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Preface

“CAl: The Bottom Line” was prepared at the request of ICIA by Education TURNKEY
Systems, Inc., a firm which has provided education technology research, development,
and planning services to the U. S. Department of Education, over 1,000 local education
agencies, and virtually all state education agencies over the last 15 years. The principal
authors of the paper are Charles L. Blaschke, president of Education TURNKEY
Systems, Inc., and veteran of the computer-based education movement for over two
decades, and Patricia Abrams, research associate and doctoral student at the Virginia
Polytechnic Institute.




In 1976, the National Science Founda-
tion commissioned a study of compu-
ting activities in public schools; the word
“microcomputer” did not appear in that
report (Karoktin, 1977). Less than ten
years later, 630,00C microcomputers
have been purchased by public schools,
with a projected inventory base of 1.1
million units by 1985 (TALMIS, 1984).
Approximately 98 percent of school dis-
tricts with enrollments greater than 600
now have one or more microcomputers
(QED, 1984). This rapid growth of micro-
computers in education can be attrib-
uted to a number of factors: (a) a dra-
matic reduction in hardware costs rela-
tive to microprocessor speed and capac-
ity over the last decade; (b) a grassroots
movement which emerged during the
late 1970s led by “computer buff” teach-
ers; (c) external pressures upon the
schools by parents with home micro-
computers; and (d) school staff percep-
tions that microcomputers would in-
crease their control of their work en-
vironment. In the recent past, and in the
foreseeable future, microcomputer usage
will be further bolstered by: (a) state-
level policy initiatives and financial sup-
port (TURNKEY, 1984); (b) Federal initi-
atives, particularly grants consolidations
which allow Federal funds for hardware
and software purchases (e.g., Chapter
II) and the recent passage of the Educa-
tion for Economic Security Act (P.L. 98-
377); and (c) greater availability of qual-
ity educational courseware sold at
increasingly competitive prices.

INTRODUCTION

Uses of Microcomputers in Schools

Microcomputers are being used by
schools for four basic purposes. First,
computer-assisted instruction (CAl)
allows the student to interact directly
with the computer, either for large seg-

ments of a curriculum or, most preva-

lently, for supplemental or enrichment
instruction. While most education course-
ware packages were drill-and-practice
during the early 1980s, simulation and
tutorial offerings are now increasing.
Second, microcomputers can be used,
particularly by teachers, for managing
the instructional process. Computer-
managed instruction (CMI) applications
iInclude capabilities for (a) monitoring
student progress; (b) diagnosing learn-
INg needs and prescribing learning
activities; (c¢) test scoring and analysis;
(d) lesson planning; and (e) curriculum
management. Third, microcomputers
can be used fora number of administra-
tive purposes ranging from school
attendance to complex areas such as
administrative processing, student track-
ing and reporting, and developing Indi-
vidualized Education Programs (IEPs)
for special education students. And last,
the computer can be the object of
instruction in computer literacy or “in-
formation technology” courses In sep-
arate laboratories or integrated into reg-
ular subject area curriculum. Over the
next five years, the use of microcompu-
ters as the object of instruction will most
Ikely decline relative to increased use
for administrative, CMI, and CAI pur-
DOSES.

While administrative applications (both
mainframe and microcomputers) have
been justified on the basis of reduced
paper work, staff time, and cost, the
expansion of CAIl will largely be de-
pendent upon the demonstrated effec-
tiveness of CAIl in increasing student
performance. School districts which
jumped on the CAl "bandwagon” three
or four years ago are now, because of
the above reasons, demanding evidence
of the effectiveness of CAl from course-
ware developers, publishers, and educa-
tion dealers.

Results of Studies Summarized

The purpose of this paper is to sum-
marize the effectiveness and effects of
CAl and, to a lesser extent, CMI and the
conditions under which they work best.
In developing this summary of CAl
effects and effectiveness, we have relied
heavily on over 15 studies conducted
over the last decade which have focused
upon the effectiveness of CAl and upon
observations of individuals directly in-
volved in implementing CAl programs in
the schools. Because over 90 percent of
the studies conducted over the last
decade focus primarily upon the use of
mainframe or minicomputer programs,
we have also attempted to isolate those
effects associated primarily with the use
of stand-alone microcomputers.




CURRENT RESEARCH FINDINGS
ON COMPUTER-ASSISTED INSTRUCTION

Results from CAl evaluations conduc-
ted over the past ten years have clearly
vielded positive effects in several areas.
As early as 1968 computers have been
linked with student time savings and
associated effectiveness and/or cost-
effectiveness in education and training.

Reduced Student Learning Time

Six reviews of CAl effectiveness stud-
ies report major findings of time savings
for students using computer-based in-
struction. A review by Blaschke et al.
(1977) highlighted a 1968 study which
compared a simulated application of
CAl in Army electronics training with a
similar type of CAl in secondary educa-
tion. A reduction in student time spent in
electronics training of approximately ten
percent justified the expenditure and
conversion of a large portion of the exist-
iIng electronics curriculum to CAl. In her
review, Dence (1983) listed several stuad-
les conducted at the postsecondary
level which suggest that students using
CAl take less time to learn as much or
more than do students receiving tradi-
tional instruction.

Findings from investigations at both
the elementary and secondary levels
reach similar conciusions. Fisher (1983)
reported that students complete mate-
rial faster on computer than off —
occasionally as much as 40 percent. In
meta-analyses conducted by Kulik and
associates (1983), two studies were iden-
tified that reported findings of substan-
tial time savings of students using CAl.
Studies conducted with secondary students
revealed 39 percent (Hughes, 1973 —as
cited by Kulik) and 88 percent (Lunetta,

Reduced learning time on
CAI offers the potential for
cost savings and
opportunities for greater
student advancement.

1972 — as cited by Kulik) savings In
student learning time. Investigations
with college students revealed statistically

significant differences favoring comput-
er instruction (e.g., 3.5 hours of instruc-
tional time per week for conventional
classes and 2.25 hours for computer-
based instruction).

Reporting on extensive computer-
based training conducted in the military
services, Orlansky (1983) indicated that
the major benefit of CAl, compared to
conventional instruction, is that it saves
student time In attaining required min-
imum levels of knowledge and skills
without loss of student achievement.

If no other positive effects were indi-
cated with CAl, reduced learning time
offers the potential for cost savings or
opportunities for greater student ad-
vancement than does conventional in-
struction. In one study, a cost benefit
analysis concluded that the costs of CAl
were equivalent to the benefits that
might accrue from equal amounts of

tutoring (Ragosta, 1982). A recent study
by Levin et al. (1984), which reported
that cross-age tutoring was more cost-
effective than CAl, did not impute a cost
for tutors and analyzed a program oper-
ated on a costly minicomputer in the
mid-1970s as the cost comparison for
CAl.

Positive effects of CAl, however, have
been found in other more pervasive
areas than merely time savings. Stu-
dents’ achievement, attitudes, and social
relations have been positively affected
by computer-assisted instruction.

Student Achievement

Over 20 studies conducted between
the years 1968 to 1978 lead to four con-
clusions drawn by Fisher (1983) as fol-
lows:

¢ student performance Is highest In
science and foreign language, fol-
lowed by mathematics, and lastly
reading and language arts;

o CAl appears effective when aimed at
specific student body groups (e.g.,
high and low achieving students and
students with learning difficulties);

e when CAIl iIs fully integrated into the
curriculum, it 1Is more effective; and

® positive effects increase when the
proper settings and scheduling are
established.

More recent reviews substantiate the
findings of past studies. In particular,
Kulik et al. (1980, 1983, 1984) have used
a meta-analysis technigue to more
stringently measure the effects of CAl
on both achievement and attitudes.
Meta-analysis performed at all three lev-
els —college, secondary, and elemen-
tary —yield positive effects. Most im-

Students’ achievements,
attitudes, and social
relations have been

positively affected by
computer-assisted
instruction.

pressive is Kulik's finding that CAI
seems most effective for student achieve-
ment at the elementary level. In 20 of the
studies analyzed, Kulik reported that 68
percent of CAIl classes outperformed
the average student from the control
classes on standardized achievement
tests. Achievement results analyzed
from approximately 30 studies con-
ducted at the secondary level revealed
that students from CAIl classes per-
formed at the 63rd percentile on their
examinations, compared to students not
using CAl who performed at the 50th
percentile on the same examination.

Kulik’s findings also revealed positive
effects on students’ attitudes. First, In
eight out of ten studies reporting results
on attitudes toward subject matter, atti-
tudes were more positive in classrooms
using CAl. Second, all four studies that
measured how students viewed the
technology reported that attitudes toward
computers were more positive in the
CAl classes than in classes taught by
conventional instruction.

ETS Evaluates Four Major Programs

Four large-scale programs using CAl
were evaluated by the Educational Test-
ing Service (ETS): (a) the TICCIT pro-
ject; (b) the PLATO demonstration; (c)
the LAUSD study; and (d) IBM’'s
Writing to Read program. Anastasio et
al. (1984) report positive effects of CAl
across grade levels.




The TICCIT Project

In the Time-Shared Interactive Com-
puter Controlled Information Television
project (TICCIT), community college
students were taught mathematics and
English using CAl. Positive achievement
results indicated ten percent improve-
ment over conventional lecture sections
for math and five percent for English.
Attitudes toward subject matter were
also affected positively, especially where
the instructor's role took the form of
explaining the subject matter, reviewing
written work, and conducting small
group discussions.

The PLATO Demonsirations

Community colleges and elementary
grades were the targets of the Program-
med Logic for Automated Teaching
Operations (PLATO) demonstrations.
For the community college sample, four
out of five analyses yielded significant
positive differences between PLATO
and control classes in course comple-
tion. Positive achievement effects ap-
peared in mathematics, chemistry, and
biology. Further, the attitude items reveal-
ed a favorable impact of the PLATO
demonstration on the attitudes of both
students and instructors.

The PLATO demonstration conducted
at the elementary level involved 300 stu-
dents in math, and approximately 700
students who received reading lessons
through CAIl. In math, significant posi-

tive treatment effects were found at all
grade levels (4, 5, and 6). Treatment
effects were greatest for topics emphas-
ized by both PLATO and the teacher.
Attitudes toward subject matter tended
to be more positive inthe PLATO group
than in the group that received conven-
tional instruction. Positive attitudes were
higher for math than for English.

The LAUSD Study

The third study evaluated by ETS was
a four-year longitudinal study conduc-
ted with elementary students involved in
compensatory education, Title | classes

in the Los Angeles Unified School Dis--

trict (LAUSD). Computer labs for the
study were equipped with terminals
controlled by a minicomputer using
drill-and-practice courseware in math,
reading, and language arts. Findings of
the LAUSD study included positive
effects of CAl in achievement and atti-
tudes. For example, with exposure times
averaging ten minutes per day in math,
CAl students showed significant posi-
tive effects in computational skills com-
pared with control students. With 20
minutes per day, computational skills
were doubled. Additionally, longitudinal
data revealed continued and increasing
gains in computational skills. In the read-
INg and language arts areas, smaller but
consistently positive results were ob-
tained. A major finding of the LAUSD study
involved effects on attitudes. Attitudes
toward reading, and feelings of internal
responsibility for success, were signifi-
cantly higher among students who re-

Additional Positive Effects

Other positive effects of computer-
assisted instruction recur in several stu-
dies:

e [eachers' attitudes toward using
microcomputer technology in the class-
room are improving (Ragosta, 1982;
Becker, 1983; Ingersoll et al., 1984).

® [eachers report that students appear
to cooperate more with each other and
with teachers during academic tasks
when using computers (Ragosta, 1982;
Becker, 1983, 1984; Sheingold, 1983).

® Students feel they have more control
over their learning when using CAl than
students not using computers (Ragosta,
1982; Bracey, 1984; Anastasio, 1984;
Becker, 1984). This appears 10 be par-
ticularly true when microcomputers are
used rather than terminals/mainframes.

® [he social organization of learning is
improved considerably when microcom-
puters are used — increased student
enthusiasm and independent student
learning (Becker, 1984).

Policy makers, educators, and devel-
opers are eager {o know why computer
technology appears 1o enhance learn-
ing in students, regardless of age. Ob-
viously, it is not the hardware itself that
raises student achievement and fosters
positive attitudes toward subject matter.
The bottom line must be drawn between
the computer itself and other variables
known to have an impact on learning
—namely, courseware and the condi-
tions which ensure effective implemen-
tation and use.

ceived CAl than among students who
did not.

Overall, the results from this study
extend the knowledge gained from other
research on CAIl. Anastasio and Wilder
suggest that the success of CAl in this
study may be related to the successful
practices associated with other instruc-
tional effectiveness studies:

e mastery learning;

® high academic learning time with a
nigh probability of success in res-
ponding;

® direct instruction:;

® adaptability and consistency of in-
struction;

e direct instruction with expectation of
success In basic skills; and

® yse of drill with equal opportunity for
responses from all students.

Writing to Read Program

The last study by ETS was large in
scope, covering more than 10,000 kin-
dergarten and grade one students in 21
sites and, in the second year, it concen-

trated on a core sample of 3,210 stu-
dents using IBM’s microcomputer-
based Writing to Read program and
2,379 comparison students in classes
not using the program. Results of the
study indicated the following:

® For writing achievement, eight out of
13 sites reported statistically significant
improvement for the kindergarten sam-
ple. Kindergarten Writing to Read stu-
dents averaged 15 percentile points
higher on achievement tests. By the end
of the program, 72 percent of the stu-
dents had progressed beyond word
level writing to the production of
phrases and sentences. Positive results
were also reported for first graders in
Writing to Read classes.

® For reading achievement, seven of 11
sites reported positive results for Writing
to Read students; the remaining four
sites reported results equal to the non-
Writing to Read students.

® Teachers’ responses indicated addi-
tional positive effects on the students in
the CAIl group.

® Fifteen percent more parents reported
greater progress in their children as
compared to parents of the non-Writing
to Read students.



QUALITY COURSEWARE

The use of quality courseware IS a
necessary condition for improving stu-
dent performance; however, by itself itis
not sufficient. Below we summarize the
characteristics of successful quality
courseware which have been identified
by researchers and successful computer-
using teachers. Specific conditions for
successful implementation and use are
then summarized.

Characteristics of Quality Courseware

All or most of the following character-
istics can be found in courseware which
Improves student achievement:

® provides opportunities for studentsto
control (or perceive they control) the
learning process (Crandall, 1977; Ryba
et al., 1983);

® provides interaction, feedback, and
often rewards (Hartley et al., 1980;
Kulhavy, 1976; Rankin et al., 1978);

e allows students and/or teachers to
establish and implement goals and
provides for self-evaluation (Ryba et
al., 1983; Shavelson et al., 1984);

e allows diagnosis of conceptual diffi-
culties with materials and prescriptive
branching (Magidson, 1978; Coulson
et al., 1970);

® yses the full range of hardware capa-
bilities such as graphics, sound and
color, etc. (Shavelson et al. 1984);

e |ncludes important concepts, if cur-
ricular in nature, as well as facts
related to subject matter (Ryba, 1984;
Shavelson et al., 1984);

e allows for easy integration, if supple-
mental, into curriculum (Shavelson et
al., 1984; Fisher, 1983);

e ncludes, at a minimum, student
record keeping capabilities, if curricu-
lar in nature, and monitors student
progress (Shavelson etal., 1984); and

® allows foreasy operation, accompan-
led by clear documentation, and can
be modified by teachers (Shavelson
et al., 1984; Gold, 1984).

Conditions for Successful Use

If one uses courseware with most of
the above characteristics and most or all
of the following conditions are met, the
probability of improved student perfor-
mance is enhanced considerably.

e School/Classroom Environment:

-flexible scheduling of students
and individual student self-pacing
(Ragosta et al., 1982; Fisher, 1983);

-opportunities for integrating use of
hardware and software in a class-
room setting, rather than a pull-out
laboratory; and

-active support of computer use by
the principal, who also perceives
his/her role as instructional as
opposed to an administrative leader
(Hofmeister, 1984; Ragosta et al,,
1982).

® Decision Making:

-selection of specific courseware
and, to a lesser extent, hardware in a
participatory process involving key
individuals (teachers) in the imple-
mentation process (Becker, 1983;
TURNKEY, 1976-77: Shavelson,
1984); and

-decentralized and flexible decision-
making during implementation,
especially at the classroom level.

¢ Training/Support:

-teachers are trained in the use of
specific courseware packages and/
or applications prior to actual use In
the classroom (TURNKEY, 1983; Sha-
velson, 1984);

-for CMI programs, teachers are
trained, where necessary, in the func-
tions related to instructional manage-
ment and individualized instruction
(Hofmeister, 1984; Blaschke et al.,
1977);

-in-service training and follow-up
support is available on a timely basis
to Instructional staff (Shavelson, 1984;
Blaschke, 1984);

-training is provided by persons who
are or have been in similar teaching
situations (Shavelson, 1984; Wagner,
1984); and

4

AND CONDITIONS

-Incentives, such as released time, are
provided to teachers for training
(Shavelson, 1984: TURNKEY, 1983).

And last, when appropriate course-
ware Is targeted upon specific content
areas and students, higher achievement
can be expected. For example, drill-and-
practice courseware could be targeted
upon lower achieving students; adjusta-
ble or modifiable courseware for stu-
dents with specific learning disabilities
(e.qg., special education); simulations
and creative applications with gifted and
talented students and high achievers.

: Effects and Eﬂectweness c:f CMi

- Many of the pasatwe eﬁects of com-
_puter-assisted instruction which have
“been observed or reported also reflect
the use of camputer«managed instruc-

tion systems. Indeed, many of the CAl
studies reperted earlier were supple-
'mented by CMI ap;:z«hcattans such as

omtﬁrmg student progress and report-
.mg, and, when m@deraie to hzgh student

“achievement gains occur in CMI pro-
‘grams, the hardware costs are usually

'substantially less than those associated
with CAl classrooms. On the other

:_fhand the implementation of CMI sys-
tems has to be preceded by extensive

and mwdemh training on the part of all

‘instructional staff, principals, and key

‘administrators, particularly in the areas
of individualized instruction. Well-im-

‘plemented CMI programs have produced

- ssgmf;cant gains at moderate costs (Hof-
‘meister, 1983; Hartley, 1980). Over the
-next two to three years, one might rea-
‘sonably expect heightened interest in
CMI systems, especially those which are

_single product line independent as: (a)
-school staff see CMI as a means to assist

in integrating appropriate supplemental

_courseware into existing curriculum; (b)

state cie;:aartments of education take a
greater leadership role in attempting to

_ensure effective use of téﬁhnﬁ}lagy atthe

fim&l Eewel and (c) more and more high
‘quality comprehensive CMI and curricu-
lum management ﬂackages becom c:{:rm—-._

. memtaliy axfaziat}ta
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CLOSING COMMENT

Clearly, the current research findings
indicate that computer-assisted instruc-
tion can increase student achievement
In certain areas when quality course-
ware IS used, and when the programs
are planned and implemented In an
effective manner by school staff. Find-
INgs In studies which report that CAIl is
not as effective as conventional instruc-
tion usually also report that the condi-

tions for effective implementation were
Inadequate or nonexistent. While elec-
tronic learning courseware developers
and publishers, working with teachers
and school staff, can improve the quality
of courseware, the effective implemen-
tation of programs can be enhanced
considerably by training, support, and
other assistance on the part of educa-
tion dealers who are knowledgeable in

the use of CAl in operational settings.
Thetuture of computer-assisted instruc-
tion in education is largely dependent
upon the degree to which it meets the
bottom line in education — namely,
Improving student achievement and per-
formance. Herein lie the challenges and
responsibilities which are jointly shared
by developers, publishers, dealers, and
computer-using school staff.
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