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Abstract ‘ /

In order to assist decisionmakers in considering different
approaches to merovxng mathematics and reading performance of
elementary school children, four different educational .interventions
are subjected to a comparative cost-effectiveness analysis. The four
interventions include: reducing class size, increasing the 'length of
the school day, computer-assisted ingtruction, and peer and adult
tutoring. Using the tools of meta-analysis and cost effectiveness;,
each intervention is evaluated and compared according to its
cost-effectiveness in improving reading and mathematics scores, ' A
discussion of the cost-effectiveness ranking of the interventions and
implications is provided. In general, tutoring approaches are found.
to be the most cost-effective, while reducing class size and
increasing the length of the school day are found to be the least
cost-effective. Computer-assisted instruction ranks between these two
extremes., ' ‘
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I. INTRODUCTION

The last few years have witnessed numerous calls for reform of

elemeantary and secondary education in the United States. Some of the -
reports make general recommendations for improvement, while others
focus on such specific interventions as changes in curriculum and
teacher training, increasing time in learning, and the rapid
» implewmentation of computers’in schools. |

;, Although the polhicy_' thrust of these reports may appear to be
clear, such is not the case. First, many of the recommendations are
80 broad that they actually comprise a number of very different
a'pva'oaches. For example, time for learning can be increased through
various combinations of extending the school day or the school year,
‘or increasing time allocated to specific subjects. There are also’
myriad approaches to i:np‘roving teacher training and retraining.
Second, a sensible response in each of thesa areas must be tailored to.
part icular needs of schools rather than designed as a broad-brush
approach to reform. Different priorities may be salient in 'different '
éducaCional s{tuations, and the ceasxbllxty of successful
1mp1ementatlon will also vary from context to-context.

Many of the proposed reforms are llkely to be caqtly, but . the
reports do not. indicate what they w111 cost and who should.pay for
‘themnm. Clearly, the adOptlon of a11 of the items on the reform agenda
would consume more resources than states ard local sﬂhools have at
.the;._r‘ disposal, but the reports do not indicate how prlorztles should
be 'sét among. them. Nor 13 guldan found from other quarters on. cost:s
and on the contributions of the prOposed changes to the educatl.onal
'effectxveness of the school program. . . ‘

The absence of such crucial data for the school. reform agenda is'
‘not a simple oversight. "Such data are only rarely ava11ab1e in any
form; when ava11ab1e, the specific information is not 1mmed1ate1y
appllcable to an assessment ol policy alternatives. The problem

arises in part because of the lack of evaluatxon‘g of.tha educational
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alternatives. And because the most promising alternatives are often
‘those with which we have little or no experience, one can only
speculate 1bout their eff ectlveness.

Even when there are instances of applications of a speclfxc
educatlonal 1ntervent10.\, ‘they are often so ldlosyncranc that
generalizatlon to other situations is hazardous. A project for
dxsadvantaged third graders in one school distnct, for example, may
be difficult to replicate with similar resalts for othet groups of
students in other schodl districts. Not c.ly do particular student
groups dxffer from one another in various ways, bvt organlzatxo.al
settings and adaptations of mterventlons within them also differ.

Finally, cost information 'is rarely available bacause most
evaluations neglect to considar the costs of potentaial ‘intetvehtiona.
Evaluators are not usually train-.d in cost ‘analysis, and school sites
and districts do not have systemetic methods ot tscertaining the costs
of specific interventions. When 3chool budgets are used to estimate
costs, the estimates tend to be incumplete o_r,n.xisleading {1:win 1983:
50-51). ' o - | |

"The result of these gaps in information is that there is little
to guide polxcymakers or school districts in choosing among school
reforms that will accounr for both the costs and effects of -
educat:.onal 1nterventxons. Cons:.der a hypothetlcaL axawple.- Assume ’
that a district would 11ke to improve student periomance in reading

and mathematics at the prlmary le el. _ Alternatwes mclude mcreasmg

the length of the school day, retralnmng teachers to increase

1nstruc_t10na1 tinme, vlntroduclng computer-a1ded iustructlon, or
‘reducing class size. Assume furthcr that by rea ocatmg resources
and receiving hlgher allowances from the state, the s« honl district
will have about $200 per student to spend on ¢the 1ntervent1.ons. ‘How
should the $200 allor‘atlon per student be used to maximize reading and
mathematics achl.evement? ' .

, | The school district wiil wish to obta’n the maximum increase in-
mathematics znd reading ..ores, that is rossible wJ.th an e)'r-endl.ture of

an additional $200 per student. One way of addressmg the problem: is



. to ascertain both the cost and effectiveness of each alternative for
increasing mathematics and reading scores. The cost-effectiveness
ratios which result enable the district o rauk alternative
mathematics and reading programs in terms of their contribution to
improving scores relative to their costs. Those alternatives with the
largest effects relative to costs are the most cost-effective and
'should presumably have the highest priority. By selectin.g'the
interventions with the highest cost-effectiveness ratibs, the district
can expect to obtain the largest effect from the additional $200 for
each student. | |

The purpose of' t.his report is to provide a cost-effectiveness
evaluation of four prominent educational interventions for improving
reading and mathematics proficiencies: reducing class size, using
.computer-assisted instruction, increasing the instructional time
devoted to mathematics and reading, and employing cross-age tutoring.
Each of these approaches represents an intervention that schools might
consider for raising_students mathematics and reading achievement. '

Ideally, an experiment would be conducted in which students were
randomlyassigned to each of the four interventions in order to
ascertain how their proficiencies in ‘mathematics and- reading improved.
However, no such experimental data are available. An experiment of
this kind would require massive coordination, resources, and time. -
Further, there are s:.gnificant obstacles to creatmg a "clean"
experiment and. to generalizing from its resul_ts. A more feasible
approach is to ’poo'l the large number of existing studies on each
intervention into a "synth'esis ‘of findings. In this way, we can’
estimate the effects of each 1ntervent10n and’ 1ntegrate them with
costs estimated by a uniform cost methodology. That is the approach
.taken in this study. . . ' o~ ‘

Meta-analysis is one means of synthe:.izing the findings-'::f many
studies on a topic (Glass 1976, 1978; Smith and 'Glas's'1980' and Glass,
McGaw, and: Smith 1981) " As Glass, McGaw, and Smith (1981) define 1t.
"The essential character of meta analysis is that it is the

statis tical an.a1y919 of the summary findings- of many empirical



studies" (p. 21). On experimental questions, it seeks to determine
the effect of a specific treatment, influence or intervention from a
large variety of iﬁd}iyidual studies on a particular subject.

In order to obtain cost-effectiveness results, it is necessary to
combine effectiveness )meas'ures with data on the costs of alternative
interventions. Only recently have cost analyses begun to enter the
evaluatlon 11terature systematically. 'Often, even when cost
information is provj Jed it is unclear how the data were derived. In
this study we will wraw upon the "ingredients" method to determine the
~costs of each intervention (Levin_1975,"1983). This method makes
explicit the ingredients and prices included in cost estimates. Data
on effectiveness and costs will be combined to compare the
cost-effectiveness of the four instructionél interventions: cross-ﬁge
tutoring, computer-assisted instruction, reducing class size and
- increasing time in learning.. »

The next section of the report will describe the general nature
of the interventions that are under consideration, characteristics of
the specific models, and the\mannler-in which they were chosen. This
will be followed by sections on the assessment of effectiveners,
estimation of costs, and the construction a_r.nd evaluation of

cost-effectiveness ratios.

II. INSTRUCTIONAL INTERVENTIONS

Several criteria were used to choose the set of alternative

instructional interventions that might be considered for the
cost-effectiveness analysis. (1) The interventions had to be désigned
to improve mathematics and/or reading; ‘(2)lthey had to be
supplemental in nature; (3) they had. to be read:.ly replicable; and
(4) sufficient statistical evidence-for an acceptable evaluation had
"to be available. . Each of the éritﬁeria‘ will be éxplained below.

- Cost-effectiveness comparisons can only be made among
.ailternat ives that have similar types of outcomes (Levin .1983: Chap.
1). Improvement in mathematxcs and ° readmg scores was chosen as the

outcome because of the prominence of these basic subjects on the '

e



educational reform agenda aﬁd among schools' priorities generally. An
overriding concern of our study was the potent1a1 applicability of the
results. In this respect, it xs easier to achieve mcremental change
in school pfograms than fundamental restructuring. Accordingly, we
chose to consider only interventions that would supplement exxstmg
school offermgs.

An intervention's replicability was also a selection criterion.

‘Some highly ‘duccessful programs may be unique to a particular set of

circumstances and cannot be duplicated with similar results in other
settings. For example, in our early analyses, a specific study of
individually-prescribed~instruction (IPI) (Sinks 1969) showed the best
results relative to costs of all of the interventions in the

comparison. Discussions with a knowledgeable expert, however,

suggested that this result was unique torthe study and could not be

.

. educatxonal reform. Despite them, we believe that the specific

easily duplicated elsewhere. In addxtlon, the totally mdwxdualxzed
approach in the model we examined actually constituted restructurmg
instead of supplemental change. By contrast, the interventions we
chose met bur feasibility ci'iterion by being both suppiemental and
replicable. Finally, our criteria xncluded the requu'ement that
adequate evidence was needed to draw conclusxons about the.
effectiveness of each approach.

IWhilé these criteria are us.eful. for px"esent: purposes, they

represent limitations in a broader consideration of alternatives for

"school reform. Our results will be limited to reading‘and

mathematics: they should not be generahzed beyond these subJects.
Moreover, our criteria exclude both altérnatives that would
fundamentally trans form the school and those on which little or .no

evidence is available. It is possiblé, for example, that a

fundamental restructuring of schools would be more efficient than

incremental improvement. It is also possible that certain
instructional Jaltgrnatives would be shown. to be more cost-effective
than the ouc' in this study, if the evidence vere available. Cf

course, these limitations apply to vxrtually all studies of

\



interventions that we have chosen are salient ones for educational
policy. ‘

The four interventions that were cﬁouen for this study include
cross-age tutoring, computer-assisted instruction (CAL), reduction in
class size, and increases in daily xnscruccxonal time. A
meta-analysis was carried out for each of the general interventions in
order to estimate the range of effect.sizes on mathematics and reading
achievement. In order to do a'cost analysis, the exact ingredients
needed for a particulaf application of an intervention must be
specified. ‘Ac'cordingly, with the exce‘ption of the reduction in class
size, a specific study was chosen that was representative of each
intervention's .general approach and was typical-of its effect size.
Both the effect sizes used in this analysis and the costs are deriv;d
from these studies. . '

Criteria for choosing a representatxve study included: an
approach that wasﬂ representatwe of the class of mterventxons, an
effect size él;mt was representative of the typlcal effect found in a
meta- analysxs of many studies of the intervention; a clear
de9cr1pt ion of the intervention and its. mgredxentr the availability
of a careful and reliable evaluatxon, and the promise of
replxcabxllty. W1th the exception of reducing class*sxze, these
choices engbled us to obtain a more precxse pxcture of costs and other
conditions conduc 1v-..\e to replxcatxon than would have a generalized
version of an inter\i{lention bat.l'ed upon a meta-anglysis alone. With
respect to the reductic;‘g in class-size, the nature of the intervention
and its cost are.so st.";z\lraightfo‘rward that we were able to draw on the
meta-analysis results ;vithout singling out a.representative study. A
description of each of the 1ntervent10na, as well as the speCLfLC'
study that was used for more precxse cost and effeccweness analysis,

N
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follows. i

Cross-Age TutonJ _ )
" Cross- age tutor:.ng has a long 1nformal history in American

education. In one-room schools, older students. routmely helped teach

‘younger students. Th_e benefits of such an arrangement have .been

1



commented on at least since the 19th century. For example, Ehly and
Larsea cite John Comenius (published 1849) and Andrew Bell (1832) who
both noted that the one who teaches also learns. More contemporary
studies confirm this view, A compendium of reported benefits of
successful peer tutoring efforts includes achievement gains, increases
in self-esteem and enhancement of academic motivationm, oftén for
tutors and tutees (Ehly & Larsen, pp.12~17 and pp.21-23). (Some of
these reports are based more upon anecdotal evidence than on findings
from rigorously disciplined studies, however.) Researchers
hypothesize that peer tutoring programs work in part because the-
tutees are motivated to model the tutors' behavior, and because tutees
feel more relaxed with a child tutor, and are therefore better able to,.
concentrate (Ehly and Larsen, p.21). \

The need for tutoring often arises because individual students
may not be well-served by group instructional methods. Peer tutoring
(or any one-~to-one tutoring arréhge_glent) in essence assigns an
individual surrogate teacher to the tutee. The pohcy lmportance of
tutoring turns on the fact that when a child or paraprofessmnal
instead of a certificated teacher, fulfxlls this role, the °
ind ividit‘na\lized instruction costs less. Perhaps even more important,
the tutor is expected to benefl.t from the experience along with the
tutee. 3 : : R

Assuming older children will tutor younger onesﬂ,,.é peer tutoring
program impiies the need to select tutors and tutees, coordinate
activities between at least two classrooms, and prov:.de adequate
tra:.m.ng and su‘pe_,rVle.on for the student pairs.  The tutormg
intervention we have selected utilizes all these elements. The peer
tutoring component is one in which younger children were tutored by
older chxldren, whom adults trained and supervxsed. A tutoring
program by adult paraprofequonals parallels this peer tutoring, and
provides help mainly for uppe,r-grade children. . >
_ ‘The cross~age tutoring intervent’ion used in this study is based
upon the Croés,-ug}.ge Structured Tutoring Program for Readi'ng and

Mat.:h.em‘atic's in the Boise (Idaho) Schools (The Independent School

‘District of Boise, no date (a) and (b) and 1983). For a school of

N
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about 300 to 400 students, an adult tutor manager in reading, an adult

tutor manager in math, and an adult tutor in reading and one" in -
mathematics--who are all paraprofessionals--along w1th upper erad-
student tutors, provide tutoring for second and third grade children _
.needing help in reading and mathematics. The adult tutors and tutor
managers are trained and supervised by a Tutoring Program Specialist,
a central oft‘ice 'ad'ministrator, whose respo.ns'ibility covers 14
schools. The student tutors at each site are trained and supervised’
by the tutor managers_in each subJect. Tyoicaily, a tutor manager
0versees 30 tutoring pairs, . and an adult tutor works. _regularly with
twe lve or thirteen 1n<\1v1dua1 tutees. ~Tutoring sessions with both
adult tutors and student tutors last appr'oximate'ly 20 minutes a day..
"All the tutoring pal.rs (adults ‘and ‘students) use 4

commerc 1a11y—ava11ab le currlculum, wh:.ch 1nc1udes a manual for- each

zault in each ‘subject (as well" as an audxotape in reading). Student- g

tutors are tra1ned with a locally-produced manual., As part of then' :
_work with ' tutees, they d1str1bute locally-purchased awards and
certificates. Both student tutors and adu1t tutors fmd otherwise .-
‘unused spate around the..school for-t_he_ tutor1ng sessl.o_ns,.-such.v-as an
available classroom, hallways, a c‘afeteria,'or.a small off{ee. 'I'hus,
one school in the range we are conslderxng hosts 81xty ‘student tutors
~ and. the ir sixty tutees, as well as 26 other. tutees who work with the
‘adult tut-ors, for a tota1 of 146 ch11dren partxclpatxng in the
. tutoring program. v _ b . o
The effects of the Boise tutor:.ng program, then, are prxncxpally
those of .the peer tutoring component for students m grades 2 and 3,
‘and the adu1t tutoring- component for students 1n grades &4, 5 and 6.
Pup:.ls in . the lower grades are not tutored excluslvely by students,
however. . When a younger ch11d cannot: work with a student tutor, that
"ch11d may be assxgned to the tutor manager (or to the adult tutor)
.Or, when a student tutor is absent, an “adult tutor might substitute 1n
the peer tutor1ng componento The d1v1s1.on of . lower-grade students

be l.ng tutored by peers, and upper-grade students by adults holds true‘ -



on the whole, and tutor managers do devote the maJor1ty (from 85% to
90%) of their tune\*eo coord1nat1ng the peer tutoring.

Computer-Assisted Inms truction

Although computer-assisted instruction (C'A_AI) has -been available
for at least two decadss, the drastic decline in the costs of computer
hardware and the sharp increase in capability of microcomputers have
engendered large growth in theuse, of computers for instruction. The |
growth of CAl is also due to the ubiquity of »mputers 1n the
workplace, and the explicit call of national-educational reports for
greater use of computers in instruction and more w1despread 'computer
lit'e'ra-cy" among students. :Typical applications of CAI include drill
and practice (exercises to reinforce conventional classroom
ins truction) and the teaching of specific subject.s such as compui:er
programming, languages, design, and technical topics (Center for
Social Organlzatlon of Schools 1983).: ' '

Use of computevs in instruction is growing very rap1d1y, but
relat Lvely ifew evaluatlons of the effects of CAL over a full academ1c
year or longer exist. .And those evaluations of the effects of CAIL on
mafhematics and reading schievement are generall.y limited to drill and
‘practice. The CAI model whose costs. and effects are evaluated in this
stu}dy-;tays within the limits of a specific d;'.ill and practice
ap,plr‘ohech as set out by one .of. the pioneers in the field, the Computer
Curriculum Corporaﬁion (CCC) The advantages of slelecthing this
partlcular approach are that it is one of the ‘most 1mportant‘
app11catlons of CAIL; it has the longest h1story of CAI use; and it has
‘been the Sub_]ect of one of the best 1nstruct1ona1 evaluat1ons of 8 -
long-term (four year) a.nterventlon.

The spec1f1c CAL approacb that we have uged to construct.
cost- effectlveness data was sponsored by the. Educat1ona1 Testmg
Servﬂce and Los Angeles Unified School D1str1ct (ETS/LAUSD) in - 1976-80'
with fund1ng from the Nat1ona1 Institute of Educat1on (Ragosta,'
Holland and Jamison 1982) Elementary students were prov1ded with

ten-m1nute daily sessions of drill and practice in mathemat1cs,

lread ing, and language arts. Some students had more than one daily
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_sesslon, and the combinations of subjects to which students were

assigned differed so that a child studying readlng and language arts .

by computer could serve as a control for assessing the benefits of'
mathematics instruction by another child studying reading, 1anguage
arts and mathematics. Since the experiment ran for four years, it was
also possible to make comparisons among students with up to four years
.of CAI and with different: combinations of subjects as well as between
students who rece1ved CAI and those who d1d not. |

'I‘he approach evaluated in the ETS/LAUSD study requ1res a separate
classroom with 32 term1nals that are connected to a m1n1computer. (A
similar type of delivery system can be constructed us1ng nersonal or
microcomputers that are arranged in a network with a hard-d1sk storage
device.) The m1n1computer holds all computer curr:.cula for all
elementary grades and curr1culum areas, as well as student recor\ds on
the number of sessions that students have taken and the1r progress...

Students sign in at their term1nals and begln the sesslon where
they left off n the prev1ous sessz.on. ‘A problem 1s dlsplayed
typ1cally in a&:nultlple-cholce or a "f£ill in the blank" format. - For
ins tance, a student m1ght be glven a problem in ar1thmet1c operat1ons
such as vertical add1tlon or subtractlon and asked to type in the
~answer., or the student might be asked to f1ll in the correct form of
a verb in a sentence. The computer program - indicates on. the display-

screen whether the answer . 1s correct or 1ncorrect.- In e1ther case, a

B,

new problem appears on the d1sp1ay. When. a student ach1eves

profic iency on a particular part of the currlculum--as ev1denced by a

high proport:.on of correct answers—-the system prov1des e1ther.

problems of the same type at a hlgher level. of d1ff1culty or a new
type of problem. The curr1culum 1s not des1gned to introduce new
curr1cular mater1al as’ much as 1t is to prov1de an opportun1ty to
apply concepts that have: already been taught. S

Reducl;ng Class Size - , SR -

One of the oldest methods of 1mprov1ng educatlonal outcomes is to°

reduce class size. The reductlon of ¢lass s1ze is not an intervention

that is designed to 1n,crease_ achievement d1rectly.. _Rather, it is

-
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expected to infiuence what goes on in the classroom, how teachers
.interact with students, and what the gtudents themselves dc or are
-allowed to do. It is especially favored by teachers and parents who
feel that smaller classes will mean more individual attention for
pupils. T.e differences in classroom processes' resulting from reduced
class size, in turn, influence outcomes 11ke student achievement,
student attitudes, and teacher morale. In th1s indirect fashion then,
a class size reduction opens the way for improving classroom ,processes“
and, hence, achievement. Glass and Smith (1979) attempted to integrate.
the exten81ve literature on the relaiion between class size gnd
achievement, and their results are used as the basis for calculatlng
the effect sizes: 1n this study. ‘Cost-ef fectiveness comparlsons w_:.ll
be made for reducing class size successively from 35 to.30 students,v
30 to 25, 25 to 20, ‘and 35 to 20, -

Increasing Instructional Time

Although the reduction of class size has been the m'os\t _prominent
traditional intervention for improving_ schooling ‘in . bast,
' increas_i_ng instructional time has become more recently the . ..lying .
point for educational reform. Nationallreports‘ argue for increases in
the amount of time devoted to instruction by lengthening the school
day and school year, ass1gn1ng more homework, and using exlstlng time
more effectlvely (Natlonal Commission on Excellence in Educatl.on 1983:
29; Task Force on Education for. .Ec_onomlc Growth. 1983: 38).

The evidence behind these.policies derives from conlparisons of
time in instructidn between U.S. schools and those of other.
industrialized nations. as well as studles of the effects of time in

1earn1ng on achievement. The typical U. S. school day lasts 5-6 hours),

wh11e a 7 hour day is common in other industrialized countries such as -

Japan. Further, while a 180-day school year 1is:the norm in the U.S.,
220- to _240 day sessions are found in other nations. Empirical
studies su;ggest that more ins truct'idnal time as well as greater
amounts of "time—on-task" or ' engaged 1earn1ng will improve
educat10na1 ach1evement (KarWelt 198;} ' )

'S -
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The data that are used here to measure the effectiveness of
increased learning time derive from the Beginning Teacher Evaluation
Study (BTES) "which is the most iinportant data source on the subject
(F1sher‘et al. 1980; Denham and Lieberman 1980). The BTES

'research team carefully observed selected students in a number of
second and fifth grade classrooms in 1976-1977 at the same time that
teachers 1n those classrooms kept. detailed logs of instructional
content in mathemat1cs and read1ng and time spent on those activities
for an 85-day period. Student ach1evement was assessed by tests geared
to the spec1f1c content taught. : _
‘More time alone does- not: necessarlly ’translate d1rect1y 1nto more
'learnlng time and higher achievement. Extraneousv ‘factors, such as
cler1ca1 tasks, attentlon to group processes, and Lonterruptmns for" ‘
d1sc1p11ne and field tr1ps‘, all c1a1m some ava11ab1e time.
Add1t10na1 factors, such as fat1gue,‘ mxght also undermlne thﬂ'
-effectlveness of some of the add1t10na1 time. Equally 1mportant
theoretical models of learning suggest that classroom 1nstruct1ona1
processes “and environment, student apt1tudes and behavior a11‘_' ‘
. contribute to students' classroom 1earn_i.n‘g. This learning is "inferred .
from student beha.vior,. which may be on- or off-task, engaged. orb‘ )
unengaged in llearn~ing. The idea behind informed;recoﬂmmend:atiogs for_
better use or extension of school time "is‘ that the more time allocated
to instruction and the more student engagement durmg that t1me, the
_more learning will take place. ‘ S
Thus, the variable of interest to pohcymakers should emerge as -
.,engagedv t1me or time-on-task. Engaged t1me may be mcreased by

restructuring learning act.ivitxes, .reduclng 1stracntlons and

+ interruptions, or by increasing the total amount gf tize 'availa_ble-for

ins tr'uction; but-it is important. to reiterate tha ,clocl't"time is mot -
equlvalent to 1earn1ng time. The BTES st sed the importance of
'Academlc Learning Time. In adapting the BTES findings to a time
intervention for. second and fifth grade reading and mathemat:.cs, we
there fore assumed that only a portlon of available t1me will be. actual"'

acadenuc 1ear%1ng time. We estmate that. to 1engthen the ‘'school year

-
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of 180 days by one hour a day will ‘add only 150 hours to instruction,

.instead of 180 hours.

- III- EFFECTS OF INTERVENTIONS

In this section we will present the estimated effects of the four

interventions. Details on the meta—analys1s of effects for each’
<1nterventlon are reported separately in Glass (1984), 80 we will
"provide only the basic method and overall results here. For each of
the 1ntervent1ons, we searched the literature to locate pert1nent
studies. Each of the stud1es was scrutlnz.zed to determme that it met
the min1ma1 cond1t1ons for 1nc‘us ion out11ned "above, such as hav1ng a: -
réasonable evaluatlon des1gn and outcome measures that cou\ld be placed
in a standardized or common metr1c. v » S \d

Effects of the 1ntervent1ons were’ converted into standard scores
or-effect sizes 1n terms of" standard dev1atxon un1ts." For'
exper1menta1 stud1-es th1s was generally estimated as the average testl"
score difference between treatment. and- control groups divided by the
standard dev1atlon of the control group (Glass, McGaw and Sm1th\1981)
In the case of q.uas1 exper1:_nental research, (research id which
statistical controls w“e're'used to ad just for differences' among
subjects) the effect’ sxze was der1ved by dividing ‘the increase 1n.'
test scores associated with the regresslon coeff1c1ent for - ‘the™
intervention by the standard deviation of test scores in the sample.
,Thus, the effectiveness of an 1ntervent1on wag viewed as the 1ncrease
,'1n test scores associated w1th ‘the 1nterventlon in. standard dev1at1on.
‘units . _ ‘ _ ' ' | .
a The gen.eral 'strategy was to array the different studies relating -
“to each intervention to ascertain'the range of results and to explore.
explanatl.ons for 'differences in results such as dlfferences in test1ngl

format, grade level, student popu1atlon, or var1atlons of the

intervention. Once a range was estab11shed, a spec1f1c study was
'chosen towards the m1dd1e of the range .that also met t.he criteria of

rep11cab111ty and adequate detail on the nature of the’ 1nterventxon

and 1_ts re,sou_r_ce 1ngred1e_nts. Many stud1es lacked deta118 about the

C5’d; f>.~»;_ :;{llfgd. ;:l; . ~ﬁ .’.srl
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interventio;n, so they did not meet these criter.ia. Further, we
scrutinized the evaluations on which our effectiveness results were
based to ensure that they mei reasonabrle standards. In the case of
class size reductions, .it was not necessary to single out a particular
study for establishing replicability and resource requirements. -
"A _Summary of the effects of each interveution on mathematics and
" read ing achievement is present-e'd' in Table One. All effects are based
upon the assumption of a full school year of intervention. For a
detailed treatment of .the der1vat1on of effect sizes for the four .
1nterventlons, see Glass (1984),

‘Effects of Cross—Age Tutor1ng_ o ' o

The cross-age tutoring approach used in Bo1se, Idaho, cons:.sts of
. children in the upper e_lementary grades ‘tutoring students 1n grades 2
-and 3 and ad'u"lts tutoring studenta 'in gr'ades 4, 5, and 6. Other
"adults were responsible for tra1n1ng st:udent tutors and for overall
coordination of the tutoring program. Comparable ach1evement gains
”were found for both'tutor:s and tutees for the . student tutoring. Table
One separates the breakdown by peer and adu1t components as well ‘as by
an overall summary of the combined program, )
Overall tutor1ng effects were substantial, with a'irerage_effect
sizes of .97 and .48 for ;:;;thematics and reading, -reSpect-ively, in
the peer component and .67 and .38 for mathematica and. reading in the
“adult tutor1ng component. Average effect sizes 1n the combined peer
and adult pr-ogram were .79 for mathemat 1cs and .42 for readlng.
‘ Although the effect _8izes are lower_at_each_successive grade- 1eve1
is not p-oss:.ble to ascertaln 1fth1s is 'mtrmsrc'to the tutoring
\_\ interv‘ention, if the adult tutoring approach 'nsed in'therupper grad'es' R
\ess effect1ve than the peer- approach used in the ‘earlier. ones, or
if the\gfierence is due to a measurement art1fact. s R '
Effects of\Computer-Assisted Instructlon R - EE ‘ ' o

"The dri .and practl.ce approach of the Computer Currlculum

Corporation is>the most-widely used CAI 1nterventlon of its type.

‘Effect sizes are bas upon reanalysxs of the results of the four—-year
eXperiment ‘carried out y the . Educatlonal Test1ng Serv1ce in the ,Los .

4




~much closer agreement.
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Angeles Unified School District from 1976-80. Effect sizes are
associated with each ten minute daily session in a subject. Table One
reports both estimated mean effect sizes as well as results for grades
2 and 5. The mean effect size is .12 for mathematics and .23 for
reading. The mean score in each area is based upon an equal weighting
of the three mathematics sub-tests and two re_adi.'ng sub-tests. The
largest effect size in mathematice is for computation, with a smaller
effect for application and virtually no effect for conc'ep'ts. The two

sub-scores (vocabulary and comprehes:.on) for the read:.ng effect are in

P

_Effects of ReduclnLCIass Size

'The effect of reduc:.ng class size is based upon a refmement of
the results of a meta-analysxs of 77 stud1es (Glass and Smith 1979)
After evaluatlng the d1fferent studl.es and explorxng unique effects of'
a varlety of medxatlng factors in those studl.es‘ it sas found - that tne:
relation between class size. differences. and 1earn1ng effectweness can

be estl.msted by the followlng relation:

3 §1og (L/$)

where AS - is the estimated effect size for achievement in changing

from a 1arge class size of L pupl.ls to a small class size of S pupils,

and@ is a constant determined by fitting the model to the data by

.least squares. The value of a is about .40 for mathematlcs and .20

for read xng. .On this basis, the effect sizes for reduclng c1ass sl.ze

in Table One vere. estmated for sequent1a1 reductxons of 5. students

from a class s:.ze of 35 unt11 a class slze of 20 was reached. An '

.estxmate was also made for reduc?.ng class size. d1rect1y from 35 to 20.

The* typ:.cal effect sizes assoc1ated with a class. s:.ze reductxon of 5
studen ts ‘is ‘about .07 1n mathemat:.cs and about ha1f that 1n readlng. !
For a reductl.on in. class sxze from 35:. to 20, the expected increase in
effect size is about .22 standard dev1at1.on un1ts for mst.hemat:.cs and

.11 for read ing.

Increasum Instructxonal Time Effects S :' Lo

~The estxmate of effectl.veness for 1ncreasl.ng 1nstructxona\1 time

was based on add:.ng one hour to the elementary school day, d1v1ded-

‘equally be tween _mathemat:.cs and readmg. Althot_\gh th1s',wo‘u1d\add 180
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hours a year--90 for mathematics and 90 for reading--we also as sume
that only about 80 percent of .the time would actoally be used for
instruction. Results were taken from the Beginning Teacher Evaluatlon
Study (BTES) which carried out a detailed analysis of classroom time
_ over a 56- day perl.od. For example, extrapolating to a 180-day year,
h we est1mated that about 186.5 hours and 232.6 hours were devoted to.
- reading at grades 2 and § respectlvely in the BTES classrooms. The
correspond1ng hours of mathematics 1nstructl.on were 102 hours at grade
2 and 133 hours at grade 5. - An additional 75 hours of instruction a
year in each sub_]ect would therefore increase the amount of time :
devoted to reading by about 40 percent at grade 2 and 32 percent at
_~grade 5, and would 1ncrease leatm.ng time in mathematics by about 74
‘percent in grade 2 and 56 percent at grade 5. These ‘Tepresent
substantial increases in 1nstructl.on. '

~The effect sizes for 1ncreas1ng 1nstructl.ona1 time are est1mates-
from the BTES data. It is 1mportant to ment1on that the f1fth grade
mathematics result for the BTES data was - suspect 1n that it was. highly.
1ncons1stent w1th the other results and seemed to be. due to an
anomalously 1arge effect for a single sub-test, fractl.ons.
Accordingly, the result was adJusted to provide a result that:was more
nearly consis tent wlth the other sub-tests, scores and other stud1es
'1n the 11terature (Glass 1984) Effect sizes were re1at1ve1y small,
with a mean estimated effect of only .03 for mathematlcs and - 07- for
readlng. _

Table One-shows only the effect sizes, a. measure of.
effectlveness, for each 1nterventl.on. Before cons1der1ng a ranklng of
the 1nterventl.ons for possible’ 1mp1ementat1.on, we also need to know
_their costs., The next sectl.on presents the cost' of each of the

ke

interventions,

\

- cosrs OF INTERVENTIONS o L .
' The goal of the cost portl.on of the analysls was to ascertain the
costs for rep11cat1ng each intervention.so that ' compar1sons across

interventions could. be made. Repllcatlon refers to the ability to
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undertake the same intervention with similar effects at a different
site. Accordxngly, the replication costs 1nc1ude only those required
to reproduce the intervention in new settlngs but not the costs
associated with 1n1t1a1 development activities or evaluatlons that
created and assessed the intervention.

‘ The procedure for estimating the cost of an intervention is based
upon a three-stage approach (Levin 1983) First, the ingredients for
rep11cat ing a-program are spec1f1ed in sufficient deta11. Second, an
annual value or annual cost is: placed upon. each ingredient. The
'summation of these costs prov1des an estimated tota1 annual cost for
" each intervention. Fmally, a cost per student 18 der1ved by d1v1d1ng
the tota1 annual cosat fl.gure by the number of students served.

It xs ‘important to emphaslze that all of the four 1ntervent1.ons
represent 1nstructl.ona1 supp1ements rather than rep1acements of bas1c .
ins tructlonal serv:.ces. Accordlngly, the cost1ng strategy addresses""
only. the add1txona1 resources or 1ngred1ents requ1red to rephcatew-:‘
these supplemental 1nterventl.ons.- For each 1nterventl.on we
identified the 1ngred1ents by consultlng documents and where
nececcary, expert practztl.oners, to obtal.n descr1ptlons of the
1nterventl.ons at an appropr1ate level of detail to permit cost.
estimates of the resources requ1red. These were c1as51f1ed accordl.ng-
to numbers and types of -personnel,. fac111t1es and equlpment,
msterl.als, and other requv'ed 1ngred1ents. '

Assl.gn:.ng a cost to the mgredl.ents entailed a number of steps.

v"wFl.rst, to obtain a cons1stent set of costs for a speC1f1c “year, 1980,
an attempt was made to set out average natxonal" costs for 1980.
© This table of costs is found in Appendl.x Table A—l with. a reference to
both the source’ of each a8 well as the method of ca1cu1atlon. For
example, whenever a fu11 t1me classroom teacher is used in an -
1nterventlon, the cost is estabhshed as $21 875 per year on the bas:.s
of an . average: sa1ary for 1980 of $17, 500 and frmge ‘benefits of
~_$4 375. . Similar ca1cu1atlons are made for other personnel,
fac111tfes, and all equ1pment with the exception of computer hardware.

'In the case of computer ‘hardware, the rapid decline in costs: since

24




1980 suggested that we obtain the most recent cost-information. Thus,
the costs of computer hardware are based upon prices to scnools in the
spring of 1984,

'By using cost data for the same year, it is possible to obtain a
uniform basis for comparisons. " Even though cos‘ts have risen since
1980, this is unlikely to affsct the relative cost patterns with.the
exception of costs for computer-hardware (which have been updated to
1984 costs in this study) In order to obtain a cost per student, the
total cost of each 1ntervent1on was divided by the number of students.

Deta11s of the costing process for each of the interventions follows.

In summary, all costs were estimated on the ba81s of national averages’

-

 for 1980 with the exception of computer hardware."

Moreover, certain costs in our estimates-were annualized, i.e.,

converted ¥nto a-cost per year (Levin 1983: pp.67-71). _ Personnel

‘costs are normally incurred and calculated on an annual basis, so they

do not need to be annua11zed. In contrast, the use of’ fac111t1es or

equ1 pment typically 1nc1udes 1ngred1ents that . have alife considerably .

longer than a year. 'To as_certa1n the ‘costs of such ingredients that

should 'be'charged' to programs for each year of use, a formula was used

that takes account of depreciation and interest costs. -Essentially,

this approach considers the replacement cost, lifetime, and
appropriate interest rate ‘as bases for calculating an-annualized cost
éstimate. The cost of each ingredient and the. overall or total cost

assigned to each intervention thus represent .a cost for one year of

L . - 0

operation.

All cost estimates used here are based upon the concept of

opportun1ty costs or the value of the resources in their best
alternati 1ve use, regardless of who.paid for them (Levm 1983 48-50)

Thus, the complete costs of personnel and fec111t1es are accounted

"for, even if some of the personnel were volunteers .and fac111t1es were’
provided "free" or w1thout charge by other units of government. That.

is, for purposes of" comparab111ty, we ascerta1ned the full cost ofl

each intervention. Since the ingredients, costs and cost sources for

each intervention .are contained in tables in the appendix, analysts-at
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any par"1cu1ar site can ad just and update our estimates to make their
own cost estimates for their own particular sites. Such ad justments
mxght 1nc1ude substituting local for national figures and current for
1980 prices. To the .degree that any potential decisionmaker can
reduce costs through obtaining volunteers or donated facilities,
equipment, and supplies, those ad justments can"a]'.so-be' made in any
specific case. - o _

In a few cases we identified ingredients ‘for particular
interventions for which we did not attribute costs. Generally, '_these
were cases where the 1ngred1ents were truly 'costless" in the sense

that they were slack ‘resources that had no a1ternat1ve use other than

the intervention at the tme that they" were employed For example, the.

cross-—age - tutgr1ng model is able to draw upon nooks and crannies: in

and vacant c1assrooms at t1mes when 'these spaces -would not be used for

theit normal funct1ons. In a few other ingtances, there appeared to‘. .

be m1nor 1ngred1ents whose cost was 11ke1y to be small, but the exact '

amount could not be 1dent1f1ed. . Turning again to the cross-age
tutoring intervention as an example, we recognized that it -probably

required some attentlon from teachers to select and 'keep records on

"tutors and tutees, but the précise amount.was ‘not documented in the

reports. ~In this case, we felt that omission of. a very small--but

unknown--quant1ty of teacher time (e g., probably. less than 1 percent‘

'.accuracy of the est1mates.

Details of the costing process for each of the interventions

{

follow. B . o oo

Costs of Cross-age Tutoring

From the various evaluation reports for the tutoring program as

well as detaiiec_l' inquiries and interchanges with the Boise School-

cross-age tutoring program and its separate‘~peer,. and adult components,
A typical school, with 60 tutors and 60 tutees for the student or peer

“tutor ing component and 30 tutecs for the adult tutoring component was

'halls, cafeterlas, gymnasxums, aud1tor1ums, resource centers, lounges,';

of the. t1me for each teacher affected) would hardly affect the

‘District, we identified the various ingredients for the entire .
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used as the unit of analvsis. Appendix Tables A—Z, A-3, and A-4 show

the ‘ingredients and costs for the combined peer and adult tutoring
program, the peer -component alone', and the adult component'alone,-
respect1vely. ) '

Personnel costs for each school 1nclude 1/14 of the ‘costs of the
tutorial supervisor. who is respons1ble for: all 14 schools in the
tutor1ng program' the costs of the 2 tutor managers, 2 adult tutors,
. and an_estimated 5 percent of ‘the pr1nc1pal's time as well as a small

amount of time of inservice consultants for training. The clerk who

records. and reports test data (a prlmary way to determme tutees’:

el1glb1l1ty) is also included in the personnel cost. K . "
Facilities requ1red for repllcatlng the Bo1se model may be
conceptually separated into off1ce space and tutor1ng space. ‘The

adult tutor1ng staff needs n!:lnimal off1ce space in.'the school to

malnta1n records (at least a desk and file cabinet for each), and the

'I‘utor1ng Program Spec1al1st needs an off1ce in the administration

bul.ld 1ng. In addition, all those who tutor requ1re some space to meet

w:.th the1r tutees. Because the- tutor1ng takes place in ava1lable '

space throughout the school and. because the aduclts on site typ1cally

do not have full- 51zed offlces for the1r exclysive use, we assumed

-~ .

that these two elements together amount to one classroom. Only an

appropriate portion (1/14) of the cost of the Spec1al1st s off1ce 1s'

ass1gned to the cost of the repl1catlon at the s1ngle site.
Equipment and materlals 1nclude 1earn1ng materials and

furn1sh1ngs. We included’ the purchase of curr1cu1um and supplles, but

excluded mater1als requ1red for the el1g1b1l1ty testmg itself (except )

for the additional reporting- hav1ng to do with the tutormg program)

-

“because it is part of the oh-go:.ng .school prograin; As we havev

o

part1txoned cost asslgnment for the space, we have also- part1tloned

‘cost “asssignment for furn1sh1ngs. However, we assumed slack resources

re avallable for furn1sh1ngs durmg tutormg sessions.

Q

-Except- for.. the -staff -developers’. -time, we have not._ 1ncluded 8Ny

costs for tra1n1ng. We ‘assumed that adults ‘who prov1de tutoring will

be“ paid for tra1n1ng as part oi" the1r wage, and we further assumed




computer hardware, software, and ma1ntenance were updated to March
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that there is no market value or monetary o.pportunity cost for
elementary student tutors' time. Neither have we assigned a cost for
training.and travel for tutees' parents one to thrée nights a &ear for
meetings. We assumed that the voluntary' parent meéting's simply
replace a1ready—estab11shed parent conferences. _

- The total costs of the complete tutoring program’ (peer and adult
components combined) werc estimated, at $41,433 for the 150 tutees or a
cost per student of about $276. Since .the peer tutoring approach for
grades 1 and 2 and the adulf 'tutoring'. approach for grades 4, 5 and 6
were separable, estimates were made for separate cdhponents based on
each model in Appendxx Tables A-3 and A-4. The peer approach showed a
cost of $212 per student participant (which mcluded tutors and
tutees), and the adu].t tutoring approach showed a cost of about $827
per student. o .

The substantial difference in costs was primarily due to two

factors. First, the peer tutoring component provides achievement.

gains for both tu-tors and tute'es and both are counted as 'student

partic 1pants,, whxle the adult tutor1ng component provides achievement:
. gains- only for the tutees. so that costs are divided by the smaller

number of students affected by adu1t tutor1ng. Accordingly, the costs -

are. d1str1buted over -twice as many students for the peer component.
Second, the peer ‘tutoring.model assumes no cost for the time of

elementary stu_dents in terms of market opportunities or lost learning.

.Tutor,ing activities do not compete with other mathematics and reading

opportunities. In _contrast, the time of adult.tutors is costly, and

each adult can'..t_utor only a limited number of students. Thus, - the

per.sonne 1 cost for the adult model is higher and it is distributed

over fewer student participants, resulting in a much higher cost per
student for the adult component by itself. ' -

Costs of Computer-Assxsted Instructlon

The ingredients for the CAI approach are based upon the'

'app11catxon 1n the Los Angeles Unified School District under the

ETS/LAUSD evaluation (Levin and Woo 1981). However, the costs of

W oo Co 2 .
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1984, and all other costs. are based upon 1980 data to make them
consistent with the costs of the other interventions. The purpose of
providing the most recent hardware costs was to take account of'.:t:he
drastic declmes in such costs over t:he last few years. '
The basic model is one in which a M\crohost minicomputer and 32
terminals are incorporated into a computer laboratory in a single
~classroom. The m1n1computer serves as the central. processmg unit
(cpu), and the termmals are used to interact with' t:he cpu, but have_
no independent capsrility for memory or processmg. ‘ Students take ten

*minutes of drill and practice at each session in either mathematics or

reading, although other subjects can also be ‘introduced into this

system, The L’os Ang‘eles éxperiénce suggested that each terminal could
be used for. 23 sessions a day so that the laboratory had a capac1ty of
736 sessxons a day. ]

P‘_ersonnell costs for replicaring the CAI intervention‘ include a
coordinator, two teaching aides, and a small oortion of the time of
the principal. The CAI coordinator is responsible for the overall
fu_nctioning'of CAI including scheduling and coordihat@on 'of

instruction, reporting to teachers on student progress, and monitoring

of equipment functlorung and mamtenance. This role is served by a

classroom teacher who is t:ramed in an 1ntens1ve one and one-half day
progranm, Teachl.ng aides monitor t:he performance of students and
assist them in understanding the CAI problems- and solving them. ‘

Facilities mclude a classroom for the ,CAL laboratory, renovatlon
for built-in counters, chairs’ and other furn1sh1ngs, air cond1tlon1ng,
and security devices. Equ1pment: and mater1als include the
m1n1computer, 32 terminals, a-printer, currlculum rental and
supplies. -All of. the hardware and software costs are based on prlces
‘.qu'ot:ed by the prov1der, Computer Curr1cu19m Corporat1on, in March

1984. Finally, there are training costs, maintenance, and insurance.

Details on most of these ingredients and the costing procedures are
found in Levin and Woo (1981) but are summarized in Appendix Table

A-5. .

4

/

4
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The total cost per school for a fully-equipped computer

laboratory, personnel, and other requirements (based on 736 sessions

per day for one year) are about $87,000 a year for an annual cost per

student per 10 minute d‘ail‘y session, of about $119 at 1980 prices. ‘In
1978 the cost of a similar system v:as estimated at $136 per student
(Levin and Woo 1981), so a combination of 1984 hardware and software
costs and“1980 costs for other ingredients reduced the overall cost

_ per student by only about 12 percent, despite ,a large drop in the cost

of hardware.. Some analysts assume that declines in hardware costs

will substantia'lly reduc'e the costs of CAl. But hardware costs

represent ‘only about 25 percent of the total estimated costs of our

CAI 1nterventl.on. That is, chree quarters of the cost for delivering
the CAI serv1ces are not assoc1ated w:.th the hardware, so even drastic

'dec\Qnes in hardware costs would not reduce the overall cost per

student by very much. For example, even if the cost.of the hardware~

were to decline by 50 percent the cost per student wquld dec11ne by

less than 13 percent-assumng that all other ‘costs remained the same.

vSl.nce other costs are rising over t1me, it is conce1vab1e that the
overall cost reduct:.on in this scenario would be at least part1a11y
offset by. hxgher costs for personnel and other 1nputs. What 1s
important to keep in m:.nd is that the CAI 1nterventl.on requ1res'

considerably more than hardware to provide CAI services.

Since- 1978 ‘many schools have acqul.red m1crocomputers.

Accordlngly, we: dec1ded to’ ascerta1n the hardware costs of a

nucrocomputer approach to compare w:.th the m1n1computer "approach _ _used

in this evaluatlon.' Th:.s comparl.son 1s especially relevant because it

has been asserted that a shift in technology over t1me from a
central:.zed ‘'system based on a4 m1n1computer to a decentrahzed one
based on m:.crocomputers has resulted in a cost reductlon of two-thirds
(Pogrow 1983: 80~ 81). -Although the software used in the CAI

intervention is not presently available for m:.crocomputers, we thought

it would still be useful to compare the costs of hardware requlred to

de11ver sxmxlar 1nstruct1on with-a networked system of mxcrocomputers.

. 30
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A review of recent surveys and discussion with experts suggested
that a common configuration would be- the use of Apple Ile
mxcrocomputers linked in a Corvus network known as Omninet (Piele”
1984) Bas ically, such a system must provxde the opportunity both
for instruction. and for the storage and reportxng of pupil programs.
This con fJguratlon requ1res 32 Apple IIe computers for the students
and one through which the teacher monitors the local network. In
addition to the storage capacity of each of the microcomputers, memory
is provided through- an 18.4 megabyte hard disk device for systems
- programs and ‘s tudent records. Unlike the minicomputer approach with
its central storage of curriculum, each student is provxded with a
diskette con‘taining the curriculum and a record of progress that is
inserted in the disk drive to "load" the information into the
microcomputer at the outset of each student session. Periodically
(e.g., Kweekiy) , the coordinator will transfer these-.records'to the
hard disk storage deviceo'to prepare student reports for classroom
teachers. ‘ _ o . )

Appendix Tables A-6.1 and A~6.2 show the hardware and maintenance
~costs of the comparable "mi‘nicon_:puter and microcomputer network~
app-roaChes, respectively. Lifetime o:t the equipment was assumed to be
identical in both cases, although our casual survey of users suggested
that heavy ugse of the mxcrocOmputers and local network might lmut irs
life to a shorter period rather than the six years .over which we
annualized thé cost. Of spec1a1 concern here is the durab111ty of
term'ina_ls'. The terminals us_ed in the minicomputer conhguratlon are
conmonly used 1n offices "’for‘ ‘data input and processing and are
designed to stand up to cons'tant use in the workplace. The Apple .I_Ie'
was not de.signed-to-be used for such a purpose, and there are
particular problems with the keyboard and disk drive that seem to
emerge under heavy use. . :

In the spring of 1984 the costs of the two systems were roughly'
comparable,. thh a slxght edge glven to the m1n1computer approach.
This small cost advantage of the m1n1computer hardware conhguratlon\
over the mlcrocomputers "and’ local network would probably be

substant1a_11y,_greater Lf_;‘one were to accou.nt for a11of the
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ingredients and their cost, and especially differences in personnel

needs. Experience with both approaches suggests that the

- microcomputer network, at present, is complex and unpredictable enough

to require substantially greater surveillance and knowlédge of the
system by the coordinator than does the minicomputer approach. Such a
person would need greater training and experience with computers than

the coordinstor for the minicomputer version, so peraonnel costs would

*also be higher. This gap in personnel needs may narrow in the. future

'as local instructional networks become simpler and more reliable, but

it'is a consideration that must be mcorporated mt:o cost compar:.sons
at the present time.

In addition, the fact that elementary school students must ''load"

their own diskettes for each session suggests a heavier use of

teaching aides than the minicomputer approach where pupils need only
"sign-in" by typing in their names to initiate a session. Finally,
the fact that the Apple Ile is relatively slow to load a program means

that a ten-minute instructional session may actually take 12 minutes -

or longer, lowering the capacity f'orve.'a,.Ch_’terminal fr‘o‘rh the 23

sessibns a ‘da)" under the minicomputer 'aﬁproach. Although all of thlese

problems might be- overcomo wlth a more sophlstxcated network and the
addition of greeter storage capabxlltxes, such changes’ would .add
subét'antially to the cost of a microcomputer. network. It is our
Judgment that when .all of these factors are-taken mto account, é
mxcrocomputer xnstruotxonal system as presently avallable that could
deliver the CAI mstructmn we evaluated would be more costly than the

\

mml.computer approach that was actually used.

' Costs of Reducing Class Size

"A reduction in ' class size requires the availability of more
tea’chets with addi.ti.'o‘na:l classrooms and furnishings. 'Accordi"ngly, ‘the
cost per student rises with any reduction of class size, because the -
overall cost of a classroom, furm.shmgs, and teacher must be d1v1ded
over fewer students. For ease of presentatlon, we start wlth the fxxed
costs of a classroom, and then show how costs change _when the number

of students served by that classroom decre'ases.ﬂ A classroom for our. .
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purposes includes the physical space, furnishings, energy needs,

insurance, maintenance and a teacher. ‘The cost of any spec1f1c

’

- reduction in class size ‘can be calculated by simply ascertaining how

many additional classrooms with furm.shmgs and tedchers will be’

needed.  As Appendn( Table A-7 shows, one classroom in this model
" costs $28,138 .annually or a cost per student of $804 when class. sl.ze
is 35.

Dec.reasing class size from 35 to 30 pupils would require an

increase of $135 or about 14 percent in cost per student for that
classroom. S'imilarly‘, reducing class siae from 30 to. 25 pupiis raises
.costs by an additional $188 per student or about. 17 percent. A
decrease from 25 to 20 will entail an ‘increase in costs of $281 per
student or 30 oetcent. Fmally, a reduction in class size from 35 to

20 implies an increase in per pupil costs of $603 or about 43 percent. .

_ However, each of these fl.gures represents the total' estxmate of.

additional cost per student for reduc1ng class sl.ze,'not the
' addl.tl.onal cost per subject. That is, overall rediction in class size

is an educatl.onal 1ntervent1on that should affect a11 of the

‘--..educat1ona1 act1v1t1es durmg the school day, not Just the teach1ng of -

mathematxcs .and readxng. Consequently, only a. portlon of the

add:.t Lonal cost should be v1ewed as an educatlonal mterventlon to

M_:.mprove mathemat:.cs and" readl.ng. We»therefore assumed-.that_ aboutﬁ__ e

one-third of ‘the school day 1s devoted d1rect1y or 1nd1rect1y to

mathematics at the elementary level and one—third to readmg, with the

'remaxnlng one-third devoted to other areas. . Although our

time-in-learning analysis 1nd1cated that- formal }nstructlon m_

mathematics and read1ng takes. up less than 2/3 of the- school day, we

-assumed that the:benefits of smaller classes for mathematics and

reading should also be conferred from other activities such as social

studies,‘writing, and .science. Accordingly, the total.additional: cost

per student for a given reduction in class size was d1v1ded by three
to obtain an estxmated cost per subJect. ” S e
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Costs of Increasing Inatruct:.onal Time

) The cost of. increasing the length of the school day is est1mated
in a stralghtforward manner. We have assumed that the only ‘additional
cost is derived from higher salaries and fringe benefits associated
with additional teacher time. This additional cost was calculated by
increasing teacher aalar:.ea and frlnge benefits by one sixth.to
accommodate an additional hour of instruction ‘beyond a normal six hour
requ:.rement. We have assumed that such an 1ntervent1.on would not -
entail additional costs for administration, library,'“maintenance, 'o\r
curriculum materials and supplies. We have further assumed that no
additional facilitiea will be required (a'nd that no activities will be

‘ displaced).' Given an average claas size of 30, the annual cost of
" this intervention, then, is estimated at '$61 per student per subject .
~as shown in Appendix Table "A-8. For smaller class aizea, the costs

o

would be proportionately higher.

T V- COST EFFECTIVENESS RESULTS. )
' From the data on both effecta and coats, it is poaal.ble to

calculate cost- effectlveneas ratl.oa to rank the alternatl.ve '
1nterventxons. Table Two prov:.des eat:.matea of the ‘cost per atudent a

per aubJect for each of the four 1nterventxona as well as effect axzes |

.for each $100 of coat per. pupll. The effect size for each $100 of\

cost per pup11 i's our c‘oat-effect:.venesa ratio. It is computed by
d1v1d1ng each effect size by the pertinent ‘cost per student andW\w o
mult:.plyxng by 100. The $100 figure serves as a atandard unit of
expendl.ture which allows us to ‘compare .the derived coat-effectlveness

ratios across mterventlona. Clearly, ‘the larger the effect a:.ze on

thwnmmmwwwmtxonal im _pact of :

‘resources on achxevement. Let us cona:.der the reaulta for read1ng and

mathematics separately.

Interventions for Ra:sxng Mathemat:.cs Achievement

Among the alternat1vea for increasing mathematics achJ.evement,
two tutoring 1nterventl.ons--the combined cross—age approach and the.
peer component--ahow the. largest effecta per $100 of cost per pupll

thh .29 for the comb1ned program and .46 for the peer component.
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(Rffect 8ize for Each $100 Cost Per Student)

’

(0ST-EFRECTIVENESS RATIO8
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'This means that the combined Boise tutoring program provides almost
“gﬁle-‘third.of a standard deviation in test score gain per $100 cost per
pupil, while the peer component provid‘es almost half a standard
deviation gain per $100. The adult component with its higher costs
and smaller effects provides a much' smaller effect relative to cost.
CAlL and reducl.ng class gize show about equal cost-effectiveness
‘rst ios for mathematics, although the initial reduction (from 35 to 30
pupils) shows somewhat ‘higher cost-effectiveness than successive
reductions. However, in both cases the effect sizes relative to cost
are only about one-fourth of that for peer tutoring and less than
one-half of that for the combined tutoring approach. Finally,
increasing .instruct'ional time by one half hour a day in mathematics
has the smallest effect per unit of cost: about 'hal_f that of CAI and
reduced class size, one-sixth that of the combined tutoring approach,

and only one-ninth that of the peer tutoring component.

Thus, the most preferred alternative among the four interventions

for increasing mathematics achievement is the peer tutoring model,
. followed by the combined tutoring model, CAI, redQcingfclass ‘siz‘e, and
increasing instructional ti'me‘. It is interesting to compare these
results with those for reading.

Interventions for Raising Reading Achievement

"With respect to read ing T'.,ach ievement, .peer tutoring and CAI show.

almost equivalent cost-effectiveness ratios. The peer tutoring model
at .22 appears to be 'slightly more cost-effective than CAI at .19,
though ‘the comb:.ned tutor:.ng program at .15 is estimated to be
slightly less effectwe. The relatively more’ expensive adult l:utormg

" model is one of the least-cost= effectxve of the’ alternat:.ves m

reading, along witii. reducing class size. Increasing mstruct_::.onal_'

time for reading is about twice as cost-effective as reducing class
size, a reversal of the results for 'ma'thematics.

In summary, ‘the results for reading suggest that the most
cost effectlve approach is also peer tutoring, followed closely by

CAI. Increas ing 1nstruct1ona1 time follows with the reducnon of
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/ ~‘class size being the least cost-effective alternative for raising
reading scores.

Cost-Effectiveness for Both Subjects

Because the cost-effectiveness rankings for the four
‘intervent‘iorlls differ by subject, the decisionmaker may be confronted
with a dilemma. In some cases, different alternatives_cgn I_)e used for
different subjects. An example might be to use peer totoring for
mathematics and CAI for reading. However, in other cases such as the
reduction of class size, it may be more difficult to mix
interventions. That is, a reduction in class size is likely to be
difficult to implement for a single subject, so one must consider the
implications of each intervention for both s-ubject:s. It is useful
for this reason to average the cost-effectiveness ratios for the two
subJects to determine if an unambxguous ‘ranking that combines both
mathematics and reading emerges. "

Table Three shows the cost effectiveness-_ratios for each
~intervention averaged across mathematics and reading. . The peer
tut:"oring component and the combined tutoring approach show the best
result, while reducing class sxze,,mcreasmg mstructlonal time, and
the adult tutoring component show the poorest cost-effectweness
ratios. _ '

The dxfferences 1n cost- effectlveness are substa tri.‘abl. For

st as large

A
an effect on reading and mathematics achievement through peer tutoring

example, the same cost outlay would provide almost four ti

as through redu_c'ing class size or. increasing instructional ciino.
Further, aithough the adult tutoring approach in itself has the
m___poofr‘e.s_t_cost_effem\zeness__neault_among_all_of_the—:mtewenuons,_the__
h:.gh cost~- effectlveness of peer tutoring contnbutes to a combmed
cost-effectiveness of. the peer and adult ‘approach that still.exceeds

considerably the second best alternative, CAL.~ o, _- o

VI SIMIMARY
The purpose of th:.s report was to address the cost-effectweness

of four important mterventxons for xmprovmg mathematxcs and reading




29a

TABLE THREE~~AVERAGE COST-EFFECTIVENESS RATIOS OF FOUR INTERVENTIONS
FOR TWO SUBJECTS %
(Average of Mathematics and Reading Effect Sizes for
Each $100 Cost Per Scudent Per Subjecc)

' Cosc-ﬁfteccivaness
' Ratio
Cross-age Tutoring Combined Peer and Adult Program ©.22
Peer Component ‘ W34
Adult Component ~ - 07
Computer Assisted ) : L ~ o155
Instruction ' ‘
Reducing Class Size " from 35 to 30: : o A1
30 to 25 E o ' .09
25 to 20 .08
35 to 20 \ +09
. | )
Increasing , o X . .o «09

Instructional Time *

39
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achievement at the el.ement:ary s8chool level. Tutoring,
computer~assisted instruction, reducing class size, and incrensing
instructional time were evaluated according to their costs and
effectiveness in raising mathematics and reading achievement. In some
ways the results are surprising. For example, a traditional and
labor~intensive approach, peer tutoring, appears to be far more
cost~effective than a widely used CAI approach. Moreover, the
centerpiece of many of the calls for educational reform, increasing
instructional time, appears to be a relatively poor choice for both
reading and mathematics from a cost-effectiveness perspective.
Equally interesting is the contrast between the ‘analysis of
effects alone and the cost-efféctivenesa results., Table One shows
that .the adult t:ut:oriAng model is associated with one of the largest
effect sizes, .67 for mathematics and .38 for reading. Yet, the costs
of the adult tutoring approach are so substantial that it yields one
of the lowest cost-effectiveness ratios in mathematics and the lowest
one 'in reading. Moreover, as‘Tanble Three shows, the adult tutoring
component has the poorest average cost-effectivenéss across both
‘subjects. Accordingly, an evaluation of effectiveness alone might
provide highly misleading implications for the policymaker concevrned
with how to alllocal:e additional resources in the most efficient way
for improvling méfhematics‘ and reading ach’ievement:. To retain the
"strong cost= ef'f'e'ct:iveness ‘advantages of tutoring at the
upper—elementary _grades, it uught: be desirable to consider t:he use of
seventh and’ elghth grade students from local middle schools- instead of

. adu 1t tutors.

. In uslng the results of these comput:at::.ons, a number of cautions
should be noted. First, each of the results is d‘rawn from a particular
version and application of a general class of interventions, so the’
results should not be used to draw a general concllu‘sion for all
po_sgible versions of the intervention. While we at:‘t:gmpt:‘ed"‘t:o select .

specific forms of, irit:ervenf:ions that were tested, réplicable, based

upon substantxal experience, and which had effects t:hat: were .- v

representatxve of that class of mt:ervent:a.ons, t:here may be ot:her




examples that are potent1ally more cost-effect1.ve. \There are many
approaches and forms.of 1mplementatzon of CAI, for example. Our test
of a prom1nent one for drzll and pract1ce should not be a basis for
assessing the cost-effectlveness of other ‘CAI applications. _Moreover,
ﬁsture declines in the cost of CAI and increases in its effectiveness
may be reasonable poss1b111t1es. It should be noted, however, that the
' large proportiom "of non-hardware—costs—in- CAI—suggests—that decreases———
in hardware costs alone way not substantially’ reduce the cost of CAI
serv1ces. This case 1llustrates that one should not use the’ results of
our analys1s to make an. all-t1me general:.zat:.on about all posszble
verwxlons -of -each of the interventions..- .Second, our results pertarn to
mathematlcs -and readmg ach1evement so they should not _be:-'applie"d ‘to. -
other outcomes. e ' o \ . '
Third' both costs and effects of 1nterventmons may vary from one
school to the next, dependlng on vanatlons in condxtlons that were -
mot stud1ed ‘here. For example, at . some schools and for some
Lnterventlons, it may be possJ.ble to obta1n volunteers and donatzons
of. fac111t1es and equzpment. In those cases, the costs to the sponsor ”73*
may be reduced énd local cost-effectzveness ratzos altered 1n favor ‘of -
:Ehose 1ntervent1ons. ‘In other cases, a long tradltlon of worklng w1th
a part1cula1 1ntervent1on may make it’ espec1a11y cost-effectlve.«, : -,’ ol
The most approprlate use of these ‘results 1s to provxde |
guxdelxnes for-consideration of alternatzve 1nterventnxw for'~
'. <~ increasing mathematl.cs and reading ach,1evement in elementary schools.
:Four prominent interventions were compared accordlng n:thezr‘
cost ~effectiveness properties. Both ‘the methods and the results\of
-th1s comparat ive analysis. prov1de a framework for assesslng spec1f1c ‘ .
| 1ntervent10ns that a -~s‘tate-_or~local educat:.—onal agency‘ ‘should find -

useful. ' _ ‘ ‘ o
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Ingredient

'APPENDIX TABLE A-1:

AVERAGE COSTS 1980

Description Components - 'Cost ) N
. . .
PERSONNEL
.Teacher Elementary & secondary, Salary? gnd fringe $21,875/year .
regular service benefits = ’
: .$17,500 + $4,375
Teacher Elementary & secondary, Hourly rate® = S 20.25/hnur“
e ... __extra seryzce j ) : oL
Snbstitnte Elementary & secondary, ) Daily ratedW;wmh-‘u—hnfh‘_rﬁ"$“%‘ Soydgy”"~ —
Teacher - observer : ' - _
. Principal Elementary. .~Salary® ﬁ“d fr1nge ‘$35;000/yeér
' benefits = : Co
- $28.000 + $7,000 |
Superyisor Elementary & secondary, ‘-Salary E“d frlnge ,$25;000/yeer,7
‘ ' ' central offlce - benefits: =
L $20 000_+ $5,000 ‘ ‘
,ConSultent * Inservice trainers ) Daily rated = - $ 100/day;;f
'-Peraprofessinnal Teaching_aide, tutor Hour ly rated = $ S/hopfff
- ﬂ manager, clerk - . R
' Paraprofe881ona1 -Adult ‘tutor - Hourly rate® =>\\ $". 4 25/hour
- ) ' | y
_ Student Elementary Hourly rate® = $ 0/hour
FACILITIES - o
Classroom »Elementary & secondary “fCost per square foot t$45,000/fodnfl
Construction T for classroom spaced = T
f annualized at 10% - K '$ 4,775/year”
"nnterest over 30° years i e
‘ clagsroom" Elementary & sécpndety, Actual costs . "$18;500/f6bm'

Renovation

for computer laboratory

- annualized at 10% 1nterest

over 10 yearsk'

.'$.3,010/year
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' APPENDIX TABLE
- Page Two

Ingredieht

A-1:

AVERAGE, COSTS 1980

Description

.Components

Cffice space

EQUIPMENT

-Classroom
‘Furnishings

Office _
Furnishings

"~ OTHER

' Maintenante and -

Classroom

Qtilities

Central office

‘(equivalent to

1/2 classroom)

30 student-desks & chairs,

1 teacher desk & chair,
2 30"x72" folding tables,
2 bookcases

1 desk & chair;'filing

cabinet, telephone

Rout ine maintenance,”

utilities and insurance

schools:

| 8vggtimated average annual salary of classroom teachers in publl.c elementary and secon
United States 1959-60 and 1980-81," ngest of Education: Statistics 1982, p

ahnualized-atkloz interest $ 488/year. N

over 10 years™, 3 - o o
lPrlce = $500 . o

annualized at 10%. 1nterest $ 32[?@3?

1/2 cost for classroom
space'’J annualized at

- 10% lgterest over 30

years

Market orice1 = $3,600

over 10 yearsk

Annual rateq e $'~1}606*yea,

"and Education® Research Service, ERS Report: Salaries Pa1d Profess10na1 Personnel m th

- Pub11c Schools 1980 8l.

b,

Computed from averagé teacher wage, assumlng a 180—day,~6—hour day teacher year.

€Based on Educat ion Research Serv:.ce, ERS Report. SalarJ.es Paid Professlonal Personnel i

Assume at 25 percent of salarles on basls of examxnatlon of representatlve rates 1n 1980

Representatlve rate used in- sample of . school d1str1cts in 1980.

the Public Schools 1980-81.




APPENDIX TABLE A-l: AVERAGE COSTS 1980 = -~ S
Page Three . o : ' - - [

Y

fBased on A"Average annual salary of instructional staff," Digest of Education Statistics -
1982, p. 58; and mean salary information of assistant principals as listed in "Salaries of -
Assxlstant Pr1nc1pals per pupil expend1ture for 1979-80, Standard Education Almanac 1980-81

PP 64—65. Assume supervisor salary is average of both. )

8B.taexed on actual cost in Bolse model, where Adult Tutors are paid at a lower rate than."}":
Tutor- Managers. : N v

hAs-xs-xume no opportunity cost. - - N : y oo T

ipaul Abramson, "Educatxonal Constructlon. ' Seventh Annual Cost Report,".‘Americaﬁ Schoo
and Un1vers1ty, April 1981, p. 54. SRR . ' T

.JEst1mate from Amer1can Reg1stcy of Arch1tects, exclus:.ve of hall Space.

kLou:.s~x Woo,' “Table 4.1: Annuahzanon Factors for Determmmg Annual Cost . of Fac111t1es a
Equipment for Different Periods of Deprec1atzon and Interest Rates,',' ‘in Henry M. Lev1

Cost-Effectiveness: A Prlmer, ‘Beverly Hxils. Sage, 1983 p. 70.

lBased on estimate from Palo Alto Un1f1ed School D1str1ct deflated for 1980.




" APPENDIX TABLE A-2: CROSS AGE TUTORING INGREDIENTS AND COSTS ',‘

COMBINED PEER AND ADULT PROGRAM

Number of Students: 150 (inc¢ludes 30. tutoring pairs for each tutor -

manager, 13 tutees for each adult tutor, and 2
‘additional tutees for each tutor manager)

) Tutoz mg spat:eb

Annual 4
Cost Ingredient
PERSONNEL
$ 1,800 -1 tutorial supervisor (over 14 schools) at .$20,000 plus‘
: T fringe benef1ts per year \1/14 for edch school)
16,500 ‘-2 tutor managers for 30 tutorlng pa1rs and 2 1nd1v1du_al;"""'
: . tutees each at $5. 00/hour x 6 hours/day x 22 days/month" '
" .10 months = $13 200 plus frmge benefn:s per year. ;
14,025 2 ‘adult tutors for 13- tutees each at $4 25/hour x
hours/day x 22 ~c_lays/monthsx:10,mon;l'3_'s = §11,220 plus fringe
";beneflts per Year Lo T
"1;750" 1. pr1nclpa1 @52 C1me at $28 000 plus frmge benef1ts per
SR year . X : . S
21 "6 inservice trammg consultants (over 14 schools) @ 1/2- ay‘-
a at $100/day . : : S
540 ‘.1 clerk at 52 t:n.me to 1dent1fy tutees
-:FACILITIES | .
- 171 Office- sPace for tutor1a1 superv1sor (equlvalent to .'t.'
L - 1/2-c1assroom, ‘cost . spread over l4 \schools) - o L
, '5,775b4 ' Offlce Jpace for tutor managers and adult t:ut:orsb

Trammg Space for tutor managers, .t\.tors, and p.tarem:sb S




- ;

APPENDIX TABLE A-2: CROSS-AGE TUTORING INGREDIENTS AND COSTS o s

Page Two : COMBINED PEER AND ADULT PROGRAM
Annual

Cost Ingredient . - T ' : ' :

EQUIPMENT AND MATERIALS

--120 . Tntdring curricululn at ,$36/adu1t |
300 k,S.t::udent:. tn__’toring manual,_ ylocally produced, at $5.00/manua1_
100 - "._'Recordke'ep___i.ng and award --supplies. ‘ \ | o
325° . Offlce equl.pment for tutor managers “and adult tutors .
6 Offl.ce equi pment for tutorial supervz.sor (cost spread over

14 schools) : . o .

s;'lac‘k‘ B ~‘ E.‘nrn'i:tnre for .tnt_oring- pairj o o | . . -
OTHER - | "> | S

in_ salary Tra1n1ng form tutor managers ‘and adult tut:ors

“slack Tra,l.nzng .and travel for parents (assumed to be equwalent to

.

exlsnng pa‘i‘ent conferences)
$41,433 TOTAL COST_ PER YEAR

$§ 276 . COST PER STUDENT

.

@ !

81t is possl.bl*e t‘at some tnne of the classroom teachers is. needed fo
communxcatlng w:.th tutor managers and adult tutors. However, we have no.

bOffl.ce space, tutorlng space and \tralnxng space'

’ equivalent to oné classroom. . Cost ‘of classroom-space 1nc1udes ’$17‘000 for

ut111t1es and routme mamtenance.

ERIC ;.

Aruitoxt provided by Eic:




‘\' APPENDIX_TABLE.AES' CROSS-AGE TUTORING INGREDIENTS AND_COSTS

PEER COMPONENT Co

Number ‘of Students: 120, includcs 60 tutors and 60 tutees

Annual: .
.Cost Ingredient
PERSONNEL® |
$ 1,800 1 tutor1a1 ‘supervisor (over 14 schools) at $20, 000 plus
.-frmge beneflts pear year (l/14 for each. school) -0
© 14,850 2 tutor managez.-s @ 902 tune for 30 tutors and 30 tutees eachvl:‘."‘_;v_
.~ at $5.00/hour x 6 hours/day x 22 days/month x. 10 months =
, $13 200 plus frmge beneflts per year SR . S
l,750 _l pr1nc1pal @ 52 tlme at: $28 000 plus frmge beneflts pe
’ year-i o i e
21 6 inservice trammg consultants (over 14 schools) @ 1/2 da
at $100/day - ‘ ' RS It
- 540 1 clerk @ 52 time t:o 1dent1fy tutees (equxvalent t:o 1/2_‘
~ month per yeaz) R R A
_FACILITIES
<171 _0ffice apace “for tutorxal superv:.sor (equlvalent: t:o 1/2,,.{ o
classroom, cost spread over 14 schools) ' B S
>5',77-5b ‘Offlce space for tutor managersp
'i‘u,i:or'ingi sp_acebr o
'I'raln’ihg spac'c fo”rf'; t‘utor‘ hanag‘le;rs;':'.ftintors aincy'lfp'a_rcnt'sb'
'EQUIPMENT AND MATERIALS\ . )
" 60 ' Tutoring curr1cu1um at: $30/tutor manager
300 V._Student tutormg manual locally-prodﬁced at $S OO/manual
100 _Recordkeepmg and sward supp11es f" : . ! '




APPENDIX TABLE- A-3 CROSS-AGE TUTORING INGREDIENTS AND COSTS

‘Page Two : PEER COMPONENT
Annual B !
Cost Ingredient.

EQUIPMENT AND MATERIALS (continued)
163 - Office equipmeht ‘for tutor managers ' ' - | \

6 Office equ1pment for tutorlal superv:.sor (cost spread over
14 schools) :

slack. B o Furx_\iture*"for"tvutoring_psirs
OTHER =~ -,
in salary ' Trammg for tutor: managers ' v' _ R ' o S e

R I

- -slack - ‘_'-.Tra1nmg and travel for parents (assumed to be_equivs_lent btno;'-,”
) . ’ existing parent conferences) L o
$25,536 - 'IOTAL cosT PER YEAR -
§ 212 COST.PER STUDENT )
-.',\ B .

aIt is: pos31b1e that -some time- of the cIassroom teachers 1s needed f'o‘
‘communicating with tutor managera and:adult tutors. However, we ‘have no.
information on-thJ.s mgred:.ent 80 we. have not mcluded 1t m the mterventzon'-

,bOffice space, tutor:.ng space and trammg Space ;.together are assumed to:be
equivalent to one classroom. - Cost of" classroom space mcludes $1 000
-utilities and routme mamtenance. SEEE ; .

ERIC. -

Aruitoxt provided by Eic:



APPENDIX TABLE A-4:  CROSS=AGE TUTORING INGREDIENTS AND COSTS

Number ofv Sthdents: 30 (mcludes 13 for each Adult Tutor and 2 for each

ADULT COMPONENT

Tutor Manager)

216

171

5,775

| frmge benefxts per year (1/14 for each school)
2 tutor managers @ 10% time for occaslonal d1rect tutormg_ -
- at $5.00/hour x .6 hours/day x 22 days/month X 10 months -;?f-".j'_

- $1, 320 plus frmge benef1ts per year . , R
2 adult tutors for 13 students each at. $l+ 25/hour X 6

‘bene fxts per year .

1 principal @ 22 txme at $28 000 per year plus frmge‘.

1 »'cl‘e'rk_.“@' 2% time' to’ ident.irf.y tutees L

. FRCILITIES

' class
| Offlce s ace for tutor managers and adult tutors
TTutoring spaceb

. Training space for tutor managers. and. pareht:{sb'

Annual
Cost Ingredient
PERSONNEL g
$ 1;800 1 tutor1al supervmor (over . 14 schools) at $20 000 pluB

A'/_ .

hours/day x 22 days/month x 10 months = $11 220 plus frmge
benefxts _ ,

6 ‘inservice. trammg consultants (over 14 schools) @ l/2 day‘-“
at $100/day . .

Ofsce space for tutor:.al supervxsor (equwalent to 1/2'A :
om;: cost. spread ‘over 14 schools) ‘

b

N




O

ERIC

Aruitoxt provided by Eic:

b

APPENDIX TABLE A-4 CP05%-AGE TUTORING INGREDIENTS AND COSTS
Page Two ATULT COMPONENT '
Annual )
Cost ' Ingredient ‘ -
) - : .

EQUIPMENT AND MATERIALS

120 Tutorxng currxculum at $30/adu1t . : i'v -
20 : Recordkeeping and ‘award supplies
325 . Office equipment for tutor managers and adult tutors at $500v

each annuallzed

6 : ,0ff1ce equ1pment for tutorlal superv:.sor (cost spread over \
14 snhools) : S

PR Furnxture for tutor1ng pairs
R OTHER;‘J‘ 1; - "';~t"‘ K
i%rsalary o Tra1n1ng for tutor managers and adult tutors x;
slaclt ) . Tra1n1ng and travel for parents (assumed to be equl.valent‘.

to ex13t1ng parent qﬁﬁferences)
$24,829 TOTAL, COST. PER YEAR S - e

s . 827 COST PER STUDENTff~ﬁ;"‘ o JE

It is possxble that some t1me of the classroom te
cowmun1cat1ng w1th tutor managers andladult tutors

Offxce space, .
.equivalent :to- one . classroom
utzlxtxes and rout1ne ma1ntenance




APPENDIX TABLE A-5: COMPUTER ASSISTED INSTRUCTION INGREDIENTS AND COSTS
: .MINICOMPUTER SYSTEM

Number of Students: 736 (includes 23 sessions per term:.nal per day for 32

terminals)
Annual _ . )
Cost ~ Ingredient
PERSONNEL |
$25,000 I Coordxnator at $20 000 plus frxnge beneflts per - year
6,000 " t achxng aides @ 600 hours at: $5 00/hour L i,'i
1,750 r:.nc:l.pal ] 52 t:.me at $28 000 plus frmge‘beneﬁts per_;
R Y ILITIES | |
5,775 ‘Classtroom for CAI 1aboratory (mcludes $1 000 for u""iyitiev_s,-
. o .an routxne m31ntenance of the space) . ‘ T’-'L S
3,010 Cla ssroom renovatlon for CAI laboratory
24 F,[\t‘n 1sh1n88 (inc 1udes teacher desk and- cha:l.r and student .
chairs only) .
EQUIPMENT AND MATERIALS . T ,.f |
4,9828 1. M:l.crohost (cpu) with 1 Mb memory and 40 Mb st orage at
' %21, 700 annualxzed at 102 1nterest over 6 years8 L
4,8578 . 32 Computer Curr1cu1um Corporatl.on term:.nals at $21 152
: annualxzed at 102 1ntereat over 6 years
2072 - 1 dot matrix (12.0 cps) prmter at $900, annuah ed at 4102‘5'
: 1nterest over 6 yearsa ' — - ‘
11,4342 Software at $49 soo a_h‘mualb-ize_di"‘at‘: :Ibz'.?ixj‘ter et.‘oygr"iéj_

years




APPENDIX TABLE A-5: COMPUTER ASSISTED INSTRUCTION INGREDIENTS AND COSTS ‘
Page Two MINICOMPUTER SYSTEM . ' (

Annual . ' ' . ..
Cost Ingredient ' ‘ -
EQUIPMENT AND MATERIALS (continued) o
1,102% Installation at $4,800, annualized at 10% interest. over 6
" years (1nc1udes CPU at: $1, 500 terminals at $3,200, and
printer at $100)% ' _ : ; . - ,
6,400 - Curriculum rental per year o , G
3,000 Supplies - e = )
" OTHER . - S ’
40 Training time for coord1nator @1 1/2 days x $100/day,
annualized- at 102 interest over 5 years L
855 ‘ 'Tralnrng t1me for 40 teachers”@‘lo hours x $20 25/hour, :
T R annualized at 10%. 1nterest over 5 years - - o
9,720 . A Malntenance (1nc1udes CPU at $3 600 terminﬁls- at $5,760, ,
- . and prmter at $360) - . T .
3 ,'0(.)0 Insurance i
$87,376 . TOTAL COST PER YEAR S
. . e : _Y
- 8 119 COST PER S';UDENT ‘ : T -
8Costs 'quoteq by Compute’r Cu;‘ricululm:Corpotatbion as of 3/16/84. S

ERI

Aruitoxt provided by Eic:



APPENDIX TABLE A-6.1: COMPUTER ASSISTED INSTRUCTION
| ~ MINICOMPUTER SYSTEM~-HARDWARE AND
MAINTENANCE ONLY

Numbér' of Students: 736 (assumes 23 sessions per. termmal per day for 32

‘terminals) _ N
Annual ;
Cost Ingredient
‘ ' )
EQUIPMENT (Hardware onlx)
$ 4,982%3 1 chroho.st (CPU) with 1 Mb memory and 40 Mb storage at \ :
. $21, 700, annualized at 102 mtereat over 6 years a .
4,8578‘ 32 Computer Curr:.culum Corporatxon termmals .at $21 152
annualxzed at 10% mterest over 6 years ) :
2072 - ‘1 dot matrix (120 acps) prmter at: $900, annualxzed at 10%
interest over 6 years e :
'1,102_8 -Inatallat ion at $4,,800, annualized at 10 interest over 6
years (xncludes CPU 'at $1,500, termmals at $3 200, and '
printer at $100) _ , .
OTHER (Mamtenance only_)
9,720 . Maintenance (xncludes CPU at $3 600 terminals’at $5,:760, -
. and prmter at $360) o '
$20,860 SUBTOTAL COST PER YEAR
§ 28 . SUBTOTAL COST PER STUDENT
o R o ; . R A
Y . . B . . N oL K L e o -
" 3pa.pdware only, exclusive of software. = N.B.: Costs of hardware quoted by

Computer Curriculum Corporatxon as of 3/16/84. .

[

/




APPENDIX TABLE A-6.2: COMPUTER ASSISTED INSTRUCTION
MICROCOMPUTER SYSTEM—-HARDWARE JAND |
MAINTENANCE ONLY

Number of Students: 736 (assumes 23 sessions per student microcomputer per
day for 32 microcomputers)

Ainual ' U
. Cost ~ Ingredient

EQUIPMENT (Hardware nlz)

$ 3,813a_ Corvus OMNINET local area network thh 18.4 Mb. storage,

interface with video cassette recorder, disk server, print
server (for up to 3 printers), 33 transporters, tap cables,
network cables, tap boxes and installation guides at $16,605
(includes 30% discouont’ off list price), annuallzed at IOZF v
over 6 yearsa :

- 7,539 33 Apple-Ile (32 student and 1 teacher) microcomputero with

with 64K memory, disk drive, gréen monitor and 80-column--_

"card at $32,8755 (discounted), annuahzed at 10% interest " L

over’ 6 years .

. ‘ : » . I L
v 184% ° 1 Epson FX-100 dot matrix (220 cps) printer with cable at
o s _ $800 (discounted), annualized at 10%Z interest over 6
) years : . o
].,,>061a Protection- equxpment (1n‘c1uclles 33 mxcrocoﬁiputer"féns,

'desktop anti-static mats, 9 high quality, 4-outlet surge .
- suppressors with on/off switch, cord,-and 1®stand-by power = ..

unit for the hard disk system) at”$4, 620, annuahzed at IOZ'Z'“W' \
mterest over 6 yem:sa , ‘ _ ' v
. OTHER (Mamtenance only) - . - o - A
9,432 : Maxntenance (includes network at’ $3 311 and mxcrocomputers

at $5,621, computed ‘at. 18%) ; printer at $500 (computed at
$42° per mom:h) . T S o

© $22,029 . SUBTOTAL COST PFR YEAR o | \T\\\

$ 30 _ SUBTOTAL COST PER STUDENT

dgardware only, exclusive of software. N.B.: Costs of hardware as of May N\
1984. ‘ A A - T D

4




APPENDIX TABLE A-7: REDUCING CLASS SIZE INGREDIENTS.AND COSTS

Number of Students: From 35 To 30; From 30 To 25 .From 25 To 20;

. - ' and From 35 To 20 per classroom
Annyal ‘ ﬂ ' ingredienty' | : ;
Cost i ‘ - : ‘
© PERSONNEL
$21,875 . . : 1 classtoofﬂ teachet; at $17,500 plus frmge benefxts _
: per year ‘ .
FACILITIES .
© 5,775 ' ' 1 classroom (xncludes $1, 000 for utilities and

routlne maxntenance)

v

EQUIPMENT
488 - ' | ~ Classroom furnishings-
g o |
$28,138 . © TOTAL COST PER CLASS PER YEAR

804 SRR © COST PER STUDENT FOR 35 STUDENTS

- 260 . . PER SUBJECT® ~ B

134 ] ‘ | L Incremental cost for'rgdﬁéiﬁg from 35 to 30 students .’

. “4s® - per Subject” = T O
938 . COSTPER STUDENT FOR 30 STUDENTS =
3138 'PER SUBJECT o

188 - Incremental gost'fof rlﬁ cing.from 30 to 25 students

. 63% . * per subject® | | o '
1,126 - COST PER STUDENT FOR'ZS“&TUDJQFS S . .

- 315% ' ‘PER’SUBJECTa- I : ‘

281 . » ‘ -t Incremental cost for reducxng fr:;\25 to 20 students

S : 2&3 ger sub]ect
1,407 .« - COST PER STUDENT FOR 20 DENTS ' \\\\\
ST 489 ~ PER SUBJECT™ -

603 o . 3>Incrementa1 cost for reduclng from 35 to 20. students

: - 201° per sub]ect N

-

8Cost per subject, estiﬁhted’athnigthifd of éhnuéimébit for all subjects.
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APPE“DIX TABLE A-8: INCREASING INSTRUCTIONAL TIME INGREDIENTS AND COSTS-

Number of Students: 30

Annual . .
Cost = Ingredient
\
PERSONNEL
$ 3,645 Additional classroom teacher time for 180 hours/year
(equivalent to 1 hour/day) '
$ 3,645 - TOTAL COST PER YEAR |
$ 122 - COST PER STUDENT
$ b6l COST PER STUDENT PER SUBJECT

e




