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to teach, but also to be interrupted,

cut

short, canceled, and overlooked. The
keyword, flexibility, is justanotherway
of saying that the world of the inner-city
school is rarely predictable,
neat, and
tidy - and almost never divided into

Political

The-

52-minute segments.
8. Expect to be in bed and asleep by
8 p.m. I remember quite clearly that, in
my last life as a junior high teacher, I
cheerfully taught all day, took classes at
night, and partied all weekend. Perhaps
teaching is only for the young and vig
orous. Certainly,
it's only for the very
healthy. Whatever
you do, don't get
sick, don't make any plans for a rich so
cial life, and don't even think about hav
ing a personal crisis.
is a
9. Remember
that rudeness
adults. After a
concept of middle-class

Of

Cost-Effectivenes

Analyssi

In the June Kappanr,Richard
Niemiec, Herbert Walberg, and
few years in the university "refinery," Madeline Blackwell critiqued
it's hard not to be shocked, insulted, and
an article byHenry Levin and
hurt by junior high schoolers. They
Gail Meister. Here theoriginal
shout; they scream; they ignore you
completely; they refuse your most authors, joined byMr. Glass,
reasonablerequest.My personal break fire back a countervolley.
through came when I asked a student to
sit down and she shouted, "Ain't nobody
tells me what to do!"
I barely managed to curb my impulse
to shout back, "I'm your teacher, and I
damn well will tell you what to do!" In
stead, I asked her why she was talking
to me in that mean, nasty way.
She thought about my question for a

few seconds and then responded,
"That's just the way we talk inmy
ly. It don't mean nothing." And

fami
so it

don't.
How

do I feel about my

return to the

inner-cityclassroom, now that it'sover?
The year was neither as dreadful as
Ornstein might have predicted nor as
easy as I naively expected it to be. In
fact, the experience was rather like giv

ing birth. There were excruciatingmo
ments, when I cursed the day I had
made the fateful decision to embark on

this enterprise. But in between there
were good times. The students did learn
a thing or two, and we eventually grew

the classroom?"
"Just last year," I answered proudly.
"Well, things have changed a lot since
then."19

solicited by the editors without our
knowledge.2 We would have been
pleased to have been active participants
in a symposium on the subject, in which
our article was reviewed by other ex

perts on cost-effectiveness analysis and
in which we would

BY HENRY M. LEVIN, GENE V GLASS,
AND GAIL MEISTER

I

N JUNE 1986 two of us (Levin
and Meister) published an article
in the Kappan,
"Is CAI Cost-Ef
fective?" This article was based
on some of the findings of a four
year research project that was carried
out, in part, with Gene Glass,
then a
of Colora
professor at the University
in the
we suggested
do., Essentially,

June article that, while the cost-effec
tiveness of one of the most widely

used

approaches to computer-assisted in
struction (CAI) was superior to that of
extending
the school day or reducing
class size, itwas not as good as the cost

effectiveness associatedwith an exem
plary program of peer tutoring. Since
our data and analysis had been reviewed
by numerous experts on the subject, we
felt comfortable in reporting them to the

to enjoy one another. Like childbirth,
my returnto the classroom transformed Kappan audience.
me. How long this transformationwill
last is anotherquestion.
Last week one of my student teachers
asked, "How long since you've been in

Therefore, itwas with some surprise
that we received the June issue of the
Kappan and found that our article was
followed by a critique that had been

HENRYM. LEVIN is a professor of educa
tion and economics at Stanford University,
Stanford, Calif GENE V GLASS is a profes
sor in the policy studies program of the Col
lege of Education atArizona State University,
Tempe. GAILMEISTER is a research assis
tant at Stanford Univeristy.

have provided

a re

sponse. However, we were neither in
formedof the solicited critique, nor did
theauthors (RichardNiemiec, Madeline
Blackwell, andHerbertWalberg) or the
editors send us a prepublication copy.
Worse
yet, the fact that none of the
authors of the critique had training, ex

pertise, or publications in cost-effec
tiveness analysis led to a presentation on
the subject that is beset with errors and

confusion. The purpose of this article is
to attempt to clarify

some of the issues

and to correct the misunderstandings
implicit in the critique, while giving
readers a more detailed understanding
of the applicationof cost-effectiveness
to educational interventions.

COST-EFFECTIVENESS AND
EDUCATIONAL DECISIONS

Cost-effectiveness analysis is de
signed to guide decision makers in the
allocation of scarce resources by spell
ing out the consequences of decision al
ternatives for costs and for educational

results.3 Cost-effectiveness

analysis

must satisfy at least two requirements in
order to be of use to a decision maker.

First, the educational interventionsthat
are evaluated

must

be

readily

imple

mentable. The alternatives under con
sideration should be interventions that

SEPTEMBER
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Even

worse is

set
have been applied in conventional
tings, that have been established
for a
the total lack
reasonable time, and that have charac
teristics that make them transferable to
other settings. This requirement tends to
rule out interventions
that were de
signed solely for research purposes, that
were used for only a short period, or
of averages of many
that required special conditions (such as
that cannot be
university
sponsorship)
easily replicated on an ongoing basis.
Second, the methods used to evaluate
costs and effectiveness must be accept
many assessments
able. Unfortunately,
of effectiveness
violate the most basic
and
tenets of evaluation methodology,
assessments of costs are often unreliable
because they draw on readily available
data that are flawed or incomplete.4 In fectiveness of PROJECT INSTRUCT
achieve
our work, we reviewed hundreds of
on reading and mathematics
studies to find ones that met the dual ment ranked them among the best that
interven
standards of ease of implementation and we had seen for peer-tutoring
In comparing
CAI with
tions, and our ability to estimate pro
reliability.5
gram costs was enhanced by the availa
peer tutoring, we finally chose an ap
bility of detailed
information on the
proach for each that met both criteria.
The Boise
tutoring model,
resources required to replicate PROJ
(Idaho)
PROJECT INSTRUCT,
has been used ECT INSTRUCT.
From the large number of CAI inter
for many years and has been subject to
ventions, we also chose one that has
regular evaluations.6 The approach was
received national recognition and that
so highly regarded that it was recom
mended by the National Joint Dissemi
has been implemented at hundreds of
the drill-and
nation Review Panel of the U.S. De
sites across the U.S.:
practice curriculum of the Computer
partment of Education as an exemplary
1 project that should be dis
Curriculum Corporation
Chapter
(CCC). In the
seminated nationally. Finally, the tech most recentcomprehensivesummaryof
nical quality of the evaluations of the ef
computer-based
education at the ele

of thinking that
accompanies the use
studies to provide
information on cost
effectiveness to
decision makers.

mentary
level, more than half of the
evaluations were based on this CCC in

tervention.7
Not only has the CCC intervention
been widely implemented, but it is also
is generally
the subject of what
ac
knowledged
to be the best technical
of CAI:
evaluation of the effectiveness
the four-year longitudinal study that the
Educational Testing Service (ETS) con
in the Los Angeles
ducted
Unified
School District (LAUSD), under the ae
gis of the National
Institute of Educa
evaluation de
tion.8 The ETS/LAUSD
sign surpasses in scope and sophistica
tion other evaluations of CAI, including
those evaluations of CCC approaches
that have been conducted at other sites.
Detailed information on the resource re
for the intervention were
quirements
obtained both through data collection at
CCC sites and from CCC headquar
ters, and 1984 costs of equipment and
software were obtained directly from

CCC.9
In summary, each of these approaches
was an exemplary and readily imple

mented intervention.Excellent sources
of evaluation data regarding both costs
and effects were also available for each.
When we analyzed the evaluation da
ta, we found peer tutoring to be as
sociated at the elementary level with an
effect size of .97 inmathematics
(a gain
of almost one school year) and with an
effect size of about .48 in reading (a
or half a
gain of almost five months,
school year). CAI was associated with
considerably smaller effects: .12 (or 1.2
and .23 (or 2.3
months) inmathematics
months) in reading. However,
the costs
of peer tutoring were higher (about
$212 per student for each subject) than
the costs of CAI (about $119 per student
for each subject). Even when the higher
costs were taken into account, we found
peer tutoring to be almost five times as
as CAI (per dollar of cost)
cost-effective
for teaching mathematics
and slightly
more cost-effective
than that for teach
ing reading. (For teaching math and
reading, both of these approaches were
than
considerably more cost-effective
reductions in class size or extending the
school day.)
THE CRITIQUE
On the basis of other data, Niemiec,
and Walberg
assert that the
Blackwell,

'Here's one I bet you can't answer: What's black and white and read all over?"

70
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cost-effectiveness of CAI is superior to
thatof peer tutoring.Their argument is
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based solely on a challenge

of our find

ings regardingeffectiveness, for theydo
not present new cost estimates to sup
port their claim. This was probably a
wise decision, given their dearth of
knowledge of and experiencewith costs
and cost estimation.However, with re
gard to effectiveness they suggest that
meta-analyses or statistical summaries
of some 65 studies of peer tutoring and
some 45 studies of CAI show average

effect sizes thatare considerablyhigher
forCAI and considerably lower forpeer
tutoring than our estimates. Using our
cost estimates, they conclude that the
cost-effectiveness of CAI is superior to
thatof peer tutoring.
Essentially, theirassertion is based on
the seemingly logical assumption that
the results of a large number of inter

Decision makers
are interested in
the consequences of
the real alternatives
they face, not in
averages of studies
with unknown
properties conducted
over three decades.

ment gains due to non-CAI instructional
treatments

that are embedded

in the so

called CAI interventions."IOverstate
ments

of CAI effects also stem from the

use of inappropriatecontrol groups in
experimental studies, the use of "local"
tests that are tailored

to the interven

tions, and the involvementof the evalu
ators in the interventions.'2Richard
Clark found that 75 % of the CAI evalu
ations in the meta-analyses
that he re

viewed "gaveevidence of seriousdesign
flaws."'3

Some

idea of

the' potential

overestimation of CAI effects can be
gained by comparing

a meta-analysis

of

15 CCC interventions in elementary
schools'4 with
fect that they report for peer tutoring by
interventions as diverse as
combining
those in which
tutors were carefully

the results of

the ETS

experiment in the Los Angeles Unified
School'District, which usedCCC equip
ment

and curricula.

Because

the meta

ventions provide a basis for decision
analysis includes evaluations of widely
making that is superior to thatprovided selected, trained, supervised, and pro varying quality and duration, as we
by the resultsof two carefully selected vided with tutoringmaterials and those have noted above, the average effect
interventionsthatmeet certain standards in which students were just thrown to
size is likely to be overstated relative to
regarding ease of implementationand gether with other students and told to CAI interventions that are more careful
reliabilityof the evaluations.What they tutor them.
ly evaluated and of longer duration. By
They have given "average answers" to
do not point out is that their averages
contrast, the ETS/LAUSD- study is
are based on amotley group of interven
"average questions." But we did not ask
recognized as one of the best-designed
tions - including those that failed and "average questions." Rather, we in
and statistically'mostcarefully analyzed
those that succeeded, those thatwere quired into the effectiveness of specific evaluations; this study provides results
experiments of a few weeks' duration programs thatwere the resultof serious for one year of instruction or more in
and those thatwere ongoing programs efforts by school districts to incorporate
various subjects and at various levels of
in schools for a semesterormore, those high-quality peer tutoringor CAI into exposure to CAI treatments.15' In line
with unacceptable evaluation designs their curricula. An average of many with our expectations, themeta-analysis
programs - including those that failed
and those with good ones, those that
of CCC interventionsshows an average
- tells decision makers nothing about effect size that is more than twice as
used specially constructed tests to dem
onstrate their effectiveness and those programs that succeed. What are the large as that of the careful ETS/LAUSD
of the "average pro
that used nationally standardized tests characteristics
evaluation.16
for that purpose. Niemiec, Blackwell, gram," how can it be implemented, and
Accordingly, we believe that a more
what are its costs? The answer is that refined comparisonof specific alterna
and Walberg arrived at the average ef
the average is not a "program" at all, but
a conglomerate of many different pro

tives is the appropriate basis for estimat

grams.

are interested in the consequences of the
real alternatives they face, not in'aver

-Even worse -is the total lack of think
the use of aver
ing that accompanies

ages of studieswith unknownproperties

ages of many studies to provide infor

conducted

to decision
mation on cost-effectiveness
in education.
For example,
makers

James Kulik and his colleagues have
shown that there is an average effect
size of .56 for CAI in projects lasting

less than fourweeks but an average ef
-f----

t

ky

a

ing cost-effectiveness.Decision makers

over an interval of three dec

ades.
Finally, we are perplexed about the
derivation of the meta-analysis
results
for CAI. One of the authors of the cri

tique, Herbert Walberg, has reported
these results in three different places,

fect size of only .20 for CAI in projects
lasting more than eight weeks.10 In oth

each time providing

er words, projects of longer thaneight

the others. For example,
in 1984 he
published an article for a general au
dience of educators
that claimed that
CAI has a modest effect size of'.24.'7
(This is almost identical with our esti

weeks show effect sizes that are very
close to our estimate, and we would ar

gue that these longerprojects - not the
shorter experimental

studies -

are per

an estimate

of ef

fect size thatdiffers considerably from

tinent to implementationin the schools. mate of the effect size of CAL in read
Meta-analyses exaggerate the effects ing.) In an articlewritten with Richard
of CAI by attributingto it the achieve Niemiec for an audience of computer
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1986
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educators

and published

in 1985, Wal

berg asserted that the effectiveness of
CAI is much greater, with effect sizes
of .34 for tutorial approaches and of .47
for drill and practice.18 Then, at virtu
ally the same time that Walberg
was
working on the critique of our'article in
the Kappan - in which he and his co
authors claimed that "CAI is about twice
as effective as peer tutoring" - he was
serving as the major academic advisor
to the authors of the Education Depart

ment's widely distributed publication,
What Works, inwhich cross-age tutor
ing is endorsed

and CAI

is ignored.

When SecretaryWilliam Bennett was
asked by reporters about the absence of
attention to CAI in What Works, he
cited Walberg
as the authority for the
view that "there is'no research consen

sus"on its effectiveness.19
The most comprehensive technical
evaluation of the methodology
meta-analysis
has stated.'

of

the

In recent years a plethora of meta
analyses have emerged in social
science research. The need to arrive
at policy decisions affecting social in
stitutions fostered the momentum to
ward summarizing research. But, as
with most methodologies, abuse fre
quently accompanies use.20
One of those abuses is "political arith
metic," in which the results from large
numbers of studies are invoked to bol
ster a political position in lieu of care

fully subjecting that position to scien
tific scrutiny.
We believe that a disinterested evalu
ation of our technical reports on the

cost-effectiveness of CAI would support
both the logic and the substance of our
conclusions. Relative to the other inter
ventions we have examined,
a major

drill-and-practice approach using CAI
comes out well on the basis of cost
effectiveness
criteria'but not as well
as peer tutoring. Other approaches us
ing CAI may be found to be more
powerful with regard to costs, and we
see improvements
may
in the cost
of CAI as new develop
effectiveness
ments occur. We would be pleased to
report such changes in the future, but
they are not reflected in existing data.
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