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many centuries ago when writing began_to be used as a tool
in teaching, and learners were freed from the task of rote
memorization of every point. A second revolution came with
the invention of printing and the subsequent use of books as

a teaching medium: #and the third came when primary. -
responsibility for eduecating the young was shifted from the
home to the school:

- We are now witnessing a fourth revolution in education.
it is based on the use of electronic technology in teaching,
and it has already changed the look of our classrooms. No_

one is surprised nowadays to find young learners working on
arithmetic or language exercises at computer stations in our

schools. Nor is it unusual to find school children learning
about literature, science, or society from films and
videotapes. Older students use language tapes in foreign
language courses, and they use records and tapes in music
appreciation classes. They analyze physical and social data

on computers, and they write reports using word-processing
programs.

This fourth revolution in teaching began modestly

enough nearly 30 years ago, and its progress has come in
three waves. The first wave of interest was generated by

B. F. Skinrer: In his 1954 article "The Science of Learning
and the Art of Teaching," Skinner argued that machines could

teach more reliabiy and effectively than human teachers do,

and he described programmed teaching machines of his own
design that were already being used in instruction. The
programmed machines waited patiently for a learner's =
response; reinforced the response immediately, and stuck to
a carefully crafted script. ;

. "The second stage in this revolution was marked by the
development of individualized instruction: Like programmed
instriction, individualized teaching emphasized independent
work, self-pacing, and the achievement of mastery, but it
Used longer instructional units--often called learning
activity packages or modules--and it gave learners more
freedom to choose among different instructional means.
Individually Prescribed Instruction; Project Plan; =
Individually Guided Education, and Keller's Personalized
System of Instruction are probably the best known of the
individualized systems developed during the 1960s.

The third stage in the technological revolution was

marked by the development of computer-based education. ,
Computers were first used in education to deliver programmed
and individualized instruction,; but in recent years, they

have been used to do more and more Ssophisticated teaching
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jobs:. Some educators are now arguing, in fact, that
students learn most from computers when they simply

communicate with them in languages the computers understand.

course without help from educational research. No one tried
to measure their effects while these revolutions were 1in

progress. No one used statistical methods to predict or

influence their outcomes. The revolutions just happened--
without measurement, prediction, or control:. The fourth

revolution is different. It is occurring at a time when we

have tools for evaluating specific programs and tools for
drawing general conclusions from a collection of specific
evaluations. Tne fourth revolution is occurring at a time
when educa+ional measurement, prediction, and control are
possible. ' »

~ The tools Qfﬁé@@ééii@ﬁélﬁéﬁélﬁatiéh,ahé research
synthesis have already been applied to the area of
instructional technology, and my purpose this morning is

simply to review what we have learned_from this work. My

account will draw heavily on meta-analyses carried out at

the University of Mictigan; but it will also cover work done
at the University of Colorado. In all, my account will
cover eight separate meta-analyses and at least 500 separate
studies:. To put some order into my review, I will divide it
into three parts. First, I'll talk about programmed

instruction and its effects on learners. Then, I'll move on
to individualized systems and their effects. Finally, I'll

iook at the effects of computer-based education:

Programmed Instruction
‘The first meta-analysis of findings in this _area was
carried oit at the University of Colorado in 1977 by Susan
Hartley. She located a total of 40 separate studies carried
out between 1962 and 1974 in elementary and secondary = = .
mathematics classes: In the typical_ study, achievement test
scores of programmed and conventional groups were virtually

indistinguishable: They differed by only 0.1l standard __
deviations. The group mean was_at_the 50th percentile for

the conventional group and at the 54th percentile for the

programmed group. The_ results of Hartley's analysis appear
at the teft of Figure 1.

Insert Figure 1 about here

~ our research team at the University of Michigan also
carried out two meta-analyses of findings on programmed .
instruction; one covering 48 studies at the secondary level

and one covering 57 studies at the college level (C.-.

'L, Kulik, Shwalb, & Kulik, 1982; J. Kulik,; Cohen; & Ebeling,

\

\
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1980). Our results are at the middle and right of Figure 1.

We found that programmed instruction raised student test
scores by 0.08 standard deviations in the typical secondary

school application, and by 0.25 standard deviat:ons in the
typical college application.

It would be easy enough to dismiss programmed

instruction on the basis of these results. They seem to
Show that programmed instruction has trivial effects in
elementary and secondary schools and small ones at the
college level. But there is more to programmed instruction
than this. . As_Figure 2 shows, each of the three meta-
analyses demonstrated that programmed instruction was more
effective in recent studies than in earlier ones.
Programmed instruction had a poor record in its earlier

years. It has a relatively good record in recent years.

_insert Figure 2 about here

.~ This is certainly a set of findings that needs an_
explanation. It may be that the art of programming has
improved in subtle ways in recent.years. It may be that

evaluation methodology has improved: Or perhaps the early

years gave teachers a sense of what programmed instruction.
can and cannot do, and they now use it more selectively. 1I_

do not know which of these explanations is the right one._ I

feel confident, however, that meta-analysis will eventually

help us choose between such competing explanations.

Insert Figure 3 about here

individualized Systems

The record of effectiveness of individualized systems

of instruction is equally perplexing. Figure 3 gives the

overall meta-a..alytic results. The results at the left on

the figure are from Hartley's (1978) meta-analysis on =
elementary and Secondary school findings; the results in the

center are from our analysis of secondary school findings

(Bangert, Kulik, & Kulik, 1983); and the results at the left
are from our analysis of college findings (J. Kulik, Kulik,

& Cohen, 1979). The figure shows that individualized
systems produce about the same results as conventional
teaching at the elementary and secondary levels:. At the
~college level, however, individualized systems are
strikingly effective.

what can account for such results? Again, we don't

know for sure, but it's possible to speculate.
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it may be that college learners have the cogn1t1ve
skills required by individualized instruction and that
precollege learners lack these skills. To profit from
individualized teaching, learners need to be able to
pace themselves, make choices, and work independently-:

College students are better prepared than precollege
learners for such tasks.

NI

A Second poss1ble explanatlon is somewhat more complex.

Individualized instruction at the college level has been

greatly influenced by the work of psychologxst Fred

Keller and his colleagues. Unlike the individualized

systems developed for elementary and secondary schools,

Keller's system places great emphasis on the social

support provided by peer tutors. It is possible that

individualized systems have been successful at the = _

college level because of this unique emphasis on social

support.

3. A thxrd possibility must also be 1nvestlgated Ehe
analyses almost all came from dissertations, whereas the
studies at the college level almost all came from
journals and books. _The results from the different
levels of. educatlon look more s1m11ar when they are

,,,,,,

these three explanatlons. I have a hunch about which of tﬁe

explanations is the correct one, but i have not yet carried
out the analyses needed to prove of disprove my hunch.,_ I

feel confident, however, that future meta-analyses will

clear up the p1cture.

Insert Figure 5 about here

computér;ﬁéSéa Education

1nd1v1duallzed instruction, findings on computer-based

instruction are relatively straightforward (Hartley, 1977;
C.-L. Kulik, Kulik, & Bangert-Drowns, 1984; J. Kulik,

Bangert; & Wllllams -1983; J. Kulik, Kulik, & Cohen, 1980) -

Results from four dlfferent meta- analyses are rather

consistent in shOW1ng that computer -based education has real

potential as a tool in improving student achievement (Figure
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5). The average effect of computer-based teaching was to

raise student achievement by approximately 0.4 standard
deviations, or from the 50th to the 66th percentile.

.~ Results from computer-based teaching appeared to be
slightly stronger at the lower level of instruction than at
the higher levels. That is perhaps because programs
developed so far exploit the capacities of computers most __
adapted to lower level learning: their patience in drilling
and tutoring students and their capacity to respond
immediately and appropriately to sStudent answers. ~The

effectiveness of the computer in college teaching may
improve when other capacities of computers are exploited in

educations;

Conclusion

Both primary evaluation studies and meta-analyses are

increasing our understanding of instructional technology--an
important force that is now transforming education. Such
studies are not only establishing a baseline for evaluating
further developments, but they are also pointing to areas

where f{urther developmental work needs to be done.

3



References

Hartley, S. S: Meta-analysis of the effects of individually
paced instruction in mathematics. _Dissertation
Abstracts International, 1978, 38:7-A, 4003.
{University Microfilms Nb. 77:29;926). :

Bangert,; R: _L; Kullk J. A.; & Kullk c.-L. C.
Ind1v1duallzed systems of 1nstruct10n in secondary
schools. Review of Educational Research, 1983, 53,
143-158.

Kulik, C.-L. r., Kulik, J. A., & Bangert-Drowns, R. L.
Effects uf computer-based ent:
School students. Paper presented at the annual ‘meeting

of the American,EQucatlonal Research Association, New
Orleans, April 1984.

Kulik, C.-L. C., Shwalb, B. J., & Kulik, J. A. Programmed

1nstructlon in secondary education: A metca-analysis of

evaluation findings. Journal of Educational Research;
1982, 75, 133-138.

Kulik, J. A:, Banjert, R. L:; & Williams, G. W: Effects of

computer-based teaching on secondary._ school students.
Journal of Educational Psvcholoqz, 1983, 53; 143-158.

RKulik, J. A., Cohen, P. A., & Ebellng, B. J. Effectiveness
of programmed. 1nstruct10n in hlgher educatlon A meta-
analysis of findings. Educationa Eot
Policy Analysis, 1980, 2; 51 64.

Kulik, J. A., Kulik, C.-L. C., & Cohen, P. A. A meta-

anaIYS1s of outcome studles of Keller's Personalized

System of Instruction. American Psycholoq1st 1979,

32, 307-318.

Kulik, J. A., Kulik, C:-L. C., & Cohen, P: A: Effectiveness._
of computer-based college teaching: & meta-analysis of
findings: Review of Educational Research, 13980, 50;

525 544,




META-ANALYSES ON PROGRAMMED INSTRUCTION

SIZH

ACHIEVEMENT. EFFECT

PRECOLLEGE  SECONDARY COLLEGE

 LEVEL OF META-ANALYTIC STUDY

Figure 1




META-ANALYSES ON PROGRAMMED INSTRUCTION

| ] eanacy
N RecenT

(=]
o=
T

<
ny
T

ACHIEVEMENT EFFECT SIZE

§>Xﬂ

(=}
o

PRECOLLEGE  SECONDRRY COLLEGE

LEVEL OF META-ANALYTIC STUDY



META-ANALYSES ON INDIVIDUALIZED SYSTEMS

0.8 - S

Qo
n

ACHIEVEMENT EFFECT SIZE

-. 2 L e
PRECOLLEGE  SECONDAAY  COLLEGE
LEVEL OF METR-ANALYTIC STUDY

Figure 3




10

0.8 e = — =

[ ] DISSERTATIONS

D
=

(=]
NS
¥

HCHIEVEMENT EFFECT SIZE

N

N

. . :\\'

(@)
a

-2 7777”7'7 - —
PRECOLLEGE SECONDARY COLLEGE
LEVEL OF METR-ANALYTIC STUDY

Figure 4




1t

META-ANALYSES ON COMPUTER-BASED EDUCATIGN

0:8

RCHIEVEMENT EFFECT SIZE

S
O

ELEM - PRECOLL  SECOND  COLLEGE
LEVEL OF META-ANALYTIC STUDY

Figure 5

buadd |







