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3. ABSTRACT

(EDUCATION R&D)
In this literature review, five types of alternative instructional media are

discussed in terms of their effectiveness: traditional classroom instruction

(T1), instructional radio (IR), instructional television (ITV), programmecd
instruction (Pl), and computer-assisted instiruction (CAl). The survey suggests
that alternative methods of Tl are almost equally effective, although several

of the studies reviewed indicate that different variables are significantly correlated
with student achievement, e.g. teacher verbal ability and class size. The

few studies on IR that exist indicate that supplemented with printed material,

it is about as effective as Tl. Research on ITV indicates that it is as effective,
on the average, for all grade levels and subject matters. (There is little
evidence concerning the effectiveness of ITV used in ways that utilize the
unique capabilities of the medium.) Both Pl and CAl attempt to improve the
quality of instruction by providing individualization; nonetheless, findings of
no significant difference dominate the research literature in this area. When
small amounts of CAl are used to supplement regular class instruction, sub-
stantial evidence suggests that it leads to an improvement in achievement
particularly for slower students. Costs of alternative technologies should be
given serious consideration in planning or evaluating educational programs.

In addition to the cost criterion, these four considerations must be made:

the lonyg-term significance of the savings in time exhibited in some studies
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using Pl or CAl; the impact of various technologies on long-term motivation

of students; long-term effects of individualization and privacy--learning character-
istics of some of the technologies; and the impact of more imaginative uses of

the media.
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THE EFFECTIVENESS OF ALTERNATIVE INSTRUCTIONAL MEDIA: A SURVEY

This survey provides an overview of research on the effectiveness
of alternative instructional media. The media discussed are tra-
ditional classroom instruction (TI), instructional radio (IR),
instructional television (ITV), programmed instruction (PI}, and
computer-assisted instruction (CAI). The effectiveness ot these
media is examined from a reasonably macroscopic point of view;
the psychology of pupil-teacher interaction or the 'content variables'
of ITV, to take two examples, are at a micro-level not considered.
Achievement test scores constitute the measure of effectiveness most
frequently used in this survey though, where available, results con-
cerning the affective impact of the various media of instruction are
included. Achievement test data, in most cases, were collected only
on an annual basis, so they reveal no fine-grained detail about the
learning process.

Since this survey is relatively brief and its scope broad, a few
caveats are in order. First, where literature surveys are available,
their results have been cited to the extent possible and, frequently,
original sources remain unchecked. Second, available knowledge of the
effectiveness of the varlous methods varies considerably; much more is
known about TI and ITV than about the others. For this reason a survey
such as this is inherently spotty in its conclusions. The third warning,
related to the second, is that many of the evaluations fall short of (or
lack entirely) scientific standards of analysis and reporting. For this
reason, it was sometimes necessary to attempt to cull conclusions from
essentially journalistic accounts of projects. Fourth, it should be
noted that this survey Is limited to instruction within a school setting.
Finally, the survey excludes information on costs.

Before beginning the literature survey, we present an '{deal’
paradigm for measurement of effectiveness and then discuss su c¢ral less
desirable alternatives that have actually been employed. In the surveys

of the individual methods where adequate prior surveys are unavailable,



results from a representative sample of individual evaluations are
discussed. Where adequate surveys are available, their conclusions are
presented with a description of one or a few specific project evaluations.
In addition to a number of medium specific surveys there exist several
reviews — Allen [1960], Chu and Schramm [1967), and Schramm [to appear]
-- that cover more than one of the topics dealt with in this review.

Our objective i{s tu attempt to bring together the overall results for

all the principal media; other of the revicws mentioned here and

elsewhere in our review sometimes have more detailed and specific references
to the literature in some particular arca than we are able to provide.

The media are discussed in approximately the temporal order in which

they were introduced; individuals with a particular interest in one

medium are urged to skip directly to the appropriate section.



[. ASSESSING THE IMPACT OF ALTERNATIVE INSTRUCTIONAL MEDIA

An ideal study of the cognitive effectiveness of alternative
instructional media would relate a vector of output measures relevant
to a subject matter, including criterion-referenced measures of
achievement, to the time pattern of inmstructional inputs. This
function would include as independent variables factors not under
the control of the school system so that, in its allocation of resources,
the system could provide, to the extent desirable, different patterns
of resource inputs to different categories of students. In order to
assess the effects of different mixes of media and total amounts of
time spent in learning a subject matter, we would need an experiment
of vast magnitude; present survey methods are inadequate because of
the current lack of substantial variation in methods of instruction.
Since these methods are now virtually 100 percent TI, survey methods,
as reported in the next section, can be used to assess the effect of
different types of TI.

If it were to be poscible to conduct an ideal experiment, the
resulting function relating the educational system's outputs to its
inputs would be of great value in efficient allocation of resources
to and within school systems. This is primarily because the effect
on output of more or less of any one input would be known as a function
of the levels of all the Ilnputs. Even with much less ambitjous
experimentation it is possible to obtain some idea of how output varies
with input through simple multivariate regression models. For example,
to assess the impact of CAT drill and practice in arithmetic (assuming
CAl as an addition to and not a substitute for Tl in arithmetic), let

us postulate a model of the following form:

Ay = by T ByA L T EC

vhere Ak is arithmetic achievement at the beginning of year k , Ck
»

is the number of CAI sessions the student has in year k, and b0 ,



b1 , and b2 are paramcters to be estimated. Some results of CAl

and TI surveyed are basically models of this form, though seldom do

the TI studies have data that are either longitudinal or on a student-
by-student basis. While models of this general sort, employing a

variety of functional forms, give a quantitative estimate of how output
varies with a few inputs, they fall short of the ideal by being inadequate
for examining the impact of mixes of instructional technologles over

time.

Still less informative are studies that examine whether
supplementing TI with a technology or replacing it with a technology
will yield achicvement results that are significantly different from
TI, because the magnitude of the effects, when they do exist, cannot
be obtained in functional form. The vast majority of good evaluations
of educational technologies are, however, of this general fcrmat.l The
good studies provide controls by careful matching or randomizing and
thus provide statistically valid results. Many more studies lack
adequate controls or arc in other ways flawed. That the results fre-
quently indicate ''no significant difference” is a valuable finding,
not sufficiently used and appreciated in selecting a medium of instruction.

Finally, least satisfactory for purposes of assessing perfor-
mance are projects whose evaluations are essentially jourmalistic.
While much can be learned from good journalism, it is difficult to
avoid feeling uneasy without supportive data, particularly if claims
about substantial improvements in performance are made. It should be
stressed, however, that there is no proved correlation between the
effectiveness of a project and the sophistication with which it is
evaluated. For this reason journalistic accounts can provide valuable
screening for more detailed examination of projects that show potential

for widespread use.

1This perhaps results from what the authors feel is an over-
emphasis on a control vs. experimental group methodology relative to a
methodology that seeks to model input-output relationships. To take
one example, Suchman [1967] paid almost no attention to the problem
of ascertaining how the amount of effect is related to the amount of
stimulus, to use his terminology.



This paper reports, then, on evaluations of varying degrees of
adequacy and attempts to draw some general conclusions about the
relative effectiveness of alternative instructional media. Schramm
[1971]) stressed the difficulties involved In making scientifically
valid cross-media comparisons, and we share many of his reservations.2
Yet a number of reasonably clear patterns do emerge from the data and

these are what we report.

2Schramm also discussed huww best to design experiments to make
these comparisons. The central problem is that the number of potentially
relevant variables to be controlled, or orthogonally varied, is so larpe
that 'experiments' become substantial real-world projects over which the
experimenter may end up having little control.



II. TRADITIONAL CLASSROOM INSTRUCTION

This section reviews the determinants of a student's scholastic
achievement in a traditional classroom sctting., Much of the work
reviewed uses multiple regression analysis to relate a student's
achievement test scores to attributes of his school ervironment
(including the composition of the student body), his background and
socioeconomic status, and his teachers. Many of the studies utilize
the extensive data base provided by the Lquality of Bducationa:
Opportunity (ELO) survey and first analyzed in Coleman, Campbell, Hobson,
McPartland, Mood, Weinfeld, and York {1966). Coleman et al. concluded
that variation in school inputs accounts for at best a very small
fraction of the varjation in student achievement; socioeconomic
variables, they coucluded, are much more central. Other analvees,
some of them also based on the EEO survey data, are summarized later
in this section and a numbe of them finé more evidence for the efficacy
of the things schools provide than Coleman et al. do. lowever, the
findings are often inconsistent and a recent thorough review of this
literature [Averch, Carroll, Donaldson, Kiesiing, and Pincus, 1972]
lsted as a basic conclusion:

"Proposition 1: Research has not identifivd a variant cf

the existing svsten that is conslstently related to students’

educational outcomes."

In a recent reanalysis of much of the data used in the studies Averch,
et al. surveyed, Jencks et al. [1972] reached much the same conclusion:
"We sce no evidence that elther school acministrators or educational
experts know how to raise test scores. Certainly we do not know how
to do so [p. 95j."

The reason Is not that no studies have found signlficant input
variables. Rather, Averch et al. [1972] state: '"The 1itcrature
contains numerous examples of educational practices that do seem to
have significantly affected student outcomes. The problem is that
other studies, similar In approach and method, find the same educa-

tional practices to be {neffective; and we have no ciecar idea why



this discrepancy exists fpp. x-x1]." The present survey accepts this
basic conclusion, with only minor rescrvations that are stated later.

This section first presents a sumnary of 17 studies in a
read{ly usable, tabular form;3 it then provides a bricf ve bal summary
of some of the more significant findings. After the summary of studies
based on survey data, this review examines more ciosely the literature
on what is perhaps the zost cconomica. ly siunificant variuble under
the control of a school systen -- class size or student~t. teacher
ratio. The significance of this variable lies in the observatlion that
incroasing the agerecate student-to-teacher ratio by efthe - enlarging
class size or relucing the aumber of perfods the student s-ends with
the classroom teacher constitutes the vrincipal available vay of

itituting capital for labor {n the educational system. It Is thus

fzmportant to ascertain what negative effects would nced tn be compen-
sated for (or more than compensated for) by introducine z technology,
some of the studies we discuss are based on experimental  as well as
survey data, and others veport affective inpact. As ind:icated at the
outset, the present survey does net deal with relatively nicro-level
variables relating, for example, to the psvchology of pupil-teacher

4
interaction.

sEurlicr surveys of parts of this ilterature appear in Guthrie
[1970] and Ratzmwan [1971}; nore up-to-date surveys are included in
Averch et al., [1972] and Anderson and Greenbery [1972). The studies
reviewed in this literature were undertaken pricarily i{n the United
States; international data and comparisons are more diZficult to find.
An wxception {5 the international Study of Achicvenent in Mathematics
edited by Husen [1967]. This study suggests that the pattern of results
found in the United States is more generally applicabie.

,
“ I3 o . .
For a review of much of this literature see tosenshine {1971);

he reviewed 51 studies of the relation between specific teacher behaviors
and student achicevement, and observed that studies of this sort have

had a better history of fincing sipnificant influences on student
achlevement than have the studies of the «ffect of teacher personality
and background variables that are the focus of the present review,
Clarity of the instructor's presentational style was one of the most
important variables he found.



Survey Data Studies of School Effectivencss

The review of these studies is summarized in Table } which is

subdivided by variable. Table 1 includes mainly variables under the

Insert Table 1 about here

control of school svstems though Burkhead, Fox, and Holland [1967] and
Coleman et al. [1906] both stressed the primarvy importance of the
socioeconomic variables and used step-wise regressions to enter these
variables first. Due to the multicollinearity problem5 between
socioeconomic group and school variables, this procedure biases the
regression results Iin these reports in the direction of concluding

that school resource variation does little to predict achievement score

variation. Many studies that followed the Coleman report and used data

5Thc rmulticollinearity problem arises because, in general, higher
income districts have more money to purchase higher quality resources.
For example, Guthrie, Kleindorfer, Levin, and Stout {1971) examined the
relationship between sociocconomic status and quality of sthool resources
and found a positive relationship on individual, school, and district
bases. The effect of entering socioeconomic variables in the regression
first, as did Coleman ct al. [1966] and Burkhead [1967], is that the
reduction in variance attributable to sociocconomic status includes a
joint effect with school resources. VWhen school resources are entered
into the equation, their importance is diminished, since only the unique
contribution for school resources is measured. Mayeske [1970] evaluated
the unique contributions of cach set of inputs and the joint contribution
of the two scts using analysis of variance. He concluded that out of
the total amount of variance accounted for whun both background and
school variables were in the equatiorn, 12 percent were uniquely identified
with background variables, 6 percent with school variables, and §2
percent jointly. Clearly, with school resources entered seconé, back-
ground accounted for 94 percent and school for 6 percent of the total
variance. Stratification by social class [Benson, Schmelze, Custafson
and Lange, 1965; Guthrie, et al., 1971; Hanushek, 1970; Kiesling, 1967;
Michelson, 1670] is one poscsible method of deuling with these multi-
collinearity problems. 1In cach of these studies there were some school
variables which were significant.



TABLE 1

Selected School-resource Varianles:

Conclusions of Research Studies in Treditional Clessroom Teaching

Cor.zlusions of

7 selected school-resource variable sigrnifican

+8
%

Studies finding

Schocl-
resource Coefricicent of Units of selected school-
Author(s) ol “ Units of . resource variable
veriable - variable in . N scncol-resource s s
of study s . be output variable insignificant
final eaquation N < variable
Teacher Adelmar. % Parti h= .30 Verbal score scaled Score on 30-pcint
verbal [unpublished] with mean = 27.8, test:
score s.d. = 7.7, m = 23.7,
s.d., = 2.2.
kowles [1470] h = 1.2 Student verval score; Units not reported,
no units reported. but probavly on
Z0-point test.
rowles * levin b= 1.24 Verbal score - ! Score on 30-point
11548] raw score. i test.
1
Guthric ot ol. o units reperted. . llo units reported.
f10711 |
& of 30
regressions. :

a . . ;
In studies thaet anzlyzed either many outputs or many

ficient is included, where
ty. The standard

5.3, dependent
s.d. indeperdert

C N s .
The regression coefficients are not comparable across studies.

quations, the

regsults for each equation are reported.

L = b ;s G = percertage chance in output per one-percent

standard
city are

3

in input.
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TABLE 1 {continucd)
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School- Studies finding
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. . . : - sclected school-
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teacher)
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o= 178 m = 4.8, Michelson [1970]
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w“hites, single Doy HES RN test. equation,
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eacher

T L0 - made, Veortal score senled : Fowles
experier-e rlicr effect with mean = 77.6,
thronsh recur- s.d. = 7
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Purkhend et ai, ) School menrn, f-point, scale, Purkhead et al.
11457 0-% years to 15+, f1a7:7
Small conmun . Small comnanity,
12th srade v r.T. 2 outputs;
all
I
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TABLE 1 (continued)

Conclusions of studies finding selected school-resource varinble significant

Studies finding

School- ] . selected school-
resource Coefficient of . Units of )
Author(s) Units of resource varinble
variable . variable in school-resource s s
of study . cutput variable insicuificant
final equation variable
Teacher Fenson ct al. Hth grade median
salary {1965] rending.

1. A1l district
sizes for upper
quartile salary.

2. Small district
for mean salary.

ﬁ in upper salary
quartile.

Mean salary.

Bowles & Ievin b =1.78 Verbul score, raw Average teacher
[1968b) score. salary.

Burkhead et al.

[1957]

1. Atlanta, dropout 8 = -.5 7. male dropouts. Averare teacher
rate. salary.

2. Small cormmunity, 8= .o School mearn score. Pepinning salary,
12th gsrade read- male teachers;
ing. 10-pcint scale,

C-100:C to $5000+.

Cohn {1978} b = 00019 17%h grade seore - Median salary of high

T o= L0477 10th erade score. school *eachers.

Kiesling [1959]

o= =.0097

Sain from Sth to Sth
in standard .rade
equivalents,

4 in top salary
decile.

Bowles [19701]

Burkhead et =al.
(1967]

Atlante, all other

outputs;

small community,

all other outputs.

Fiesling [19£9]
Median teacher
selary.




TABLE 1 (continued)

Conclusions of studies finding selected school-resource variable sigrificant

Studies finding

Sehool- I selected school-
resource Coefficient of Units of
s Author(s) g . Units of resource variatle
variable of study variable ir output variasble school-resource insignificant
Tinal equation veriatle b v
I
Teacher Raymond [1968] Achievement test
salary 1. Average for all b = 4752 score.
(cont.) teachers.
2. Average for ele- | t = .3895 No units reported.
mentary teachers.
Thomas [1962] 18 differert test Median starting
scores. salary, females:
m = $6890,
s.d, = 1240,
Per-pupil Benson et al. 5th grade medien Instructioral Benson et al.
expendi- [1965] reading. expenditure. {1955])
ture Instructional ex- Medium end large
perditure (small districts.
districts orly).
Purkhead et 2l.
[1557]
1. Chicago, dropout, | 8 = -.53% € dropouts, 1llth Moteriels and sup- Burkhead et al.
materials and grade. rlies, experditure [1957])
supplies. per pupil. Chicago and Atlanta,
2. Atlanta, dropout, | 8 = 1.23% 7 male dropouts, Current expendi+ure achievement tests
current expendi- all gredes. per pupil, and 1l other cut-
tures. puts.
3. Small community, 8= 2% School mean. Total expenditurs Small community,

reading test, in-
structicrel,

per pupil.

current expendi-
ture for all
outputs.
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TABIEZ 1 (continued)

- selected schocl-res-urce varisble significant
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Pupil . Benson et al.
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ratio Bowles [1968]

Burkhead et al.
(1967}
Atlanta, Chicago

Katzman [1971]
Kiesling [1969]
Raymond [1958]

. 5th grode median Average daily Terson et al. [1955)
. reading. attendance. Small and large
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TABLE 1 {~ontinund)

Sonclusions of studies finding pelected school-resource varintle gionifi t .

/ onclusions of studi 11 v relects 1ol -ress varintle 1idean Studies findirg
School- sclected school
resource 1 Coaftivient of I Units of clecte s,'oo -

R ‘ Author(s) L . hits of H ) resource varizhle
variable | o study vnriable in ~tput variable grhool-resource insignificant
| o e i1 equation At i varlable sigrilicant
Teacher Adelmnn % Parti s L0A Verbvul sceore senled Propertion with ele- Bowles % levin
major [unpublished) with mean = 27.8, mertary ed. mnjor, {1970]
s.d. = T.7. m = .56,
s.d. = .18.
Michelson [1970a] Whether teacher was Michelson [1970a]
1. White, single b= 2.6 Math, raw score. academic major or Both groups,
equation, math. not. verbal.
2. Black, single b= -7.1 Reading, ruw score.,
equation,
readineg.
Teacher Carnoy [1971] Lo 88 Heading score, Number of years Burkhead et al.
education &th wrade, rural, raw points. beyond high school. [1957]
Spunish readine:.. VA asd higher,
Fatoman {1071) oo =1.07 Median 5th yrade 5 teachers with MA Chicego.
Math score. score in grade or higher. Carnoy [1971}
equivalents. liumber of years
beyond high school.
Hanushek {1970}
Number of graduate
units.
Katzman [1971]
Other 5 outputs.
Michelson [1970a]
Years of schooling.




TABLE 1 (continued)

Conclusions of studies finding selected school-resource varisble significant

Studies finding

School-
resource Author(s) Coefficient of Units of Units of r::i‘if_zzd v::‘;zgi;
variable of stud variable in output variable school-resource insigrifi +
¥ final equation pu varisble gnilican
Teacher Yatzman [1971] bo=1.%1 ‘ediarn Sth grade 4 teachers accredited.| Burkhead et al.
certifica- | Math, special o= .28h score in grade {1957)
tion school application. equivalents. |
b = .35 9 taking exam for ¢ teachers accredited.| C8TPOY (1971]
o= 1.h7 special high school. Katzman [1971]
Other 4 outputs.
Kiesling [1969]
Teacher Katzman [1971] Rate of ADA. Annual rate of Katzman [1971])
turrover Attendance. = -.01% Median Sth zrade teacher turnover. Other 4 outputs.
c = .COh score in grade
Math score. b= 1.87 equivalents.
o = -.02
levin [19570] o= -,0h7 Index of 2 F-point Proportion of Tevin {1970]
Student nttitude, and a2 Z-point teachers who left. Verbal sccore,
question. grade aspiration.
Michelsor [1970a) b o= -.048 Index of student No units reported. Michelson [197Ca]

Student attitude,
simulteneous equu-

tion, whites.

resporses.

Verbal score,
¢rade aspiration.




TARLE 1 (continued)

' Conclusions of studies fin ing selected school-resource variable significant
School- N Studies finding
resource : Coefficient of . Units of selected school-
i Author(s) ; . Units of resource variable
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Do you like the
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| 1. white, sincle o= 1.5 Verbal raw score. Nesired ¢ of white White, sirulta-
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TABLE 1 (continued)

Conclusions of s*tudies findins sclected s~hool-resource varigble significant

Studies finding
School- i ! selected school-
resource | coefricient of | . Units of = N
N Author(s) : . N Units of resource variable
veriable of study i variable in output veriatle school-resource insippificant
! : ' £inal equation Ve variable ©
1 !
Teacher ' Hanushek [1970} ! Vertal score, points.:| INumber of years: Hanushek [1970]
years 1. vhite, manuel, Lo o= -.08 m o= 55.7, m = 2,54, Mexican-American,
since ond grede teacher. ; s.d. = 19.1. s.d. = 2.7, manual.
most 2. wWhite, manual, o= W57 m = 55.7, m= 1.91,
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from it (such as Adelman and Parti, unpublished; Bowles, 1970; Levin,
1970; Michelson, 1970) do, however, show a significant relationship
between various school resources and student achievement. To the
education administrator or policy maker, the existence or extent of
the effect of sociocconomic variables is far less important than a
finding that school resources have a differential effect on children,
deper.ding on their background. Such an effect is evident ia results
of Carnoy [1971), Hanushek {1970], and Michelson {1970], as well as in
Coleman et al. [1966].

Coleman et al. based their results on the amount of variation
explained by a group of variables after socioeconomic variables were
entered in the regression. Four groups of variables were used:
sociceconomic, teacher, school and student body variables. For ninth
and twelfth graders, the teacher characteristics added 8 percent to
the explanatory power, or ralsed R2 by .08 in the equation for
Southern blacks, .03 for Northern blacks, .022 for Southern whites,
and .015 for Northern whites. These variations might have been higher
1f the teacher verbal score, which according to the report bears the
highest relationship with student achievement, had been included in
the group of teacher characteristics. The importance of the above
results is that there is a differential impact on achicvement depending
upon the student's race and geographic region.

Hanushek [1970] used the EEO survey data for sixth graders in the
Northeast and Great Lakes region and stratified by race. He used a
multiplicative model, and the regression coefficients were output
elasticities (o), that is, the percentage change in output for a l
percent change in input. For teacher expericnce and teacher score on
a 30-point verbal test, the results differed for blacks and whites. For
teacher score, © = .117 for whites, and .178 for blacks; for teacher
experience, ¢ = .02 for whites, and .045 for blacks. For both
teacher variables, there was a higher impact on the black achievem at than
on white achievement. If there were a correlation between race aud
socioeconomic group (with whites being from a higher socloeconomic

group than blacks), these results would contrast with those of Carnoy
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[1971) where teacher experience had a greater imract on high socioeconomic
students than o1 low socioeconomic students.

In the same paper Hanushek analyzed data for third graders in
one school district in California. As opposed to the EEO survey data,
where average teacher characteristics by schoul were applied to each stu-
dent or to average student achievement, Hanusnek was able to match students
with their second- and third-grade teachers. The students were then
stratified by ethnic background (with or without Spanish surname) and by
the occupation of the head of the houschold (manual or nonmanual labor).
There are only three groups since in his simple there were no Spanish-
surnamed children {rom a home in which the¢ head of the household had a
nonmz..ual job. The teacher characteristics analyzed are teacher expe-
rience, teacher verbal score (on a 100-pcint test), number of graduate
units, teacher experience with socioeconcmic class and number of years
since teacher's most recent educational experience. Teacher nxperience
and educatlon were not significant in explaining achicvement for any of
the groups, and there was no teacher characteristic which explains
achievement of Spanish-surnamed children. This differs from his other
result that school resources have a lurger effect on minority children,
perhaps because of the language difficulties of Spanish-surnared
students for whom English was a second language. Hanushek [1972]
provides an extensive discussion of these results.

The studies just discussed provide a sample of the type of
analysis that the studies summarized in Table 1 represent. What does
emerge from those studics, and fron the tabular summary, is a striking
lack of uniformity concerning the significance of various varial les.
Further, more targeted research will be required to ascertain more
exactly the nature of the conditions that make significant a particular
factor of instruction.

Table 1 included only studies at the elementary and secondary
level; Dubin and Tavegpia [1968] surveyed the results of 74 studies
that compared various teaching methods at the higher education level.

In most of the studies students were randomly assigned to one of two

methods of teaching; the results do not give, then, regression
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coefficients that could be used to examine the magnitude of the effect
on output of various levels of change in input. Though individual
studies may have concluded one method of teaching superior to another,
Dubin and Taveggia concluded from all of the studies taken together

that there was no evidence for the superior effectiveness of one
teaching method over another at the college level. The methods included
in their survey included lecture sectinns, discussion, and supervised
and unsupervised independent study.

A recent regression analysis of the determinants of economics
achievement, based on extensive survey data, 1s perhaps the best study
to date of input effectiveness at the university level. Attiyeh and
Lumsden [1972) summarized this long term study in a recent paper;
more detailed analyses are referred to there. The output measure used
was the score of the student at the end of the year on an objective
examination stressing the student's ability to apply fundamental
economic principles to the solution of real-life situations or prob-
lems. The independent variables included pretest score, student back-
ground variables (age, sex, year at university, general aptitude,
attitudes, and fleld of specialization), faculty characteristics (age,
experience and rank of lecturers and tutors), and course characteristics
(class size, hours devcted to microeconomics, hours devoted to macro-
economics, and course materials in both lectures and tutorials). The
student's attitudes toward the course and lecturer were not significantly
related to posttest score6 but the student's opinion of the "usefulness"
of economics was. Of the controllable variables tutorial size was
significant while lecture size (with a range of 30 to 400 students) was
insignificant; rank, age, and years of experience were significant for
lecturers and insignificant for tutors. The number of class hours was

significant.

6In another study of student evaluations Rodin and Rodin [1972]
found that "Students rate most highly instructors from whom they learn
least." These findings of the fnvalidity of student ratings are not
supported in a review paper by Costin, CGreenough, and Menges [1971].



Effects of Class Size

As class size is perhaps the most economically significant
variable in TI, we will deal with it in slightly greater detail at
this point. In Table 1 the variables "class size'" and "student to
teacher ratio" were seen to be insignificant in all but 2 of the
regression studies that reported using these variables. This subsection
discusses a number of additional studies of the effects of class size,
including several experimental studies.

A frequently cited review of the early literaturc on the effect
of class size is Biake [1954], which is summarized in Sitkei [1968]
and Varner [1968). Blake summarized 85 studies on the effects of class
size in public elementary and secondary schools. Of these, 35 favored
smaller classes, 32 were inconclusive, arnd 18 favored larger classes.
When stricter requireuents were imposed on statistical procedures, 16
studies favored smaller classes, 3 were inconclusive, and 3 favored
larger classes. An additional survey of early literature on class
s5ize may be found in Fleming [1959). This is the background for more
recent studies which in some cases provided regression coefficients
that can be used to estimate the change in achievement to be expected
with given changes in class size. In the following discussion, results
are also reported in some experiments znd surveys where regression
cocfficients or elasticities are not available, though sume of thcse
results can give an impression of the size of the effects. Several
studies of the effects of class size are first summarized in the text;
following that is a table summarizing these and other results reported
subsequently to Blake's 1954 survey.

Frymier [1964] surveyed 12 Florida school districts and then
selected all classes with more than 36 students and all with less than
30 students in the first grade. There were a total of 201 students in
the larger classes and 219 in the smaller ones. The larger classes
scored significantly higher at the beginning of the year on the Metro-
politan Readiness Test. At the end of the school year (May) the students
were given the Williams Primary Reading Test with the result that
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students in the smaller class scored better at a significance level of
:001. The difference in grade placement was, however, slight; for

the small classes it was 1.75 and, for the large, 1.62. Though there
were no controls for the many other possible factors, physical handicaps
and teacher differences were checked and were not found significantly
different in the two groups,

In another study at the primary (K-3) level, Balow [1969] found
small classes superior to large ones; the difference was statistically
significant at the ,01 level, but not large in absolute terms. The
classes were assigned to conditions randomly. A more detafled analysis
showed that the difference was due to learning among boys. In the
subsequent two years the students who had been in the small classes con-
tinued to galn more than those who were assigned to small classes after
having been in a large class for the first grade; in the second year,
however, the difference was not statistically significant. Balow's
interpretation of the results was that small classes are important the
first year; after that the difference is not significant,.

In Sweden, Marklund [1963) found that in a large sample of
sixth-grade classes, those with 26 to 30 students learned the most,
After that came the 16-20 group (smallest) and the 31-35 group (largest).
Among classes that had sixth-grade students combined with other grades,
the smallest classes were favored. 1In comparisons among students
divided into groups according to socioeconomic status, IQ, homogeneity,
etc., 22 comparisons favored smaller classes, 37 favored larger, and
222 were not significantly different.

Johnson and Scriven [1967) used data from the New York Quality
Measurement Program to examine the effects of class size. From the
total sample only those classes within 0.3 of the mean of the class
in terms of grade level on the pretest were examined. English and
mathematics classes in grades 7 and 8 were the subjects of the study.
Random sampling was used to derive equal numbers in cells for an
analysis of variance. The results favored larger classes in 10 out
of 16 comparisons. The small classes did relatively better for the
seventh-grade students and for students above the mean on their pretest

gcores.
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Table 2 summarizes a number of studies on the cognitive effects

Insert Table 2 about here

of class size that were undertaken since the time of Blake's 1954
survey. Not included in Table 2 are the extensive results of the
international survey reported in Husen ]1967]; volume II of that
study (pp. 79-85) reports on numerous comparisons of different sized
mathematics classes. The results were usually no significant
difference and, where significant differences were found, they were
more likely to be for older students.

While the relationship between class size and achievement is gen-
erally weak, some researchers believe that the interpersonal aspects
of the classroom suffer with increased class size. Olson [1971] found
an advantage for smaller classes in terms of individualism, interpersonal
regard, group activity, and creativity. This survey obtained data from
almost 10,000 classrooms at the elementary level and 8,600 at the sec-
ondary level. Smaller classes were favored at all levels. Using the
same sample, Vincent [1968] found inconsistent relationships between
class size and achievement.

In a smaller study, Cannon {1966) reported that in two kindergarten
classes (one with 34-39 students, the other with 23-28 students), the
smaller class was favored in terms of fewer aggressive acts, better peer
relationships, more and better child-teacher contacts, more creative
activities, and better feelings on the part of the teacher. The
differences were not large, however.

Thus at the elementary level the quality of interaction appears
to be inversely related to class size. At the secondary level the
matter is not so cl_ar. Olson [1971] reported that observational data
supported less attractive styles of interaction as class size increases.
Anderson, Bedford, Clark, and Schipper [1963], Ed. W. Clark High School
[1968), and Williams and Koelsche [1967] reported no difference in



Sumnary of Studies or the Cognitive Effects of Class Size

TABLE 2

Author(s) Type and
Bt -y, ¥ w 33
of study level Output measure ; Input measure Finding
Anderson [1963] Experimental,| Algebra tests . Class size No difference with 40 or 80
secondary !
Attiyeh & Lumsden Survey, Test of economics 5 a. Lecture class enroll- a. Larger favored slightly,
{1972) higher camprehension I ment statistically insigniticant
b. Tutorial section size b. Smaller favored signifi-
’ cantly
Balow [1959) Experimental,) Reading Class size Smaller favored in first
elementary grade, after that no
X difference
]
Burkhead et a1. [1957] K
Chicego: Survey, Various | Aggrecate teacher-man- No significant regression
secondary : years/student coefficients
Atlanta: Survey, Various ' Enrollment/faculty No significent re.ression
secondary coefficients
Small high school: Survey, Various ; Enrollment/faculsy Lo significant regression

secondary

coefficients

Cohn: [1968)

Survey,
secondnry

1Cth to 12th srade
rain in Jowa test

Subjects/teacher

ADA/teacher

Favored fewer subjects per
teacher: elasticity = -.123

]
o+

sisnition?




TABLE 2 (continued)

Author (s) Type and Output. mecasure Input measure Finding
of study level
Counelis [1970] Survey, 15t yrade reading Clacs size No significant difference

elementary

scores

De Cecco
(1954 (a)]

Experimental,
higher

Introductory psychology
criteria tect; final
examination; attitude
meagures

Class size and
organization

Ho significant. differences

Ed W. Clark High
School [19(8)

Experimental.
sccondary

Pusiness class tests

Cless size

Two cases with no difference
and one favoring smaller;
approx. elastjcity = -0.1?

Frymier [1964]

Survey.,
elementary

Furno & Collinrs
(19671

Survey.
elementary

16t +rade reading
scores

Class size (> %6 or < ?0)

Favored smaller;
approx. elaesticity = -C.3

Various achievement

Class size

Favored smaller for norn-white
students: otherwise no dif-
ference

Guthrie et al.
{1971)

Survey.
seccondary

Various

;Classrooms/lOOO students

Small but stetistically
significant effects in 18
cf 30 cases

Haskell [1964) Experimental,| Geometric drawing .Class size Two cases no significant
secondary ? difference; one case favored
) larger
i
Hopper & Keller Experimental,| Writing ;Class size of 28 or 55 Generally no significant
{19661 higher : differences




TABLE 2 (continued)

Author(s) Type and
of study level Output measure Input measure Finding
Johnson & Lobb Survey, Various achievement Class size Class of 10 favored; classes
[1966] secondary of 20, 35, 6C, 7O no differ-
ence
Johnson & Scriven Survey, English and mathematics | Class size (individual) larger classes generally
[1967) secondary scores favored
Katzman [1971] Survey, 2nd to 6th grade read- Students/staff Favored larger;
elementary ing gain score elasticity = 0.231
Percentage of students in |Favored smaller;
crowded classes elasticity = -0.05
Madden, J. [1968] Experimental,| Mathematics Class size large classes favored
secondary
Mansfield [1968] Experimental,| Algebra achievement Class size Class size not statistically
secondary significant
Marklund {1963} Survey, Various i Class size Classes in the range 25-30
elementary i favored over 14-20 and 31-35;
: very small differernces
Menniti [1964] Survey, Reading; mathematics ;Class size large classes favcred
'

elementary




TABLE 2 (continued)

Author (s) Type and .
of study level Output measure Input measure Finding
Sorensen % Thomas Quasi- 1st and 2nd grade Class size reduction of 26 |No significant difference
[1967]) experimental,|reading scores to 22 in first grade and
elementary 31 to 27 in second rrade
Class size reduction as Favored smaller
above plus added services
Thomas [19621 Survey, 12th grade information Average mathematics and Smaller favored;
secondary science class size very small elasticity
Average non-science class |Smaller favored;
size very small elasticity
wWilliams & Koelsche | Experimental, | Chemistry Class size and organizao- No significant differences

[19671

secondary

tion
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student-reported attitudes toward the class. The finding for secondary
schools appears to huld at the community college level as well, There
were no significant differences in the studies examined except that
Hopper and Keller [1966] indicated that students prefer the larger
classes. For students who do not particularly care co participate 1in

discussion, the large class can be superior.

Conclusion

In concluding this survey on the effectiveness of traditional
classroom instruction, it secems reasonable to agree with Averch et al.
[1972) that few variables consistently make a difference in student
performance. Exceptions to this general conclusion would be that teacher
verbal ability appears important in a high fraction of the instances
examined, and that small classes seem to improve the cognitive and
affective performance of young children.7 This conclusion does not,
however, imply that schools make no difference in the cognitive
development of their students; on the contrary, school attendance is

clearly important in promoting academic achievement though few studies

7In light of this finding it is perhaps ironic that national
average pupil-to-teacher ratios are substantially higher at the
elementary level (24.8:1) than at the secondary level (20.0:1). These
figures are for 1969 and are from the United States Office of Education
{1970, p. 59]. Stevenson [1923, pp. 122-125] noted this anamolous
situation a half century ago. He estimated class sizes then to average
38 at the elementary level and 25 at the senior high school level;
his research concluded that the only noticeable advantages for small
clasges were at the elementary level, particularly for dull pupils.
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seem to have examined this iasue.a It remains to be seen that varia-
tions in school inputs are consistently related to variations in school

outputs.

8Guthtie [1970] referred to a study undertaken by Green et al.
[1964) on the effects of closing the schools in Prince Edward County,
Virginia as a result of court-ordered desegregation. Students who
attended volunteer schools scored significantly higher on achievement
tests than those who did not attend school; for older students (aged 11-17)
the differences were substantial. There exists more evidence on the
effects of attendance or nonattendance in the literature on the
effectiveness of ITV; Chu and Schramm [1967] reviewed nine examples of
research that compared ITV with no instruction and in all nine those with
ITV performed better. This stands in contrast to the typical "no
significant difference" that predominates comparisons of ITV with face-
to-face instruction. Por a further discussion of the effects of school
attendance see Jencks [1972, pp. 85-89].
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IIT. INSTRUCTIONAL RADIO

Beginning in the 1920's, instructional radio was widely used
in the United States, but with the advent of television and adverse
regulatory decisions its use here dwindled as it did, to a lesser
extent, in other developed countries. Developing countries.9 however,
make increasing use of radio and, as our evidence suggests that radio
can be effective instructionally, there may be an important role for
it in the developed countries as well. Its principal attraction lies,
of course, in its cost, which is low when compared to television.

Early attempts to use radio for instructional purposes were
rarely subject to asystematic evaluation and, since IR has been used
infrequently in the United States recently, available evaluation
material is limited. For this reason the present review begins by
providing evidence on the extent to which IR has been used in various
countries as indirect evidence that it has some value. Then the
conclusions of two earlier surveys on the effectiveness of IR are
reported and, finally, several examples evaluating IR and audio record-

ings are presented in more detail.

Use of IR
Atkinson [1942 (a), 1942 (b)] provided journalistic information
on a substantial number of IR projects undertaken in the United States

prior to 1939; his books provide information concerning the operational

9For example, the New York Times of August 22, 1972 reported that
"Shanghai 1s tuning in the radio dally and gleefully learning to say
'hello'." For the preceding five months, a half-hour English lesson had
been broadcast three times daily and had met with great popular success.
Radio has a history of use for education in China; Chang [1936] reported
that its use was one of three components of a mass education program
then underway in China.
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problems and history of early uses of the medium in this country.
Skornia {1962), Saettler [1968], and Wrightstone [1952) described the
later evolution of instructional radio in the United States, and
Wrightstone provided a valuable summary of early research concerning
its impact. Though it is not extensively used at present, a number
of school districts do continue to use radio.lo

In Britain radio has been used extensively to provide school
broadcasts. Currently 63 educational radio series are broadcast to
schools in England, Almost all of these series use illustrated pupil
pamphlets to support the lessons at the reception end. Within Britain,
school broadcasting emphasizes collaboration between the classroom
teacher and the radio teachers. Radio primarily provides lessons which
the children might otherwise not receive, such as art, music, and
foreign languages.

Australia also makes use of instructional radio broadcasts in its
schools -- see Bull [1960] or Kinane [1967]). 1In 1960 over 90 percent of
the schools received some radio lessons. Curriculum enrichment broad-
casts, similar to those of the BBC, are used in the urban schools and
even more extensively in the one-room rural schools. At the higher
education level, the Radio University, of New South Wales, enrolled
over 6000 students in 1965. One particularly inventive instructional
radio program was originated by Miss Adelaide Miethke, a well-known
educator from the state of South Australia. She arranged to use the
shortwave services of the Royal Australian Flving Doctor Service to
communicate with students in the isolated "outback" regions, and each
outback community purchased a transmitter. So, for a limited period

each day, the students are able to talk to a teacher and to each other

1oThe more active stations using IR in the United States at the
present time include KRVM (Eugene, Oregon), WGEO (Newark, New Jerscy),
KSLH (St. Louis, Missouri), KANW-FM (Albuquerque, New Mexico), KBPS
(Portland, Oregon), and WYNE-FM (New York, New York). Kottmeyer [1970]
reported that the KSLH progran in vocabulary improvement, a supplement
to traditional instruction, resulted in substantial gains in IQ and
spelling over controls from previous years. Evaluation materlal on the
other programs was unavailable to the present authors.
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about their correspondence lessons., The interest in IR in Australia
dates back to at least the 1930's. One of the first statistically sound
IR evaluations was undertaken there, by Thomas [1937], and he reported
no statistically signiffcant differences in achievement in most cases.
There was a tendency for the TI students to do slightly better on an
immediate post~test and for the IR students to do better after a delay.
The amount of expo. re to IR was, however, small,

Another country making wldespread use of instructional radio
is Japan. In 1935, Nippon Hoso Fyokal or the Japan Broadcasting
Corporation (NHK) began a amall program of radifo broadcasts to the
schorl [Hatono, 1960; NHK, 1964], After World War II, a decision was
made to modernize completely the Japanese educational system, in terms
of both curriculum and teaching technique. Radio played a large role
in this modernization in compensating for the many textbooks lost
during the war and in rapidly disseminating the new methods of instruc-
tion. A 1958 survey by the Broadcasting Culture Research Institute of
the NHK reported that 47 percent of the primary schools, 37 percent of
the lower secondary schools, and 27 percent of the upper secondary
schools regularly used radio broadcasts. In Japan it {s possible to
recelve a secondary level diploma without attending a classroom through
a combined program of correspondence courses and radio lessons.

One of the more successful uses of radio in a developing country
has been in Thailand when broadcasts to the schools began in 1957 and
by 1965 reached over 800,000 students with lessons in English, social
studies, and music., Students receive an average of 10 to 30 minutes
of instruction weekly in each subject, as supplements to their regular
lessons. Schramm [1967] summarized the Thai experience and reported
on a 1959 evaluation by the Thati Ministry of Education. The evaluation
showed students who received the radio music supplements to be sig-
nificantly superior (p = .001) along several dimensions to student who
did not; the English lessons showed no such consistently positive
effect and were subsequently extensively revised. Perhaps most
interesting were the lessons in social studies, the purposes of which

were to inculcate socially desired values. The Ministry evaluation
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concluded that this objective was being met since a significantly
higher percentage of radio students expressed agreement with desired
attitudes and values in a questionnaire.

These descriptions provide only a sample of the instances in
which radio has been utilized abroad; Williams [1950], Bereday and
Lauwerys [1960], and Leslie [1971]11 described additional examples.

Surveys of IR Evaluations

Two surveys review information relevant to the effectiveness of
IR. One is Section VI of Chu and Schramm's [1967] comprehensive review
of learning by television. The second is a position paper by Forsythe
(1970] that, in an earlier form, was prepared for the President's
Comnission on Instructional Technology. Sources of further information
on IR may be found in a 432-entry indexed bibliography compiled by
R. Madden [1968], and ar early review of research undertaken primarily
in the late 1930's and early 1940's may be found in Woelfel and Tyler
[1945].

Chu and Schramm [1967] numbered the principal conclusions of

their extensive survey. The ones most relevant to IR follow.

"53. Given favorable conditions, pupils can learn from any
instructional media that are now available.

"58. The use of visual images will improve learning of manual
tasks as well as other learning where visual images can
facilitate the association process. Otherwise, visual
images may cause distraction and interfere with learning.

"60. Student response is effectively controlled by programmed
methods, regardless of the instructional medium."

Their general conclusion is that radio, particularly when appropriately
supplemented by visual matirial, can teach effectively and, for

many purposes, as well as other media.

11'I‘he present review draws to some extent on this unpublished
paper by Leslie.
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Forsythe [1970] reached a similar conclusion. In summarizing
studies of radio's effectiveness he concluded:

"Research clearly indicates that radio is effective in
instruction, Experimental studies comparing radio teaching
with other means or media have found radio as effective as
the so-called 'conventional methods.' Even though radio has
been criticized for being only an audio medium, studies have
shown that viasual elements in learning are not uniformly im-
portant. In many educational situations visuals may be more
harmful than helpful, Also, the efficiency of combined audio
and visual media has been challenged by studies which show
that pulti-channel communications may not be inhereatly more
effective than single channel presentations."”

To support his conclusions, Forsythe listed, among others, studies of
Carpenter [1934], Coock and Nemzek [1939], Harrison [1932], Heron and
Ziebarth [1946], Lumley [1933], Miles [1940], and Wiles [1940]. He
also mentioned two experinents by NHK in Japan [NHK, 1955, 1956] that
favored radio. Forsythe, along with Chu and Schramm, concluded that

IR compares well with TI. It should be. kept in mind, though, that

most of these studies are old, and that in many of them the statistical
controls were imperfect, the amount of instruction carried by IR was
small, or the classroom teacher did participate in the program.
Nonetheless, we believe that the overall conclusions of Chu and Schramm
and of Forsythe are consistent with the available evidence. We also
feel that there 1s substantial value, particularly for developing
countries, in obtaining much more extensive evidence on the effectiveness
of IR; of particular importance would be experiments using IR to carry
the bulk of instruction in one or more subject matters for periods of

at least one academic year.

Specific Evaluations of IR

To give a more concrete impression of the results of this research,

this subsection discusses several of the better studies in more detail;
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these include studies that compare IR with ITV as well as some that
compare instruction by audio tape to TI.

McLuhan [1964) summarized an interesting study in which four
randomized groups of university students were given the same infor-
mation about the structure of preliterate languages. One group
received it via radio, one by TV, one by lecture, and one read it.

In all cases the information was given in a straightforward manner,
unembellished with teaching aids. The first results indicated that
the students learned more from TV and radio teaching than they did
from lectures and print, and that the TV group stood above the radio
group. However, when the experiment was repeated using improved
auditory and visual aids, the relative effectiveness of the different
media changed. Television and radio once again ranked above lecture
and print, Unexpectedly, however, radio stood significantly above TV.
In this experiment, TV seemed to fare less well as a teaching medium
because of limited audience participation; better results were obtained
with IR because of efforts to engage the students (asking them to look
at certain illustrations, etc.).12

One interesting and detailed evaluation is an early study of
the Wisconsin Research Project in School Broadcasting [1942] of radio
lessoas in music. A music course was first broadcast in 1922 and an
evaluation was undertaken in 1929, This evaluation indicated that the
music course was highly successful and so, in 1931, the Wisconsin School
of the Air began a series of weekly broadcasts called "Journeys in
Music Land,” the effectiveness of which was studied during 1937 and
1938. The students who participated in these radio classes were in the
fifth and sixth grades in both rural and urban schools. By March 1, 1938,
there were 814 listening classes in 770 schools. The aim of the broad-
casts was not only to teach music appreciation, but also to teach

children to sing and read music. The broadcasts were planned around

12Wichout formal evaluation Skornia [1968] reported that in Holland
and the Scandinavian nations IR had been found better than ITV for some
subjects when exercise manuals and other student participation materials
were used simultaneously with the radio lesson,
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a minimum of assistance by the classroom teachers, because most of the
teachers had no skill in musical instruction. The first yesr of the
experimental mugic culminated in a radio music festival in May 1938
and the evaluation states:

"It was evident to all who heard the Radio Music Festival
that the children had learned to sing with clarity of diction
and beauty of tone. Their enthusiasm and thefir enjoyment of
song made the whole performance impressive."

The more systematic evaluation of effectiveness compared 12
classes that listened to the music broadcasts with 8 comparable classes
whose teachers pursued the stated aims of the radio broadcasts, but
did not use the broadeasts themselves. The classes were matched on
the basis of number of students, teacher competence, and available
musical equipment. Measures of the students' gex, grade level, previous
musical training, chronological age, and mental age were also made,
although these were not used initially to match the experimental and
control classes. When examined, however, these factors did not affect
the amount of student gain. The experimental period lasted 15 weeks
during which classes in both groups received a total of 75 minutes of
musical instruction each week, For the IR classes this was divided
between a 25-minute broadcast once a week and 40 minutes of supplementary
classroom practice.

Several tests were deviged to measure the gains of the students.
The measure of singing quality showed no differences between the
radlo and control classes except that the IR classes maintained better
rhythm. On ability to sing an unfamiliar song at sight, the initial
scores of the IR classes were significantly lower and their gains were
significantly greater. Again, the most significant difference was in
ability to maintain correct thythm, The IR classes and control classes
did not differ significantly in their initial ability on the test of
technical skills. On the final test, however, the IR classes scored
significantly better in their ability to recognize note values, read
at sight, and recognize rhythms; there was no significant difference
between the IR and control classes in ability to take musical dictation
or staff dictation.
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The Wisconsin Research Project evaluated six other radlo series
in addition to the music one we have just described, and the volume
they produced remains perhaps the best single source of evaluative
material on IR. While the other studies they reported were less
favorable to IR than was the music evaluation, they provided ample
evidence for the capability of IR to carry important segments of the
curriculum.

Several more recent studies that were carefully controlled examined
the effect of substituting an audio-tape presentation for live lectures.
Popham [1961] divided an introductory graduate level course into two
sections. In one he taught in a lecture-discussion format; in the
other, he played a tape-recorded version of the lecture and then led
a brief discussion period. The two sections were matched on scholastic
aptitude and two achievement pretests; on several posttests, Popham
found no significant differences between the two sections. In order
to test the importance of having the course instructor present for the
discussion sessions, Popham [1962] performed a similar experiment in
which lectures presented by tapes were followed by a discussion led by
a relatively untrained student. Again, no significant differences
between conventionally taught and tape-taught students were found.

In both experiments students had generally favorable attitudes toward
instruction by audiotape. They felt the lectures were better organized,
and they felt freer from distractions. However, they were dissatisfied
with their inability to question or disagree with the instructor during
the lecture.

Menne, Klingensmith, and Nord [1969] extended Popham's work
by providing each student with a tape recorder and a complete set of
taped lectures that allowed each to work at his own pace. They recorded
and edited lectures for an introductory psychology course taught
every quarter at Iowa State University. The blackboard notes from
the lectures were prepared in booklet form. For two academic quarters
they compared students who took the course solely from audiotape with
students who took it from the lecturer from whose earlier lectures the

audifotapes had been prepared. A total of 290 students elected to take
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the course by tape, while 408 chose the live lectures. In spite of
the self selection, the two groups were closely matched in terms of
their high school rank in class and measures of achievement and
scholastic aptitude.

In terms of posttest scores and final grades, the two groups
did not differ significantly. When comparisons were made in terms of
groups ordered (into quartiles) by high school rank in class, there
was a clear advantage to using tapes for the lowest quartile; for the
others there was no difference. A possible explanation might be that
the poorer students were able to listen more than once to lectures they
had failed to understand the first time. A final interesting difference
between the two groups was that only five of the students learning by
tape dropped out, whereas 58 attending the lecture sections dropped
out. Menne et al., [1969] speculated that it is less likely that
students will fall irremediably behind if the tapes are always at hand.

Conclusions

Radio has been used extensively for formal classroom instruction
in the United States (more in the past than at present) and elsewhere.
There exist, however, only a limited number of good evaluations of
the effectiveness of IR. These evaluations indicate that IR (supple-
mented with appropriate printed material) can be used to teach most
subjects as effectively as a live classroom imstructor or ITV. Due
to the limited number and scope of good evaluations now available,
and to the potential economic significance of IR for developing
countries, much more research -- both survey and experimental -- is
highly desirable.
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IV. INSTRUCTIONAL TELEVISION

This section is briefer than the others, because two thorough
and recent reviews of the literature on the effectiveness of ITV

already exist: Chu and Schramm's [1967] Learning from Television:

What the Research Says, and Dubin and Hedley's [1969] The Medium May

be Related to the Message: College Instruction by TV. Conclusions

of these reviews are summarized first with respect to achievement and
then with respect to attitudes toward the use of the medium.l3 The
present review does not cover the literature on the instructional

use of film because of its close similarity to ITV; for a good over-

view of the research on film see Allen [1960, pp. 116-118].

ITV and Student Achievement

Chu and Schramm surveyed 421 comparisons of ITV with TI that are
reported in 207 separate studies. Tables 3 and 4, reproduced from Chu
and Schramm, summarize a number of their findings on the relative

instructional effectiveness of the two media. Table 3 indicates that

13Two recent projects not covered in these two previous surveys
are worth mentioning. During the last few years probably the most
intensive evaluation of an ITV project was initiated and is now almost
complete. This was a U.S. Agency for International Development funded
evaluation of the educational reform and introductiom of ITV into
grades 7-9 in El Salvador. Schramm {1971] provided a summsary of that
research to date; more detailed information may be found in McAnany,
Mayo, and Hornik [1970]. 1In a second project, at the postgraduate
level, Colorado State University provides M.S. level courses to
engineers at corporations and government research laboratories through~
out the State of Colorado. Over 12,000 quarter hours of university
credit were earned and 24 M.S. degrees awarded through this program
to date. Por a discussion of evaluation and costs see Baldwin, Davis,
and Maxwell [1972].
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Insert Tables 3 and 4 about here

students at all grade levels learn well from ITV, though this seems
somewhat less true for older students than for younger ones. Table 4
indicates that the effectiveness of ITV cuts across virtually every
subject matter.

Dubin and Hedley [1969] provided a more detailed survey of the
effectiveness of 1TV at the college level, They reported on 191 com-
parisons of which 102 favored ITV and 89 favored TI, although most of
the differences were insignificant at standard levels of statistical
significance. When data were available, Dudley and Hedley extended
their comparisons to include the distribution of the t statistics of
the individual comparisons of ITV and TI; in this way it was possible
to weight appropriately differences in performance of differing degrees
of statistical significance., The results of this analysis, applied to
all their data, indicated a slight, but statistically significant
difference in favor of TI. When studies of two—waylk TV were dropped
from the sample, the overall comparison yielded a small, statistically
insignificant advantage for TI. Figure 1 shows the distribution of ¢t
statistics for this sample.

Insert Figure 1 about here

An unusually stringent criterion for interpretability of results
wags utilized by Stickell [1963] in comparing ITV to TI, and it is worth
commenting on his survey here., After examining 250 comparisons of ITV

laTwo—vay TV incorporates an audio-return capability that allows
students to ask questions during a live ITV broadcast. The 26 com-
parisons of this mode of instruction with TI yielded a highly
eignificant advantage for TI.



TABLE 3
Results of 421 Comparisons Between ITV and TI
{Chu & Schramm, 1967]

Number of cases of
Level
No significant ITV more TI more
difference effective effective
Elementary 50 10 b
Secondary 82 24 16
College 152 22 28
Adult 2 1 2
308 63 50
TABLE b

Relative Effectiveness of ITV and TI, by Subject Matter

[Chu & Schremm, 1967}

Number of Percentage of comparisons
Subject comparisons in which ITV did as well
or better than TI
Mathematics 56 89.2
Science 100 86.0
Social studies Y4 89.6
Humanities ks 95.5
Languages 7 88.3
Skills 26 %.1 ,
Miscellaeneous 40 5.0
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FAVORS FAVORS
FACE-TO-FACE INSTRUCTION ETV
20
10—
0 T T 7 T T ] Y Y
-6.0 ~4.0 -2.0 0 20 4.0
STANDARIZED DIFFERENCES
N=67
MEAN=-0.03
SD=1.59

t=0.46 P >050

Fig. 1. One-way ITV campared to TI, independent comparisons,

(Adapted fram Dubin & Hedley (1969], Figure 3, p. 19. The measure on

the horizontal axis is the value of the t ratio for the camparison.)
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to TI Stickell found 10 studies that fully met his requirements for
adequate controls and statistical method (interpretability) and 23

that partially met his requirements. Schramm [to appear) provides
elear tahular sumnnaries of these studies luae of the fally fules
pretable aludlea and 3 of the partlally Interpretah e nmea ahrared
statistically significant differences; each of the Lhree statlatleally
significant cases favored the ITV group. 1t should perhaps be noted
that when highly stringent controls are imposed on & study, the nature
of the controls tends to force the methods of prescntation Inta such
similar formats that one can only expect the "no siuniflcant ditfereneen”
that are in fact found. When ITV is used in a way that takes advantageu
of the potential the medium offers -- as, perhaps, with Sesame Strect ’
-- we would expect more cases of significant differences hetween the
experimental group and the "alternative treatment" (for it would not

be a "control™ in Stickell's sense) group.

Attitudes Toward ITV

Chu and Schramm summarized their conclusions in a series of
numbered paragraphs. The ones relevant to attitudes are quoted below.
They noted at the outset that "the research evidence makes attitudes
toward instructional television seem rather more favorable than one
would expect from the experience reports that circulate. Regardless

of this evidence there is good reason to think that some resistance

lsAs a program designed for pre-school age children, and for
viewing out of school, Sesame Street falls outside the scope of this
survey. Evaluation of the firat two years of Sesame Street -- see
Bogatz and Ball [1971] -- indicated that it had a significantly positive
effect on disadvantaged pre-school age children in terms of a larpe
fraction of the specific goals the producers set for the program. A
problem with the flrst year's evaluation was that there may have been
a correlation between frequency of viewing and other variables tending
to promote achievement; this was partially corrected for in the second
year by facilitating and encouraging viewing by a randomly chosen half
of the subjects and not doing so for the other half.
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among teachers has been aroused wherever and whenever television has
been introduced for purposes of direct teaching.” Their numbered
conclusions are as follows:

"37, Teachers and pupils are more favorable toward the
use of ITV in elementary achool than in secondary
school and college.

"38. Administrators are more likely to be favorable toward
ITV than are teachers.

"40. At the college level, students tend to prefer small
discussion classes to television classes, television
clagses to large lecture classes.

"41, Favorable attitudes are distributed widely enough
among different televised courses to cast doubt
on the assumption that some academic subjects, per
se, may be disliked as material for ITV.

"42. There is evidence of a Hawthorne effect among students
beginning to use ITV, but no firm evidence that
attitudes toward the medium necessarily improve
or worsen with time.

"43. Liking ITV is not always correlated with learning
from {it."

Dubin and Hedley presented a slightly more optimistic view of
attitudes toward ITV by college professors and students. Professors,
they found, are generally favorable toward ITV though a substantial
majority of them would rather send their own children to a university
using TI rather than one that was otherwise similar but that
used ITV for its large introductory classes. Junior faculty and
faculty who have taught a number of large lecture classes tend to
favor the introduction of ITV.

Dubin and Hedley also reviewed a number of studies on the
attitudes of college students toward ITV. Students have more favorable
attitudes toward ITV after they have experienced it than before; after
exposure to LTV half to two-thirds of the students surveyed reported

attitudes that were favorable (as opposed to neutral or unfavorable).



- 30 -

Asked whether they would choose ITV or TL, less than one-third indicated
a preference for ITV (and here there is substantial variation among
institutions). If, however, the choice was between ITV and TI in the
form of a large lecture course, typically over half the students preferred
ITV.16 Dubin and Hedley concluded that "the college gtudent as consumer
of teaching does not exhibit any significant resistance to the intro-
duction of educational television into his own instructional program.
He will take whatever method or medium of instruction is offered, damn
or praise it on its merits, and get on with the business of pursuing
his college education [p. 86]."

In a particularly interesting study Greenhill, Carpenter, and
Ray [1956) examined perhaps the best indicator of students' attitudes,
their own free cholces. In a wniversity level chemistry class 312
students were required to attend lectures for five weeks in the large
lecture hall and for five weeks in a relatively small TV classroom.
The students were then given their choice concerning which way to
continue the course; about one third selected TV. A large fraction

of students had no strong preference.

Conclusions

1TV can teach all grade levels and subject matters about as
effectively as TI, though some evidence indicates that it performs
relatively better at lower grade levels. A significant fraction of
teachers and students have initially negative attitudes toward ITV;
these negative attitudes tend to lessen, but not necessarily disappear,
with time and appropriate administrative behavior. Evaluations that

report "no significant difference” between ITV and TI are usually based

16Kinane [1967) reported that students in a calculus course at
the Australian Radio University (which also utilizes ITV) expressed a
"gtrong preference” for the television over the radio version of the
course.
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on experimental designs that hold almost everything but the medium
constant. It is plausible - though not, to our knowledge, exper-
imentally verified —- that attempts to use the distinctive potential
of the television medium would result in more systematic findings of
significant differences between ITV and alternative treatment groups.
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V. PROGRAMMED INSTRUCTION

Although in recent years the intensive evaluation of PT hus
considerably lessened, over the past 15 years many evaluative studles
have been made. We review a number of them briefly in this scction.

We first state the conclusions of several previous reviews of the
literature then summarize a number of more recent studies. Tneve

exist several valuable anthologies of papers on PI — including Lumsdaine
and Glaser [1960], DeCecco {1964 (b)], and Glaser [1965] -- and the

interested reader is referred to these for useful source macerials.

Previous Reviews

After a review of 15 field experiments, Silberman {1962 tound
that all of them showed that PI took less time to complete ihan 7l.
Furthermore, in 9 of the studies students in the PI groups seored iigher
than their counterparts. In the other 6 studies there was no dirference
between the two approaches.

Another good survey of the earlier research on plogrammeo
instruction is Schramm [1964]. Schramm introduced an annotifuc Libliog-
raphy of approximately 190 research studies in the area of IL with a
summary evaluation of those studies. Thirty-six of the studies he
reviewed compared PI with TI; of these, 18 showed no significant
difference in perfonnance between the PI and Tl groups, 17 snowed a
significant superiority for PI, and only one showed supcriority for TIL.
In 8 of the studies PI students needed less time to complete the required
materials than did the TI students. Schramm also reviewed the evidence
concerning the importance of such variables as sequence ordering, step
length, crror rate, constructed responses, and feedbachk to the student
on the accuracy of his answers.

In a more recent review, Lange [1972] reported thal butieca

1960 and 1964, 112 comparative studies were conducted thgc aimed at
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matching PI and TI. Of these studies 41 percent showed PI to be
superior, 49 percent found no difference, and 10 percent found PI to

be worse than TI. The studies he reviewed are not, however, completely
independent of those reviewed by Schramm.

Zoll [1969] provided a fairly extensive review of research in PI
in mathematics., He undertook a review of 35 studies reported in the
literature, many of them in the form of dissertation abstracts. He
cited 7 studies that specifically evaluated one or more of the
commercially produced PI programs in comparison with TI. Of these and
the other studies the most common conclusion is that no significant
differences were apparent., It is important to realize that such results
are standard in the mathematics education literature. One explanation
is that the variance in individual ability and achievement is large
enough to make it difficult to establish significant differences due
to different methods of instruction. Another'possible explanation,
consistent with Silberman's findings, is that while student achieve-
ment may not significantly differ, less student time may be required
with PI. (Lumsdaine [1963, pp. 611-613] discusses the importance of
time as an instructional variable.) Of the 35 studies reported by Zoll,
10 included results from attitude questionnaires on student reaction to
PI. While responses were generally favorable, three studies [Alton,
1966; Little, 1967; Meadowcraft, 1966] indicated that interest decreased
with time.

Along related lines, Petersor [1972, unpublished] surveyed work
in the area of mastery learning. Mastery learning is a general term
used to describe a programmed instructional process in which a subject
matter is subdivided into many smallier units and each student attains
a mastery of a specific unit before being advanced to the next unit.
Advancement 1s based on the percentage of correct responses on a test of
the current unit. A variety of materials may be used in the teaching
of the subject matter including audio-visual methods, tutorial help,
workbooks, games, and small group study. Peterson surveyed a total
of 21 studies in mastery learning; some of the studies reported results

of more than one experiment. Achlevement measures included grade in
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course (% A or B) and scores on post-tests. Comparisons were made with
traditionally taught courses and twenty-four of the experiments
favored mastery learning while there was no difference reported in

four of the experiments.

Specific Studies

It is natural then to ask in what areas is PI effective and for
vhom? A wide range of examples on the use of PI may be cited. Brigham
[1970) used prograrmed texts to teach woodwind fingering; Bullmer [1972]
used programmed materials to teach accuracy of interpersonal perception;
Ashford [1968] used PI to teach fundamental concepts of music theory and
found that three years after the ll-week course, on a recall examinationm,
students in the PI group performed better than students receiving TI.

1n an extensive study, Johnson [1966) compared three different
programed texthooks and two conventional texts in 21 elementary
algebra classrooms. The texts and programs were all prepared as part
of the School Mathematics Study Group project. He found that one of
the texts was the most satisfactory for each of the three ability levels,
high, middle and low, but good achievement results were obtained by both
high~ and middle-ability-level students using the PI units.

In & study concerned only with low arithmetic achievers, Tanner
[1966) found no differences in achievement between seventh-grade students
using PI under teacher supervision and students receiving TI. In the
same spirit Bobier [1965]) found no significant differences among twelfth-
grade students using either PI or Tl to improve weaknesses in arithmetic
skill,

another area of research concerns the effects of individual
differences. The finding seems to be in general that the intelligent
students [Williams, 1963, 1965] and the creative students [Tobias, 1969]
profit more than other students in terms of speed of learning and posttest
scores. However, these results are hardly surprising for we would expect

such results from almost any form of imstruction.
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Results of somewhat greater interest are the findings by Shrabel
and Sassenrath [1970] that anxious students outperform students with
low anxiety, that an easy program with short steps 1s better suited to
persons who are low on need for achievement and high on fear of failure
or text anxiety, and that a hard program with long steps is preferahle
for those with a high need for achievement and low fear of failure.
However, Tobias and Abramson [1971] failed to replicate this anxiety
finding.

In one of the largest studies to date, Attiyeh, Bach, and Lumsden
[1969) reported on an experiment in introductory economics that was con-
ducted simultaneously in 48 colleges and universitfes and that involved
over 4000 students. The students were divided into three groups. The
first group studied a programmed text during, on the average, the first 3
weeks of the term and attended no lectures. The second group supplemented
regular instruction with a programmed text, and the third group served
as a control. The results of the experiment were analyzed by multiple
regression to control for differing characteristics of the students and
the schools they attended. Of the two programmed texts used, one proved
to be significantly better than the other. For the superior text, students
in the first group who only read the programmed text did less well (but
statistically insignificantly so) than the controls in the third group;
students in the second group who supplemented their regular course with
that programmed text did significantly better than controls. The first
group, who read the programmed text only, experienced a substantial time
saving. It is of interest that this study, by using two separately
prepared sets of programmed materials, illustrates the difficulty of
simply comparing media without simultaneous consideration of content.

Use of the poorer programmed text as a supplement actually weakened the
performance of students.

Another example of one of the better studies on the effectiveness
of PI is Doty and Doty [1964]. These authors studied the effectiveness
of a programmed unit on physiological psychology for 100 introductory psy-
chology students [Kimble, 1963). The program had 1,507 frames, was

assigned as required outside classroom work and was not discussed in
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any class meetings. Students were given two weeks to complete the
program, after which they were tested by means of a 75-item multiple-
choice achievement test. The scores on the test were used as the index
of PI effectiveness.

Doty and Doty were interested in the intercorrelations between
the Pl achievement as measured by the test and student characteristics.
The following student characteristics were studied: Academic ability as
measured by cumulative GPA; achievement motivation as measured by the
Edward's Personal Preference Schedule, Achievement Need Scale Scores;
creativity as measured by means of Getzels' and Jackson's four tests of
creativity; social need as measured from scores on the Guilford-Zimmerman
Temperament Survey. Achievement on the PI unit was found to be signif-
icantly related to GPA, social need, and creativity; the correlations

with creativity and social need were negative.

Conclusion

In evaluating the effectiveness of PI for use in various educa-
tional settings, the study of Doty and Doty suggests the kind of research
required in the future. A better understanding is needed of how student
personality variables differentially relate to achievement in PI. More
generally, the current research emphasis in PI seems to have changed
from direct comparative studies of effectiveness to detailed studies of
how to improve the programs, how to increase student interest, and how
to adapt PI to unusual educational settings. In the meantime, on the
basis of the research to date, it is reasonable to conclude that PT is
generally as effective as TI and may result in decreasing the amount of

time required for a student to achieve specific educational goals.
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VI. COMPUTER~ASSISTED INSTRUCTION

Among the alternative instructional media considered in this
survey, not only is CAIL the newest, but in terms of the initial cost
of instruction per hour, it is also the most expensive. At the same
time, however, this technology provides the richest and most highly
individualized interaction between student and curriculum of any of
the methods of instruction yet developed.

Prior to the early 1960's projects in CAI were virtually unknown.
Until 1970 or 1971, almost all the projects were developed in university
research settings, especially in universities with rich computer
resources. In the last few years, however, a number of school districts
have begun to run their own CAIL courses, and even though it is not
presently possible, extensive evaluations of CAIL, separated from the
stimulus and supervision of a computer-based research center, should be
available in the near future.

Given the data collecting and analyzing power of computers, it
is surprising that more recorded evaluative studies on the effective-
ness of CAI are not available in the literature. Part of the expla-
nation is probably that during the first years of developing this new
method of instruction the main efforts have gone toward solving the
technical problems associated with the ongoing operations and only in
the last several years have there been adequate time and opportunity
to make systematic evaluative studies. Evaluations of the effectiveness
of CAI programs have, nonetheless, been conducted for most levels of
education., The most intensively researched area is that of the
effectiveness of drill and practice programs in elementary mathematics
and reading, and we begin our survey with a review of that research.

We then turn to a number of studies conducted at the college level.
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Elementary-school Drill and Practice

The available CAI drill-and-practice programs provide a supple-
ment to the elementary student's regular instruction in mathematics or
language. OSeveral times a week the student receives sessions at the
CAI terminal that last about 10 minutes; these sessions provide intensive
drill in the concepts he is learning in his regular class. Vinsonhaler
and Bass [1972] recently surveyed over 30 separate experiments (involving
a total of about 10,000 students) that compared TI to TI augmented by CAI
drill and practice at the elementary level. They concluded that "... there
appears to be rather strong evidence for the effectiveness of CAI over
traditional instruction where effectiveness is measured by standardized
achievement tests." In this survey we review several of those experiments
and then summarize several other studies that attempt to relate amount
of achievement gain to amount of CAIL.

Suppes and Mornmingstar {1969] reported the results of the evaluation
of drill-and-practice programs for schools in California for the 1966-67
and 1967-68 academic years and for schools in McComb, Mississippi for
1967-68. The programs they discussed and analyzed for supplementary drill
and practice were given to the students on a daily basis. Students spent
not more than 10 minutes a day at teletype temminals connected by phone
line to the computer at Stanford.

To evaluate the effectiveness of the drill-and-practice programs,
they administered the arithmetic portion of the sStanford Achievement
Test to both experimental and control classes, using different. forms
for the pretest and the posttest. Tests were given in four California
schools for the 1966-67 evaluatiom. The pretest, posttest, and differ-
ences for experimental and control groups on the computation sections
are shown in Table 5. Table 6 shows similar data for the students from

Mississippi for the 1967-68 school year.

Insert Tables 5 and 6 about here




TABLE 5

Average Grade-placement Scores on the Stanford Achievement Test:
[Suppes & Morningstar, 1969]

California, 1956-67

Pretest® Posttest Posttest-pretest
Degrees
Grade Experi- Con- Experi- Con- Experi- Con- t £ Ofd
mental trol mental trol mental trol reedom
School A versus School B
3 2.9 (51) | z.0 (63) 3.9 3.6 1.0 0.6 2.50% 112
4 3.9 (6AC) 3.9 (75) 4.7 5.3 0.9 1.4 -2.9%% 133
5 b (65) | 6.6 (83) 5.2 6.3 0.7 1.7 - Tl 145
“ .5 (5C) | s.2 (70) 7.1 7.1 2.1 1.9 0.95 118
Schoel € versus Schocl D
i 3.7 (£1Y | 3.8 003) 3. N 1.7 1.0 450 122
5 5.5 {52) | L.o () 5.3 S.i c.8 0. 1.3z 138
& 5.8 (s8) 5.0 (53) 7.4 7.1 1.6 1.1 2.10» 112

e, .
Valuez Ir parenthesags ar

- .

*ip

a
< .Cl.

< .05.



TARLE 6

Avernge Grade-placcment Scores on the Seanford Achlevement Test: Miscisscippd, 1957-68

[Suppes % Morningstar, 19591

Pretest? Posttect Posttest-pretest
Degrees
S \ .
nde Fxperi- Con- Experi- Con- Fxperi- Coti= t fr?fd
rental trol mental tro mentnl trol ecdcom
1 1.41 (52 1.19 (62) .55 1,46 1.1k 0.:% 3.69% 112

& 1.99 {24) 1.0, (63) 3,57 o.80 1.40 0.84 5. 2%% 17

b 0.8 (L) 20 (95 L8y h.Ch 2.03% 1.6 A %
i Duph (s8) ) o () 5.4 317 1.10 0.59 | p.63w 173
4 5,09 {85) 5.01 (1 5) NS %60 1.%7 .90 747 215
iz .80 (oY D LLy. (10°0) ALk 5.8 1.77 1.1% 5.18¢ 473

b

Hnlues in parentheses are maters of stulents.

« p < .Cl.
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We shall not discuss all the results here, but several polnts
of interpretation are significant. At the end of the school year the
investigators learned that at one control school in California teachers
and administrators had added 25 minutes per day of classroom instruction
and practice in arithmetic for grades 4 and 5, Data from this control
school are responsible for the negative t value at grade 4 i{n Table 5.
What is important is the demonstration that with a sufficiently intensive
effort the effects of classroom drill by the teacher can be as effective
as drill and practice on a computer. Drill and practice on the computer,
however, took less time and did not require an additional effort from
the teacher. A sccond point of interest is that the CAT results for
Mississippl (Table 6) are substantially more impressive than those for
California. This is an example of the generally noticed result that CAI
drill and practice is more effective with students who start below grade
level.17

A different approach tried in the New York City Schools 1is the
Dial-A-Drill program in which students are called at home and given 5
minutes' practice in oral arithmetic problems. The oral exercises are
generated from digitized word recordings stored on a computer disk, and
the students respond by using a touch-tone dial. Students in grades 2-6
participated in the demonstration project. Except at the third-grade
level, students received the program at most three days a week. An
intensive program for third graders required their receiving 5 minutes
of drill and practice six days a week. Because the project was sup} .rted
by an Urban Education Grant, the students participating were mainly from
disadvantaged environments.

Evaluation of the Dial-A-Drill is reported in Beech, McClelland,
fiorowitz, and Forlano [1970}. The results may be summarized briefly
as follows. Experimental and control groups were both given the

Metropolitan Achievement Test of Arithmetic Computation and a specially

171’0: further discussion of measurement methods and empirical
results concerning inequality-reducing aspects of CAl sce Jamison,
Fletcher, Suppes, and Atkinson {1971] or Fletcher and Jamison [1973).
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designed Oral Arithmetic Test in October 196Y and May 1970. A least-
squares analysis of covariance of the 1970 arithmetic achievement data
failed to produce statistically significant differences between the
experimental and control students at any grade. Further analysis of
the data showed that some students in the program did not actively
participate.

A separate analysis was performed on students in the experimental
group who had more than 32 sessions (approximately one per week), and
those selected students were matched with control group students. Three
tests for correlated means were performed and only third-grade students
exhibited a statistically significant difference. This difference was
on the arithmetic test, in which the experimental students performed
better than the control students. One inference to be made from this
study is that 15 minutes a week, that is, three sessions a week of 5
minutes each, are not sufficient to produce a measurable difference.

Beech et al. [1970] also investigated extensively the attitudes
of parents and students to the program. The results are of some
significance for two reasons. The terminals were located in the homes
and not in the school, and the children were in all cases drawn from
poverty areas. A survey of the attitudes of the parents toward this
kind of program showed generally positive attitudes. The results of
a questionnaire directed to the students also indicated a favorable
response. While positive attitudinal responses to this experiment
must be interpreted as preliminary, they do suggest that further
research on bringing instruction into the home via telephone 1s worth
investigating.

In another study relating to attitudes Smith and Hess [1972]
examined non-cognitive effects of CAI in their research. The measures
of studeni attitudes included the Sears Self-Concept Inventory,
Coopersmith Self-Esteem Inventory, Crandall Locus of Control Instrument
and items from the Coleman report. All of these measurement instru-
ments are based on student responses and question the student's
attitudes relating to general control over enviromnment, responsibility

for mathematics failures and successes, aptitude in mathematics and
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social relations. The sample used consisted of 159 students with CAT
and 161 without in grades 7, 8 and 9. The students were using the
mathematics strands drill-and-practice program. The general result

was no difference in means between CAI and non-CAL groups and no
difference in means for pre-test and post-test measurements of attitudes
for the CAL group.

Two studies have related arithmetic achievement to amount of
CAL, using regression models of the sort described in Section I. Wells,
Whelchel, and Jamison [to appear] analyzed data for 446 fifth- and
sixth-grade studenta. The analysis was done on an individual student
basie and it was possible to match students witn their teachers. Data
were separated by grades of students and then stratified by sex on the
assumption that a differential effect of school resource variables might
be observed.

The dependent variable in the regression model was the score of
the student on the mathematica portion of the California Test of Basic
Skills at the end of the experimental year (MA). Independent variables
included test score at the beginning of the year (¥B), ycars of teacher
experience (TEAEXP), score of teacher on a 100-point verbal test
(TEAVER), teacher degree level (TEADEG), student self-efficacy (SELFEX),
and the number of sessions of CAL for each student during the course
of the year (CAISES). Students were not assigned a number of CAL
sessions randomly and, with the exception of sixth grade boys, there was
a slight positive correlation between MB and CAISES. The test scores
were measured in grade equivalents. Multicollinearity was a problem
only with the teacher characteristic variables and separate models were
specified for each of the teacher variables. Both linear and Cobb-Douglas
(log-log) models were tested. The equation reported below for fifth-
grade males with CAI is representative of the results obtained for the

various stratifications of students. The t values are in parentheses.

Fifth-grade males with CAL, Cobb-Douglas model (all variables are in logs):
MA = .1408 + .8052 MB + .0572 CAISES - .0643 SELFEX + ,0195 TEAEXP,
(13.08) (3.60) (1.61) (1.81)

R = 7427,



The Cobb-Douglas model measures output elastiecity; a 1% increase
in the number of CAI sessions, for example, would result in a 5.72%
Increase in mathematics achievement, For this model the gain from 100
sessions would depend on the initial level of achievement. Among
students who had some CAI in this sample the average number of CAI
geasions ranged from 59.25 for sixth grade girls (with a standard
deviation of 36.44) to 85.00 for fifth grade girls (with a standard
deviation of 37.68). The number of CAI sessions were statistically
significant in both models for fifth-grade males and the Cobb-Douglas
models for fifth-grade females; they were statistically insignificant
in the linear models for fifth grade-females and in hoth models for
sixth-grade students.

Suppes, Fletcher, Zanotti, Lorton, and Searle [to appear] reported
a 1971~72 study dealing with the effects of drill and practice in
elementary mathematics on elementary-schcol children in residential
schools or day classes for 312 deaf students. The number of sessions
students were to receive in a S5-month period was randomly assigned,
eliminating multicollinearity problems. A number of different models
in addition to the linear regression model were tested. Application of

the linear model ylelded the following regression equation:

E(TiZ) = 1,116 + .793 Ti + .084 Ni )

1
where Til is the pretest score of student 1 on a modified Stanford
Achievement Test, T12 is the posttest score on a second form of the
same test, and Ni is the number of CAI sessions of student 1 divided
by 10, The multiple correlation obtained was .811, It should be noted
that if linearity held in 150 CAT sessions, a gain of 15 X .084 = 1.26
grade-placement vears would be expected., In fact, in the experiment the
average number of sessions of the group with the most intensive treatment
was 75.84 with a standard deviation of 29.15, and linearity held over
this range reasonably well.

An extensive analysis of detailed student learning and performance

data on elementary-school CAT mathematics may be found in a recent
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book by Suppes and Morningstar [1972). The results are too extemsive
to survey here. Much of the volume is devoted to analysis of the sort
of micromodels we have excluded from consideration in this review.

In the case of beginning reading, a number of CAIL studies have
been reported by Atkinson and his collaborators. Results of a tutorial
reading program in 1966-67 in which students were given approximately 20
minutes a day on terminals are reported in Atkinson {1968]. The results
of this experiment are iInteresting, because while the experimental group
recelved tutorial reading via CAI the control group in this study
received tutoria. mathematics via CAI; therefore, both groups were
being exposed to CAI. The experimental uscd control groups had similar
characteristics; they constituted the approxinately 100 students in the
first grade in the school in which the experimen* was conducted
(approximately 100 because the number enrolled varied slightly during
the school year). The posttest results for the experimental and control:
groups on the California Achievement Test and the Hartley Reading Test

are shown in Table 7. As can be seen, most of the results are favorahle

Ingert Table 7 about here

to the experimental group. The computer system used in this experiment
was an expensive one, for the student stations had not only a cathode-
ray tube and keyboard terminal, but also an audio and visual display
unit as well as a light pen for the cathode-ray tube.

Evaluation of a recent CAI program in initial reading using only
teletype terminals and audio (but computer-generated audio) is reported
in Fletcher and Atkinson [1972]. The curriculum was concelved as
supplementary drill-and-practice rather than tutorial. The efficacy of
the program was tested by using a group of 50 matched pairs of students.
Prior to receiving exposure to CAL, 25 pairs of first-grade boys and 25
pairs of first-grade girls were matched on the basis of the Metropolitan

Readiness Test, which was administered in November 1969. Three posttests



TABLE 7

Posttest Results for Experimental and Control Groups
(Atkinson [1968])

Test Experimental Control p value
group Sroup
Californis Achievement Test
Vossthulary 45,91 23,1¢ < L0
Cemprehersicn 41,45 00 -
Total 45,42 25,01 < .0l
Hartley Reeding Test
Forzm clsss 11,22 Q,c¢ < .05
VoratWiary 19,38 17,08 < ,C1
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were administered in late May and early June 1970. Four subtests of
the Stanford Achicvement Test werc used. The California Cooperative
Primary Reading Test, as well as a special test developed at Stanford,
woere also administered. The average grade placement on the Stanford
Achicvement Test and on the California Cooperative Primary Test, which

were used as posttests, is shown in Table 8. While the results are

Insert Table 8 about here

significant in favor of the CAI groups, what is especially interesting
1s the unusually good performance of the boys. Similar results where
boys did about as well as girls in a CAl reading environment were also
reported in Atkinson [1968]. These results are contrary to those
ordinarily obtained in TI for initial reading performance of boys

and girls.

College Level CAL

A variety of evaluations have been conducted at the college
level, mainly in connection with courses operated as part of research
and development projects in CAI. Although it 1s not possible to give
a complete summary here, major efforts made at a number of institutions
are summarized and include studies conducted at Florida State University,
the State University of New York at Stony Brook, University of Illinois,
University of Texas, and Stanford University.

Hansen, Dick, and Lippert [1968] of Florida S ate University
reported results of implementing collegiate instructin in physics by
means of CAI, that is, problem sessions were handled in CAI environment.
In the fall of 1967 three groups of students were compared: (a) students
receiving the bulk of instruction by CAI, (b) students receiving partial
CAI and partial TI, and (c) students receiving only TI. Correlated ¢t



TARIE 8
Average Grade Placement on the Stanford Achievement Test (SAT)
and the California Cooperative Primary Test Looop)

[Fletcher & Atkinson, 10711

SAT 0P
CAT 2.2 2.8
Boys
non-CAT 1.8 1.8
CAI Z.b 2.0
Girls
non-CAI Z.0 2.2
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tests on the sum of the midterm and final examination scorcs showed that

the autonomous CAI group was statistically superior to the other groups,

but the difference between students who received partial CAI and students
who recelved only TI was not significant.

In the spring of 1970 three more grot'ns of students were studied.
One was an autonomous CAL group, a second was a group of students re-
ceiving TI only, and a third was a group of students receiving TI plus
a 4-hour-examination review on a computer system. The mean scores for
the midterm examination, the final examination, and final grade showed
no significant differences among the three treatment groups. The effect
of CAI seemed to truncate the distribution of lower grades. The
investigators applied a Kolmogorov-Smirnov test to the distribution of
scores from the CAl group and the TI group receiving the review on the
computer system. The results of this test indicated that the two distri-
butions were significantly different (D = 8.48; p < .05), with the
CAI group receiving fewer low grades than the TI group.

The CAI Center at Florida State University has also conducted
several studies on computer-managed instruction (CMT). CMI difters from
CAI in that students do not interact on line with the computer system,
but rather they receive from the computer program directions of what unit
to do next, possibly diagnostic testing. and remedial information, {f
necessary. Hagerty [1970] reported the results of a CMI course in tech-
niques of PL conducted in the fall of 1469 with 59 graduate students.
Students worked at their own pace by scheduling time on the computer
terminal as needed. The results indicated that the CMl students performed
a’ well as students taught the previous year by conventional classroom
lecture methods. What is interesting about this study, which did not
produce a significant difference in the two groups, was that the costs
of operating the course for terminal time and personnel were §3,074,
which Is lower than the costs for TIL.

Lawler [1971) investigated the difrferential effeets of instruc-
tional strategies in CMI, using 167 undergraduates in a health education
course at Florida State University. Fortv-one of the students received

T1; the remaining students were randomly assigned to one of three CMI



treatments. The three CMI treatment groups were varied in their pace
through the course. The results showed superiority of the CMI groups
over the TI group on final examination performances. Again, the results
of the extensive analysis of variance are too detailed to summarize here,
but the gereral conclusion just stated is supported by extensive
statistical analysis. Concerning the different CMI treatments, there
seens to be same advantage to requiring students to reach mastery at

each stage or level of the course.

Adasms [1969] and Morrison and Adams [1969) described results of
experiments conducted over two vears at the Stare University of New York,
Stony Brook. The subjects were students {n introductory German, and
both CAI and contrel groups received 3 hours of instruction per week
in regular classes. The control group received, in addition to class
tire, the standard 1 hour per week cf language laboratory; the CAI group
received instead 1 hour per week of CAI in reading and writing. At very
slight (if any) sacrifice to their performance in listening and speaking,
the CAI students perforzed substantially better than the control students
on tests of reading and writing achievement. The CAT and control groups
were well matched on the Modern Language Aptitude Test. The exper-
imenters reported a generally favorsble student attitude to CAI.

Using the PLATO system at the University of Illinois, Grandey
{in press] studied the use of computers to aid instruction in beginning
chemistry. Thirtv-one students with weak high schoel chemistry back-
grounds were exposed to varving amounts of zaterial presented by PLATO.
Cozparisons were nade between 13 students who used PLATO for imstruc-
tion anc 13 students who used PLATO only for review., XNo significant
differences between the two groups were established. Axeen [1967])
studied CAI in the use of the library by undergraduates. Comparing 32
students who received a sequence of PLATO lessons, which entirely replaced

an intreductors ccllege course on library use, with 34 students taught by

1sBa}:er [1971) reviewed five additional CMI projects but reported
no data on the instructional effectiveness of any of them., Kelley
11972), in a later paper, did present detailed results on the effectiveness
of one of the projects described by Baker.



- 47 -

ordinary T1, Axcen found that students in the experimental class took
less time to learn the same material. However, no significant differences
were noted in performance as measured by the Library Orientation Test
for college freshmen.

Bitzer and Boudreaux {1969] used the PLATO system for a CAI
course in nursing. One hundred forty-four nursing students spent an
average of 20 hours in a course on maternity nursing and 18 hours in
a course on pharmacology for nurses. Perhaps the most striking result
obtained in this study was the savings in time. All members of one
group of 38 nurses for which complete time measures were kept finished
the maternity nursing material in 50 hours or less at terminals. The
same material required 84 hours of standard lecture presentation.

Coombs and Peters [1971] used the PLATO system to study CAL
in role-playing games. One hundred six students in an introductory
American government course spent 18 class hours at terminals. Comparisons
were made with a like number of students who received TI during 18 hours
in small-group discussions. No significant differences in the two groups
were obtained.19

At the University of Texas a number of experiments and demonstra-
tion projects have been completed in the Computer Assisted Instruction
Laboratory. Castleberry and Lagowski [1970] reported on a CAl chemistry
course. Fifteen CAI modules were developed as supplementary material
for the introductory course in general chemistry. The following results
were obtained. In both semesters during the academic year 1968-69,
students who took advantage of the available CAT modules scored signif-
icantly higher than the control group on the parts of the final exam-
ination covered by the modules. 1In addition, during the first semester,
students using the CAT modules also scored significantly higher than

the control group on the parts of the final examination not covered by

19The PLATO system 1s currently being cxpanded and a detalled
evaluation of that expanded system, as well as a system being constructed
by the MITRE Corporation, will be conducted over the next four years.
Anastasio [1972) described the plans for the evaluation and Lyman {1972}
provided a listing of previous PLATO rescarch and curriculum efforts.



the modules. These two results alone suggest that a selective process

was at work rather than any instructional advantages of the CAI modules,
since students used the CAI modules on a voluntary basis., However, during
the second semester, no significant differences were observed between

the experimental and control groups on the final examination in the
material not covered by the modules. The results taken together support
the hypothesis that the CAIl modules were a useful addition to the course.
Evidence is presented in Table 9 that the voluntary experimental group

Insert Table 9 about here

using the CAI modules was not necessarily more able than the control
group., For example, the Stanford Achievement Test scores in both
semesters were no better for the experimental group than for the control
group; 1f anything, they were perhaps slightly lower. The same is true
of the results on the chemistry placement score.

Judd, Bunderson, and Bessent [1970) investigated the effects of
learner control in a CAl course in precalculus mathematics. They did
not compare the student performance with TI classes, but they did compare
learner-controlled strategies with program-controlled strategies. No
striking differences were found. One general conclusion did emerge from
their analysis. Student control of progress through a course seems to
be successful in subjects In which the student has competence and
is definitely liess successful when the student's competence is low,
or he has little familiarity with the course material on the basis of
past experlence. This study illustrates how difficult it is to obtain
strong conclusions about how learner control should be built into CAI
courses. A5 In other areas of research on the effectiveness of
instructional methods, interaction between the cognitive and affective
states of the student and the structure of instruction will certainly

be a major focus of investigations in the next few years.



TABLE 9

Group Means [Castleberry & Lagowski, 1970]

Experimental Control Experimental
Variable group group dropouts
First Semester

Final Exam Score:

Items related to

modules 86.7 68.7 ™.9
Final Exam Score:

Items not related

to module 83.5 4.1 75.7
SAT-Math 518 530 480
SAT-Verbal 572 545 542
Chemistry placement
score@ 19.0 19.7 17.2

Second Semester

Final Exam Score:

Items related to

modules 81.3 71.8 76.8
Final Exam Score:

Items not related

to modules b2.6 42,6 42,6
SAT-Math 480 515 518
SAT-Verbal 517 537 537
Chemistry placement
score? 15.5 20.7 15.4

a’I‘he Chemistry Placement Examination is required of all students
before they register in general chemisiry., The maximum score on this

examination is 50.
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Homeyer [1970] reported the results of comparing a CAI with a TI
course in computer programming. The students taking either the CAI
version or the lecture version were required to have had at least one
previous course in computer sclence and some experience in programming.
Two sections of a course were used: one as a CAL group and the other
as a lecture group. There were ten students in each group. Although
the mumber of students was small, the study explicitly tested the
following hypotheses:

Hl. The CAl group can complete course instruction significantly
faster than the lecture group. This hypothesis was accepted; the CAI
group completed course instruction about twice as fast in terms of number
of hours (an average of 13.75 hours for the CAI group compared with 24
hours for the lecture group).

H2. The CAI group makes significantly fewer personal visits
to the instructor. This hypothesis was rejected. Both groups mede about
the same number of personal visits to the office of the instructor.

H3. There is no significant difference between the CAI and
lccture groups with respect tn mean scores on examinations. This
hypothesis was accepted. The performance of the students was not
significantly different at the .05 level.

H4. There is no significant difference between CAI and
lecture groups with respect to mean grades on computer programs written.
This hypothesis also was accepted, with about equal performance from
the two groups.

Edwards and Judd [1972] reported on the evaluation of a course in
special education for undergraduates at the University of Texas.
Students in the course were assigned to one of three groups. One group
received a course handbook and participated in a discussion section;
the second group joined only a discussion gsection; and a third group
received the handbook and CAI, but did not participate in a discussion
section. The results were somewhat mixed, but the evidence favored
the test performance of the group receiving CAl rather than discussion
sections, which indicates that in this kind of course, CAIL can

successfully replace small group sections of large lecture courses.
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At Stanford University, Joseph Van Campen has developed a full
two~year tutorial courge in Introductory Russian. This project, begun
in 1967, teaches the standard aspects of a first-year course at the
college level, that is to say, comprehension of written Russian, com-
prehension of spoken Russian, and mastery of grammar and syntax. Of
the three main components of a college-level language course -- regular
classroom sessions on a daily basis, time spent in the language
laboratory, and regular homework assignments -- only the functions of
the tutorial classroom sessions are assumed by the CAI course. 1In
addition to their time at computer consoles, students spend time in the
language laboratory and do off~1ine homework assignments. What ig
important about this example 1s that the regular 5 hours a week of
classroom instruction were completely replaced by daily work for a
comparable time at computer terminals,

An evaluation of the course for 1968-69 1s presented in Suppes
and Morningstar [1969], Firat of all, the CAI course showed superior
holding power in comparison with TI. Of the 30 students originally
enrolled in the CAI course, 73 percent finished all three quarters of
the first year, whereas of the 38 students in the two regular classes
only 32 percent finished the year's curriculum, Approximately 66 percent
of the content of the final examinations for the autumn and winter
quarters were identical for the CAL and regular Russian courses; the
final examination for the Bpring quarter was identical for the two
groups. The average number of errors was lower for the CAI students
in all three quarters and was statistically significant for the fall
quarter (Mann-Whitney U test, p < .001) and the spring quarter
(p < .05), but not for the winter quarter. Since the selection process
resulting from more of the poorer students' leaving the regular course
biased results against the CAT group, the superiority of the CAI group
on the spring examination is more impressive than the statistical

analysis indicates.
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Conclusion

As in other methods of instruction surveyed in this report, no
simple uniform conclusions can be drawn about the effectiveness of CAI.
At the elementary-school level, CAI is apparently effective as a
supplement to regular instruction. What we do not have are the sorts
of experiments required for a complete productivity analysis. There are
no examples yet of CAL's being introduced with a concomitant change in
student-teacher ratio, which would, for example, cover the costs of CAI.
At the present time, we can only conclude that CAI can be used in some
situations to improve achievement scores, particularly for disadvantaged
students.

At the secondary school and college levels, a conservative con-
clusion is that CAI is about as effective as TI when it {s used as a
replacement. It may also result in substantial savings of student
time in some cases. Since the equal-effectiveness conclusion seems to
be broadly correct for most alternative methods of instruction at the
college level, there should be in the future increasing opportunities
to experiment with selecting the method of instruction in terms of costs,
and real opportunities should exist for substituting capital for labor,
especially as the relative costs of technology in comparison to labor

decline over the next decade.
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VII. CONCLUSION

In this paper we have surveyed research on the effectiveness
of traditional instruction (TI), instructional radio (IR), instructional
television (ITV), programmed instruction (P1), and computer-assisted
instruction (CAI). Students learn effectively from all these media,
and relatively few studies indicate a significant difference in one
medium over another or of one variant of a medium over another. The
studies taken together suggest that alternative methods of TI are
approximately equally effective, although several studies indicated that
different variables are significantly correlated with student achievement.
Teacher verbal ability was important in many of these studies, and the
evidence suggests that smaller class size may consistently, if alightly,
improve the performance of primary-grade students.

Though there 15 a substantial past history in the use of IR,
few studies of its effectiveness exist. A number that do exist were,
however, carefully done and they {ndicate that IR, supplemented with
appropriate printed material, is about as effective as TI. There is a
much more extensive research 1iterature on the effectiveness of 1TV,
and excellent surveys of that literature already exist. There is strong
evidence that ITV, used in a way that closely simulates TI, is as
effective, on the average, as TI for all grade levels and subject matters.
There very little evidence concerning the effectiveness of ITV used
in ways that utilize the unique capabilities of the medium. A reasonable
fraction of the student and teacher populations has a somewhat unfavorable
attitude toward ITV, although the {ncidence of unfavorable attitudes
tends to diminish ar ‘nstitutions gain experience with the medium, After
such experience a majority of students have necutral or favorable
attitudes toward ITV.

Both PI and CAl attempt to improve the quality of instruction
by providing for its individualization along one or more dimensions.
Nonetheless, findings of "no significant difference'" dominate the

research literature in this area. Though there are often no gignificant
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differences in achievement some of the studies do report a saving in
student time, and this is an index of success. When small amounts of
CAL are used as a supplement to regular classroom instruction (as with
the elementary-school drill-and-practice programs) substantial evidence
suggests that it leads to an improvement in achievement, particularly
for slower students. Models exist that relate the amount of achievement
gain to the number of CAI sessions a student receives.

In broad terms, the many studies we have surveyed suggest that
the costs of alternative technologies, with capital investment amortized
over an appropriate number of years, should always be given serious
consideration in planning an educational program or evaluating proposed
changes in current programs. On the other hand, there are enough
differences in the studies in terms of achievement measures to suggest
that a policy of strict minimization of costs in the choice of a
technology for teaching is too simple a criterion. At least four
considerations will probably be of importance in the future. Each
will need more extensive study:

First, we must examine if the savings in time exhibited in
some of the studies using PI or CAI can be shown to be significant
over longer periods and for a higher percentage of the total instructional
program of students,

Second, we do not yet have an appropriately detailed evaluation
of the impact of the various technologies on the long-term motivation
of students.

Third, the long-term effects of individualization and privacy of
learning characteristic of sume of the technologies also needs more
extensive evaluation. We do not know, for example, whether students
who are given highly individualized programs in the elementary school
for most of their instruction will strongly prefer the continuation of
such methods in secondary school and college or whether they will desire
to return as they grow older to more traditional forms of instruction.

Fourth, it has been fndicated at a number of points in this
review that most evaluations, particularly those considered well con-
trolled, compare TI to a form of IR, ITV, or CAI that closely emulates
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the TI. It ig at least plausible that many of the ~rnclusions of this
Survey would be overturned were more Imaginative uses of the media
explored, that yet permitted comparative evaluation,

Most of the educational technologies we have surveyed in this
article have a relatively recent history. Even though there 1s already
a fairly extensive literature on their evaluation, it would be a mistake
to view the present state of that literature as anything but preliminary
in nature, It wilg be many years before we have an adequately deep
assessment of the strengths and weaknesses of the technological alter-
natives to traditional instruction that have been considered in this

survey.
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