (perceritage correct),
and percentage scores on individual objectives were

- displayed. If the overall percentage was less than his

instructor’s criterion, he was r_equired to take a retest an

sequent day. If he did not meet criterion, the
student was given a typewriter printout containing both
the performance information displayed on the CRT and
remedial prescriptions for the objectives failed. For the
most part, these prestriptions were assignments to reread
specific sections of the module. Retest items were drawn
fom the alternate to the student’s initial test form and
covered only objectives failed on the initial test. Final
score was cumulative over the two tests. A student who
failed to meet criterion on a retest was referred to his
instructor for further w9rk. -

Two levels of, reports were generated for the
individual instructors. Module Reports listed both the
class average and each student’s test and retest scores on

. each objective in the module. Course Summary Reports

covered all modules assigned to the instructor’s class and
listed students’ current oyerall scores on each module.
Subscriterion scores and scotes resulting from retests
were identified. Both reports were generated- from disk
ﬁ]es and reflected test activity up to the moment. At At the
instructor’s dlscretlon reports were either generated on
demand via typewriter or on a periodic basis via line
printer. .
/ .
. At the time of summative evaluation, the
percentage of students achieving criterion (80% correct)
on the initial module tests ranged from 36% to 80%
(median = 69%). The percentage meeting criterion on”
either an initial test-or a retest ranged from 77% to 96%
(median = 91%). The Alpha reliability coefficients of
individual test forms ranged from .56 to .81 (median =
.72). Student responses to attitude scales administered
following each module showed substantive improvement
from the formative evaluation and were n,onSIdered to be
satisfactory.



. The cost of developing the five modulés, criterion
referenced tests, and support software ~was
approximately $11,500. This figure reflects 1972 salaries .
and does not include the cost of formative evaluation ,
and subséquent revision. Operational costs were /
computed for the first 300 students completing four
modules. Pefsonnel expenses were $1,740; computer .
time charges, at $6.09 per terminal hour and $48.72 per v
hour for utility use, amounted to 55,8!0'.

Mark Sense Card Interactive System

While providing satisfactory service, the system /
described is mych too expensive. Consequently, a new . ’
system is being developed with-the goal of (educing

computer costs while maintaining the level of' service. -t \
" Since lineQar multiple choice tests appear adéquate for
most 6f our needs, testing will be moved off-line. The, - .
student will markhis answers to a pre-printed test ona . - :
mark sense card and then submit his card to a . : pa
Hewlett-Packard optical card reader. Short FORTRAN
programs resident in the Universwy’s CDC 6600
computer will identify student, test number and
form, score the test, - select the appropriate
prescription. Feedback.to the student will be printed at
30 characters per second via a Texas Instruments Silent
700 terminal. To reduce system time, student records
"will be dumped on tape and the data management . '
system’s files wl be ‘updated daily. With these ' ‘
. exceptions, the procedures will remain essentially the
same. In-comparison to the operational costs cited above
for 300 students studying four modules, it is anticipated
that' personnel costs would increase to approximately
$2,200 (partially due to inflation) while computer costs (\
would be reduced to approximately $1,000. These cost
figures are presented primarily for the purpose of
comparing- thie two systems discussed. Due to the various
ways in which costs can be computed, the reader is : . .
encouraged to exercise caution in generalizing the ce S
absolute dollar-figures to other settings.
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'CLASSROOM TEACHER SUPPORT SYSTEM (CTSS) . o 47,
. . ! bGeraId Lippey . s
. . Intemational Business Machines Corporation .

CTSS was .developed n 1969 and 1970, as an
experimerital application under a joint study agreement

‘between IBM, and the) Los Angeles City Unified School,

District. It is available from the district and is nowsin use
at several p]aces, most of them institutions of higher
education. _ . N

L4
.

This application grew out of the recognition thatf
the computer could perform an important function by

relieving’the teacher of clerical chorés while leaving him

free ta make instructional decisions. It was regarded as a

first step toward more sophisticated rnstructronal

applications. .

CTSS uses a centralized data bank of questions on
disk storage to aid teachers in constructing tests and
exercises. The system “also scores students’ answer sheets

It operates’ in batch mode, With teacher requests, tests,

and scoring reports transported physically between the
teacher arid colpputer center. - s

Items may be classified alorig several dimensions,
including subject matter, difficulty, and behavior

. required. They are retrieved according to classification

criteria set by the teacher. Thus, 4 list of questions may
be constructed so that it contains, for example, a
specified number of questions on each of several topics,

with the desired mix of difficulty levels. Specific items -

may also be requested by their identification numbers.

The items selected are Tisted as an “exercise,”

which is assigned a number and remembered by the
system. The teacher may specrfy that items be deleted or

added to produce a new generatron of the exercise.
This process may be repeated for subsequent generations
until the exercis'e meets the téacher’s needs.

.
0.

With each exercise, the teacher receives a list of
the classification data for the items it contains. He may
also receive references to two sources of published '
material associated with each question. A summary of
the teacher’s request and the items retrieved as a
consequence is produc’ed as part of the exercise.

An exercise may be pmn ted on reproducuon
masters when desired. Also, upo&equest the system
will create several “versions” of the exercise with the
items resequenced at random On each. y

PAruitext provided by enic [N

.o ’ San Jose, California
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Answers to exercises are remembersd bi' the
system, so scoring keys need not be submitted. The
teacher may add items of hrs own to be scored, and he
may have self-constructed tests scored 1f he provides the

<answer key. Scoring of individual questions can be

suppressed. The usual raw data, frequency distributions,
summary statistics, and item response breakdown are
provided to the teacher. Questions can be assigned to
parts of the exercise, each of which will be scored
separately (in addition to scoring of the entire exercise).
If scrambled versions were used, addrtrm,al reports for
each version may be obtained. '

For each item collection, there is an item statistics
file which contains usage data for every question. The
information contained in this file includes the number of
times the question was selected by the system, deleted |
from an exercise by a teacher, and suppressed from
berng scored. The file also contains data obtained from
scoring, such as the cumulative number of responses to
each option and a central tendendy measure of
discrimination indices. A program is available to test
selected statistics against specified thresholds to obtain a
list of those questions likely to need revision. Thresholds
can be set for high teacher rejection rate, low average
discrimination index, unusually heavy use of a
distractor, and very high or low measured difficulty

.

Information on system activity is accumulated in
a system statistics file. This file contains data on 25
different kinds of activity, representing the use of
various functions. The information is accumulated
simultaneously for two time periods (Iong and short). It
is classified by item collcctlon used and by up to twelve
groups to which teachers may be assigned. A. printed
actrvrty report by rtcm"bank can be obtained at any
time..* - .

M .

o

An assortment of additignal programs is available
for prlntmg and-updating item banks and other system

\(ﬁles

At least a dozen item banks are now in use by
CTSS at various places, and others’ are! under
development. Other systems are also being constructed
with CTSS as a model

kY
B .
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But-CTSS is not the only 19( of progra:%s which .
.- assists with test construction. The author is personally 3 ) . 1. o .
aware of over 70 grﬁerer there are . .o |
. probably at least twice this mmy_Mbst of them make - . : -
use of test items in machine-readable form to print c. '
-questions on demand. Many include, as does CTss, - v
computer assistance-in selecting the specific questions to
. be printed. Some systems can generate a very Jarge
: q number of similar questions by using random techniques .- . - R -
ot to particularize a question “skeleton.” A few involye . '
- computer assistance in the item selection step only, with
, the jitems drawn manually from' file cabinets and' the .- -
o . tests printed by conventional means. : T

v

There are many benefits realized by those who : ' . ’ . "N
employ the computer to aid in constructing tests; ' '
centralized item collections that are shared gain all-of . &‘. )
the efficiencies. of scale, including the advantages of -

L spetialization, larger question pools, and more Yeedback. « - ,
Clerical work associated with preparing tests and . e
-exercises is of tourse reduced, and the quality of the vt
printed product is usually higher. Since tests can be .
‘easily s produced\when required, they need not be
collected aftf use; in- fact, a new one tan be prepared ‘
for each. student, to support self-paced instruction. g
.Compared to most® other uses of computers in. '
- instruction, th&@eost can be very low. And because it can : >
assist teachers having a variety of instructional
approaches computer-assisted test construction does not

t L
need to force change in long-standing, classroom behavior
, battems—while at the same txme, it can support ot
unproved mstructlona] behaviors. : ) S @
' - . = X
“a . . - . .
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. . ’ CMI APPLICATION IN THE CHEMISTRY DEPARTMENT OF ) 49
e THE UNIVERSITY OF ILLINOIS AT CHICAGO CIRCLE -
. Joseph I. Lipson
l}rief Description . % Target Audience of Learners

A critical problem in individualized programs of.

instruction based on a mastery performance is the need

-for different verstons of unit mastery tests. Often a

student must take an exam several times. If there are
only two alternate forms of the exam or only a small
pool of questions used to form exams, then test security
and test validity become serious pi'oblems for, the course
program. The University of Hlinois at Chicago Circle has
a large number of entering chemistry students with

highly varied preparation for college chemistry. They are.

given a placement test and students who score belpw a
certain point are requnred to take a course which covers
‘basic c6ncdpts and skills which will enable them to
function effectively in succeeding courses in cherhlstry.

When this course is administered by conventional
Jectures and dlscussmn sections, the attrition rate is
higher than we find acceptable and their ability to
perform at the next.level is not dependable. For this

reason, Professors Kotin, Liu and Jameson developed a

modified Keller Plan for the course They call the new
course Chemistry 107. .

>

Computer-denerated Tests ¢ ¢

To d‘et.tl with .the ‘test problem, Dr. Cynthia-

Jamespn developed a computer program which, using'
skelerons of  vatious forms of questions, will
generate-on demand | -as many tests as are needed. Some
students have used as many as elght exams for a smgle
unit. (There are 15 units in the course.) In the words of

-the authors, “An aspect of self-paced instruction that is
,Of paramount importance is the examination system.
The examinations must be equivalent and repeatable and

free of security problenis. A system that contains a
limited number of questions (though the number may be
large) tends to encourage the students to butld their own
files andlearn to. antlg ate the questions; to say nothing
" about the problenréflkeepmg the master examination
" file .secure. We solved the .problem with the
computer-gbnerated question concept. The questions are
not merely assembled byp computer, but actually

generated. -Numbers in problems are randomly but
logically generated. Chemicals and other variables care
similarly “selected. In addition, tifere are even different
ways of stating the' same problem. We have literally an
infinite number of examinations—each dlfferent from all
., of the others, “The exam. system  makes . self-paced
* instruction a viable format.”

The target audience is comprised of n:dequately
prepared students who need basic chemistry courses for
theit programs. In our case these are largely mnner city
students

Principal Instructioh Objective

The principal objective is mastery of basic
chemistry concepts and skills (including some math such
as scientific notation) which will enable the student to
function in following course sequences. -

Plan of Use

Exams are generated freely for students to use in
self-testing and selfsstudy. Exams are, of course,
generated whenever a studént is ready to take a unit
mastery test,

Hardware Configuration

Hardware ‘used consists t:f Selectric IBM terminal
connected to IBM 370/158 by phone lines. Three
terminals handle the course load of about 100 students.

- N
-~

The system is interactive.

Estimated cost is $100/month per terminal rental,
total cost is about $1,000 per mohth. This means the
cost is about $25 per student for the course.

[ o ] L
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CMI APPLICATION AT COLORADO STATE UNIVERSITY . B 50

William Lord * , N
Ft. Collins, Colorado

Fy
]

Backgroux}d

The Computer-Managed Learhing Systerh
Laboratory at Colorado State University has been‘in
operation since April. 1969 with support from the
Control Data Corporation and- the National Science'
Foundatigri. Initial project goals included:

I. Development of a centralized multimedia
- instructional dellvery system with all media
' storage devices to be physically independent of

, thestudent stations. ,

2. Development of an aaaptive teaching strategy
based on sound learning®rinciples and capable

" of interacting Wi ch student on an

individial basis ell as reacting to an

A prototype, 4-stud¢:nt-terminal system was built

- 4in 1970 utilizing a variety of media (Tewces and

&

s drill

employing a teaching strategy based on a Ctognitive
level/concept categorlzatlon g‘ instructional modules.
Thc prototype sysfem has ‘been thoroughly tested for—
operatlonal mtegrlty by some 90 undergraduate
engirieering and,/matﬁematlcs students studying 12
vector algebra ‘concepts ito the ‘application’ level of
learning. Also. 300 engincering students have used the
system for slide-rule instfuction. At the present time, a
second generation 70-student-terminal CMI system is in

the design phv

-

!
.

Specifics

+

A. Target Audlenccs — grades K-l6

»
. @

B. lnstmcuonal Objccttvcs - to p'rovide the
student w“th a variety of learning experiences,
including information delivery and retrieval,

and  ‘practice, tutorial, enrichment,

examination, feedback, counsel and functional

‘suPport including computation and §jrnulation.

C. Hardware Co}lﬁgdration — currently eleven
Student terminals are connected to the

 University’s CDC 6400 system computer.

v

f
D. Integactive or Batch — the CML system operates
in an interactive mode, although ‘students can
manipu]ate batch programs via .a specnal
‘ operatmg system.

E. Dnagnosuc or Prescnptnve —.the CML system
. provides both mades of operauon by keeping .

o« records of student activities and making use of a

decision algorithm and’ a correlation matrix
relating variops components of the instructional
set. “ )
F. Auxiliaty Non-computer Equlpment  includes
an Ampex fast access video disk for video
still-image storage, computer-controlled_ video
tape players for ‘mini-lectures’ and a video-scan
converter for student-generated graphics.

G. Estimated Cost — hardware costs 50-90 cents"
per student-terminal hour, depending upon
amortization period of equipment. .

Re>ferenoes .

R. W. Hayman and W. Lord. A 'tqchnology-based-
educational system using computer management.
Educational Technology, December 1972,12(12),

,43-51. ) .
W. Lord and R. W. Hayman. An adaptive teaching
] strategy for complter-based ledrning systems.

“ Proceedings of the 1974 International Conference

" on Frontiers in Education, July 1974. -




The Florida State University has been involved
with computer-assisted instruction since September
1964. The University has utilized severalydifferent
computer systems in gomg from research and pro
applications to applications in regular universi
instsuction. The computing System gurrently being used
is a Control Data Corporation 6500 with five remote job
entry stations ard over 120 remote terminals including
teletypes, telétype compatible caihode ray tubes and i
Tektronics 4013 graphic terminals.

The Center for Educational Design (CED) was
formed as a servite unit to encourage and assist the
faculty in the systematic design and development of
instructional materials. CED has assisted . in the
development of over 30 courses whigh utilize computer
applications and service over 6,000 students annually.
Although a wide variety of different computer
applications are used in these courses, the major
application is some. form of Computer-Managed
Instruction (CMI). A terminal-oriented CMI approach is
used in over ten coyrses in areas suchas Physics,
Communications, Programmed Instruction, Business,

" Habilitative Science, and Religion. Approximately eight

and Psychology utilize a batch-oriented CMI approach.
" - A computer program  developed 3t Indiana
. University by Prosser and Jensen is used in our
batch-oriented CMI courses. The program has been
adapted by CED to allow the entering of parameters *

]

regeneration decks and student data in permanent files
on disk.
: ‘ L4
CED has also developed a library~of FORTRAN
#nd Assembler Language Subroutines which serveas the

_general nature of these subroutines makes it possible to
develop a CMI program which meets the specific
requirements of 2 garticular course with relative ease.
JFor a given course a FORTRAN driver routine is written
which calls the needed subroutines from the library.
They, in turn, comespond to the capabilities to be
incorporated inta the CMI program. The pool of test
items with their corresponding correct,
feedback, and statements of objectives are stored in
sequential disk files. Since these files are separate from
the computer progrims, ity possible for a secretary with
no programming background to enter the test items into

+ N L]
. .
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COMPUTERMANAGED INSTRUCTION ATF LORIDA STATE UNIVERSITY

. ) . Paul F. Merrill
’ o ’ Tallahassee, Florida

.bJ

courses in such areas as Economics, Business, Geology, 3.

. through an interactive terminal and the storage of 4.

basis of a modular terminal-oriented CMI system. The 5.

answers, 6.

the computer through an interactive terminal. CED has
also developed a program to translate these files into the
format
pe program and vice versa.

required by Prosser’s batch-oriented CMI

The following section will list a wide variety of

tions which may be 1m.orpo:ated nto’ a course which
tilizes a
ructiop approach.

terminal-oriented computer-managed

All students may be required to take the units in a
specified sequence or they may select the units in
any order from a “menu.” If ‘pne set of units is
prerequisite to another set, the student can be
required to complete the first set before being
allowed to select units from the second set.
Selection within a set may be in random order.

Pre-test ‘data obtained by computer terminal or
machine scorable answer sheets may be input and
stored in computer files and used to rhake
decisions concerning which units or objectives
within upits a student may exempt.

The test items selected for a given unit mefy be, the
same for each student or they may be randomly
selected from each-of several sets of items within a
unit. Items on succeeding attempts for the same
.unit may be selected with or without replacement
for a given student )

The feedback or diagnostic learning prescriptions

given to the student may vary, widely 1n type and
amount. Feedback may be specific to a given
response a given questlon a set of questions, a
unit, or completed units to date.

The criteria for proceeding to another unit may be
the same throughout the entire program or 1t may

be unique for each unit or objective. The number -

of attempts per unit may be set by the instructor,
and the student may be retested on all objectives
within the unit or only on those objectives Wthh
he failed. .

A record-keeping and‘report-writmg facility 1s

.available which provides item analysis information

for item revision and data on student progress

_ through the course.




7. . The student may -be permmed to branch to a -
calculation, routine and then return to the test
item from whxch he was branched.

8. The student may ‘be allowed to type in a comment
after each test item or unit if he so desires. These

comments may be- sorted and printed for the"

instructor’s use in revising the course.
9. A bulletin board option allows messages to be
* displayed to all users, to students within'a given
course, or to a.specific student.

Additional information concerning
computer-managed instruction at Florida State
University may be obtained by requesting any of the
following reports. .

CED Report No, 1: The Role of a Center for Computer
Support of Tnstruction within the University

CED Report No. 2: Developmentof Computer-supported
Instructional Activities for Individualized In-
struction .

CED Report No. 3: The Use of a Modilar Programming
System Adaptable to Various Instructional Needs

CED Report No. 4: Utziliza/tion df the Computer in
Group Instructional Settings

‘CED Report No. 5: Critical Issues in Computer-qua:ged
Instruction

t
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The Montgomery County (Md.) Public Schogls’
Computer-Assisted Instruction Program has -been in
operation since 1968. One of the original goals of this
program was to ascertain the role of thé computer in

- testing and in test development. County mathematics

Qo
I

teachers had been writing objectives and assessment
items, developing hierarchies and gathering reference
materials for a projected ten-unit geometry course for
students who had successfully completed one year of
algebra. This geometry course was intended to be
mdmduallzed andy to that end, was piloted in
paper-and- -pencil form in a number of ninth and tenth
grade classes. As originally implemented, it was a
logistical nightmare. The amount and disposition of
paper involved was staggering; most of the teachers’ time
was spent in assessing test items; students  were
frustrated as they lined up to get items graded, and to
have a concept explained or a question answered,

. .

An obvious solution would be a comptterization
of the assessment items so that teachers could handle the,
instructional tasks for which they are best prepared. A
yearlong computer-managed systern seemed to be a
logical mechanism for presenting items, scoring
responses, providing prescriptions and keeping records.
The concern of this program was not only diagnosis,
prescripfion and assess‘\ent but, in addition, the
contlnuous monitoring of individual progress. The
definition of computermarzz:d instruction whieh
evolved was the student use of remote time-sharing
computer terminals to assure the attainment of specific
behavioral objectives through the individualization of
the instructional process.

The initial use of the geometry course began in
the 1970 symmer school session at Einstein High School.
The test items for the first five units (Introduction to
Logic, Geometry as a Mathematical System, Methods of
Proof, Parallels and Perpendiculars, Congruence) were
written, revised and coded for use on the IBM 1500
system. All instruction was off-line and did not normally
involve the computer although if a computer-assisted
instruction package on a conCept or skill were available,
then that CAI module could be prescribed. The tiial use’
of this system eclicited such enthusiasm from both
students and teachers that the CMI geometry was
mcorporatcd into the mathematics program for three
classes in the fall of that year. The remaining five units
(Similarity, Circles, Constructions and Loai, Coordinate
Geometry ind Areas and/or Volumes of Plane and Solid

1

e ! . ©

Figures) were coded during the next semester, making
the entire CMI geometry curriculum available.

Upon entering the course, a student 1s provided an
overview of the first unit, a list
diagram showing the interrela onshlps of the objectives
and their sequencing. Before begipninfg the study of a
unit, the student could take an optional diagnostic test
to determine which objectives he had already mastered.
After ascertaining his entry level, the student studied _
clusters of related objectives keyed into several books.
These books vary in their presentatlon by difficulty,

* sophistication and vocabulary. The activities related to

the cluster of objectives might include teacher
presentation of a concept, small .group student
interaction as well as readings, questions and problems
assigned from a student-chosen textboek. Upon +
completion of, assigned work, the student interacts with
the ‘terminal and receives feedback on each objective of
the cluster. Alternate assessment items are available on
each objective if a student did not succeed with the
original assessment. If a student fails both the onginal
and alternate assessment items on an objective, he 1s
referred to his teacher for instruction or clanification. At
the end of each unit, a test is randomly generated on the

" predetermined culminating objectives of the umit.
h .

During the 1970-71 school year the program was
validaicd to assure that it provided the management
system it was intended to provide. The mathematics
department then determined that with the support the
program provided, they would ncrease the average class
size in geometry classes uring the 197172 school year.
A year-long comparatlve evaluation study showed that
with the 40% larger class sizes than in conventional
geometry classes, there was no significant difference n
achievement. In addition, a study yas made to
determine the amount of individual attention teachers
gave students in traditional classes as® compared with
teacherstudent interaction in computer-supported
classes. The  results, based orn several thousand
observations at random predetermined times by trained
vbservers in a variety of matched mathematis classes,
showed that CAT/CMi teachers provided their students
significantly more individual attention than was pussnialcn
in traditional classes. ¢ ‘

Based upon the experiences of three years and the
results. of a number of studies, including those

mentioned above, a recommendation was made to the

.

.
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Superintendent and the Board of Education to provide
CMI geometry to five additional senior high schools. The
justification for this recommendation s that some of the
program costs can be displaced through a 40% increase
in class size with no significant . difference in
achievement. This recommendation, as well as several
others, was adopted and .CAI/CMI programs are being
implemented in thirteen elementary and seven secondary
schools during the current school year,

For further information, contact Katherine E.
Morgan, Director, Computer-Assisted Instruction
Program, c/o Einstein High School, 11135 Newport Mill
Raad, Kenssington, Maryland 20795.
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THE OHIO STATE UNIVERSITY COLLEGE OF MEDICINE - ss
) OVERVIEW OF CAI ACTIVITIES _ '
) <d
. Ruann E, Pengoy R . )
T . Columbus, Ohio . !

/

The College of Medicine’s Computer-Assisted
Instruction (CAI) efforts have been concentrated in
three major areas:

N .

A. CAI as a supplemental teaching tool for use in
connection with ongoing courses in the curricula
for medicine, nursing, and alliecd medical
professions. .

B. CAI as a tool for providing contlmung medical
educhtion far health professionals.
i

C. \G I as a tool for facilitating the independent

: udy' concept at the curgiculum level in the
4 teachmg of basic science concepts to "medical
students.

The fruits of these efforts have been shared with
other universities and medical schools. Currently, the
University of Vitginia is linked to the College of
Medicine system. Many other schools have implemented
College of Medicine materials on their own systems. This
exchange is Mow facilitated via the College of Medicine
Release Policy and, in addition, the College maintain’s
one of two host computer ‘systems linked to a
nationwide CAI network for medical education. This
effort is sponsored by the Lister Hi}l National Center for
Biomedical Communications, National Library of

Medicine. ’

Major CAI Usagé Areas

A.  CAI as an additional teaching tool for use in

connection with ongoing courses in the

curriculum.

Since 1964, The Ohio State University College of o
Medicine has been continuously re-evaluating and\
revising its medical education curriculum. Initial
experience with independ‘cnt study was acquired
- through the use of a two-track curriculum in’Anatomy
and independent study groups in Biochemiistry. The
. College of Medicine has utilized computer-assisted
instruction in’ segments of its curriculum since 1967,
when CAI courses in Anatomy and Biochemistry were
written to complement the independent study effort.
Originally _ these courses were ‘used by students as
self-evaluation exercises. In Histology, a simulated
laboratory experience on the CAI terminal has replaced
actual laboratory in organ identification. CAI courses

§

i
have been written in the intervening years to accompany
ﬁlany areas of study, 1e., Musculoskeletal System,
Physiology, Neuroanatomy, Neuromuscular
Morphology, etc.

Computer-assisted instruction within the School
of Nursing is used primarily by undergraduates fqr
primary learning, for review, and for optional learning
opportunities in conjunction with established nutsing
courses. Students utilize courses such as MEDREC,
VEINS, ORTRAC, PROSHK, MATH, PSYMED,
UANDME, BOTTLE, AGENT, ACCESS, STRIPS and
PACARE on a continuing basis.

Computer-assisted instruction within the School
of Allied Medical Professions is used as a simulated
labordtory experience for review and self-evaluation, and
in the curriculum of the divisions of Medical Dietetics,
Medical Records Administration, Occupational Therapy,
Physical Therapy, Radiologic Technology and
Respiratory Technology. Fourteen CAl courses are
required for student usage in the allied currniculum.

In addition, the College software, hardware and
personnel have been used in the past to support CAI
developments in this category for the colleges of
Dentistry, Pharmacy and Optometry. The College of
Optometry continues to utilize the College of Medicine
CAI system while Dentistry uses main campus CAI and
Pharmacy has its own CAI system.

B. CAI as a tool for providing continuing education
for health professionals.

The Computer-Assisted Instruction Regional
Education Network (CAI-REN) is a statewide network_
of CAI installations. Participation in the network
provides health Tnstitutions with readily . available,
individualized instyuctional matenals for, continuing
education, planned Lurricula and mservice edycation,

CAI-REN utlhzcs te1ephone lines to connect
*remote terminals’to the computer at the Ohio State
Collcge of Medicine. This hookup, avalable on a
“round-the-lock™ basis, permuts all shifts to utihze the -
‘same mode of learning.

The CAI-REN course library is constantly
available .to the users. CAI- REN provides new vourseson .
a rcgular basis. Periodi rcvnsnon and updatmg of
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materials necessitates occasional removal of courses,
which are promptly reactivate¥ after revision.
" Audio-visuals in the form of slides, audio-tapes and
printed materials are incorporated to provide a complete
leamning environment.

Selected coutses are approved . by various
professional societies for continuing education credit.
These societies include the Ohio Osteopathic
Association, the American Medical Association, the
American Dietetic Association, ' the American
Osteopathic Association, the State of Ohio Board of
. Pharmacy, and the Ohio Council on Medical

Technology. -

This membership-supported: network consists of
institutions of varying sizes representative of many
geograghlc areas. Currently there are 15 paruc:patmg
institutions. .

*C. CAI as a tool for facilitating student
self-evaluation in a medical curriculum

independent study program in the medical basic”

SCIEIICES.

Work in this area has come under the auspices of
the Independent Study Program (ISP), formerly known
as the Pilot Medical School (PMS). The Obhio State
University Pilot Medical School was a research project
investigating the effectiveness and eft"c1ency of utilizing
independent study for medical student education. The
charge which confronted the Pilot Medical School was to
" design, implement and evaluate a preclerkship
curriculum that would incorporate as its foundation
certain educational principles and tenets of independent
study. The ISP was formed as a result of a three-year
grant from the U.S. Public Health Service, Division of
Physician Manpower. The grant provided for one year of
program development followed by two years of
opération and evaluation. The period of the grant'was
from June 1969 through June 1972, and the first class
_of 32 students began their medical studies under this
* independent study curriculum in July of 1970. The
second class of 59 students hegan in July of 1971 and a
third class of 64 students began in July of 1972. In
1972, the ISP became a Collegessupported curricular
cffering thus, medical students could elect this method
of study for all their preclerkship education.

Thge lecture-discussion program is a four.phase,
three-year ‘W5 month) curriculum. The ISP is a
nonlecture, studept self-paced program for the basic
science study, and is'followed by 18 months of clinical

. S

rotations. ¢ “‘i
The concept of independent study * means
different things to different peaple, 1t encompasses q
spectrum of individual interpretation and operational
structure. The ISP does not employ computer-assisted
instruction in a primary instructional rdle, The student’s

use of the computer is for tutorial

“self-evaluation—hence, the self-evaluation exercises wele

designed to provide the student an opportl&ty to gauge
his own progress and determine his success in satisfying
the objectives of thé unit.

A Tutorial Self-Evaluation (TSE) program is
available for each instructional unit (submodule). These
exercises, currently catalogued under the access code
“PILOT,” were designed by the faculty to test
comprehefision of the instructional objectives for each
submodule. Items in the exercises may be constructed as
response, true-folse, multiple choice, matching or
ranking questions. The computer encounters the student
with a question and then immediately evaluates his
response. Correct answers receive a. reinforcing type of

. feedback, while wrong answers trigger corrective

feedback and another chance to respond to the question.
The computer will also respond to unanuupated answers
and attempt to coach the student, through a series of

statements, to the correct answer. Of particular note are '
the different types of computer feedback provnded by
the author for the student's answers. The computer

. programs have also been designed to indicate to a

student when he is not doing well on the TSE. In this
instance, the computer will alert him to his deficiencics
with study prescriptions. Study pres«.nptnons may
appear as an additional study assignment, a review of
previously suggested matenals or a snmple statement
suggesting a faculty conference. '

Several conditions were necessary for the ISP
concept to even be considered. These conditions are still

. true today:

1. The OSU College of Medicine has a stable
computer system which 1s operational 22 hours .
per day. The computer used is the IBM 370/158,
housed in the Hospital Computer Center. The
computer support personnel for CAI reside in the’
Division of Computing, Services for Medical
Education and Research. The staff has the
experience and expertise necessary to handle CAl
hardware and software problems, and to modify
the coursewistcr package to accommodate user
needs. Expertise also exists in authoring’
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techniques, instructional programming and course
development. .

.4

2. Additional expertise in strategies, design and

usage of CAI exists within the Division of
Research and Evaluation in Medical Education.

Recently Completed Efforts

Under a grant from the Lister Hill Center, the
College has completed a_ link with a national
telecommunications network (TYMSHARE) to make
the College of Medicine’s CAI materials available to users

across the country. There are now 59 institutions in the

United States using The Ohio State'University College of
Medicine CAI materials on a regular basis. Through this
grant, 1) the University of Illinois ‘‘case” materials
(whlch simulate the clinical encounter) have been loaded
on The™~Ohio State University College of Medicine
system for use by College personnel and network users,
2) authors at other institutions (University of
Washington Medical School, University of Pittsburgh and
Downstate Medical School) have developed CAI

. materials on The Ohio State University College of °

Medicine system, and 3) local users have had access to
the Massachusetts General Hospital CAI materials.

Under a grant from the Bureau of Human
Resource Development, the College is documenting and
packaglng the ISP materials. These should be available to
medical “schools and other potenual users by Fall of
1974

To facilitate sharing and te allow. installation of

quieter user terminals, all College CAI courseware has

-been converted froni’ 100 character to 70 character lines.

- Current Developmental Efforts
In addition to usage described above, the College
is currently involved in several expenmental and
developmental efforts.

s Under a grant fro‘m the Bureau of Human

Resources Development, the 'College is developing
curricular and test materials to-extend the ISP concept
to the clinicgl years of medical training.

Under "a grant from the Burcau of Health
‘Resources Education awarded to the Division of Medical
Dictetics (School of Allied Medicine Professions),
simulated CAI case studies of patient encounters are
being developed. These materials are currently being
utilized by medical dietetic students.
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“outgrowth of Project

: HumRRO CMI - ) i
Robert J. Seidel and Richard D. Rosenblatt : -

Human Resources Research Organization .

Alexandria, Vx’rginiq N
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The CMI system developed by HumRRO is an
IMPACT’s  approach to
modularizing instruction in a CAl context.

Essentially, we have made provision for any
course to be broken down into.subsets of terminal and
enabling behavioral objectives: The largest subset is
called a Division (D), the smallest a “Module of
instruction.” A module may’ be thought of as a single
concept and involves a Telling Section (T) in which the

‘student is given the concept, a Practice Section (P) in

which the student has hands-on experience in using or
applying the concept, and fi nally, a Quiz Section (Q)
that tests the degree of mastery by the student of the
terminal objectives set forth for that module. Any or all
of the sections can be ‘administered on- or off-line. In
our CMI version, Q remained on-line. (As applied to the
COBOL 2 colirse developed at HumRRO, a module was
completed, on the average, in approximately 15
minutes.) T and P-sections were converted to hardcopy
programmed instruction. This process was greatly
simplified because the instructional module tex1, stored
separately from instructional logic, .could be directly
printed out in a paged-and readable format. In the CAI
version, movement among, these sections was

accomplished via computer access and monitoring,

whereas under CMI the“student did this on his own and
no record was made of such movement. In the COBOL 2
courss, divisions formed a linear (complete) order, that
is, students completed them in a fixed sequence. (This
need not be the case with other courses of instruction
where careful task analysis has shown that certain
divisions can be achieved indépendent of the

achievement objectives in other divisions.) Within each

division of the course, modules form a partial order (a
graph, a map) on which students or system could
progresswely’ impose a particular linear sequence or
route.
The hardware configuration is a 360-370/145
(OS) driving Sanders CRT’s and auxiliary projection
devices. A 35mm hand-controlled Viewlex, a student
reference manual and a glossary notebook replaced their
on-line coynterpzirts in our, CMI mode. The learning

environment is Interactive. Diagnosis jp our instructional

application was based on achievement of objectives in a
given module (or in some cases, sections of a module).
Our software is capable of considering performance over
a range of modules by simply adding the desired critetia
from the uppropriate objectives. The on-line Prescriptive

Aruitoxt provided by Eic: - .
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aspect of our course management, viz., the individual

student progress, is accomplished interactively through
interface (Underhill & Stelzer, 1972). IDES-2 (Willis &
Stélzer, 1972) is a set of batch programs for monitoring
and managmg student and course performance

IDES-2 has an advanced report generation facility
that provides information for evaluating the
mstructlonal material and student progress. In addttion,"
IDES-2 pxovndes attendance reports, hsts of student-and -
proctor comments and opinions, and lists
informational requests made by students. Some IDES-2
reports are used by authors to.standardize the labeling of
instructional material and the assignment of error codes
to student responses. Other IDES-2 reports summanze
student performance, provide data‘on the adéquacy of
instructional components, and display cumulative data
on students’ paths through the instructional matenal.
Some reports are provided dally and others are provided
on demand only.

For administrative reasons, IMP;\CT students.are
run in groups. The reports generated by IDES are
group-oriented and can be classified as being intended
for administrative or authoring purposes. The
administrative report and some authoring reports are
generated on a daily basis. Other r_authoripg Yeports are
generated periodically, either on demand or after alls
students in a group haye- uompleted a course module.

A brief deséription of the daily Yeports generated

. by IDES-2 is provided in Figure 1. With the excepti

the attendancewreport, alt daily rcport§ are intended
primparily to be authorlng aids. The student comment
and proctdbr comment reports are useful in gauging
student problems with the instructional materral. The
glossary report _can bring to light confusion In
terminology /f(t may - be , developing because of
incomplefe instructional material. The labe,l report is
intended to be used to clear up any inconsistencies 1n
the author’s labeling of the mstrucuonal matenal, The
response analysis verification report 1s mtendcd to be
used to. ensure that response error codes are being
assigned properly. Finally, the dally module acgeptance

.analysis report provides data that are uscd&t‘ﬁ'és bhsh *

the adcquauy of modules 1n terms ol‘»x‘lﬁ{e"pass/faﬂ
percentage. These data are used to accept or reject a
module, thereby indicating where more authoring
activity. is required.
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Report Name

~ Attendance

Student
Comment

‘ Proctor
| Comment

Glossary

Label

Response
Analysis
Verification

Module

Figure 1.

GENERAL DESCRIPTION QF THE CONTENTS OF IDES-2 DAILY REPORTS

Report Contents

A list of all students in the group encountered on a'given day showing
the total amount of time each student has been on the course, as well as
indicating each student’s.-overall progress: For students in the
group—but not receiving ihstruction on the reporting day—~an absence is
indicated showing the total number of absences.

A list of all student comments for the particular day indicating when
and where the comment was made and by whom.
A list of all proctor comments for the particular day indicating when
and where the comment was made and by whom.

A list of all found, not found, and illegal glossary requests, mdxcatmg
where the request was made and by whom,

A list of Coursewriter labels that are apparently inconsistent with
IMPACT coding conventions that have been encountered during the
reporting day.

A daily report that shows for each question encountered on that day
the number of correct and incorrect responses. The types of errors
assigned to the errors are also listed.

For each module encountered on the reporting day, data describing the
pass/fail percentage on the quiz as well as an acoeptance/rejectxon
analysis.
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SUMMARY OF ‘CMI ACTIVITIES AT STONY BROOK ' 60
CAI LABORATORY

Betty Weneser and Beverly Siegel
* SUNY, Stony Brook, New York

tflecrsyal ‘%{Q for opline mstr;;é'&mal modules, Vi “,'2 to give the student 2*3ensa, of the structure of
\E%ﬁs mgll‘idt of f-lisi m%déxles as well“t "' English~sentences, “the, fanction of different

= ﬁians

“

153
. syntactic structures withfn t!@g sentence and the
way these syntactic structures WQrk“together to
« cammunicate information and cteate style;

) . L4

s

3. to enable the-student to attaixfmastery of stylistic
altematlves & ; .
s A | -

4- to develop an understandlng of the logical use of

* subordlnators coordmators and other

‘connectors,and.

»

5. to »develop the skills lnvolved in self-editing of

R e ~‘~,,;,\ Nwr{tteﬁ piroducuons

R oS Bt

'a%‘n \W%‘i: ’;*"The ap’proach is structural and mductlve rather

AR S N arf tradltional or deductive. Definitions and rules are

G ‘I‘; ga\gr emphasnzed.\'fhe studenit sées many examples of
w \.g‘ each concept. ,amd'%ngaé?’s in constant actmty related to

'»\%“"‘7 mem,_gﬂe“‘is allowed to discover his own “rules,” those

e u which help hiffi make langyage work for him.

P

-

ey

.

" . Each concept ig preceded by a pre-test; if the

. student demonstrates mastery, he skips the exercises

. éOhn&ted with that concept and proceeds to the next

a ) pre-test. Durmg one ‘seiester, we experimented with a

set of exercises in programmed workbook form

followmg one of the pre-tests. The workbooks' were

. . ‘ generated’ using the textual” material and computer

'« = -Figure 1. SAMPLE LESSON - ' program which generated the on-line exercises. The
3 l: \l‘lC o o ) o . ( o Ga . !

N T ' NS ' -

* r "’ﬁsﬁg’ % e
' . . ’ ; ; . ‘a";.»
- Mary of the computer- -based courses an%icoursa Note that the drill module itself is of variable
. components developed 'at” SUNY, Stony Bro we;g length (i.c., tosfing takes place within the module, with
designed to operate in either CMI or “mainline” CA1l - the number and type of drill’ items dynamically
-modes, or a combination’of both. The foliowmg prief ”f’ ’dete(,mi{led) The test items and the instructions and
descnptlons should serve asexa‘?ﬁ‘ples of thest programs, drill. #ems are all computer generated. The weekly
P o ‘% “. & Student progtess reports issued to instructors are part of
Essentials of Mathematics Lt ':\ . 5 ::~ & the systerr( s 1ot
- . v, -, N -, f a
A computer-based student laboratory, desng‘ﬂédtto Engﬁsh Composm,on 0
, + . -improve the +basic mathematlcal skills of Umversnty, SR
o’ yfreshmen who lack them dgtgurrently being offered at v . - FOr ;,he p‘ast‘,ﬁve years at Stony Brook, we have
Steny Brook 2o . ,«,g;ovndeq a laWto%for those students who need.
Rt Ll “e, .. . > Terpdiation ‘m* some of the basic writing skills. The
“ Uy nThe Essentials of: Mathematics CAI course . Qb]éctxves are:
lnc]ﬁdes'lﬂ its design a testing "procedure so that- the AR ‘ ¢
‘:f’ " well informed stquﬁt, able to demonstrate cpmpetence . @ :ﬂ to provnde drllt and practice, as necessary for each
> ‘,the toplgs,.sees the program as simply a'set of fests. e 4" lnc;imdual‘sstudent in the eluplnatlon of common
or ‘Ofhiet: 'ﬂtudents, some-or all of the lessons- contain "oe, 'synt,a’ctleal faults “ R
"}: -unstructlonal modules. K}thoug{\'the lessons turrently on - ¥ | g

g
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feedback was, of necessity, not”as complex, but the
format was sxmllar Half of the students received their
drill and practice for this concept on-line—the other half
_Wwere given the workbook and returned tg the.terminal
rupon completion of the exercises. The purpose of this
* experiment was to determine if these composmon
lessons would produce equivatent results if given as CMI
lessons rather than “mainline” CAL Should the entire .
' series be given in CMI form, each on-line pre-test woufd
' be followed by cither the next pre-test, or by directions *
as to which workbook must be complgted before
proceeding. Results of the experiment are not yet
available. | , - -
Statistics Lab
', ‘This one-semester computemased homework
review laboratory has been offered to undergraduate
students in Psychology and Economics Statistics ®u rses.
Students use workbooks which contain, for each RE
chapter, an introductory exposition (independent of.any
¢ textbook) and a set of exercises (problem s%alements .
only). C .

The student reports weekly to the computer based
lab after having.worked out the exercises for a ¢hapter.,
The -lesson at the terminal requlres that the student
answer each of the problems previously assigned in the
workbook, and only when the student does not'answer .
correctly doe$ a tutorial- -type exchange take place. At
the end- of each'lesson {chapter), additional exercises are.
assigned in each’of the topics in which the program
detected. that the stident expenenced dlff“cultles Other .
addmonal exercises, not in the workbook, are glven

Yon-line.” .

v
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: " 'THEAIR FORCE ADVANCED INSTRUCTIONAL SYSTEM (AIS) L e
» ‘ \ : ~
K 3 . _ Joseph Y. Yasutake ° o .
P * Lowry Air Force Base, Colorado ' .
) e ) ~ . -~ o ~ A ] ¢
N 878 ' CD . ‘
System Description ) ‘ . . :

The "AIS i a prototype computer~based multimedia ‘system for the administration .and mana,,ement of
individualized technical tralmng ona large scale. The primary function of the AIS is to provide training and management
for up to 2,100 students per day in four selected eourse&s,urrentl) being taught at the Lowry Technal Trainmg Center m
Depver Colorado. A secondary function of AIS is to serve as an R&D facility for the Air Force to evaluate the cost and
training effectiNeness of instructional innovations. The AIS is being developed through contract yith McDonnell Douglas
Corporation (MDC) The contract is for approximately 10 mllllon dollars, merementally funded over afour-year penod
", (Rockway & Yasutake, 1974). . . -

AIS Courses

. . i ' - . l - D . - =
Vo The four cpurses chosen for initial lmplementatlo.n are shown below together “with .a projected mix of
mstructlonal medla : . .

'

lnvlntoxy Management (7 wceks)[Matcmls F;cnhtncs 6 wccks) IM/MF Projected Media Mix , '

, Real-Tiine Interaction,at **B" Terminal W

» ! A
il\:l. '( R
RIC- .
SIS

- Remedial Assignmbnts .
Extended choﬂs . ’ -
Real-Time Interaction at “A™ .

and “B"* Terminals

K . Printed 65% .
N - - Supply-onentcd/Warchouse dperatipns . ' LAV 2%
. ~ L Low-Medium aptitude L 3 CAl 13% -
.. S : . .
» , ‘ Prel‘lsnon Measusing‘ Equipment (30 weeks) ' ; -~ PME Projected Media Mix R .
‘ . Printed 52% Y
- Cahbratton of test cqunpmcnt troublcshootmg AlV 26% .
1— l:hgh aptltudc N .. CAl - 22% ° . - ;
' i * * P . - f
Wupons Mechanic (14 weeks) © WM Projected Media Mix
. : Printed 54% - ! ¢ -
s . P4 thht lme-—tcam-oricntcd trammg BT LIRS AV *36% - o
A - Mcdnum aptitude . » ¢ ? ’ 'CAl 10% .
L The first i 1temt|on of materials is being developed_m a smgle trapk media ovcxlap, selfepaced mode. Muluple tracks
will be developed durmg the second iteration. At least a ”5 percent savings In traming tume must be demonstsated with
equal or better perfol‘mance - :
. ‘ ’ l - ) . ‘ it ]
ﬁdaptlve Models™ (AMs) ) o . . ©
. v . ] . . -
[] ‘ . -
The AMs within the system Are tunentl) under dcvelopment and will pmvndc the mc\.hamsm which, when based
_on student charactenstn.s and avallable mstru»tnonal strategies and resources, gttempts to optnmn;e the cfﬁucnuy of . ¥
trai ‘amg R C ',; - T . : R . .
: Lo E L .
CMI Capabilities . |, , -\ t s, o
- . T . . .
o The  dntroduction of CML t.apablhties in the AIS program will be iterative_ as. the. mstrut,ttonal materials and -
Yo §trateglcs'and computer support become, avallable accordmg to the lollowmg schedulei ) Cor YA
. i, s - . . s -, - D M
1 INIT!AL gJanuaxyﬁS). . lNIERlM (Juncl75) ’,\,' LONG TERM (January/76)
* Test Scoring g oL \ Initial plus: " terim,  plus:
« Student Data Files A First Iteration AM ~ Refinement of AM ~
«Data Colicction,ant] Analysis, * . - Resource Allocation ~ Adaptive Testing .
b lextcd Reports A\ . -~ ‘Module Assignment - Incentive Mana;:cmcnt
Student Entollment ., R * =~ Student Prcscnptlo'n - Student Ptescription,

~ Coutsc Completion Prediction
- Remcdial Assignments
Full Reports * <
Task Inventory
Course Conversion -
Field Foliow-Up Evaludtion

. N .




< CYBER 73:14 - . L

— Central Site Compute : ' .
c - TypeATermin';h\(z : lnteractlve graphic termiirals for use in CAI .and CMl functions '
\ .o '(modlﬁed PLATO IV terminals) - -’ , ?
- Type B Terminals (3?]6) Management ferminals consisting of OMR 6300 (5 lines per second), .
' . *, . DI 240 — line printer (180 lines per minute); .
N , A *, PDP-11/05 contygller
N ’ N 3 <
\\ Computer Software _ ' . ? ‘
N\ . ' 0 . . " A » \ ’
The software elements of the AIS program are*as follows: - R
1 4 . .
2) SRR
. -. CAMIL (Computer Asmsted/Managed Instfuctional Language) A high level language to provnde
. 7 = -€MI/CAI capabilities forthe AIS . )
' ~ Operating System: Modified SCOPE 34.2 . b — e
~ Information Management Systent - o e v " . . o .
S — Applications Programs . §
Prog'ram Status B

&
L)

. unpgmented In the IM/MF course in Januady of 1975. The first iteration of the Adaptwe Model w1ll be ready mn June
T 1976. . :
<] .

Reference

Rockway, M: R. & Yasutake, J.Y. The gvoluuon of the Air FOI’\.C advanced mstru;.honal system JuumaI of Edueanonal
Ty T~ ~—Technology Systems; 2-(3) Winter,.1974. = ., __
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"CONFERENCE EVALUATION .

i . L

Humedly marked responses to five preplanned evaluative questions at the close of a two-day conference 1s

i probably not the most sophisticated way to collect appLalsal information. It does, however, have the advantage of belng
both an mexpensxve and immediate source of data.

“ ~
) In Figure 3 we have shown the responses of 37 Conference participants to each of five simple questions regarding
their reactions to the two-day conference, We can only presume that eight non-responding participants had to catch an .
early flight and tould not contribute to the evaluation. We hope their sensibilities were not so greatly offended as to

induce an early departure The one-page questionnaires were intended to be anonymous, but four participants insisted on
signing their names.

’ [
. ' Clearly, the participaiits were enthusiastic about tTh%va!ue, of the Conference to themselves, with 49 percent
checking the “véry worthwhile” option. No one thought 1 “useless.” Although 1t would be a _mistake to attribute

attitudes toward the future of CMI to this Conference, it is interesting that almost all of the participants thought that the

appllcatlons of CMI during the next ten years would be “expanding.” )

L J

] Thls Conference had two major goals: 1) exohange of ideas and concepts about computer-managed instruction
among program developers, and 2) formulation of policy recominendations which would enhance the orderly development
of CMIL. Question No. 3 deals with the first objective and shows that 23 of the 37 respondents felt that there had been a
“great exchang®” of information or something close to it dunng the two-day meetmg We believe the first goal was
achieved satisfactorily. To achieve the second goal, participants were asked during the last late morning session to disperse
. themselves into seven groups of six persons each. The task set before each of the seven groups was to consider ten policy
questlons in the light of what had been leamed about EMI .at the Conference, and to formulate several important policy
propositions concerning the applications of CMI in education and traming. Upon completion of the task jn the small group
sessions, the total Conference reassembled to receiveé and discuss the policy recommendations. Although the groups of 44
Conference participants had been eating and working together for almost two days, 1t was clear that an msufficient
* amount of time had been alfowed for the poh»y discussions, There was not enough time tu develop a consensus among the
' group “about the appropriate level of specificity for a statement of policy. The recorded discussion on CMI policy matters
was not very fruitful. However,%®ach participant was polled by mail within a week following the Conference and asked to,
give his or her reactions and recommendations on CMI development policy. A_ ‘total of 23 participants responded to this
. invitation with a total of 104 separate identifiable comments. In the section which follows, the editor has attempted to sift

. and mergethe policy ideas presented by the partxlpants Quotes are included from time to time which seenr particularly
"t cogent.

.o

. , . .

A °6 

.

Question Response Rating

1. On the following smlc,‘ pleasc evaluate * the [(a) ()2 (6}‘3 (124 (185 = 427 . K

usefulness of this conference to you: uscless . T very ‘
. . - ‘ worthwhile \
R #2. Please judg¢ the dmount of new information 01 (32 (33 (194 - (15 4,08
*  disseminated at this conferernice: \ . very ) ’ v large’ ¢ .
‘ . - little amount
% . .

3. Pleasc-evaluate the cxchange of ideasand concepts 042 g3 (134 (165 3.78
among participants at this conference: little N ’ T great -
R ' . - exchange . exchange -

4, A‘ler attending this conference, how do you view 1 (02 -[53 (154 (175 4.32 R
the applications of CMI during the .ncxt ten yca(s:- decreasing i * expanding

" 5. Please lndmtc your feclings of the appropmtcncss 01 02 (©3 ((11)4 (265 470 -
" : of the expenditure of federal funds for small - inappro- "¢ i ' very
. conforenoes of this type. involving blghly priate . appro-

’ knowlcdgcablc participants: X . priate

h

Flgurc 3. RESPONSE FREQ UENCIES FOR ‘FIVE FIVE-CHOICE CONFERENCE EVALUATION QUESTIONS

o~

|

|

|

N=37 |

“RIC S - 1
‘ :
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SUMMARY OF PARTICIPANTS' POST-CONFERENCE COMMENTS

.
-

On-CMI Conferencts

.

65

Five paiticipants commented favorably about conferences as a method of disseminating mformation about CMI.

¢

“I believe a separate conference devoted to CMI should be held approximately every two years to
convey ideas and infotmation among the people interested in CMI. Jerry Lippey has done this with
regard to computer-assisted test construction and the conference grew from 30 people in 1972 to 300 in
1974. 1 believe these conferences serve a very useful function. However, they tend to get too big
eventually and one loses track of much of the detail. Therefore, the larger conferences need to get split
by topiz among developers, users, implementers and so forth. My own suggestlon would be to keep the
first two or three of these conferences limited to about 40 people and encourage4nteraction mm.h m the
“-way this last Conference was held.” x . .
v

§ponsur periodical conferences such as that held in Chicago, November 6-8, 1974. There appears to be
a sufficient number of conferences or symposia (through such organizations as the AERA and the APA)
to discuss the mores theorétical issues involved in CMI and‘OAJ\I'vl':tus far, however, there seems to be
much less emphasis on an exchange of ideas betwe€h those involved in-the implementation of CMI 1n
ongoing education and training.”

“Almost the first thing tha} needs to be done is a massive campaign to educate educators in the meaning

and potential of CMI. This can be done through a series of possibly government-sponsored workshups at |

professional societies, survey and tutorial articles in magazmes which are read by educators, and

introduction of computer courses mto education currictla to make CMI a well known and understood

.

subject.t )

“We also.think that conferences such asthe one you chaired should be continuous. A modification for

future confcrenccs mlght be that author’s content should be a definite part of such conferences. Without
the content the sy$tems remain useless and there are many problems encountered both m the: system and
in content developmcnt which need to be shared and ent.ountered by both. Time for more interaction 1s
also needed in order to fully benefit from oth(ea- input . o ) N

L]
«

“An expanded conference and/or special sessions of professional meetings (r.c., aS or, EDUCOM)
should be convened to present catefully reviewed presentations and/or papers on £MI. Hopefully, out of
thismnference would evolve continuing special interest groups (fon‘nal or informal) involved with CMI.
Clearly, one of the immediate problems in maximizing the contribution of CMI is to make ndviduals

** aware of the existing CMI, to pgpvent the reinvention of the wheel and to facilitate extrapolation of
. existing systems to new environments and new applications.” .
s . T Y - )
On Increasing the Acceptability. of CM1 i ° ) -
e e R it s I - e — - v ——

of CMI apﬁhc,atnons in institutions concerned with education and training.
\?

Q

ERIC
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ofmdustry to extend the applications 0§ CML.™". .

"Ltypes of students. CMI was able to overcome tr

Nme participants made cogent statements related to ways that would, in therr VpINIVN, increase the acceptability

. the state of the art in CMI is such that it is ready for much wider application than is now the case. It
also seems clear that it is in the interest of federal, state, and local governments, as well a§‘m the mterest

e \

;s »

“CMI should begln concéntrating on the growing populhhon of vocatiohal and continuing education

self-pacing problcms in an impressive manner.
The public schools, on the other hand, have an Overabundance of teachers, few travel problems, and
.dwindling numbers of students which will probably ueate a hostile environment for innovative CMI
tcchnology S . - .

adult students. Two of the more outstanding PWS at the Confcrcnec told of work with these
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~

implementation of a CMI system in an envilontent other than that for 'which it was-developed. This
testing or extrapolation of CMI systems should provide valuable distribution and sharing experience as
well as provide good research data on theé benefits and application of the CMI system as transplanted.
This idea is still somewhat vague'in my mind, but holds potential particularly in these days of where
deélining budgets dictate the need for careful analysis of existing systems before tlte deve{opment of new

ones.” - . L\\Q’

“The following, actions can be taken by universities to promote the development of CMI systems. a),
offering courses related to CMI, b) incorporating basic computer knowledge courses in teacher tramng
programs, ¢) encouraging instructors of courses to employ the CMi approach, and d) modifying
fegulations which may handicap instructors’ participation in developmental activitie}and students’

“Effort!should be made through whatever‘q%a\ms possible to establish experimental test situations for

enrollment in courses managed by computers.”
“. . .there was a great deal more variability in the extent to which.various CMI systems have been
accepted by and successful in their respective institutions than can be accounted for simply by the
quality of the systems themselves. For lack of a better word, political considerations appear to be a
much greater factor in determining acceptance~than does system sophistication. It may well be that the
field would benefit from an intensive study of those factors which inhibit or facilitate CMI success m
different settings.” ’ ’

£
.

“Limited research must be continued with projects that meet specified criteria in selected areas of
educational technology. Enough money must be allocated to .insure success or failure. Three-year
funding or less is not going to yield answers.”
. : -
“My recommendations involve action at the federal level that needs to be taken if the contributions of
“CMI are to be maximized in the next decade. This does not, of course, preclude the involvement bf
agencies and organizations at the state and local level but does support the concept that the Ingher the
.. level of action the greater the national impact.” ’ .
L jﬁfg seems to me that CMI as we khow it today is perfectly [sﬁ:} technically feasible on-a variety of
*equipment, both large and small; therefore, the most pressing issues in CMI are not technical ones, but
. tather lssueg of acceptance gnd utilization by large numbers of people.”

-~

- “Provide funding support for the development of CMI systems. Guidelines should be established to
delineate the characteristics of CMI systems that should be incorporated into the development projects.
Proposals should be elicited that place an emphasis on d’evelopinent of CMI systems that. a) effectively
support the instructional process, b) efficiently and reliably perform the tasks they.are designed to do, ¢)
support a'wide range of subjects and instructional modes, d) are not hardware or software dependent,
and e) are transparent to the user.” v : < .

’

On the Need for Model Demonstrations of CMI Systems

Six comments by the Conference participants emphasized the efficacy of models and demonstration sites for -

1

’ advancing CMI applications:

“I think it is important that a CMI demonstration site be established. The site must have a service

} function for a variety of student populations. It also must have a development gnd research function for

‘ courseware, software and hardware dimensions of CMI. The site might pgséibly work in conjunction
with a CAl installation.” * - ) .

“Several demonstration projects in CMIL should be funded. These should nut

| clude deyelopment of new
hardware and should not be on a grand scale. Such systems should be

ield tested in a vanety of

e s
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- - N ! i
locations, and the experiences and costs of required elements, such as trammé of teachers and sultablllty .
of equipment, should be documented.”
"‘A demonstration school with opportumues for experienced and stydent te.;nchers to teach mn these - N

situations would [provide a core of experts who could return to their own school d}s&lcts to design and
implement local demonstrations.”

“Major demonstrations should be conducted in an engineering manner. The field setting 1s the real
developmental laboratory. While some research needs to be maintained, at least two major
developmental-demonstrations should be mounted in educauonal technology, with the design to includ

increasing productivity in education. CMI needs a major demonstratlon effort as CAI has had.”

should got bf the role of the demonstratqy to solve research problems. However, it is a suitable role fo
the demonstrator to identify specific problem areas that need research answers.”

“There are some CMI projects already in existence which could be smoothed into medel projects, or new
model CMI projects could be conceived, funded, and made available for demonstration. This should
cover the spectrum of application as to grade level economic level, and type of educational institution,
and should be broadly based relative to hardware and software. That is to say a variety of manufactures
in sizes of main frames and styles of operaung systems should be used.”

” . N -~

On Establishing a CMI Information Clearing House

About one-quarter of the participants recommend establishment of a CMI clearing house that would facilitate the
exchange of information and program materials. Some representative comments follow.

“Establish a clearing house which provides catalog-type listirigs and" descriptions of subject matter which
has been self-paced ot individualized ima manner amenable to CMI. It still appears that those mvolved
implementing CMI projects spend a significant amount of effort in developing instructional materials. If
) materials which have already been developed could be exchanged, it would allow those-interested 1n CMI
. per. se to expand their cfforts on more CMl-related issues rather than in developing teachihg mate;als.“

“Establish a clearing house for dissemination of information on various CMI projects (i.c., public
schools, universities, military and industry). There are many very worthwhile projects going on
throughout the country which are not wéll publicized. It would be very beneficial to have some
mechanigm _for exchanging information with those involved in various kinds of CMI prolccts .
*“Funds should bc made available to set up a cammupications network where all items funded by \
government remain in the public domain and can be accessed by mterested parties. Transfer funds for

initial start-up should be available.” ’ T
“To summarizé, I believe the biggest problem facing CMI at the current point in time is that of .
- communication among the various interested people so we can get some idea of the structure and scope *

of the field and at the same time try to pull out the various theoretical frameworks that sit underneath*

these endeavors, Most of the people at the Conference were essentially lmplcmenters rather than

thconzers However, at some point in time we need to have enough information to snt back and ask the

quéstion what are we really doing in CMI? Such #n apen communication network would greatly

facilitate this effort.™ . ) \f~ . ,

. . y

“There sheould be some formalized mechanism for collcutlng and cxchangl 8 information about CMI .
' installations. The forms described above could be collécted by some central’ agcncy suck as Penn Statg or

NIE or somcbody else and distributed yearly as a package or mdwxdually upon request especl

ERIC
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those people having submitted forms- they should automatically get the complete set. These formal
mechanisms take very little effort and yet can serve a very good function within the field. It means a
little bit of clerical labor for some pcople butl think there are those wnllmg to do that in exchange for a
certain amount of glory.” . .

“Set up a clearing house (at the federal level) for machine readable test item banks to minimize
duphcatlon of efforts in developing item banks.”

.
r

“Some means must be found (I hate to suggest another central clearing house) to disseminate
information relating to well conceived, reliable, operating, available, economical, transportable, etc., CMI
prograis.”

“A clganng house for the collection and dissemination of information and materials concerned with CMI
should be established. This could be similar to the organization established by the National Library of
Medicir.e to take care of audio-visual materials. It was demonstrated at this CMI Conference. that there 1s
much being done in CMI around the countty, but r.ot much sharing going on.” ' ’

-

On Clearing Up the Definition of CMI- : '

Several of the participants commented vigorously on the need for nomenclatures and descriptive conventions for
use in connection wnth CMI operations. In their comments, none of the participants referred to the pre-Conference
documents (p. 1) which proposed three distinct levels of sophistication in CMI systems. Either they had not read the
advance material or they did not consider the attempted dasmﬂ.atlon scheme to be relevant. The most anteresting
comments on this toplc are as follows: . ) ¥ ro. .

“Much of the CM[ work reported at the Conference in Chlcago was very closely akin to CAL I think 1t 1s

important that we recognize that CMI arches the entire range from individualized testing and

prescription to the management of the instructional system of a complete institution.”

“Initiate an effort to define and categorize different levels of CMl (e.g., on-line vs}*atch processing).
There is still-a lack of standardized definitions of CMI. Some systems, appear to be quile sophisticated 1n
their CMI approaches (e.g., on- line testing and student prescriptions). Others appear to depend on
ovcrmght batch processing of student progress data. Both categories are called CMI. There needs to be a
clearer definition and categorization of these functions and levels of CMI so that everyone 1s talking
about the same thing.” )

“Clear specifications should be made by educators of what a CMI system is. The purpose of these
specifications is not intended to limit individual developments. It is intended to provide helpful .
guidelines for those interested in developing a CMI system. The specifications should provide the- —- --- -
following information. a) the roles of instructors, computer, instructional and testing matenal 1n a CMI

system, b) how instructional and testing material should be developed to fit into a CMI system and c)

the séftware and hardware required to implement such a system.” .

“I believe suggestions and recommcndatlons proved difficult because we lacked a clear defimition or

definitions of CMI. ,Pne presentations described projects from a limited, retrieval system to rather

sophisticated CAI projects. So first, I would suggest clear definitive gundellncs be established so we are

not comparing apples to oranges. This probably means we need more ‘categories than CMI and CAI
" Perhaps we could define by functions, rather than such broad general terms!”

“Develop, a taxonomy to classify and compare CMI systems which emphasizes the decisions for which
data ar¢ provided and which minimizes.the report ?'ormat for hardware and software elfaractenstics.”

“Develop a suggested nomenclature for CMI concepts wluuh includes concepts in the mstruutwnal
p p 88 p p
) twarc and management domains.” '7 )

ERI
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, .
*“Sponsor studies to define the role of tea?hers, instructors and aides within a CMI environment. Much of
the current emphasis in CMI is fcused on management of students without a real fook at the role of the
instructor in this new environmgnt. Thls is a very critical area. There needs to be a much more thorough
and systematic effort to defin ¢ tole of teachers and training managers and to come- up with :
" suggestions regarding such areas as selection and.training of such people.”

“Arrange for an impact study with analysis of impact on jobs, nature of work situation, changes for
teachers, changes in relationships to the educational proces on the part of the students, related family,
public leaders, étc.” - -

“There should be developed a standard form for descriping CMI s;?stems using a consistent set of
characteristics that deal with the curriculum plan, the instructional model, the management philosophy,
and the use of the computer as a major set of headings. We could make a pass through the known
systems from the Conference with such a form and use them as the debug tool to develop a good one.
Subsequently, we could mail these out to the people responding to the inquiries mentioned above and
have them filled out and collected at a central point for dissemination. Perhaps they “could even be
inserted into ERIC or something along these lines. [ think such a data collection mechanism would be
extfemely helpful for fields which are as fluid as CMI is. Periodic follow-ups could also be conducted to
find out how many systems have died over a given periéd of time.”

On the Importance of Theory in CMI
< .
3
Many of the participants in their comments referred to the need for a theoretical undergirding of CMI systems.
Four of the most explicit comments are as follows: :

“Development is needed of instructional -theories that can be employed by CMI systems. Theortes of
instruction deal with the organization of instructional and testing options in order to optimize the
effectiveness of the learning process. Such theories are indispensable for developing an effective CMI

system and also for evaluating such a system.” .

P
“Basic research must be expanded in learnlng theory, teaching theory, biochemical studies, and the
sociology and anthropology of education.” .

“. . .our efforts seem to be uniformly inadequate with respect to instructional technology. I have always
been concerned that if and when the technical problems of CAI were resolved, we would still be unable
to use the capability effcctlvely I think we may very well have reached that stage with respect to CML
That is, we may be approaching asymptotc with respect to knowing how to build an adequate
management system, but we are still grossly inadequate in knowing how to use that system effectively.
The crux of the problem, as far as [ am «.onbcrned lies in our limited ability to detect relevant individual
differences and to tailor instruction to those differences, ‘While CMI can provide the management tool, it
cannot provnde the managenignt rationale.”

“CMI do'es imply a change in the teaching and'learning process in the classroom. Individualized
instruction were key words throughout the Conference. However, our apility to change human behavior
lags behind our technical capabilities. Much needs to be done with the training of people to accept and
use the technology available now. I dare say most teachers—elementary, secondary, apd university —are
preséntly /opposed to CAl and/or CMI projects.” v

s
Iy

3

% S

_ On Making CMI Cost-Effective in Edutatién

The participants generally seemed to believe that a portion of the promise in CMI applications lay n the uritenion

of cost effectiveness. Three comments were representative:
’ ¥

Q ) . '7(3
ERIC . - ,
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“In times of tight money, which it looks like we may be in for some time to come, emphasis should be

. Blaced on ways to do an equal job for less money. If computers are to be used to assist in cost . :
reductions, then it would appear that CMI might show the way. My personal upinton 1s that we will find

* tha( the cheapest way to provide CM1, which in turn will help reduce overall educational costs, is
through the use of mini-computers.”

. “Direct attention should be given to efficient low-cost data transmission hardware. Hopefully, CMI
N (whatever it is) can avoid the prohibitive cost of terminals and direct line hookups to computers.™

“Sponsor research to define and develop a family of low- to medium-cost computer terminals 1n support
of CMI. Much of the current research efforts appear to be aimed toward the use of such terminals as
those represented by the PLATO IV project. Depending on the sophistication of CMI, much less
expensive terminals would probably do the job. There needs to be research to define the functions of
CMI and then to develop computer terminals to support these specific functions.”

» - > .

Summary ’ ’ . g,

v

~

The participants in this Conference are generally optimistic about the poteatial of CMI for impacting education
and training. They were impressed with the wide variety of developed CMI systems discussed at the Conference. There was
a general endorsement of the need for increased funding for résearch. and development in CMI and for greates
dissemination efforts, including fréquent ;onf’fem.es. The participants make a persuasive case for the estabhshment of
information and course material clearing houses, They believe that settmg up model CMI systems .would Increase the
acceptablllty of computer-based education as a viable alternative to traditional programs of nstruction. ‘. e
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Harold E. - °
Mitzel

The
Pennsylvania
State
University -

* 2

“Thé gap between
con;puter-based
potential and cur-
rent practice in
schools is gigantic.
... astaggering
total annual®op-

portunity of 22%2 -

billion instruction
hours exists.”

o~

_ Administrative Uses ' ' or computer-assisted instruction (CAI). The gap’

device. . , cffort per school day, of ‘which perhaps half is
) . . adaptable and appropriate to cither complete pupil/” ;
Scientific Computing  ° computer interaction, or to some kind of com-

“principal education application of computers.

‘frequently applied in secondary schools than in  the best known. Typically, the subject is mathe-

. Science, Foundation [NSF), learned that about 13  carefully progfmmrphd_){mterial. Initial exposure of
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Computer Techncldgyg I"ts‘-Fthre Role in -

Basic Education |

.

- ,
The purpose of thisopape; is to briefly review  puter as dn instantaneous’ retricval device. This
major applications of computer technology ing applicgtionqur separating one from many depends
schools and to examine the constraints and incen-  upon disk™ storage and -time-sharing equipment
tives which will bear on their future role in basic © which are commonplace in umversities and large
education I will restrict my remarks to computer . industries, but rare in schools. For the future,

applications in public and privatc lower schools. = computer-based information retrieval looks prom-
. ) . ising as schools try to improve their services. The
Major Uses of Computers in Schools . 7 mote Access Management System (RAMS), con-

ceived and operated by the Oakland Intermediate

. There is no completely satisfactory way to Scimgls in Michigan, illustrates such an applica-
classify_known computer applications in schools ¥

because of the wide divetsity of practice. There
are, howevel, four major applicdtions: (a) computer
as an administrative aid; (b} computer as a séien-
tific, arithmetic problem solver; (¢} computer as an
information retricver; and (d) computer as an in-
struction facilitator, .

tion.
gUon- .

“Instruction Facilitation .-

The fourth major application of computers
is in facilitating instruction. Three subdivisions
of this use are discussed below: drill-and-practice;
computer-managed instruction (CMI); and tutorial

, Computers have their largest education appli- bctwc.:en' computer-'bas'ed potential and current
cation in admigistrative functions. preparation of Practlce In sch'o<.)ls 1s g!gantlc.. If there are approx-
payrolls, accounts receivable, accounts payable, and ~ imately 50 million children in grades K-12 who
invefitories. Teacher orgamizations favor the ad- spend an average of 5.hours per"day n schoo.l,
ministrative use of the computer as a dues checkoff then there are 250 million hours of scholastic

The rapid growth of research and develop-  puter supplement to regular lessons. With 125,
ment activitics in colleges and universities has 000,000 hoursavailable pey day during a typical
becn made possiblc by a parallel growth in com-  school year of 180 days for some kind of com-
puter technology Scientific computing in higher- putcr baséd interaction, a staggering total annual
education, as differentiated from instfuction to  opportunity of 22'2 billion instruction hours
students in computing techniqucs, has been the  exists. T

_ This oppgrtu’nity ean be met in a varicty of
Problcm solving with computers, though less ways. Drill-and-practice applications ‘are perhaps

cqlleges, is becoming increasingly important.  matics or some other well-ordered material where
Korotkin et al} in a ‘'survey for the National' ecach léamer gets a 10-15 minute “shot-per-day-a

percent of U.S. secondary schools had some type  the pupil to the particular concepts has been ac-
of camputer cither on sthool grounds or available  complishcd by tfaditional means. In this sense
to staff and selected students through a remotg . drill-and-practice on-the compputer is supplemental

terminal (1). : ‘to mainline instruction, . *
information Retrieval C K - In usiyng\-\z; computcr-managéd -instruction
Not so well advanced 1s the use of the com- (CMI) system the learner also acquires mforma-."“

tion, skill and concepts in traditiofial: ways. The

Harold E. Mitzel 15 associute dean for research and ~ computer is uscd for’ testing, recording, dnd syn-
professor of psychology in the College of Educa- thesm_.mj.;.a performance record for cach learner.
tion, The Pennsylvania State Umiversity, Univer-  In primitive CMI systcms the computer-generated
sity Park, Pennsylvania. . ihformation is used by a teacher to make individual
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diagnosess and Pprescriptions for learners. In ad-
vanced systems, the learner uses the computer and
receives his or her own diagnostic and prescriptive
dnformation. Fewer than a dozen CMI systems jn
active usg involve a few thousand students anﬂ%.
ally. However, because CMI systems are relatively
inexpensive, their development seems assured.

When most educators speak of compdter-as-’

~ sisted instruction (CAIl, they enwvision a tutorial
application involving both the learner and the
stored program in the computer. The Socratic
model of one teacher and one learner has gener-
ally been followed. A tme-shanng feature on
many computers makes it pussible for each of
several learners to feel that he or she has the ex-
clusive attention_of the device. The curnculum
is offered in such a way that the student 1s ex-
pected to reach the objectives of instruction at the
computer terminal without vutside study. Thus,
in tutonal CAI the computer can be thought of as
being integrul to instruction, whereas in CMI and
dnll-and practice modes the computer activity 1s
supplemental.*

Although computer technology has had con-
siderable influence on American life, 1t has not
yet had much 1mpact on major instruction pro-
grams in schools. If :hc computer 1s to realize -its
potential 1in schooling, what are the conditions
under which computer technology is the key to
the future?

Rationale
*

Many protcchnology enthusiasts [Tickton (2},
Camcglc Commussion {3), Commuttee for Economic
Development©(4), and Worth (5]] have assumed
that the potential power of computers would be
brought to bear on education. They have justified
this position by assuming that because the com-
puter has become indispensable to science, re-
scarch, business, industry, banking, travel and
dating bureaus, it will soon become. an indispens-
able tool of instruction. This p(gsfuon fails to ac-
count for constraints as well as incentives for
bringing computer technology to bear on the main-
strecam of schooling i this country.

Although we have by no means considered
all: factors, the subscqucnt discussion 1s organized

the following topics: {a) cxpectations of
schooling, nand for diversity, (¢} toward
more human® schools,

markct for computers, (L} stafﬁng the computer-

" based cumculum and [f) paying the piper.

.

* The author has intcnuonall‘y omitted the instructional
apphications 1n computer science and data processing
courses in which the computer is employed as a tool
to teach 'cdmputcr programming.

Aruitoxt provided by Eic:
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‘ Expectations of Schooling

‘Many citizens are dissatisfied with current
results of schooling [Silberman [6]). Employers.
can’t trust a high school diploma to be a literacy
credential. Ghetto parents know that their chil-
dren don’t like school and are not acquiring basic
skills. College professors arc appalled by the ab-
sence of scholastic skills on the part of séw stu-
dents. But despite these recurring and #ald com-
plaints about the results of schooling, our society
still honors knowledge and employable skills, and
the average citizen is sure that with a little tighten-
ing up here and there, particularly on the part of
teachers, the schools can turn out a satisfactory
product. To suggest a massive infusion of new
computer technology into a pervasive climate of so
50 satisfaction with schools is to court failure and
frustration We as educators and molders of public
opinion must raise citizen expectations of ®heir
schools Ouf children are capable of learning,
achieving, and creating much more than our

.schools and homes are currently affording. Sizer

offers  an extensive discussiori of this point (7).
The logic and preprogramnged decision- makmg
capabilities of the modern digital computer make
it the only candidate immediately in view that
can handle the.complex task of monitoring, sum-
marizing, diagnosing and prescribing instructional
moves simultancously for many learners. Of course,
educators do not yet know which of the hundreds
of descriptive vanablcs about learners are most
relevant for instruction. But ‘this needed evidence
represents an empirical question which can be
derived from the ecxperience of prograrhming
courses of instruction for computer presentation
and trying them out on learners with many hy-
potheses about different learner-adaptive variables.

We have long recognized the motivating
effects of “sclf-direction or independent study. If
instruction can be put into, computer storage, and
learners. given a wide variety of choices in de-
uding what they want to learn and in what se-
quence, then education will be blessed” with in-
creased motivation and improved learner selfq
direction. Thes¢ computer applications depend.
neither on new technological developments nor

" on new pedagogical concepts. The major restraints -
lic within the socjal institutions responsible for

-

education,

creation of an cduca‘tTo‘ﬂ‘sD_&.a“d for Diversity U .

Toffler makes a persuasive case for the long-
term trend of increasing diversity in life styles
and' consumer products (8). In his view, the use of
computers in schools offers the, opportunity to
respond to increased citizen demand for diversity.

However, this demand for diversity is not
being responded to adequately by most educators

72

“We as educators
and molders of
public opinion
must raise citizen
expectations of
their schools. Our
children are ca-~
pable of learning,
achieving, and
creating much . :
more than our |
schools and homes
are currently
affording.”
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“If instruction can
be put into com-
puter storage, and
learners given a
wide variety of
choices in decid-
ing what they
want to learn

and in’what se-
quence, then edu-
cation will be
blessed with in-
creased motiva-
tion and improved
learner self-di-
rection.”

Aruitoxt provided by Eic:

.
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in daily contact with children. The conflict thereby
created will not be alleviated by _adding more
policemen to the school staff, nor by reducing
average class size from 30 to 28 students. On the
other hand, computer programs which encourage
inquiry, simulate real world processes, and pro-
vide for widely varying pupil .interests do create
a dxversc environment for learning.

The computer makes it possible for educators
to greatly cxpand the available curriculum Tor
learners. The ‘knowledge retrieval capability of
large computer systems, plus the storage and use
of adaptive information about learncrs will make it
possible for every lcarner to have a unique cur-
riculum. No longer will debates about curriculum
be restricted to what can comfortably be taught to
an average groyp of students at a particular grade
level The comphuter makesNit possible for learners
to have individual access to a wide varicty of
knowledge Instcad of long debates about what is
worth tcaching, future educators will be able to
shift this responsibility to the learncr.

Most people who remain lgnorznt of the es-
scntial opencndedness of a computer system b -
lieve that it is a device which impersonalizes
dehumanizes people. But in actuality the computcr

is capable of responding, when programmed _ng/

erly, to an almost infinite variety of patterns of
behavior, physical characteristics, and tas’tgs. Chil-
dren who havg not been taught to fear technology
quickly grasp the diversity inherent in the com-
puter and often become its devotecs.
E )

Toward More Humane Schools .

One root causc behind the common obscrva-
tion that schools fail tu edutate hies 1n badly de-

terioratcd relationships between teachers and stu-

dents. The_ crisis in tcacher-student relationships
is seen in school statistics on excessive absentee-
ism, vandalism, drug abusc, riots, "and violent
attacks on authority figures. School is perceived
by students as. a spiritually destructive placc which
fills no cssential peed in their lives. Teachers and
administrators are viewed as adults who “holler”
at kids, enforce petty rules, and wield arbitrary
power An adversary system dominates classroom
interaction where the teacher; backed up by the
principal and guidance counselor, is pitted against
the students. While destructive interpersonal games
are played out in some schools, socicty unc:mly
watches from the sidelines

One of the TRt thing$§ we must do to reform
schools is to incrcase the expression of human
warmth between adults :md students. The chal
lenge is how to change the emotional climate of
the classroom without sacrificing progress in the
“achicvement of acadehnic goals Students st be
rcward;:d for their h(mcqt agtempts to, learn™To

A

provide them with praisc and other positive indi-
cations of their self-worth, we must obtain more
feedback than is charactcnsuc of the classroom
which provides ‘a cage for 25:30 children, one
teacher, and a varicty of inert matenals. Medley
and Mitzel have shown that most’ lessons ,above
primary lefel are conducted cither 4s an exposntory
lecture or a class diScussion {9). Indmdual students
have only minimal opportunities to interact di-
rectly with the teacher, who must somchow in-
struct 30 stqdents ascxf there were only

-y In a previous article I have showrd how an
aggressive, able youngster 1in a traditiongy]l class
discussion can recite and rggeive feedback, ipclud-
ing praisc, 4,0r 5 times during a 40-minute class
penod (10). A shy, withdrawn child 15 easily over-
looked and unnoticed and may recite with ex-
pressions of teachcr approval only once a week.
Contrast that mass-cducation picture with the
computer-assisted
every child receives fegdback and encouragement
of his or her learning .offorts once cvery 30
scconds, on the average, for a total of 80 different
rewarding and informative exchanges in a 40-
minute period at the gomputer terminal.

With sensitive pro ming, computer ter-
minals can create an absorbing, responsive cn-
vironment for learning. The student knows that
when he or she makes a response, somcthmg will

&

instruction  workroom where

happeri immediately tv provide him or hér with .

an appraisal of the quality of the respunse and
offer guidance toward future cfforts. There is little
wonder that 450 ninth graders in adifi¢sburgh high

“school who spent 4 portion™ of their daily mathe-

matics lesson at the' computer tcrminal and a
portiun in individualized study with print media
markedly preferred™the computer cxperience (11,

So far we have discussed the superiority of
the computer terminal over convcnﬁonal mass
instruction in creating a r<.sponsxvc/ ‘environment
associated with typical learning activitics. But there
is an additional opportunity for greatly improving
the quality of the school climate when computer
tutorials arc introduced into schools.

To understand this second opportunity we can
classifyy classroom teacher skills, as being of a

‘higher or lower order. Examplcs of lower order

skills are: presentation of _mform:mon to be
lcarned, display of 'drill and practice exercises,
cvaluation of studcr‘rcsponscs and  provision of
feedback. Examples of higher order skills are:
diagnosis of a student’s learning disability, mediat-
ing a dispute, assessing the impact of a student’s
home environment on behavior, and expressing
comfort for a wounded spint or an infarcd hody.
The cause of instructional reform would be greatly
advanced if lower order skills were handled t)y

‘cargfully scqud‘ﬂccd u)mputcr programs. *Teachers

Bed
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_would spend less time on lgwer-order skills and  to encourage: CAl.developers tatry to adapt -busi-
" " "would transfer their upiquely human talents to the ness-oriented equipment’ to the pedagogical nceds
higher order skills forwhich there is no computer  of subject matter. -It's not working! Bank teller
. programming imr the foresceable future. Many teach- + computer terminals and teletypes are obvious mis- »
, “ers Would have to be refrainedin orderto-shift their  fits in® the world of pedagogy.: Some developers «
_emphasis from lower order skills to higher order have been willing to make compromises with Ehc
. ones.* . ) N h' . ) .., = rcal.world in order to try to usc such, equipment
. Silberman documerits the great interest.being  for teaching purposes. Others have opted for the
. ¢cxpressed by JAmerican cducators in the British lc%n or business terminal on the grounds of
economy:

infait school model {12).. By finirgjzing structure )
An attempt to adapt computers to ‘CAI needs

and- emphasizing Student freedom to inquire and
explore, tHose schools are unquestionably improv-  was mag: by the International Business Machines
{IBM) Corporation 1n 1967 At that time IBM de-,

.~ ing schoolgoing attitudes on’the part of students,
veloped a s;’ccial limited version of an'instructional

Many Americans will, however, be unable to ac-
. “cepf the absence of the traditional lesson plan system, the IBM 1500. Only 25 units were assem-
bled apd marketed. The majority of these are still

with its interest-arousal activitits, presentation, ex-
hortation and followup by the teache all¥of operatink in university rescarch and development
Y whiéh “turn o_?f" most c'hilﬁrcn in today’s schools, laboré‘t’orics. More recently, under sponsorship from .
Since the close af Wo'r]d “War II, Americans®  the National Science Foundation, the PLATO pro)-
kave been t?y,in'g to impyove" their schools by in-  cctat the University of Hhinois (13} and the TICCET
creasing the subject mattér knowledge of class- project at the Mitre Curporation*{14} are attempting
toom teachers Federally sponsored institutey since 10 fill the void in computer wrminals designed tor
the passgge of the Natienal Defense Education A6t instruction as part of complete pew systems.®
fNDEAY™f 1958 have made -t possible for many It is, howeyer, unfair to place all of the blame
teachers to increase their knowledge The rationale  for turtle paced pmg‘ss i CAlL application- on
for this néw interest in‘insfrvice teacher education  the hardw arc cymmusity. Schools must recognize
* was the notion thgfva*tqacher cannot 'tcachds‘l\ that "therc 35 a long-term devetopmental * process
those subicets which he 6} she does not know well.  involved 1n applyyng computer technology to 1n-
It scems to me th@\, the heavy emphasis on ' struction. S\.l.muls van create the bégmnmgs. ot a
student acquisition of hard con_t‘cﬁt, charactenstic mass market for md!!deht&“C!'S by investing n
of the postsputnik era, has been, bought at t some eagly design cjuipment, Tt should be undes.
prict of a declining interest and concern amo gl stoad that pionecfing cquipment has to be tried |
" educators Tor ‘the uman values which should be  out in’the ficld so that rdisign and improvement °
a part of schooling. If we shiftdd a major por,tio‘n can occur. The schools should also be awarc that
of the lower order presentation skills to a rich ~ the cXistence of a mass market ultimately brings
CAI cnvirenment and then retrained our. teachers down .the cose iy technological P'OdUCtS-
to engage in and emphasize Yighet ofder. human .- . Of all the constraints operating to prevent
relations skifls in the classro could reform  optimum application of computcrs in schools, none
the education. of many Ame " scems more dismal than the "waiting game.” Man-
computess, ,the «cpitome  of i onality’ and  ufacturers are waiting for a maSs market to appear
product of the space age, offer us an opportipily  for CAI cquipment. Schools are timidly -yv'a_ifing
to’ reform, our_ schoolsdy making it possible do  for 21.25 century sophisiicatigp ,aﬂ' in CAI

©
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“redirect cfforts and humanize cchoé}ing. > systems before invelting.a nickel. Curriclum de-

. SR A T 2* velopers, instructional {echnologistsy the federal

+ Creation of an EglycationsMarket for Computers =+ -government, and others 1A the middle gre waiting
’ One p.‘.a_son for the slow assimilation of com:  for both sides to, mové) We ‘believe t&‘a break

" puter t&chnology” into the instructional heart of
cducation-is the ugavailability of hardware. and
operating systems specifically designed fdr instruc-

in this crisis oflcadcrglgp will come. with federal

initiatives toward long-range” planning The same
. 4type of cffort now Bciq‘;applicd to the- cnergy
’ tion Computer manufagiurers have been®unable  gtrunch would also well serve*the nceds of com-
to racognize an unambiguous mass muirket for pu;pl”applicatiqns in schools Our planning ‘should
"_education machines Instcadmthe pattern has heen target the dates for ‘achievement of specific inter-
R VO, > ‘l " . - .7 ) : '

s ., -
.

F

s b .
*PLATO is an acropym’ for Programmed Logic for
s ¢ ; Automatic, Teaching Operations. TICCET.is an acro-

shotild be noted that CATdgast been used effectively for  .nym-for Tyme-Shared Interactive Computer-Controlled
. instrvice teacher edication at Penn State since 1971, E\ducaiiona! clevision. oy
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~We arc.piot necessarily recomm%hdmg the usc of the
' computer in this massive retraining effort, .but it

Aruitoxt provided by Eic:
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“With sensitive
programming,
computer termi-
nals can create an’
absorﬁing, respon-
sive environment
for learning.”

“One reason for ,
the slow assimifa-
tion of computer

technology into .-

the instructional
heart of education

is the unavailahil- ,
ity of hardware ,

and operating sys-
tems specifically
designed fas in-
struction.”
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mediate goals with realistic schedules for research

. . and develophent activities.
) : - » <.
. .. Staffing the Computer-Based Curriculum.
Sizer sets the tone for a discussion of con-
, stzaints on CAI provided by working educators in
‘ " the schools:

The possibility that' computers will be used in

* schools seems to turn otherwise reasonable men

\ and women 1nto either,implacdble Luddites or
tdealisic zealots. To some the machine is the
symbol of imhumamity, a blinking ngid monster
devoted to the dehumanization of the school. To
others the computer is the route to new pedagogi

cal sophistications, a device to free | hild from
the clitches of the biased, smot teacher

«

“A militant stance
- by teacher organi-
zations on the job
" preservation issue

. Lud jtes think of zealots as bloo techni-

: azth.e price for ctand. The latter find the former fearful reaction-*
_ admitting new arjés. Both “huddites and zcalots' ard ‘wrong, .of
technology would urse, and both are perversely n . 2 new
nofbode well for £, of educators, who are neither Ludlilgcs not
the future of the zealots, needs to be furmed, and servus inquury on
. schools.” the purposa.of computer tcchnology in reaching

! them must be pressed {15}).
, N Although the widespread use of computers in_

schools might nat change the overall staffing needs
.. in the knowledgc industry, %‘would undoubt
R cdly be major *shifts in the % )obs and in
. the training required for their cxccutlon CAl in
schools Would likely create a diffgzentiated staffing
pattern where there would be feweNworkers in the

middle salary bracket of $10,000 150Q0 annually.
< Presumably, there would be more appoiixqents of
‘ paraprofessionals {at $6/000 7,500} and highJevel
. . . specialists {at $20,000 25,000). Assuming a refo

of education based on the benefits of the new
) tcchnology, there \wuld be a marke
- .o thc\l
ing teachers, guitance coynsclors, special educa
tion teachers, and rdsource room teachers. On the
other hand, the numb¥ of curriculum designers,. ,
) mstructloﬁl tcchnulogxs Nand ‘audio visual illus
s trators should mark dly ‘inc

) The goal for the zealots to Whigh Sizer refers
. above is tu'be able foveemvince the polwically®
SEnsItive lcadcrs of teachér urganizations that the
long:ferm interests of their members are better
served by quahfying for better payin hnghcr level,

- more " technically and man3genally Linvglved po

sitions than s prcscntly the casc. ‘\ miihtant stance,
by teacher vrganizativns the’ jhb preservation
issuc as the prce for adn@ting new tcchnqlogy

would not bude well for the future offthe_schools.

Soucty would undoubtedly b8nn to lonlg else

where for new cducanvc m(:chamsms '

L
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Paymg the Piper ) * .
A major Constraing o ‘sizeable computcr ap- .

plication 1n nsttuction 1s*the current dgctmg
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‘practice., School systems. characteristically aHocate

80-90 percent of their operating budgets to per-
sonnel . costs associated with instruction.  After
taking out costs such as debt reduction and physi-
cal plant maintenance, ther# are practically qo
degrees of freedom. Rising personnel costs must
be met with an increase in thé total. operating -
budget. Most laymen can only conceive of the
purchase of instructional equipment as an item
in the operating.budget. Obviously, the, purchase
of a million-dollar computer for a school organi-
zation with a $15,000,000 annual operating budget
1s 8.5 percent of the $12,000,000 already com .
mtted to tcaching persunnel on a contnuous
basis. Even if the same pupil services. could be
shown to be providéd by the computer, the social
and political pressure generated by a release of 10

‘percent of the teaching faculty would be fierce.

One way to make a nontrivial application of
computer tcchnology in schools is to think of a
computer as a long term capital investment in 2
caching tool. In a sense school buildings are
teachirig, tools and they are charatteristically
amortized over a pcnod of 30-50 years. .

No one has thought much about amomzanoﬁ
of compuyters | because they have characteristically
had a high obsolescenca rate 4s successive genera-
uons of faster and moge powcrful machines have
been made available by manufacturers. Becausc
third and fourth generation computers depend on
mimatunzed components, 1t 1s safe to conclude
that the useful life of the devices has been greatly
extcnded. With pruper mawntenance, it would not
seem to be an undue risk to estimate that an in-
tructional computer would serve a typical school
15 20 years. Spreading acquisition and beaefits
ver a relatively long term drastically reduces the '
impugt of apmputer applicatiun tg instruction on
the anmual Operating budget of a school. Such a
plan helps cdress theammbalance of gxcessive
labor intensity 1n schod®financing by casing
depéndence on a ¢apital invesetfient. "0

Purchased coénputcrs applica to instructional

- tasks have another financial qdvantage. The long

term projeition for personne

_almost guarantced to maké wages {0
majot bargaining poingActween school authorities
and teacher orgamifations. This means that m& |
_dollars will have to come frobm tax sources to mee \
csca‘latmg~ derhands. On’ the bther hand, interest ™ .
ratcs paid on bonded indcbfédness for cquipment
quisitions is. steady. In- the long run, a school
e}n save money if its operations are somcwhat less
. labor intensive and its budget 1css~sub)cct to in-
creases duc > to inflation:
¥ Other largc cost items, * associated th,h “the
adoptnon of computcrs in mstmctlon are con

|
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cerned with the development and maintenance of *
curriculum. Variability eXists in costs of computer
programs designed and tested for different uses in
, schools. For example, drill-and-practice programs
.in arithmetic can be produced inexpensively be-
cause the computer generates its own numerical
" values' from 4 simple set of instructions. Frame-
oriented tu%orial programs, however, are costly
because the author/programmer must anticipate
a wide variety of learner responses and, instruct
the computer to make «appropriate feedback. High
quality, tutorial material, based on our experience
at Penn State University’s CAI Laboratory, costs
betwgen $5,000-$10,000 Jper average leamer tlock
hour Thus, at midrange prices, a 30 clock-hour
course costs «approximately $225,000 to build,
There ‘does not seerb to be enough accumulated
experience to forecast the development “costs for
computer-based gameés, simulations, and extended
inquiry. . .
Education i§*so aecentralized that it seems
unlikely that individual school organizations will
" be able to afford the development of their own
computer-based curriculum. Statewide or regional
consortia seem to be the best,bet for attually -put-
ting programs together. Even if state$ or regions
can mount the nécessary curriculum initiative, it
_will probaBly be up to the federal government to
" provide the financial resources for massive pro-
gram development. Solutions will have to be
found to the problem of incémpatible computer
systems, and to the problem of how schools can
- inexpensively make minor changes in -programmed
.materials.
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