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power and capacity of cheap microcomputer systems
will have reached the stage where CML systems based
on these machines will be able to match existing
mainframe systems, but at much lower costs.

A second trend is towards the marketing of single
application systems, for example, a system for the
management of the introductory reading curriculum,
or a system for the management of career guidance,
or a system for the management of mathematics
training for craft trainees. The product on the market
will be the whole curriculum package, and not just
the empty all-purpose computing system yet to be
filled with content, tests, feedback comments, and
routing decisions.

A third trend will be for general purpose CML
systems to move in conception towards general pur-
pose communication systems. General purpose
database management packages will be linked to
general purpose report production and word-pro-
cessing systems via general purpose decision tables
or rule processing. The communication technologies
of the commercial office and the public classroom
will converge.

A fourth trend will be the gradual merging of CAL
and CML. Interactive CAL packages will increasingly
feature along with classroom study, lectures,
tutorials, library and laboratory work as modules
individualized curriculum. Teachers and course
designers may continue to distinguish between them,
but students will not.

A fifth trend will be for research in CML to gradually
shift its focus from the computer system towards the
individual learner. When CML impacts on a tra-
ditional curriculum it transforms it from end to end.
Large and problematical issues underpin the changes
wrought. To date the literature on CML has con-
centrated on the analysis of the development task
rather than the explanation of how students learn in
situations where computers are being used to manage
the learning environment. A key question for inves-
tigation follows from the fact that many teachers are,
without the aid of computers, real “experts” in the
management of learning. Computer-managed learn-
ing systems attempt to automate this expertise and
deploy it in a way which allows students to become
experts in the management of their own learning in
their own right. Are CML systems really “expert”
systems in embryos?

See also: Computer-assisted Learning; Individualized
Instruction in Higher Education; Keller Plan: A Per-
sonalized System of Instruction; Microcomputers
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Computer-managed Testing

As their capacities and speed increase and their costs
decrease (on average by about 20 percent each year),
computers are coming to play an increasingly
significant role in the preparation, administration,
and scoring of tests. In the past, a clear distinction has
been drawn between computer-assisted instruction
(cAI) and computer-assisted testing on the one hand,
and computer-managed instruction (CMi) (see Com-
puter-managed Learning) and computer-managed
testing on the other. In the first group, the computer’s
role was only to help the teacher who remained the
primary decision maker. In the second group, the
computer software was extended to provide a self-
contained instructional and/or testing experience for
the student. However, a range of new applications
combines features from both approaches so that the

demarcation between them is becoming increasingly
blurred.

1. Item Pools

Item pools can themselves be stored as computer
files. Classification of the items based on taxonomies -
or catalogues of instructional objectives, on the “uni-
verse” of possible questions (Hively et al. 1968),
and/or on psychometric and technical characteristics
(such as item difficulty, format, etc.) can be con-
veniently organized by a computer. The computer is
helpful in managing and updating such pools and
can retrieve items appropriately for test instruction
purposes (see Item Bank).

Ways in which the computer can use an item bank
for test construction to serve specialized purposes
have been described by a number of writers. These
special topics include “multiple matrix sampling”
(Shoemaker 1973), “quasi-parallel tests with defined
characteristics” (Choppin 1978, Wright and Stone
1979), and “individualized tailored testing” (Wood
1969, Leclercq 1980).
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2. Preparation of Test Materials

Advances in computer-controlled printing tech-
niques, specifically including laser printers, make it
possible for items which include complex drawings
or pictures to be reproduced inexpensively on paper
from computer files. Using the computer to print test
forms is of special interest to the examiner who wants
to scramble the order of questions in a test, or the
order of alternative responses in multiple-choice
questions. The resulting variations of an original test
constitute an effective way to minimize cheating by
students, and the computer is adept at unscrambling
what it has previously scrambled. The computer can
also provide another kind of quasiparallel test in
which the phrasing of the questions is fixed but the
numerical values included are generated at random.

>

3. Test Administration

An individually administered interactive criterion-
referenced test can be conveniently administered by
acomputer. A decision algorithm applied repeatedly
during the testing sequence determines the sequence
of questions to be asked, and perhaps the point at
which testing may be discontinued (Weiss 1982). In
interactive testing situations, the computer can be
programmed to control a variety of peripheral de-
vices so that test items can be displayed on a cathode
ray tube (a television or monitor), on slides, or via
sound recordings, and so on. The videodisc has
excited considerable interest as a storage medium for
test material since it can handle still and motion
pictures, sound, and digital information, and has a
very large capacity.

4. Data Processing and Test Scoring

Even when the testing is not individualized and
adaptive, computers are regularly used to process
test data. Various techniques are used to facilitate
the introduction of student test responses directly
into the computer system without the need for a
keypunching stage. These include optical mark-sense
sheets, bar-code reading, and direct optical character
recognition. In these areas, educational testers are
benefiting considerably from technology originally
developed for other purposes.

A major advantage of the computer scoring of test
protocols is the possibility of computing numerous
and complex scores and indices and of providing
detailed and individualized feedback. For instance,
students can receive comments on each category of
questions or on each individual question including
recommendations for subsequent learning activities.
Teachers can receive individual results detailing, for
instance, which students have mastered which objec-
tive (Cooley and Glaser 1969). Some special modes
of test response, such as intervals or fractiles (Hardy
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1981) imply sophisticated scoring formulas for which
the computer is the only convenient solution.

5. Integrated Packages of Computer-managed
Instruction and Testing

Computer-managed testing is often integrated into
systems of computer-managed instruction. Many for-
mal activities in the classroom can be managed by a
computer, for example in the “Individually Pre-
scribed Instruction” system (Glaser 1977) where each
student follows at his or her own pace a curriculum
according to the mastery learning approach (see Mas-
tery Learning Model of Teaching and Learning). The
computer assesses students’ achievement after each
learning sequence and prescribes the next learning
activity in which each student is to engage.

See also: Computer Scoring of Essays; Adaptive Testing;
Automated Scoring Systems
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DA Leclercy

Computer Scoring of Essays

The computer analysis of essays written by students
has been explored in several major research studies.
The outcomes have consistently showed that com-
puters can match the power and accuracy of expert
human teachers in evaluating essays, once essays are
presented in a form readable by machine. It may be
predicted therefore that, when certain problems are




