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ABSTTIACT
 

This paper reviews research on "educational media," that is,

the electronic hardware that constitutes an alternative to
 
teachers or printed lessons. Five kinds of hardware are
 
included: radio, television, computers, videodiscs, and hand-held
 
electronic devices.
 

Anzalone compares the various hardware in terms of cost and
 
effect on learning. However, adequate evaluation research has
 
been done only with respect to radio and instructional
 
television, and in these cases detailed information is presented.
 

Using the BRIDGES model of learning production, Anzalone's
 
diagram defines an education system by its interaction with
 
family and society. Family and society determine much of what
 
takes place in schools, but they are in turn effected by the
 
outcome of that schooling. The diagram also shows that
 
educational management and planning (as done by teachers,
 
principals, supervisors, etc.) is comprised of interrelated
 
factors that include: content, instructional materials, classroom
 
management, physical facilities, and learning technology.

Anzalone shows how the choice of learning technology influences
 
these other factors.
 

Several clear-cut conclusions can be drawn from this review.
 
The first is that television is not a cost-effective alternative,

in either rich or poor countries, in comparison with conventional
 
technologies based on classroom teachers. 
Countries that began

with instructional television in primary schools found them too
 
difficult and costly to manage, and have abandoned them. On the
 
other hand, radio is an effective means of improving both the
 
coverage and the quality of instruction in primary schools.
 
Anzalone notes that radio should not be seen primarily as a means
 
to replace teachers. On the contrary, the combination of radio
 
instruction--at per student costs close to that of a textbook-
with teacher training leads to significant gains in learning.
 

Also, none of the other kinds of instructional hardware have
 
yet been shown to be cost-effective in the production of learning

in primary schools. There is little evidence to justify the
 
enthusiasm for widespread introduction of microcomputers in
 
classrooms. Research in the United States suggests that while
 
computers help in some cases, particularly in practice and drill
 
on repetitive subjects, there is no evidence that they are a
 
cost-effective substitute for teachers.
 

Videodiscs are described as a sophisticated technology with
 
great potential that is beyond the reacn of schools even in the
 
rich countries.
 

The review reports one systematic study on hand-held
 
electrcnic devices, which are small microprocessor driven devices
 



that teach basic spelling and arithmetic to young learners.
 
These devices, which are relatively inexpensive if they can be

used over a period of time, were shown to be effective in one
 
country. No follow-up research has been done.
 

The last and most important conclusion to be drawn from this

review is that learning technologies based on hardware are by

themselves sterile. Unless they go hand in hand with
 
improvements in content, with increased use of instructional
 
resources, and with greater administrative support, they have
 
little chance of contributing to either the quality or the
 
quantity of primary education.
 

A companion to this paper, Using Soft Technologies of
 
Learning for Primary Education in Developing Countries, by

Sivsail:m Thiagarajan and Aida L. Pasigna, reviews research on

those instructional technologies (such as new forms of classroom

organization) that do not requir-e investments in hardware. 
 That
 
paper and this one should be read together, as the "hard-soft"
 
distinction between instructional technologies is arbitrary:

together the papers provide a comprehensive coverage of what is

known about the effectiveness and costs of many kinds of
 
instructional technologies.
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I. INTRODUCTION
 

The use of learning technologies may provide developing

nations with the means for extending access and improving the
 
quality of education at substantially lower costs than
 
traditional means. By learning technologies we mean procedures
 
and techniques based upon theories which help to design,
 
organize, deliver, and manage educational information and the
 
learning process. These procedures and techniques may or may not
 
be mediated through devices and instruments.
 

In a companion review, "Literature Review on the Soft
 
Technologies of Learning," we examine the procedures and
 
techniques--what might be called the "soft" aspect--of learning

technology. But for the present review, we want to focus on the
 
devices aspect of learning technology, or the electronic media
 
used to automate, enhance, or extend parts of the learning
 
process. We refer to this "hard" aspect of learning technology
 
as instructional hardware.
 

Since the purpose of this review is to determine how and to
 
what extent instructional hardware is or might be significantly
 
involved in primary education, we do not address distance
 
education projects at the post-primary level or primary school
 
equivalency programs for older students--areas where
 
instructional hardware has been used with coi .iderable success.
 

We define instructional hardware as electronic presenters of
 
instructional sequences that are significant enough in scope and
 
curricular importance to constitute an alternative to lessons
 
usually provided by teachers or textbooks and s-imilar printed

materials. In some cases, the wider concept of educational media
 
can and will be used interchangeably with instructional hardware.
 

We look specifically at the use of radio, television,
 
computers, videodiscs, and hand-held electronic devices to
 
support primary school education in developing countries.
 

Our reasons for focusing on these five possibilities are
 
discussed below.
 

We recognize that--since, for example, we learn from
 
television programs and not from television--looking at
 
instructional hardware per se is problematic. The literature is
 
often vague about the content or method that is being delivered,
 
either because it is believed that these are less important than
 
the attributes of the medium itself or because of an
 
understandable and often premature desire to generalize about the
 
potential educational value of the medium--especially for guiding

policy or investment decisions. We elaborate later in the review
 
on the confounding influence of method on the medium.
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We begin the review by discussing how we conducted our
 
literature search and our selection of instructional hardware to
 
be examined. We then orient our review within the framework of
 
the BRIDGES learning model. Our discussion highlights some major

issues involved in comparing and generalizing from research on
 
instructional hardware in developing countries. Finally, we
 
review evidence and draw conclusions about each type of
 
instructional hardware with respect to whether their introduction
 
would permit an edlication system to reduce costs while
 
maintaining coverage and quality.
 

II. HOW THE LITERATURE SEARCH WAS CONDUCTED
 

Our review is based upon a search of a disparate body of
 
literature, mostly written in the U.S., that includes books,
 
articles, unpublished research reports, project evaluations, and
 
bibliographies. We conducted on-line searches of the DIALOG
 
databases (including ERIC, Dissertation Abstracts International,
 
PsycINFO, and SOCIAL SCISEARCH) and obtained abstracts of
 
relevant literature. Microfiche versions of several key

documents were obtained. In general, we did riot find these
 
databases to be a good source of information on instructional
 
hardware in developing countries.
 

Advice and documents were received from specialists

including John Mayo, Jamesine F:±end, Jean Meadowcroft, Klaus
 
Galda, Michael Laflin, Clifton Chadwick, Judy Brace, Peter King,

Maurice Imhoof, Tom Eisemon, and Noel McGinn. Jim Hoxeng and
 
Julianne Gilmore of the Office of Education, Bureau for Science
 
and Technology of the U.S. Agency for International Development,
 
helped us obtain several important documents. We also obtained
 
leads (and confirmation of a lack of Third World literature on
 
educational applications of computers) from participants in the
 
UNESCO/Stanford symposium on "Computers in Education: The Role
 
for International Research" held in Palo Alto in March, 198L.
 

The literature we found is identified in the bibliography.

Cooper (1984) warns of two threats to validity associated with
 
gathering data for literature reviews: (a) not locating all
 
studies pertinent to the topic of interest, and (b) elements or
 
individuals in the retrieved studies not representing all
 
individuals or elements in the target population. We tried to
 
minimize the first threat by circulation of this draft to other
 
investigators in the field to determine what may have been
 
missing. The second threat is not so easily dealt with. Not all
 
characteristics of primary school pupils in developing countries
 
are represented by the studies reviewed, and it is difficult to
 
see how they could be.
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III. SELECTION OF INSTRUCTIONAL HARDWARE
 

All of the instructional hardware considered in this review,
are examples of what Schramm 
(1973) called "big media." In making
this definition, Schramm considers complexity of design and
production, the size of the audience, possible educational
significance, and the complexity of support necessary for success
in school settings. "Big media" originated in systems for
communications, entertainment, advertising, computation, and data
storage and retrieval--not as educational tools.
 

This review looks at various kinds of instructional hardware
capable of providing a significant sequence of instruction and
used as an alternative or supplement to lessons provided by
teachers or textbooks and similar printed materials. This
excludes various audiovisual devices or objects a teacher might
use 
in a lesson to aid comprehension, stimulate imagination, or
otherwise occupy a student's time. 
We include educational films
and filmstrips in this category, since their role in primary
school instruction has usually been to enrich or supplement

regular lessons.
 

We consider kinds of instructional hardware that are or
might one day be feasible for primary schools in developing
countries. 
This is a subjective determination. It is
conditioned by the way the instructional hardware is used, and
does not suggest that all instructional hardware will be feasible
in all schools in all countries. The following kinds of

instructional hardware are examined:
 

o 	 Radio. Radio is the instructional hardware
 
most widely used in primary schools in

developing countries. 
Radio includes both

commercial and public broadcast channels.
 
Audiocassettes provide instruction similar to
lessons broadcast by radio. 
 So far, they do
 
not appear to have been widely used for

primary education in developing countries.
 
The same holds true for audiovisual
 
combinations like audiovision or radiovision.
 

o 	 Television. Television has been much less

widely used than radio for primary education
 
in developing countries. 
There are, however,

several important national experiments with
 
educational television. 
We limit ourselves
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to instructional television related to the
school curriculum and not children's "open
broadcast" programs with incidental or
 
deliberate educational content.

Videocassettes are now becoming common
 
throughout the Third World. 
They 	free

educational television from rigid broadcast
 
schedules and thereby make television a more
convenient (although more expensive) medium
 
for classroom use.
 

o 	 Computers. 
The use of computers in primary

education in developing countries is not yet

widespread. 
Growing interest in computers,

recognition of their impact on 
society,

falling prices of hardware, and the
"demonstration effect" of their increasing

use in developed countries are likely to
 cause this to change, especially in well
equipped urban schools.
 

o 	 Videodiscs. Videodiscs are just now on the
horizon for use in education in countries

like 	the U.S. 
 Their use in some primary

schools in developing countries is admittedly

speculative but not inconceivable at this

time. Developments with mass storage CD ROM
(compact disc read-only memory) technology

could make this a possibility in some places

and could well be offered in the school
 
library of the future.
 

o 
 Hand-held Electronic Devices. 
 Hand-held
 
electronic learning devices include
 
microprocessor-driven drill and practice aids

like 	the Speak & Spell and pocket

calculators. 
Despite their relatively low
cost 	and ease of operation, their use

instruction in de'eloping countries has 

in
so
 

far received little attention.
 

There are other kinds of instructional hardware that have
been 	used effectively, often in combination with other media, in
classrooms and distance teaching programs both in developed and
developing countries. 
 Bates (1982) provides a good discussion of
the range of delivery media and comparative advantages of
different systems. Some instructional hardware that might prove
useful for education in developed countries has had little or no
application at the primary school level in developing countries.
We do not consider several varieties of instructional hardware
that have been or might soon be used in developed countries or
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for distance education at post-primary levels in developing

countries, including teleconferencing, telephones, two-way radio,
 
videotext, teletext, interactive cable, computer-augmented

television, electronic blackboards, still-picture television, and
 
slow-scan television. Similarly, the use of satellites is not
 
considered, since we consider satellites as 
carriers rather than
 
as presenters of instruction.
 

IV. A MODEL OF LEARNING
 

The purpose of this review is to determine how and to what
 
extent learning technology is or might be useful in primary

education in developing countries. We ask whether the learning

technology cum instructional hardware variables really need to be
 
included in a model of learning separately from, say, the
 
instructional content and materials variables, and whether the
 
alternative or supplementary instruction provided by these
 
systems adds to the explanative or predictive power of the model,
 

The BRIDGES theoretical model of learning production (see

diagram on the next page) situates the educational system in a
 
position where it can prevent "social origin" from determining

"social destiny." At the perimeter of the educational system is
 
the set of management and planning functions that steers the
 
system. Within the perimeter are schools. Within schools are
 
blocks of variables (including learning technology) that may be
 
involved in the production of learning. These variables interact
 
with each other and with inputs--skills, aspirations, and
 
knowledge brought to school from the family and community and
 
policies and resources supplied by society. The production of
 
learning results in values, skills, and knowledge returning to
 
the family and society. These outcomes are produced with varying

degrees of effectiveness and efficiency.
 

1. "Within School" Relationships
 
Both intuition and the literature suggest that the most
 

important relationship between the use of instructional hardware
 
and other "within school" variables is the relationship with
 
instructional management. Indeed, the literature is rich with
 
examples of the insufficient attention paid to this relationship

and the disastrous consequences of this neglect.
 

The two most important aspects of the relationship between
 
use of instructional hardware and instructional management are
 
teacher acceptance of the technology and teacher competence in
 
its use.
 

Teacher acceptance seems to depend to some extent on the
 
type of, and the purpose to which instructional hardware is being
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applied. The introduction of new technology in the production of
 
learning, as in the production of other social products, often
 
anticipates a substitution of capital for labor in order to
 
achieve a net reduction in cost. The substitution of
 
instructional hardware for labor in educational settings proves

to be economical when more highly trained teachers can be
 
replaced by less trained 
(and 	lower paid) teachers, or when there
 
is less frequent contact between teacher and student 
(Jamison and
 
Orivel, 1982). In many instances, the relationship between

teachers and the use of alternative instructional hardware may be
 
fundamentally antagonistic. 
Our review treats the substitution
 
of capital for labor as a policy issue rather than as a classroom
 
management issue.
 

We believe that the most important question about teacher
 
acceptance is the following:
 

o 	 Does different instructional hardware meet
 
with and sustain different levels of teacher
 
acceptance?
 

The second aspect of the relationship between instructional
 
management and the use of instructional hardware has to do with
 
what is necessary to operate the system. This involves both the
 
teacher's existing knowledge and skills as 
well 	as whatever
 
additional training or orientation is required to operate

instructional hardware. There is considerable variation here.
 
Some teachers have been oriented to a new curriculum delivered by

radio in as little as three hours. However, to prepare them for
 
a more complex intervention, say, to teach LOGO, considerably
 
more training is required. The most important questions are:
 

o 	 What knowledge and skills are required of
 
teachers to use instructional hardware and,

perhaps, to learn a new instructional role?
 

o 	 Do knowledge and skills gained by the teacher
 
from working with instructional hardware
 
transfer to areas where such hardware is not
 
being used?
 

A second important "within school" relationship is between
 
the use of instructional hardware and content.
 

The questions which should be addressed are:
 

o 
 How readily are the various school subjects taught
 
by different kinds of instructional hardware?
 

o 	 Does this vary with grade level?
 

o 	 Does use of instructional hardware permit (or
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dictate) adding or deleting content in the

curriculum or &cquiring skills within a
subject that are 
either new or possible at an
 
earlier age?
 

The third "within school" relationship is between the use of
instructional hardware and instructional materials. The
important questions we consider are the following:
 

o 	 How effectively and how cheaply can
 
electronic messages substitute for printed
 
messages?
 

o 
 What visual supports are necessary for audio
 
media and vice versa?
 

The final "within school" relationship is between
instructional hardware and the physical facilities of the school.
Clearly, the condition of school facilities, especially lack of
electricity, would rule out the use of some 
instructional
hardware and constrain the use of others. 
 For many people,
policy makers, and teachers, poor facilities often render
incongruous the introduction of alternative instructional
hardware. 
The face validity of the priority of improving basic
facilities over the introduction of instructional hardware is
powerful. Investments in improved school facilities are likely
to be made for reasons apart from school ehievement and apart
from accommodating or facilitating the use of alternative
instructional hardware. 
 The important research question appears
to be how alternative instructional hardware can or cannot be
made to operate in the typically abject conditions of remote

rural or crowded urban schools.
 

2. School-Family Relationships

The BRIDGES model (page 6) highlights the reciprocal process
by which skills, aspirations, and knowledge are brought to school
by the student and values, skills, and knowledge return to the
ffmily and community. With respect to the first of these, the
major questions are: 
 Do factors beyond a student's control, such
as socioeconomic background, ethnicity, gender, mother tongue, or
geographic location of his/her home affect entry into school,
continuation of schooling, and what is learned while in school?
To what extent are these changed or reinforced by the use of
alternative instructional hardware in instruction?
 

Issues related to how values, skills, and knowledge return
to the family and community are not generally treated in the
literature. 
It is difficult enough to measure the gross effects
of either schooling or the content of particular school subjects
on family or community life. 
 It would be extremely difficult to
disentangle 
or even detect the effects of what may be very
 



limited contact with instruction provided by any kind of
 
instructional hardware.
 

3. School-Society Relationships
 
A student needs certain skills, values, and knowledge to


participate in adult life. These skills are to a large extent
 
manifest while in school and, after leaving school, affect and
 
are affected by social and economic life.
 

It is the latter part of this process that is of most
 
interest to policy makers. 
 It is the former part, however, that
 
receives attention in the literature. Apart from the occasional
 
speculation that exposure to media in schools contributes to a
 
weakening of traditional rural values, causing a drift to the
 
cities, there appear to be few attempts to examine the "external
 
efficiency" of instruction provided by instructional hardware.
 
As was argued above, if long-term effects resulting from what is
 
often episodic contact with alternative instructional hardware do
 
occur, they would be extremely difficult to detect. The problem

of assessing the external efficiency of learning associated with
 
alternative instructional hardware is particularly germane in the
 
case of the newer devices, where the introduction of computers

into education is often preparation for the econiomic and social
 
possibilities engendered by the rapidly developing global

information society. 
These claims are only beginning to be
 
examined in countries like the United States (Carnoy et al.,
 
1986).
 

The use of other instructional hardware has largely been
 
predicated on the more modest claims that they affect learning or
 
internal efficiency within schools. The variables most
 
frequently treated in the literature are achievement in different
 
subjects, attendance, repetition of grades, and continuation in
 
school. Often, there are measures of attitude toward a school
 
subject or the instructional hardware itself. The adequacy of
 
these measures and the difficulties in comparing them with the
 
effects of conventional teaching is discussed in the following

section. The notion of internal efficiency could be treated as a
 
"within school" consideration. 
We treat it in this section in
 
order to keep discussion of outcomes in the same place and to
 
emphasize that internal efficiency is something wider than
 
classroom process, and something closely related to policies and
 
resources.
 

The policies and resources that determine the use of
 
instructional hardware in schools are also of fundamental
 
importance. An understanding of how policies--or perhaps more
 
accurately, actions of policy makers--affect the selection,
 
introduction, and continued use of instructional hardware is
 
essential and largely lacking in the literature. Perhaps the
 
single most important question here is:
 



12 

o 
 Has the introduction of instructional hardware found a

sustained or expanded place in national educational
 
policies?
 

The fact that particular resources are needed for
instructional hardware is of indisputable importance. 
This 	fact
has received considerable attention, and this literature is
 
considered throughout the review.
 

At the level of policies and resources, two questions 
are
 
important:
 

o 	 Has the introduction of an alternative
 
instructional hardware permitted a
 
substitution of lower skilled (and lower
 
paid) instructional personnel or a reduced
 
role for the teacher in the improvement of
 
instruction or extension of schooling?
 

o Where introduction of instructional hardware does not

permit the substitution of capital for labor, what are
 
the additional educational costs and their
 
implications?
 

V. ISSUES
 

There are two issues of special importance that make it
difficult to determine whether instructional hardware can
contribute significantly to the learning in schools: the medium
 versus method issue and the equivalence of costs and outcomes
 
issue.
 

1. The Medium versus Method Issue
 
Advocates of the use of media in education often point to
various attributes of the media as being particularly


facilitative of learning. 
They 	cite such things as the immediacy
and liveliness of radio, the ability of television to command and
hold attention and to provide complex visual stimuli, and the
capability of computers to offer immediate and individualized
 
feedback. Explanations for poor results from particular

instructional media often cite the failure of the instructional

designers to make good use of the features of the medium.
 

There are those who dispute the claim that various features
of media affect learning. Clark (1983, p.445) argues that
 current summaries and meta-analyses of media and learning studies
 
suggest that "media do not influence learning under any
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conditions." He contends that in the instances where large

changes in student achievement have been associated with the use
 
of media, such as 
(and this is his example) with educational
 
television in El Salvador, the changes are attributable to
curriculum reform and not the medium. 
Clark insists that better
 
performance associated with use of media is explained by the
 
confounding effects of instructional method, and to a lesser
 
extent, novelty effects.
 

Others take exception with Clark's hypothesis. Petrovich
 
and Tennyson (1984) argue that the meta-analyses Clark uses
 
involved classroom studies without adequate controls to test his

hypothesis, that Clark did not adequately take into account how

various components of the human irformation processing system

affect learnina, and that recent evidence from computer-assisted

instruction studies do not support his view.
 

The medium versus method issue is clearly relevant to the

literature on instructional hardware in developing countries.
 
However, it is often difficult to determine what instructional
 
method is being used in a particular media application and
 
hazardous to generalize about what methods work best with what
 
media. 
 In an application where the method is well-defined, such
 
as the interactive radio method, there is likely to be wide
 
agreement with Clark, that the outcomes are attributable to use

of the interactive method specifically rather than to the medium

of radio generally. For policy makers in developing countries
 
the medium versus method issue may not be critical. Even if it
 
can be shown that it is an instructional method rather than a
 
medium that is responsible for gains in student achievement, the
 
use of media may often be the only means to deliver the method
 
efficiently.
 

2. Equivalence of Costs and Outcomes
 
Critics of the use of instructional hardware in developing


countries raise several related queations about how costs and
 
outcomes are analyzed and interpreted. Carnoy and Levin (1975)

argue that evaluators' "modes of analysis" have possibly been

contaminated because of the advocacy positions taken with respect

to the media being evaluated and because of their close
 
associations with the agencies that have sponsored both the
 
implementation and evaluation of projects being examined. 
Emery

(1985) takes a similar view.
 

Carnoy and Levin (p.387) identify two types of bias in the

evaluations of various applications of instructional hardware in
 
education in developihng countries: 
(a) the use of "deficient

data" when they favo: instructional technology over traditional
 
alternatives, a phenomenon they refer to as "benefit-of-the
doubt" bias, and (b) "narrowing of the scope of analysis to those

items on the agenda of the sponsoring agency while ignoring other
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effects."
 

Carnoy and Levin 
(p.388) submit that cost analyses of
applications of instructional cechnclogy are faulty because "in
almost every case the reported costs of instructional

technologies are understated relative to their true costs."
According to them, this results from basing cost estimations upon
"drawing board" approaches, which, they contend, are invariably
lower than actual costs. Moreover, they suggest that cost
estimations tend to ignore costs of such things as 
"contributed
facilities" and technical assistance costs associated with
development of the instruction to be provided.
 

The second bias identified by Carnoy and Levin (p.391) is
the use of "a narrow measure of educational attainment" which
tends to "overstate the attractiveness" of the technology being
evaluated. 
They argue that the outcomes of education go far
beyond performance on measures of reading and mathematics. This
 
is, they note:
 

an 
especially serious problem in a cost-effectiveness

study because the evaluation instruments are invariably

designed to compare the instructional approaches on the

basis of what the instructional technology is designed
to achieve rather than the far larger outcomes that the
traditional systems of instruction focus on. 
(p. 391)
 

We believe that these contentions should be taken as
important cautions in interpreting the literature on the use of
instructional hardware to support primary education in developing
countries. However, two points should be made. 
First, cost
analyses that have appeared subsequent to the time period with
which Carnoy and Levin were concerned appear to approach
estimation of "true costs" by taking into account actual costs
and fixed costs for instructional development (see, for example,
Jamison, Klses, and Wells, 1978; Jamison and McAnany, 1978;
Leslie and Jamison, 1980). Second, although few would disagree
that educational outcomes include more than performance on
achievement tests i1 
reading and mathematics, the importance
assigned to these attainments by educational systems all over the
world makes it difficult to accept the idea that emphasis on
these outcomes in evaluations is a self-serving "narrowing" of
the educational process by the advocates of instructional

technology. 
In recent evaluations of the use of instructional
hardware, there does appear to be sensitivity to the issue of
whetheL-
an equivalent range of educational outcomes is being
compared (see, for example, Friend and Kozlow, 1985).
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VI. COMPARING EDUCATIONAL OUTCOMES
 

Our attempt to determine whether and how instructional
 
hardware can be significantly involved in the production of
 
learning in primary schools in developing countries requires that
 
we evaluate and summarize information about educational outcomes.
 
There are enormous difficulties in producing a synthesis of
 
research findings from studies involving the use of different
 
media since applications have been undertaken in different
 
countries, at different points in the educational process, and
 
for different educational purposes.
 

In the past several years, research reviews have made
 
increasing use of quantitative meta-analytical procedures for
 
evaluating and summarizing research on educational outcomes. One
 
of the most widely used methods of meta-analysis is the
 
statistical measure called effect size. This is a comparison of
 
differences between an experimental and control group. The
 
effect size is simply the difference between the means of the
 
experimental and control group divided by the standard deviation
 
of the control group (Glass, 1977; Glass, McGaw, and Smith,
 
1981).
 

Walberg (1984b, p.216) describes the advantages of using
 
effect sizes:
 

Effect sizes permit a rough calibration of comparisons
 
across tests, contexts, subjects, and other
 
characteristics of studies. The estimates, however,
 
are affected by the variances in the groups, the
 
reliabilities of the outcomes, the match of curriculum
 
with outcome measures, and a host of other factors,
 
whose influences, in some cases, can be estimated
 
specifically or generally. Although effect sizes are
 
subject to distortions, they are the only explicit
 
means of comparing the sizes of effects in primary
 
research that employs various outcome measures on
 
nonuniform groups. They are likely to be necessary
 
until an advanced theory and science of educational
 
measurement develops ratio measures that are directly
 
comparable across studies and populations.
 

Effect sizes are expressed in standard deviation units.
 
Although this is often not readily understood by persons without
 
a background in research, effect sizes can be expressed in terms
 
of changes in percentiles. For example, the meta-analysis of 32
 
research studies on the effects of computer-assisted instruction
 
on achievement of elementary school students in the United States
 
conducted by Kulik, Kulik, and Bangert-Drowns (1985), found an
 
average effect size of .47. This means that the use of computer
assisted instruction had the effect of raising the mean of pupil
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achievement from the 50th percentile, which would be average

performance without computer-assisted instruction, to the 68th
percentile of that group. In interpreting effect sizes, Walberg

(1984b, p.222) reports that from samples of recent educational

research, an effect size of .20 
(equivalent to raising the mean
from the 50th to the 58th percentile) is about average and one of
.45 is "considered large and exceeds about 84% 
of those typically
found in educational research." 
 Research syntheses undertaken by

Walberg (1984a, p.23) show, for example, that IQ has a strong
effect on learning with an effect size of 
.71. Similarly, of
various methods used in instruction, reinforcement or reward for
correct performance had the largest overall impact, with an

effect size of 1.17 (equivalent to raising means from the 50th to
 
the 88th percentile).
 

We have attempted in this review to use effect sizes to
evaluate and compare achievement gains reported in the literature
 
on the use of instructional hardware in primary education in
developing countries. In the present draft, we are limited to
the interactive radio case studies, where evaluations provide
 
necessary information.1
 

For purposes of formulating educational policy and
allocating resources within educational systems in developing

countries, the important question to be answered is: 
 How large

an effect is required to make use of instructional hardware

compelling? 
 Is an effect size of .45 (or, raising the mean frc,m
the 50th to about the 68th percentile)--judged to be large in

developed countries-o-large enough to motivate policy makers in a
developing country to undertake a major investment and

reorganization of school instruction?
 

VII. SELECTED INSTRUCTIONAL HARDWARE
 

The possibilities for using instructional hardware to
improve or extend education in developing countries have been

consistently acknowledged since the 1960s. 
 Perhaps the landmark

endeavor of the early era was the four part series New

Educational Media in Action (1967), 
edited by Wilbur Schramm.

This collection included three volumes of case studies and a

synthesis entitled The New Media: Memo to Educational Planners

(Schramm et al., 
1967). These books emerged from a project

undertaken by UNESCO's International Institute for Educational

Planning under a contract from the U.S. Agency for International

Development. The series includes twenty three cases studies from
 

iThis was made possible through discussions and sharing of
 
information with Jamesine Friend, Peter Spain, and Julianne Gilmore.
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seventeen countries and covers a wide range of educational
 
applications for the use of radio and television. 
The wide
 
analytical sweep of these documents, their great readability, and
 
their generally upbeat appraisal of the educational possibilities

for the "new" media have set the tone for international
 
discussions for years to come.
 

At least twenty years have passed since radio and television
 
emerged as possible transformers of education in developing

countries. 
At a time when we are still trying to assess the
 
effects of what has been called the "first electronic
 
revolution," by considering whether instructional hardware,

especially radio, will or should play a wider role in primary

education, the "second electronic revolution" (computers,

videodiscs, and similar devices) is already arriving at the doors
 
of schools in these countries.
 

We look now at the literature on specific instructional
 
hardware: radio, television, computers, videodiscs, and hand-held
 
learning devices. We look retrospectively at developing

countries' experience with radio and television and
 
futuristically at the possibilities for computers, videodiscs,

and hand-held learning aids. Our treatment of radio is the most
 
detailed at this point.
 

1. Radio
 
Radio signals have come to reach increasingly large numbers
 

of citizens in developing countries. Between 1965 and 19S2, the
 
number of radio receivers per thousand inhabitants has, for
 
example, grown from 12 to 131 in Indonesia and from 11 to 177 in
 
Sierra Leone (UNESCO, 1984). McAnany (1973) was correct when,
 
more than a decade ago, he described radio as the "most universal
 
mass medium of communication,'
 

With improvements in the processes of manufacturing

receivers and developments in the use of transistors and
 
batteries, radio became affordable, portable, and practical-
even in remote regions. Radio has, since the 1960s, played a
 
varied and important role in social and economic development

efforts. 
 There is extensive literature describing applications

of radio, often in combination with othe.r media, to agricultural

extension and farmer education, adult literacy and basic
 
education, health, nutrition, population education, and family

planning. (See, for example, Clearinghouse on Development

Communication, 1978; 1982.)
 

Radio has also been used in various ways in classrooms in
 
developing countries, including primary school instruction. In
 
the 1960s, Thailand emerged as an example of how the primary

school curriculur could be enriched at relatively low cost
 
through radio broadcasts. In 1967, about 800000 pupils were
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receiving radio lessons in several subjects (UNESCO, 1967). 
 The
experience in Thailand is summarized on page 23, 
a.c. We discuss
various aspects of Thailand's experience later in this section
and in connection with the questions raised related to the
 
BRIDGES model.
 

In 1972, UNESCO's International Commission on the
Development of Education noted this about radio:
 

People often seem to be deterred by the reputedly

greater efficiency of other media which, however, have
the major defect, compared with radio, of being unable
 
to hope for such widespread distribution--or anything

like it--for a long time to come. 
 The very low cost

and adequate reliability in all climates of miniature
transistor radios mean that radio broadcasting should
 
more and more be recognized as a particularly suitable
 
medium for educational purposes (Faure et al., 1972,
 
p.122).
 

Radio's potential for delivering education in school was
not, and perhaps is still not, apparent to all educators. As the
Faure Commission noted, the attractiveness of television largely
pre-empted consideration of radio as an educational tool in many
places. Moreover, radio is 
not now widely used in classrooms in
the early industrialized societies, thus precluding any kind of
 
"emulation effect" to stimulate applications in developing
countries.
 

The early promise of radio related closely to some of its
attributes as a communication medium that offered potential

advantages for instruction. 
These included radio's liveliness
and immediacy and its apparent ability to require concentration
of attention and mental effort on the part of students. 
Schramm
et al. 
(1967) cited four other potential advantages:
 

o 
 Radio can spread and equalize learning

opportunities while raising educational
 
quality
 

o 
 The old media such as textbooks could share
 
the substance of teaching; the new media like
 
radio can share the dynamics of teaching
 

o 
 Radio can provide demonstrations to schools
 
that could not otherwise afford them
 

Radio's potential was seen by Jamison and McAnany (1978,
p.12) to fall into three categories: "improving educational
quality and relevance; lowering educational costs (or the rate of
increase of costs); and improving access to education,

particularly in rural areas."
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These were formulations of educational potential and not an
 
assessment of effects observed through research. The 
early

emoirical "basis" for the effectiveness of radio is outlined in
 
Jamison and McAnany (1978). They cite the survey by Chu and
 
Schramm (1967), which concludes that under proper conditions
 
students can learn from any of the media that were currently

available and that not onl;- is a visual channel not always
 
necessary for learning, some,.imes it can interfere with it.
 
These conclusions were shared by Forsythe (1970). Jamison,

Suppes, and Wells (1974, p.33-34) reached similar conclusions but
 
admit that the empirical basis for these conclusions was small:
 

Radio has been used extensively for formal classroom
 
instruction in the United States (more in the past than
 
in the present) and elsewhere. There exist, however,

only a limited number of good evaluations of the
 
effectiveness of instructional radio. These
 
evaluations indicate that instructional radio can be
 
used to teach most subjects as effectively as a live
 
classroom teacher or ITV.
 

The radio initiatives and the case studies reported during

the 1970s were helpful in moving from an assessment of potential
 
to an assessment of effects, even if the information collected on
 
learning outcomes was often sparse or potentially unreliable.
 
Two rich case studies came from Mexico: the Tarahumara Radio
 
Schools (Schmelkes de Sotelo, 1972; 1977) and Mexican
 
Radioprimaria (Spain, 1977). Insightful commentaries on these
 
case studies followed in Jamison and McAnany (1978). To
 
facilitate our present analysis, these case studies have been
 
broken down into summary form on the following pages.
 

Both of the Mexicarn radio initiatives were attempts to
 
develop low cost extension,; of primary education in underserved
 
areas. Both used radio for direct rather than supplemental

teaching and for several subjects. Both report achievement data
 
that, if not clearly indicative of radio's effectiveness, at
 
least point in that direction. Each project failed in one of its
 
principal objectives: the Tarahumara schools failed to promote

much equity among a disadvantaged sub-population and
 
Radioprimaria essentially failed in its objective to use radio as
 
a substitute for hiring more teachers in a school. Both projects
 
demonstrated that receiving radio signals and keeping radio sets
 
functioning properly were matters not to be taken lightly by

educational planners. Despite the promise shown by these 
two
 
efforts, both were abandoned and seem to have fallen victim to
 
the prevailing disenchantment with formal education witnessed
 
during the 1970s.
 

Two similar initiatives undertaken during the 1970s are
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Radio Project in Thailand 

Countny/Wegl°a 

Theilad 

Ratiraole for Using Medi, 

To offer instruction in 
subjects where schools had 
Tlted abilities to provide 
a reo 

Target Poolatio 

Prisnary and secondary school 

and teachers 


Teacher I, 


teacher expected to prepare 


stucl-ts for broadcasts, 
[ e4 st t S r e - w, e,d s=.creviea tleriats ases 

co-vact roostbroacscst 
c : i vt i e s 

OtherMaterials IJoIa 

Scripts ard notes printed 

ard circulated to teacher, 


In coiparlsoio betwen radio 
and cratrol Studets, in social 
studies, oifferrces in 

favor of the radio stjents 

were clear In gri 3, ard 


less so in trade , I, 
aunlicdifferenrcesin favor of
 

radio students were highly 
significant in wrltten tests
 
and tests of dar ing arI
 
singing. In English, there
 
were no signilfict dif.
 
ferences apart frcaiwritiig
 

abilities at Grade 6 (in favor
 
of control students) sad at 
Grade 7 (it, favor of ruotlo 

students) 

so inforsation 


Stied/eaevgg ,y jc-

entervent- Coveraq
 

Radio 1957/8: 286 schools (220 etleentary "~d66 

secondary 

1959: 500 schools
 

1962: 1,000 schools 

1065: 5,000 schools, 800,000 students 

Tears reinU Revieed Studies Providing pats 

1953 - 1965 Schrsarii, et a1., 1967 

Action, UNESCO, IIEP, 1967 

LenQth/Freencqf lessons GIrde$/S biect5 

562 hours per year Music: Grades 1.2; 3"1 
Soil Stadies: Grades 12; 3," 

English as Second Larguage: Grades 5, 6 & 7 
and For- I, 1i, and III of secondary school; 

A children's luch hour pnogrsm: 30 inlraUts 
Of evucatioal aterial an entertairent 
broadcast every day of the school year 

60-1URaoe of Intructlo- InstructIonalfe hd 

Thai/English Varied according to sbtject 

Oranotl scripts used in social studies
 

Active methods used for Enmlish and xsic 

teacherPrpor-oticc tencher drc l Acce2tabilit
 

30 mirute teachers progron No inforrmat c Many older teachers 
twice eachye a r week of the schcr unfav o r a b l e a t f i r s t . 

aA Attitudes believed toccrses re a i eur to prep,,re 
have jeproved during
 

teachers to u-e the
ra d i o br - kxt jy ish , - t hi r d raivitidio
bro.,A, t s 
years but deteriorated
 

again because of
 

"growing difficulty in
 
receivq signal fror
 

Bar~jkoh. Parents and 

ixails ottituAieswere
 

FvSit ive 

It was difficult to fit a 
 a. tciharvrila'oreiga rochar. ept.Jc.
 
tight troadcast schc,.ile to develofcanvt 

3 

of progra quality nd expansion
 
widely 
varyirng titae-tables of the systei. Oeceptior of signals becane
 
of schools 
 harder as -re cvesvvrcialstaticas began 

broadcasting. Mintetance of sets a problem 
for -ayysci-,ts. Co'operation of teachers 

0as often a phblea 

ho infornhatiori rtrrted No itforiMat Ion 
ca' the vrious ind:cators 

of internal efflciecy 

apart Irom student 
achiteen;t 

IAeksil expenditures for the eilkctionali b'OdicKsts hars been tlss 
than 0.2% of the 
flnistrybaKjdget.The cost per 
.4ll of serving the

?0% of Thai pupils who received the broadcasts comes to about 0.5% of
the total expenditure per pqplL on ediucation. This breaks down to a 
cost of about 2 cents per student-hour 

C-roens 

Thailand continues to use 
educatiosl radio for primary 
educatlon e adapted the 
"Icrglserf Radio moth lessoca
 

\C0I
 

http:rochar.ept.Jc


Intervention 


arashumaraRadio schools 


£ rnY 


Mexico (Sierra Tarahurara, 


a remote region in Chihuahua 


state.) 


Rationale for Using Mediam 


Extending schcoling to -:mote 

coairm-nltieswhere Itwas in-


possible to establish an 


-official- school 


Providing instruction of 


sufficient quality to ensure 


continuation in reguiar schools 


Target Porfuatin 


Originully intended for the 


but in-


cluded whitrchildren as weil 

Tarahhmasrs Indlans 

Teacher Role 


One or two "auxiIliary"teachers 


interacting with radio teacher, 

but frequently provided ii-

struction in lieu of radio 

Other Haterials Used 


Official school textbooks dis-


tributed free to pupils 


Effectiveness 

Fourth grade pupils in 1911 


scored 60.1% on 
 third gride 

exams in arithmetic and Spanish 

cc.-ared to 55.1),for pupils 

Class C private sch.-ots 

in Mexico City on 
frc 

the same tests 

ndedSustairK-d/Replcated/ExA 

Radio schools began in 1955. 

Radio was no longer used after 

the 1973-74 school year 

MediL 


Radio 


gears Being Reviewed 


1957-T2 


Graeks/Sublects 


Gradcs 1.4 (generally 


f.Jnctlonlngas a 


multigrade classroom) 


Subjects: reading, 


arithmetic/geometry,
 

history. geograpdhy,
 

science, civics, art,
 

and hygiene
 

LaMn eof Instruction 


Spanish (although the 


mnjority of Tarahunara 


families speak no Spanish) 


Teacher P-eparatin 


sot reported 


Isuaor
major opeRti~nas s 


Bad reception and difficulty 


obtaining repairs and tsat 


teries 


Evaluation found only 7 of 

24 schools visited actuallh 

making use of ralios 

Internal Efficierr 


Between 195?-71, interyear 


85% (nationaldrcpouts were 

for rural 


schools); estirmatessaggest 


as fanv as 


mean of 72% 


23% of drc-ots 


fron schoo closirgresulted 

Drocouts increase at higher 

grades, suggesting higher 

opg-ortunitycosts 

Itodata on failure in school 


Coverage
 

1081 pupils in46 schools
 

(1971)
 

Studies Providing Data
 

Schmelkes de Sotelo (1972;
 

1977);jamison L McAnany
 

(1978)
 

Lentth/Frequency of Lersons
 

15 miNtstebroadcasts, 

followed by 45 minut': of
 

exercises throughout the
 

day, daily
 

Instructional Methc.
 

Almost literalreading
 

of naterial from
 

official textbooks by radio teacher
 

Teacher Backroui ASe..ptabltty
 

Teacher subject settCr Not reported 

knowledge or attendance 

at summe,corses did 

not affectpupil 
achievement 

'rmge-nt Issues 

Rapid expansion of system beyond admin

istrative capacity of the system resulted 

littleplanning or supervision of schools 

System possessed littleexperience in use
 

media
 

Fuit 


Students ethic back-

ground was significant 
0 1
 

(p,. ) predictor of 


overall academic per-


formance with white 


p l&s outperforming 

Tarahuatra pupils (bt 


not in aithnLtic);
 

these differences in-


creae between first 


ard second grade 

Tarahumaras more Likely 

to dropout and are 


underrepresented in 


grades 3 and 4 

External EfficienV
 

Littil nard data.
 

Evaluition concludes 

that pupils who com

plete fourth grade
 

are prepared to
 

continue in reg

utar schools
 

Evaluation suggests
 

that Instruction
 

not suited to the
 

social and econmic
 

milieu and notes
 

that wite graduates
 

do not use what
 

is Learned in
 

school, some grad

uater use school
 

knowldege to "ex

ploit their peoplea
 

and that "many" 

findwork In towns
 

and cities
 

Cmet 

The use of radio to
 

extend primary ed,
 

ucatIon gave Way to 

efforts to promote 

the use of radio 

for coamnitv ed

ucatlon Inspired by 

Pauto Freire 

Costs 


costs (196'-and rachinistrative
Total Instructional 

$90. This compares to

70) per student was about 

estimated per pupil primary expenditure oi 

& McAnany estimate 
an 


In Mexico In 1970. Jamls n 

for 1972 an aversge irnat per student coat of 


$52.86 (or S.331 per hour) based upon 1081 


studens 



Intervention Mediums 

Mexican Radioprimaria Radio 

Country/Recion Years Being Reviewed 

Mexico (Region arouncd San 1970-7e 

Luis Potosi - 260 miles 1975 update 
northw-st of the capital)
 

Rationale for Using Mediuma Grades/Subjiects 

To Increase efficiency of Grades 4-6: Spanish, 

rural schools by rusting a arithmetic, history, 
six grade school with four geography; also some 
teachers pysicat education, 

nature study, arad 
to reach school dropouts practical activities 

(never imtlemented) 

Target Poputatio, 
 Language of Instruction 


Rural children 
 Spanish 

(no ethnic distinctions 


reported) 


Teacher Role 
 Teacher Preparation 


Little information: reported WOorientation provided; 
thatonly 10% uf teachers felt 
 high rate of teacher 

they gave up any authority be- turnover 


cause of radio 


OtherMaterials Usd 
 Major Operational Issues 


Mimeographed biweekly guides for Poor reception in many areas 
teachers; fire textltoks for 

pupils 
 Unly 18 of 44 schools 

found to have audible.
 
In 1975 pupils received functionirg radio
 
suspplementary
m terials
 

Effectiveress 
 Internal Efficiency 


Achievement tests In arithmetic No conclusions can be drawn 
Aad Spanish given three months about effects of radio on 

apart to radio and noenradio 
 repetition or dropout 

sixth graders; gain scores in 


means on Spanish for radio Teacher and pupil attend.
 
p-ils (3.1) significantly ance appeared good in 

better than for nonreJio pipils radio schools 

(2.3); on arithmetic radio 


Ppil" also outperformed In 1972, 36 of 44 radio
 
nonradin pupils 3.3 to 
2.9 gains schools wer- already
 
ontmean bjt not significant ComTplete schools and used 

radio as supplement, not
 

to Improve efficiency
 

External Efficiency 


Interviews with parents indicate widespread perception 
that primary education has little utility In ruralareas 


Intervie with representatives of local industry pointed 

to difficulty In firding work 
 with only primary school edu
cation
 

A 1972 survey of 207 graduates of primary schc,-- in area found 
35% of graduates working And35% continuing studies but no 
caaparisons of radio arid nonradio schools were made 

Sust alned/xepl icated/Exanded 

Decline In number of schools using radio from 49 in 1970-71 
to 37 in 1973-74. This increased to 65 It 1975 but at this 
tia radio wa2 used only in fifth grsoe citasec 

Coveraq 

2075 pupils in 65 chools (1975) 

Studies Providing Data
 

Spain (1977); Jamison& McAnany (1978) 

Lngth/Freuenry of tessor. 

Five or six fourteen minute broadcasts
 

each day, most of them multigrade format 

Instructional Method
 

Little information, but indications that
 
broadcasts followed closely lessons in
 
official textbooks
 

In 1975, lesson formats said to rely less on
 

direct teacher talk, mre dramatizations and
 
covcrete exarples provided
 

Teaher 9lackrnosl Acrr 

Appear to have normal 4LA of teachers felt
 
school e-jcation; 78% using radio as an
 
of teachers workir~jir Aid superior to 

the ayea live in the dlrect teaching
 
city and ccornuJte to atine; 46% said it
 
to rural choots was not
 

Major Manaqe-ent Issues 

Inadecluate mechanists for
 
management and supervision
 

of schools
 

Equit
 

No conclusions can be drawn about 
any differential effects of using
 
radio with particular groups of
 

pupils
 

Large proportion of schools that already 

had sixth grade suggests groups less in 
need of new technology benefitting more 

Costs
 

Jamison & McAnany (1978) compute an average 
annual cost of S16.44 per student ( $.068 

perhour) based upon participation of 2800
 
students
 

catmnen1J 



Interv,ti 	 tediln Cowrute 

Wicaraguan Radio Mathematics Radio 	 3,000-4000 pipils at o-et of project, 

rising to 10,000 Fxg)it in participatingProject 

schools (u know r t- listers in 

other SuhvolS .50!4 a- e 

Country/Reofco Years QeInq Reviewed Sdtolies Providino Oeta 

Nicaragua 1975.1978 suppes, Searle, sr" friend (1978); 

Carsio ard Rio San Juan Frier, Searle, ard SuSppt (1980); 

provirces Fri ed (1985); friend, GIda" Searle 

(sjdated); Jamison ass HcA-ny (1978) 

Rstio te for Uslro[jNedic Grsdeg/Sutbje:ts 	 LethLLr C of Lesson0s 

Itprove eoscatloai cuz,tity Mathehiatics Grades 1.4 27 minute Lessors, 5 duys per -~el 

by replaing existing in- followed by 20-30 minutes of post

brdcast ac'ivitiessTructionwsuth radio in-

atrution 

(Project 00a3L was to devlse 

an dehoustrate a methcJ of 

effective ard, affordabte radio
 

irstrc tico, that could Le used 

in n developin country) 

Targtet Polathco Language of Instructio 	 Instr l fMethod 

Project laid foundation for the -interactive"Rural anI urban children Spanish 

radio mode. Features included active ard 

frequent pssi resposes, imediate 

reinforceent, distri ted practice with "seg

wnit" structure (about a dczen topics 

rescntdIper tesscv); lesscon used nuverous 

eul ltes, v flavor ofccstrouted vc-Ltary, 

"guided oaisc-vcr,'* i.,I o-going forriative e. 

saluitiu of trsSc's 

Terher _5cl-r. arcrs bit0tsiTeacher RoleTeacher 	 Preparet Ion 

Teachers hod u-craqe A survey of putici"

Radio etlicers the daily tesson.s, Three hour training as- us 


year. 11 years of etlk-tiuis, pating teachers 

teacher's knowoevde of (Tilson arad Searle 
teachers coaoiut post-brodest sion each 

Teachers qiven a guide 

txit no regular super, rrah ji Jded to be eak 1978) reports teach

vision 

activities 


ers fosro radio 

lessons help child*
 

ren learn arcs art 

helpful for then, 

selves. They also 

exprxssed a concern 

that radio lessos$ 

could not be ad

justed to the dif

fereit abilitfes of
 

chi idren
 

Other Materials Used falor Operatfiol Issues 	 Major Minn.ge ret Issues
 

Multigrade classorosno (50%Worksheets used for Grade 1. 


2-4 used Inexpen ive of toalt) presentedGrades 

notebooks. sparing use of problem 

othe. supplementary oterials 

Internal Ifficien EquityE _fectiys'lj 

Urban radio children outperformed rural
Radio classes outperformed The use of radio did not 

It% all have strong positive radio children. wo significa'st differ*
control classes grades, 

uesual ly effects on attendanC, enef attributable to gender 

strong In grade one. dropout, or repetitioa 
Oifferences wr* 

Effect 

sites are as follosi: 

Grade 1: 1.32; Grade 2: .28; 

Gradie 3: .47; Grade 4: .0, 

Extrna EfficieyCst 

Assuming sastes were exp&nded to 120,000 users A IncludinqWo Inforstlion 

per student fixed cost allocation, Jamison and McAnany (1978) 

calculate cost to be 13.05 per student per hour. Marginal 

costs (colt of aing one more student to the syste) ware 

$l.64
 

Sustained/Rept icateed/Expandcd 

plining asWaner way to expaed geogra ioic coverage of 

were headed off by the cutlinatlt of 
At th% teanentfon of AID assistance, 

the project and for deelopifg lessons for Grade 5. These 

the cevoiutfie In 1979 



Intervention Medit] 	 Covera 

Kenya Radio Language Arts Project Radio 3908 i,.piLsin 21 school, 

(series Engi Sh in Actio 2 (irluding cntrol grooips) 

CouLty _ 	 Year" Being Reviewed Studies Providrn,]Data 

Kenya - Seven districts 1981-84 	 Osford et al. (1986),
 

selected to permit a notiorl Christensen (1985),and 

sample representative of different friend & Kerroecer (1985) 

national Language grous 

RaTionale for Using M,,die Gres'Subjects 	 Let!/FrctqJny t(if Lessons 

To teach English is a second English • Grades 1-3 30 minutes, 5 days per week 

language more effectively 

(Project goats was to cmraare 

effects of radio instructio, 

with conventiont in struction) 

Target Poe-atation Languaga of lostruction 	 Instructional Method 

Rural children: English 	 Version of the interactive
 

eight different mother tongues 	 radio model - used open-enoded 

pupil caotxetencies, active 

participation, Immediate 

reinforcement, distributed 

practice; formative evaluation
 

Teacher Role Teacher Preparation 	 Teacher Rack rcund Acceptabilit 

Provide mother tongue 	 Teachers- average age 810%of teachers/
 

translations as needed, provide was 32, with I0 years heado.lsters irdicated 
some corrections to students, of eication and 9 radio tiasvery use

cocduct postbroadcast activities years exsprience ful; 6% teachers 

thouht overall Eng

lish ability of radio
 

pupils better than
 

cther "upits 
Other Materials U,'d MaoOr qp tional Issues t jr Mnja,-ntrj Ius 

Pupilworksheets bc.ad in Radio reception "probleiatic' 	 Inter-year teacher turnover
 
booklets 	 in 18%of schools ari "poor" occurred ir. a larg; minority 

in 3%. One district s- of c sses 

pressed difficulty ct!:aining 

printed r.at-riatsc-,ite
 

Effectivenv"s 	 Internal E'f iciercj qit 

Radio ppits outverfoirmed Three times as rch content 	 Socio-economic factors related to pupil 
non-radio pupils on all tl:sts, p-esented in half hour block_ performance were not measured 
differences nearly always tat- of instructioi coepared with 
isticatly significant. Largest conventlonal instruction The only variable found to affect psupil 

diif'erencesoccurred ir,listening performance was "district." The 
skills. Effect sizes as follows: Less disruptive pulpil underlying variable within district 

behavior observed in radio appeared to be "years of teaching 

Gradlol Grade2 Grode3 classes eaxperience, 

Listening .89 1.17 .57 
Reading .32 .29 .45 Repeaters and transfers into 
Writing .22 .29 radio classes appeared to 

Speaking have Lre difficulty 
(Word Total) .23 .15 "catching up" 

(Meaning) .39 .49 

(Gramlor) .3' .54 

Extertnal Effilencl 	 Costs 

NOdata reported on success of Estimate of future arrua per pipiI recurrent costs projected for 
radio students In school after irpltementation in ali primary schools in Kenya provided by friend & 
grade 3 but readiness of rdio Kemmerer, 1985. Assuses radios last 5 years, 3 sets of batteries per 
pupils to continue in English Cost radio per year, use of existing radio chinnels. Cast per pupil 
tanguage instruction after (Including tranrsmiuslon costs, teacher training ard manual, 
grade 3 Iricated by 90% of batteries, radio acd maintenarnce, ard some program costs, S.34 
teachers
 

Sistained/Re! I cated/Expar 	 Co ents 

The Ministry of Edu-atlon of
 

Kerrya decided not to continue 

Emtish in Action after 1985
 



Intervention 


Basic Skills Pilot P Dject 


(Mathematics Component)
 

Country/Region 


Thallbnd 


Rationale for Usirg Mediurn 

-Improve quality of instruction, 
especially where teachers are 


undertrained 


-Reduce regional inequities in 
educational opportunities
 

Target PoxJiatioi 

School children through-


out the coantry 


Teacher Roe 


Teachers expected to observe and 

help students Juring radio lessons 

ard in a fewcrses sy s,od time 
teachirg anather cLass. Teacher 

lead past-broiwst activities 

Other Materialf, L.-i 


Teqcher's guise; student's 


notebooks; student workbooks
 

ingrade 1
 

Effectiveness 


Radio students outperforrcd 


control students in all reqion, 

Tor tnre. years. In a 1981 


comparison of achievement of 


second gr.xiers, in
differences 


achievement in the Northeast had 


an effect sire of .58 and .24 in 


the Central Pain (Bangkok area).
 
This compared with .36 for a
 

similar co parison in Nicaragua
 

External Efficiency 


No information 


Sustained/.R5.p
icated/Exrnded 

Although it appears that 

original goal of expanding to
 

all 30,00 schools has not yet 
been achieed, project Is 

ongoing 

Medium 


Radio 


Years Being Reviewed 


1981 - 1983 


Grades/Sbikects 


I - 3 

Thai language/ 


mathematics
 

Language of Instruction 


Thai 


Teacher Preparation 


Two-day workshop 


Major Operational Issues 


No information 


Irternat Efficiency 

Some evioence that 

radio helped improve 

discipline and punctu-


ality on part of 


teachers and students 


Costs
 

Coverage
 

In 1983, 50 schools in 5 provinces
 

Studies Providin. Data
 

Galda (1985); San-jan (1982);
 

Friend, Galda and Searle (1979)
 

Length/Frequency of Lessons 

Daily - 25 minute broadcast and 15
 

minute pose-broadcast activity
 

Instructional Method
 

The Nicaraguan Radio Math lessons
 

were adapted forThailand
 

Teacher Background 	 Acceptabili!.
 

No information 	 OuestiorvaiIs 

indicated high 

degree of en

thuciasm on part 

of eachers and 
heacsaster s 

Major Managetnent Issues
 

No information
 

Equity
 

In a 1981 coeparison between second
 

grade children in the more advanta.el
 
Central Plain region and the tis

advantaged Northeast region, achieve

ment levels rose in both regions and
 
achievement disparities between two
 

regions was nearly overcotne
 

Estimates of future arnual per pupil recurrent costs for implementation 

In30,63 schools (1,081,733 pupils) provided by Developtnent 

Corimunication Report (Spring 1985). Assumes radios last 5 years. 
34% of schools have electricity and batteries last for 100 hours. 
Cost per pupil (including non-reusable workbooks and teacher 
manuals and excluding teacher orientation) S.44.
 

Cosment s 

http:advanta.el


Intervntion 

Radio-assisted Ccamunity Basic 


Education (RALDECO)
 

Ccrntry/Region 


Dominican Republic - Province 
of Barahona In the Southwest 


Region 

Rationale for Usin Medium
' 


To provide primary education 
to children in rural areas 
where there are no schools 

Target Poflation 


Children 7 - 14 who do not 

have access to s~hools 


Teacher Role 

Uses paraprofe ;irnal mni-
tors to take chia-e of make-

shift radio "schools." 

All instru.-tion is provided 


by the radio 


Other Materials Used 

Worksheets 

Effectiveness 


Evatlution activities are on-

going and being taken over by 


host country. Evidence so 


far suggests that when comi-
pared to conventional schools 
in the same region, the RADECO 

instruction in math is sUperi-
or and in reading nearly as 

good 

External Efficiency 

Too early to evaluate. First 
cohort will finish grade 4 in 

November, 1986, Plans have 
been rade to allow students to 
take a "challenge" exam which 
wolJd permit placmient in 
conventional schouls 

Sustaired/Rept icated.El/Lxpa ed 

Good possibility that the
 
prcject will be expanded 

to include the Northwest
 
Region and adapted for other 
coantriea 

h diun 

Radio 


Years Being Reviewed 


1953 - 1986 

Grades/Sublects 


1 to 4 - Mathematics and 
language with segments of 
social science, natural 

science, civc education, and 

physical education woven into 

the lessons.
 

lamguge of ln.,truction 


Span'sh 


Teacher Preparat ion 

An orientation course 


lasting a few days 


Hajur Orerational I suec 

Delays have been encountered 

in delivering arxI collectiog 

worksheets. Logistical dif-
ficulties in providing regu-


tar supervision of radio 
schools 


Internal Effirierey 


Absenteeism of 53% in some 

places. However, evidence 


that children may be learn-

ing at least as wellas 


students in regular schools 
but at half theprice is 


highly indicative of 
internal efficency 

Costs
 

Annual cost per pupil 
was about half the cost of
 

a year of conventional
 

primary school 
Instruction
 

Consents 

Coverane 

By 1986, 65 centers with 1117 children
 

Studies Providing Data
 

Walker (1986), Hanssen, Kozlc4w and Olsen 
(1983), Sanguinetty (1985), friend & Koziow 

(19a5), Frieno (1984), Iletwig & FrierxJ (1985) 
Hoxeng (personal ccrnuication) 

Length/Freauency of Lessors 

OL.ehour per day 

Instructional Method
 

Derivation of theinteractive radio instruc
tion model. Math lessons were adapted fro. 
the Nicaraguan RacdioMoth Project
 

-eirher.lrl'A Ac i ty ,r etnbi 

Monitors are expected 
to be literate with 6 

9 years of sch, oting; 

most had a minimain of
 

3rd grado 

MjorMo. 'nt__lsus 

Coordination of the function; in the Santo 

Dcsingo office (technical, curriculum 

des*ign, reparation of materials) and those 
of the Barahona office (supervision of the
 

ccamusnities, training of the monitors) has 
poo,'ed probleros 

Enuit
 

(a) Project has provided education and
 
promoted social integration of children
 

of Haitian insiigrants. (b)Evidence that
 

soe students t :ave regular schools for 
RADECO schools suggests success in not
 

becoming an inequitable inferior track 
of rural education 
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reported in the literature: the Paraguay Rural Radio Education
 
Project and the Shuar Radio Schools of Ecuador. (Information on

these initiatives was not complete enough to allow us to prepare

detailed summaries.)
 

The Shuar Radio Schools aimed at providing more relevant and
 
culturally sensitive education to the school children of the

Shuar Indians of Ecuador. (The information on these schools is
 
drawn from the Clearinghouse on Development Communication's
 
[1982] Project Profiles, p.39-40). The fe Shuars who had been
 
trained as teachers were used as radio teachers, and other Shuars
 
were used as paraprofessionals. Enrollments in the Shuar Radio
 
Schools grew from 486 (1972-73) to 3100 (1978). The Radio
 
Schools demonstrated high pass rates, which declined somewhat

with expansion of the system from 97.4% (1972-73) tc 84.5% (1976
77). The Radio Schools also apparently reduced the drop-out rate

from 30% in the conventional schools that were replaced to a
 
level described as "minimal."
 

As of 1986, according tc the Ministry of Education in
 
Ecuador, the Shuar Radio Schools continue to operate.
 

The Rural Radio Education Project in Paraguay was an
 
unsuccessful attempt in the 1970s to apply radio to the task of

delivering primary education (to adults as well as children) in
 
rural areas. According to the Clearinghouse on Development

Communication (Project Profiles, 1982), 
the project, like the

Shuar Radio Schools, took a bilingual approach and attempted to
 
develop a route for rural children and adults to obtain a

complete primary education. The project was terminated when AID
 
funding ended.
 

The major breakthrough in the use of radio for primary

education also took place during the 1970s. 
 This was the Radio
 
Mathematics Project in Nicaragua, sponsored by USAID and

undertaken by Stanford University's Institute for Mathematical
 
Studies in the Social Sciences. This effort laid the groundwork

for later applications of radio that would come to be called
 
"interactive radio."
 

The model for radio instruction developed in Nicaragua (this

and the other interactive radio cases are outlined on the

following pages) applied empirically-validated techniques for

developing and testing radio lessons. 
Radio was used for direct
 
instruction and not curriculum enrichment. 
What was distinctive
 
about the approach in Nicaragua was the conversational form
 
followed by the radio teacher, who would elicit several oral
 
respcnses (often 100 per half hour lesson) from students in the

radio classroom. Although the instruction provided by the radio
 
was essentially one-way, the frequent student responses and
 
feedback provided in anticipation of these responses by the radio

teacher is arguably a form of interaction. Paisley and Chen
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(1983, p.9) define interactivity as the ratio of user activity to
 
system activity. 
By this criterion, the interactive model does
 
appear to distinguish itself from other applications of radio to
 
primary education in developing countries.
 

The Nicaraguan effort and -.he subsequent Radio Language Arts

Project in Kenya, the Thai Basic Skills Pilot Project, and the

Radio Language and Radio-Assisted Community Basic Education
 
(RADECO) Project in the Dominican Republic constitute a
 
concentrated effort to explore the effects of a single

instructional medium focused on tle early years of primary school
 
across several subjects and countries. The cases, which are
 
summarized on the preceding pages, have been rich in information

and provide the beLt empirical evidence to date of radio's

effectiveness as an instructional tool in primary education in

developing countries. 
 (The Nicaragua experience is described in

Suppes, Searle, and Friend, 1978; Friend, Searle, and Suppes,

1980; Friend, 1985; the Kenya experience is described in Oxford
 et al., 1986; Christensen, 1985; Friend and Kemmerer, 1983; the
 
Thailand experience is described in Galda, 1985; Friend, Galda,

and Searle, 1979; 
and Sang-jan, 1982; the RADECO experience is

described in Hanssen, Kozlow, and Olsen, 1983; Helwig and Friend,

1985; Friend, 1984; Sanguinetty, 1985; Walker, 1986; the
 
interactive model is also discussed in Block, 1985; Searle,
 
1985.)
 

Radio lessons for primary school science following the

interactive radio model are to be developed and tested in Papua

New Guinea during the next few years. There will also be
 
replications or adaptations of the interactive radio model in

other countries during the next few years under AID's Radio
 
Learning Project.
 

If the interactive radio experience is well-documented, the
 
same cannot be said for educational radio as a whole in
 
developing countries. Hawkridge and Robinson (1982) mention
 
that, "Almost every country claims to use educational radio or
 
educational television or both." 
 UNESCO (1984), in reporting

statistical data collected from member states, indicates the

number of hours of radio broadcasting "devoted to a specific

curriculum." However, it is not reported how much of this is for
 
education at different levels. 
 So, for the majority of
 
developing countries, we really do not know how radio is being

used in primary education and with what consequences.
 

Summary of Results
 
In this section, we summarize the outcomes of the radio case


studies under the headings of instructional management, content.
 
instructional materials, operational outcomes, equity,

effectiveness, internal efficiency, external efficiency,

sustainability, and costs.
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Instructional Management. Our interest here is in how
 
radio, wnen used as an alternative to lessons usually provided by

the teacher, fits into the classroom. Numerous issues could be
 
addressed in this connection, but we limit our attention to
 
cquestions of teacher acceptance of radio use and what new skills
 
are necessary for teachers to use radio.
 

From our case summaries, it appears that teachers generally

accepted the use of radio in the classroom. In Mexico, almost
 
half the Radioprimaria teachers expressed the belief that using

radio as an aid to instruction was superior to direct teaching

alone. Teachers' acceptance of radio was also positive in
 
Nicaragua, Kenya, and Thailand.
 

The use of radio required teachers to play a new
 
instructional role. In all the cases we studied, responsibility

for direct instruction was taken from the classroom teacher and
 
assigned to the radio teacher. The classroom teacher qas

expected to prepare children for broadcasts, distribute
 
accompanying materials, and provide help during the lessons. 
 In
 
many cases, there were postbroadcast activities for the teacher
 
to conduct.
 

Where we have information, we find that teachers were
 
prepared to undertake these tasks in anywhere from three hours
 
(Nicaragua) to three days (Thailand and the Dominican Republic).

We found that tbis preparation worked even though the educational
 
background of teachers usually was weak (10 to 11 years of
 
schooling in Kenya and Nicaragua or a very weak 3 to 9 years in
 
the Dominican Republic).
 

A final question related to instructional management: Did
 
the use of radio in one subject lead to improved teaching in
 
other subjects? This has not received a good deal of explicit

attention in the literature. It is often unclear what is
 
expected to transfer--possibly a modeling of more active methods
 
and the use of reinforcement.
 

We do find some evidence of teachers expressing the view
 
that the use of radio has helped them become better teachers.
 
Perhaps a more important question is whether it is really

desirable for a teacher to model classroom instruction on radio
 
instruction. Friend (1980, p.xviii) puts it this way:
 

Do teachers learn new pedagogical techniques from
 
radio? (We have some anecdotal and observational
 
evidence that they do, but the techniques they learn
 
are sometimes imitations of techniques that are well
suited to radio but not ideal for human teachers.)
 

Content. Radio has been used to teach almost all school
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subjects offered at the primary level. 
 From the different cases
we looked at, which permit a limited number of comparisons, we
might tentatively conclude that radio seems to be most successful
in teaching mathematics. The evidence from Kenya strongly
suggests, perhaps not surpiisingly, that radio is 
a good means
for teaching language-learning and listening skills. 
So far,
teaching reading by radio seems more difficult than teaching
mathematics. 
No conclusions can be drawn about subjects like
science and social science without tests similar to the ones in
Nicaragua and Kenya.
 

With respect to using radio at different grade levels, most
of the information we found came from applications at the early
primary level. 
 We do not know whether radio, especially the
interactive model, would be equally effective after the fourth
 
grade.
 

Instructional Materials. 
A question of great practical
significance but one that is not easily answered is whether radio
lessons can effectively substitute for more expensive printed
materials like textbooks. Rarely do circumstances permit valid
comparisons to be made between the use of radio and textbooks.
The one comparison we did find was in Nicaragua (Jamison, Searle,
Galda, and Heyneman, 1981). 
 Three groups (in different 6chools)
of first graders were compared: one that received radio lessons,
one that received textbooks, and one that served as a control
group. 
Although both the radio and textbook interventions showed
positive effects on achievement and helped close rural-urban
disparities in achievement, radio had a stronger impact.
textbook group scored about .33 
The
 

of a standard deviation above the
control group; the radio grcup scored 1.5 standard deviations
above the control group. 
We wonder why more comparisons of this

kind have not been attempted.
 

It should be noted that the use of radio is not necessarily
a substitute for using printed materials. We found no 
instances
where radio was used without supporting printed materials. 
In
Nicaragua, however, substantial cost reductions were obtained,
after grade one, by doing without student worksheets (exercises

were copied into notebooks).
 

Operational Outcomes. 
Many operational problems associated
with using radio were noted. 
We found that obtaining batteries
and keeping radios in good repair posed problems in most of the
cases we examined. 
Reception of clear signals was difficult in
many schools in Kenya, Mexico, and in the early radio project in
Thailand. 
Multiple grade classrooms posed problems in Nicaragua.
 

Clearly, such difficulties can lead to a substantial loss of
instruction during the school year. 
What cannot be answered is
what level of instructional loss schools are likely to tolerate.
We can only speculate that for radio instruction to be viewed as
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an acceptable and reliable deliverer of instruction, the
 
instructional loss coming about because of poor physical
 
facilities and other operating conditions must be considerably
 
less than what is routinely lost through such things as teacher
 
absenteeism. A teacher missing school for twenty days a year
 
might well be regarded as normal. Conversely, missing ten radio
 
lessons per year may be regarded as making radio unreliable. The
 
Radio Math Project in Nicaragua, however, showed that it was
 
possible to address the issue of missed lessons (because of not
 
receiving broadcasts or absenteeism) by using redundancy
 
throughout the sequence of radio lessons.
 

Euity. In all the cases we examined, radio was used
 
(although not exclusively) to reach children in rural areas where
 
educational opportunities were judged to be inferior to those in
 
urban areas. In two cases, the Shuar and Tarahumara Radio
 
Schools, radio was used to reach disadvantaged sub-populations.
 
The Shuar schools appear to have succeeded in making education
 
more relevant to the community. The Tarahumara schools failed to
 
reduce the gap in achievement between Indian and non-Indian
 
students. In the Dominican Republic, RADECO reached rural
 
students who for economic and geographical reasons were unable to
 
attend conventional schools.
 

In Thailand and Nicaragua, we found, as might be expected,
 
that urban radio pupils outperformed their rural counterparts.
 
In Thailand, existing disparities in achievement levels in
 
mathematics were narrowed as a result of radio instruction.
 

The available evidence (Kenya and Nicaragua) suggests that
 
boys and girls learn equally well from radio.
 

While we see in some cases that the use of radio in primary
 
education contributed to improved equity and that in other cases
 
it did not, we found little information about radio's
 
relationship to specific aspects of family or community life.
 

Effectiveness. There appears little doubt that radio, when
 
used properly, can be an effective means for improving student
 
achievement in a variety of school subjects.
 

Thailand's experience in the 1960s demonstrated that radio
 
could be used effectively to enrich the school curriculum. In
 
comparison with control students, radio students showed positive
 
differences for achievement in music, mixed results for social
 
studies, and no real differences in English.
 

In the two Mexican studies, we also found positive learning
 
effects, although it was not entirely certain that these could be
 
attributable to the radio lessons.
 

For the interactive radio interventions, the impact of radio
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on student achievement is impressive. 
From effect sizes reported

in our project summary sheets for the grade/subject/skills

tested, we compare average effect sizes from each of these
 
interventions in the table below.
 

Intervention Average Effect Size 
 Raises Mean From...
 

Nicaragua .52 
 50th to 70th percentile
 

Kenya 
 .45 50th to 67th percentile
 

Thailand
 
Urban .24 
 50th to 59th percentile
 

Rural .58 
 50th to 72nd percentile
 

We find a large average effect size of .52 across four
grades for mathematics instruction in Nicaragua. 
If we did not

include the results from grade 4, when the school year coincided

with the onset of the revolution, this would rise to 
.69. For

Kenya, we also find a high average effect size across three
grades in listening, reading, speaking, and writing skills.

Thailand, eftect sizes range from a modest .24 for mathematics

In
 

instruction among second graders in the area of Bangkok to 
.58 in
the rural Northeast. 
 (It should be kept in mind that differences

in effect size refer to the size of gains and not to absolute
 
levels of achievement.) 
 We were not able to calculate effect

sizes for RADECO in the Dominican Republic. The fact that there
 are no differences between the hour long daily radio intervention

in an out-of-school setting and a conventional day of school
 
instruction is indicative of success.
 

We found little or no information about radio's
 
effectiveness on outcomes other than achievement.
 

Internal Efficiency. We are interested in whether radio
contributes to internal efficiency (apart from student
 
achievement) in the delivery of primary education in developing

countries. 
 Our judgments regarding internal efficiency are based
 
upon changes in indicators such as school dropout rates,

repetition rates, and the number of children being reached by the

educational system or the quality of education being delivered
 
for a given amount of resources.
 

There is evidence that radio contributes to internal
 
efficiency. 
The use of radio in Kenya made it possible to
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deliver three times as much content in a half hour block of time
 
as was delivered through conventional instruction (Oxford et al.,

1986). Teacher and student attendance appeared to be improved in
 
the Mexican Radioprimaria classes (Spain, 1977). Teacher and
 
student punctuality were positively affected by radio in Thailand
 
(Galda, 1985).
 

Except for the positive experience of the Shuar Radio
 
Schools in Ecuador (Clearinghouse on Development Communications,
 
1982), we were unable to find any evidence that radio reduced
 
dropout rates.
 

The Mexican Radioprimaria's attempt to achieve efficiency by

using radio to "complete" a school by offering six grades of
 
instruction with four teachers was unsuccessful. Most schools
 
that ended up using the radio lessons already were complete

schools (Spain, 1977).
 

We found no evidence that radio reduced repetition rates.
 
This was especially disappointing in the case of Nicaragua, where
 
as Jamison and McAnany (1976, p.109) observed:
 

...it is perhaps well worth noting that, even though

the cost per student is relatively high, adoption of
 
the RMP (Radio Mathematics Project) would almost surely

reduce costs per graduate because of the effect it has
 
on reducing repetition rates.
 

Unfortunately, this hoped-for improvement was not realized.
 
It was learned in Nicaragua that repetition is only partly

related to student performance (George, 1980; Galda and Gonzalez,
 
1980; Jamison, 1980).
 

Perhaps the best example of radio's potential for increasing

internal efficiency in primary education is the case of RADECO in
 
the Dominican Republic. The evidence currently available
 
suggests students perform at least as well on math and reading
 
tests as students do in conventional schools in the region, but
 
with about half the time spent in learning at about half the cost
 
(Friend and Kozlow, 1985; Sanguinetty, 19851. Although we are
 
not comparing full or identical sets of educational outcomes-
indeed, Friend and Kozlow (1985) note that no comparisons were
 
made in science and social science and that conventional schools
 
aim at a wider range of outcomes than RADECO schools--the RADECO
 
results are nonetheless impressive.
 

External Efficiency. We found almost no information that
 
allows us to evaluate radio's contribution to the external
 
efficiency of primary education in developing countries. This is
 
not surprising, since, in most countries, little empirical

attention is given to the relationship of primary education to
 
the employment or the continuation in education of primary school
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dropouts. Few of the radio interventions that we examined lasted
 
long enough or had the recessary resources to look at the longer
 
term success in school or in employment of students who had been
 
taught by radio. We mentioned earlier that it would be very hard
 
to presume that exposure to a half hour broadcast in what might
 
have been one school subject during the course of a few years is
 
likely to have a discernible effect later in life. However, the
 
RADECO experience in the Dominican Republic, where radio carries
 
virtually the entire instructional load, may offer a good
 
opportunity for examining the external efficiency of radio
 
instruction.
 

Sustainabil ity We found that among the cases we examined,
 
there was mixed success for radio instruction moving from an
 
experimental or demonstration phase to a sustained or expanded
 
role in national educational policies. One of the most promising
 
demonstrations of instructional radio, the Nicaraguan Radio
 
Mathematics Project, was abandoned following the overthrow of
 
Somoza. The Radio Language Arts Project in Kenya was
 
discontinued after a successful pilot phase. Radio efforts in
 
Mexico were abandoned as was one in Paraguay (although apparently
 
for reasons unrelated to radio). On the other hand, the
 
Dominican Republic is apparently moving forward to extend RADECO.
 
The Shuar Radio Schools, as best we can tell, are continuing to
 
flourish. Tn Thailand' supplemental radio has enjoyed sustained
 
application for more than two decades, and the use of direct
 
instruction radio lessons adapted from Nicaragua may one day be
 
used on a large scale.
 

Costs. What does it cost developing countries to use radio
 
to improve the quality of instruction in one or more subjects?
 
We believe that the evidence shows that it costs either a little
 
or a lot. Whether radio is expensive or cheap depends to a large
 
extent on whether one assigns fixed capital costs for developing
 
radio lsssons to the annual per student costs, to the number of
 
students served by radio instruction, to other assumptions made
 
in the calculation, or to how incremental, annual per student
 
costs relate to the country's annual overall expenditures for
 
primary education.
 

The costs of radio appear to be most attractive for a
 
developing country when a successful pilot program has been
 
completed and the costs of instructional development have been
 
paid by a donor. No new lessons need to be developed, and there
 
are no new transmission facilities required to broadcast across
 
the country. There are large numbers of students to be served
 
and the fixed capital costs for instructional development (paid
 
by the donor) will not be added to the calculation of average
 
annual per student cost in order to arrive at an estimation of
 
"true costs" to society. Subject to the assumptions mentioned in
 
our project summary sheets, annual per student costs were found
 
to be $.34 and $.44 for Kenya (Friend and Kemmerer, 1985) and
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Thailand, respectively (Development Communications Report, 1985).

Again, these are based on a projection of large numbers of
 
students to be served (about one million).
 

The annual per student costs will not be so low when there
 
are fewer students, when the capital costs of instructional
 
development are added, or when new broadcasting capacity must be
 
developed tc add. new grades or reach new regions. Jamison and
 
McAnany (1.978) estimate the costs of the Nicaraguan Radio Math
 
Project, which they regard as expensive, to be $3.05 per student
 
per year. This figure was based on 120,000 students being served
 
and includes a per-student allocation of fixed capital costs for
 
instructional development. This is what instructional radio
 
could cost a country unable to secure financial assistance from a
 
donor to cover capital costs. When per-student allocations of
 
fixed costs are not included, the actual costs to the country

approach the marginal cost (the cost of adding one more student),

which, for Nicaragua, was $1.64 per student (Jamison and McAnany,
 
1978).
 

The costs of the other cases we examined varied widely.

Thailand during the 1960s, with 800,000 students being served,
 
showed annual per student costs of $.44 (Jamison and McAnany,
 
1978). In the Mexican cases, where radio was being used for
 
small numbers of students (1,000 to 1,800), the annual per
 
student costs for the Tarahumara Radio Schools were $52.86, and
 
for Radioprimaria, $16.44 (Jamison and McAnany, 1978).
 

Although annual per student costs are useful for purposes of
 
analysis and comparison they must also be viewed in the aggregate
 
sense relative to yearly educational budgets. For example, a
 
cost of $.44 per student might appear to be very low. But when
 
this is multiplied by a million students, officials in ministries
 
of education and finance must face adding $440,000 to the annual
 
recurrent educational budget for improvement in one subject.
 
This may not appear attractive if the alternative is,
 
say, making a fixed investment in improving textbooks and passing
 
on recurrent costs to parents.
 

Conclusions
 
The evidence suggests that radio can and has played a
 

positive role in the production of learning in primary schools in
 
developiig countries. We reach this conclusion on the basis of
 
eight cases from seven countries, in which one model of radio
 
instruction is overrepresented.
 

We find that radio has not been fully exploited as an
 
instrument of mass communications in the delivery of primary

instruction on a national scale, except in the case of Thailand.
 
In most of the cases reviewed, radio has been used with audiences
 
of about 1,000 - 4,000 students. Similarly, we find that radio
 



29 
has been used mostly to improve the quality of instruction in one
or more subjects and not, except in the Dominican Republic, as a
means to extend educational opportunities to those not served by
schools. 
The evidence suggests a generally high degree of
teacher acceptance and that teachers can learn to work with radio
instruction with relatively little training. 
We found that radio
lessons were almost always supported by printed materials.

Receiving broadcast signals, keeping radios in repair and
supplied with batteries, and getting such things as printed
supporting materials to schools on 
time 	represented considerable

operational and management challenges.
 

Because of lack of evidence, we were unable to conclude that
radio has had an effect on the external efficiency of primary
education in developing countries. The evidence that is
available suggests that radio, apart from its effects in raising
student achievement, has had mixed results in affecting other
aspects of the inlernal efficiency of education.
 

We learned that radio instruction in a school subject can be
delivered to children in schools for about the cost of 
a
textbook, between about $.40 
and $3 per student per year,

depending on assumptions and conditions.
 

At. least for the interactive radio cases, the evidence
suggests that radio can have a strong impact 
on student
achievement. In view of this evidence, we must ask why more
countries have not adopted the interactive model. Questions that
must be asked should include the following:
 

o 
 Has the case for textbook availability been
 
made so persuasively as to overwhelm the
 
likelihood of consideration of other
 
instructional possibilities?
 

o 
 Does a general resistance to the use of
 
instructional hardware in education in
 
developing countries preclude consideration
 
of radio?
 

o 	 Are the transmission and reception of radio
 
signals regarded as simply too unreliable for

using radio to deliver instruction?
 

o 	 Are the recurrent costs of using radio to
 
deliver primary instruction perceived as too
 
high?
 

o 
 Is the effort to reorganize instruction and
 
manage a radio delivery system regarded as
 
too burdensome?
 



30 

The use of radio has been endorsed widely and at all levels
 
of the international community as offering an appropriate,
 
effective, and affordable means for improving education in
 
developing countries. To a large extent, its potential has been
 
demonstrated. Yet it appears that developing countries have not
 
made as much use of radio in primary education as one might
 
expect. It is important that we learn why.
 

Radio as a Policy Option. We believe that the literature
 
just reviewed points to several key questions that educational
 
policy makers in developing countries should ask when considering
 
the possible use of radio to extend or improve primary education.
 
They are the following:
 

o 	 Radio offers both the advantages and
 
disadvantages of what might be described as a
 
"centralized" curriculum. Broadcasts come
 
from a fixed point at a fixed time; the
 
content, language, and "culture" of the
 
lessons are not subject to much variation or
 
control at the local level. Therefore, the
 
question to be asked is : Do national
 
conditions permit using a centralized
 
curriculum such as could be offered by radio?
 

o 	 Are there adequate facilities and resources
 
to ensure satisfactory transmission and
 
reception of broadcasts in the areas to be
 
served? Would this be true beyond the stage
 
of what might be a preliminary pilot project?
 
Does local broadcasting capacity permit
 
adding new grades and subjects?
 

o 	 Is there likely to be resistance from the
 
stakeholders in the "curriculum status quo"
-textbook writers and publishers, local
 
curriculum specialists, teacher trainers, or
 
expatriate educational advisers? How might
 
this resistance be overcome?
 

o 	 While there is evidence that high quality
 
radio lessons are often more effective than
 
conventional instruction, mediocre radio
 
lessons might be less effective than mediocre
 
conventional instruction. Therefore, the
 
question to be asked is: Is there sufficient
 
high calibre staff to develop, produce, and
 
deliver high quality radio lessons? Would
 
there be a willingness, as there was in
 
Thailand, to offset some of the fixed capital
 
for developing high quality radio lessons by
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adapting lessons that have proved to be
 
successful in other countries?
 

o 
 What will be the "add on" costs to the annual
 
budget and how will they be financed?
 

2. 	Television
 
When developing countries have turned to instructional


hardware to lead the way in major efforts to expand or improve

education, they have turned to television. Although radio has
been 	recognized as the most universal 
means of mass 2ommunication

available to developing countries, we observed in the preceding
section that most nations have 
so far failed to fully exploit

radio's potential for reaching large numbers of children. This

is not so with television. Where experiments with radio
typically involved 1,000 to 4,000 students, experiments with
television have reached school audiences of up to a half million.
 

The television experiments of the sixties and seventies were
clearly ambitious, and often linked to a complete reform of part
or all of an educational system. 
The appeal of television and

the great expectations that were placed upon it reflected more of
 an appreciation of television's growing economic and social power

in industrialized countries than in any demonstrated
 
instructional capabilities. 
 indeed, Schramm's (1962) comparisons
of instructional television with conventional teaching should

hardly have aroused great expectations. Of 421 comparisons, 63
favored television, 50 favored conventional teaching, and 308
showed no differences. The proposition that television can be as
good as conventional teaching would be compelling if the strategy
called for replacing teachers. 
 But in most of the experiments of
the sixties and seventies, television was used for only part of
the instructional day, to aid teachers rather than replace them.

Before making an investment in a complex and costly undertaking

like television, one would want evidence to suggest that
television could be a good deal 
more 	effective than conventional

teaching. 
We look at the use of instructional television in
 seven countries--American Samoa, El Salvador, Ivory Coast, Niger,

Colombia, India, and Nigeria.
 

American Samoa
 
One of the most ambitious attempts to make use of television
 

to improve school instruction took place during the sixties and

seventies in American Samoa. 
 (Unless otherwise indicated,

information in this section is drawn from Schramm et al., 
1981.)
Television was chosen as 
an effective and economical means to
forge a complete modernization of primary and secondary school

education. 
The hope was that through a transformation of the
educational system with instructional television as the principal

delivery vehicle, the academic performance of Samoan students
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could be brought to levels equal to those of students in good
 
schools on the U.S. mainland.
 

The experiment in American Samoa spanned more than fifteen 
years. .Itincluded a reworking of the curriculum. Lessons wore 
developed to cover about 35% of all classroom time. Lessons, 
which were produced in English, lasted about 8 minutes in the 
early grades and 25 minutes in the upper grades. Television 
lessons were accompanied by a packet of curriculum materials, 
including lesson plans, instructions for tne teachers, and 
supplemental readings. 

Advisers from the U.S. took charge of almost all aspects of
 
the educational program. It was recognized late in the
 
experiment that the failure to involve Samoan teachers in the
 
planning and development of instruction and the great haste in
 
moving to cover the entire primary-secondary school curriculum
 
were serious errors.
 

It was planned that the experiment would not be evaluated
 
until the first cohort had received a complete twelve years of
 
instruction under the new system. Baseline information was not
 
collected. About six years into the project, standardized tests
 
were administered to students in various subjects and at various
 
grade levels. At best, the achievement tests yielded a mixed and
 
inconsistent picture of the effects of student learning on
 
achievement.
 

Emery (1985, p.498) takes exception with what often has been
 
a generally positive portrayal of the results obtained in
 
American Samoa. She asserts that:
 

Results showed that after seven years of expensive
 
concentrated ETV under the most optimal conditions,
 
grades 3-12 achieved 59 per cent of United States
 
norms. This was a drop from the 60 per cent they had
 
been achieving in 1935 when there was only the most
 
'primitive' oral society teaching by untrained native
 
teachers...
 

The data scattered through the 'bold experiment' leaves
 
little doubt about two matters (M. Emery, 1984).
 
First, for every subject for which any reasonable
 
baseline data could be established, ETV failed and it
 
failed in direct correlation with grade, or increasing
 
abstraction and conceptualization of knowledge.
 
Second, the senior author (Scnramm)...appears to have
 
done everything possible to put the results in the most
 
favorable light. As an example, we have from his
 
Tables 21 and 23 (pages 115 and 116) the fact that
 
there was a 9 per cent decline in oral English scores
 
in Grade 7 after three years with ETV. After
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discussion of the possible reasons 
for this result,

none of which touched upon the failure of television as
 
a teacher, the team concluded that (p.127) 'there is
 every reason, at least, to think that the standard of
 
English usage improved notably during those years'

(i.e. 1964-70). 
 Then, when we examine Table A.II we

find in their own figures for the teaching of English

tlat face-to-face teaching is from 16-19 times more
 
effective than television.
 

The costs of instructional television in American Samoa were
high. In 1972, with school enrollments of 8,100, the per student
 
cost (including a share of annualized capital costs) was about
 
$166 per year.
 

A survey conducted in 1972 found a high degree of acceptance
cf instructional television among elementary school teachers and
administrators, especially for teaching oral English. 
At the
high school level, the use of television was strongly criticized
 
by teachers and students.
 

In 1970, political winds changed. 
The incoming Governor to
American Samoa thedescribed experiment with instructionaltelevision as an "utter and complete failure" (quoted in Schramm
et al., 1981, p.80). Opposition to television led to 
an eventual
reduction in its use as 
teachers were given the authority to
decide when and where to use it. 
 In 1974-75, power shortages

were encountered throughout the year, and television was not
received during the final inonth of school. 
 By this time, only
one channel was being used instead of six (Masland and Masland,

1976). In 1975, the use of television was eliminated entirely at
 
the secondary level.
 

El Salvador
 
The use of instructional television was also the centerpiece
of a major education reform in El Salvador during the sixties and
seventies. 
 (Unless otherwise specified, information in this
section is drawn from Mayo et al., 
1976.) El Salvador embarked
 

upon a reform of instruction for grades 7-9 
in order to widen
 access to secondary education. Television was used to provide

instruction in mathematics, English, Spanish, social sciences,
and natural sciences. The use of television was embedded in a
larger curriculum reform which included retraining of teachers,

revision of instructional materials, and the building of new
 
facilities.
 

The reform was very successful in widening the path to
secondary school. 
 In 1968, there were 19,104 students enrolled
in grades 7-9; this increased to 65,390 in 1973. 
 The government

placed hopes on increasing the number of persons who would leave
school with a ninth grade education to take training for middle
 
level technical jobs.
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The costs of instructional television were considerably
 
lower in El Salvador than in American Samoa. The per student
 
cost, based upon enrollments of 48,000 students and assuming 170
 
hours of programs, were calcul. 'd to be $24.35 per year in 1972.
 
Carnoy (1976) estimated costs to be about $26 per student. He
 
points out that this would come to about $780 per classroom of 30
 
students. This was almost 60% of the annual salary of a junior

high school teacher in 1970 ($1,400).
 

The results obtained in El Salvador were mixed. Mayo et al.
 
compared the performance of three cohorts of students (those who
 
started seventh grade in 1969, 1970, and 1971). In the final two
 
years, comparisons were made between students receiving

instructional television and those not receiving instructional
 
television but benefiting from other aspects of the educational
 
reform. The ITV students fared better than non-ITV students in
 
the seventh grade. In eighth and ninth grades, Mayo et al.
 
conclude that the "advantages of ITV were not apparent."
 

The ITV students outperformed their non-television
 
counterparts on tests of general ability. On achievement tests,
 
between seventh and ninth grades, ITV students showed better
 
gains in mathematics; gains in reading were about equal; results
 
in social sciences were mixed; and in science, non-ITV students
 
showed better gains than students learning science through
 
television.
 

It was discovered that boys gained more than girls, and in
 
general, television did not reduce the effects of student
 
background variables (father's education, family wealth, and
 
urbanization) on achievement. Over 85% of students were found to
 
be continuing their education after the ninth grade, but half of
 
them were enrolled in courses leading to university studies and
 
not to preparation for middle-level technical jobs, as had been
 
hoped for by government planners. University enrollments were
 
not widened. Mayo et al. concluded at the time that students'
 
"high educational aspirations are not reali'tic in terms of the
 
tangible opportunities available to them in the near future."
 

By the end of 1972, some disenchantment with television was
 
growing on the part of teachers. Mayo et al. note that the
 
majority still believed that educational television could be an
 
important teaching tool. But in later years, opposition to
 
television grew, and the cost of television became an issue when
 
teachers went on strike for higher wages.
 

Ivory Coast
 
During the seventies, the Ivory Coast also undertook an
 

ambitious reform of primary education with television playing a
 
leading role. (Unless otherwise indicated, information from this
 
section is drawn from Kaye, 1976.) The strategy in the Ivory
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Coast was to make use of television to increase the quality of
instruction, which would allow for introduction of a policy of
 
automatic promotion and great reductions in dropouts. Thus, even

with the add-on costs of television and improved teacher
 
training, cycle costs per graduate would be reduced.
 

The project began in 1971 with 21,000 first graders. The

plan called for adding one grade per yea,-. Over a fifteen year

period, enrollments in primary schools were to be tripled, and by

1986, the entire 6-12 year age group would be enrolled in ITV

schools. A thorough revision of the curriculum and upgrading of
 
teacher qualifications was planned to accompany the use of

television. 
There was also an ITV component for out-of-school
 
adult groups.
 

By 1979-80, 15,635 classes were receiving instructional

television, representing about 84% of all students 
(Hawkridge and

Robinson, 1982) 
or in excess of a half million students. Lessons
 
were broadcast covering French, reading, writing, mathematics,

hygiene, moral education, civics, environmenta. studies, and
 
physical education.
 

Carnoy (1976) estimates a cost of $13 per student per year

for 1976, based upon enrollments of 336,000 students.
 

We did not find published data with respect to student

achievement. 
Hawkridge and Robinson (1982, p.163-164) refer to a

series of studies undertaken by a team of researchers from the
 
University of Liege in Belgium and observe that:
 

Interpretations of the results of testing the students

differ. The Belgians found that many students did not
 
master the first grade curriculum; this was true in
 
television schools and those without television. It
 
caused problems in second grade in television schools,

where the curriculum was based on mastery having been
 
achieved in the previous year. 
Students in television
 
schools who repeated first grade did better the second
 
time but only rarely did they achieve mastery. The
 
team noted that students had difficulty in particular

with graphical representations. On the other hand, it
 
seems that television teaching was most effective in
 
teaching spoken French, with the children of television
 
schools improving their proficiency in the language

markedly more than those in other schools. Less
 
satisfactory progress was recorded in written French,

and changes are to be made in the methods of teaching

the written language. Similarly, changes 1 ve already

been made in the content and pedagogy of the modern
 
mathematics programmes, which were initially radically
 
new to both teachers and students...
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Hawkridge and Robinson also report that the information
 
collected by the Belgian team shows that the use of television
 
helped equalize educational opportunities in rural areas, that
 
the "range of differences in standards between the best and
 
poorest television schools is small when measured by student
 
achievement on tests. 
Some of the rural schools are in fact
 
among the best now." (p.164).
 

Kaye (1976) notes that the use of television in the Ivory

Coast brought about a reduction in rates of repetition and drop
out, and unit costs per graduate were lower than under the
 
traditional system. Unfortunately, according to Kaye, only a
 
quarter of graduating students would find places in secondary
 
schools.
 

Despite the comparatively modest annual per student costs,

the Ivory Coast apparently found television too expensive and no
 
longer uses it in schools.
 

Niger
 
Niger turned to television during the sixties as a means to


help overcome an acute shortage of trained primary school
 
teachers and to inject modern methods of thought, expression, and
 
teaching into the school setting. (Unless otherwise indicated,

information in this section is drawn from the Clearinghouse on
 
Development Communication, 1982.)
 

Lessons were broadcast daily in French and arithmetic.
 
Classroom monitors, who lacked the qualifications of trained
 
teachers, were supported by short training courses and in-service
 
education via radio. About 700 children were reached during a
 
pilot phase; this rose to 9,000 in 1975.
 

The use of television appeared to have a strong impact on
 
reducing school dropout rates. 
During the sixties, dropout rates
 
in Niger approached 40%; 674 of the original 716 students who
 
began Tele-Nier classes in 1966 completed the four-year cycle in
 
1970 (this represents a dropout rate of less than 6%).

Attendance was also found to be considerably better than in
 
traditional classes.
 

There seems to be little readily available information on
 
student achievement. The Clearinghouse on Development
 
Communication (p.64) notes:
 

The problems identified in various studies relate to
 
the use of French in the broadcasts and to the quality

of education received by students in the televised
 
classroom. In particular, TV students performed less
 
well than students in the traditional classroom in
 
standardized math and grammar tests. 
 To help assuage

this problem, a fifth year was added to the televised
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curriculum in 1970.
 

We were unable to locate cost information relevait to years

when coverage of Tele-Niger expanded beyond its experimental

phase. Carnoy (1976) estimated costs for 1969 based upon 800
students taking part in the pilot phase. 
This came to $1156 per

year. Needless to say, this is 
not a good estimate of what

television would cost in later years when the system expanded.
 

From what we can tell, television is no longer being used

for primary school education in Niger. Apparently, opposition to
the use of television was encountered from teachers' unions and

from within the ministry of education itself.
 

Colombia
 
In the sixties, Colombia put television to the task of
 

improving primary school instruction and providing in-service

education to teachers. 
 (Unless indicated otherwise, information
 
in this section is drawn from Schramm, 1967.) Television was

used to provide instruction in five grades. 
Each grade received
 
ninety minutes of instruction in different combinations of

subjects, which included mathematics, social studies, language,

natural science, and music.
 

In 1965, television reached about 250,000 pupils. 
This

resulted in an annual per Atudent cost of only $4 (Carnoy, 1976).
 

There were mixed results with respect to student

achievement. 
At the end of the first year's use of television,
 
groups of television and non-television students were tested,

5,000 in all. Eight comparisons were nade. In three of them,

the television students significantly outperformed non-television
 
students (grade 2 language, grade 5 mathematics, and grade 4

natural science). In five comparisons, there were no significant

differences.
 

We found no information about whether television continues
 
to be used in Colombia. Lyle (1982, p.292) suggests that the use
 
of television may have been curtailed.
 

The massive Colombian project reported in the 1967
 
series was attempting to upgrade rural primary schools
 
through direct television instruction. It relied
 
heavily on the use of American Peace Corps Volunteers
 
for utilization supervision. For this the project was
 
fortunate to have been the focus of the largest single

cadre of volunteers in the entire Peace Corps. But
 
even at the time of the case study, the Peace Corps was
 
winding down.
 

To the extent that the project has redirected its focus
 
from rural to urban schools, the move may well have
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been a necessary and wise one, simply because of the
 
inability to continue providing adequate utilization
 
supervision in the rural areas.
 

India
 
India also has had experience with the use of television in
 

primary education. This came as part of the Satellite
 
Instructional TV Experiment (SITE) and is described in Shukla
 
(1979). Television was used to bring a daily 22 minute program
 
of general enrichment to rural schools in six states. Lessons
 
were aimed at grades one to five. The children were from
 
disadvantaged homes, often the first generation in the family to
 
attend school. The objectives of the programs were to help the
 
children learn community living skills, develop awareness of the
 
modernization of society, instill habits of hygiene, promote
 
aesthetic sensitivity, and improve basic concepts and skills in
 
mathematics, language, and technology. There was also a series
 
of science programs for 9-12 year old children.
 

An evaluation of SITE showed mixed results. There were no
 
significant diffferences between SITE and non-SITE children with
 
respect to achievement in school subjects or in school
 
attendance. It appeared that centralized development and
 
production of program material failed to come to grips with the
 
cultural diversity of the audience. The amount of information
 
and pacing of messages proved difficult for the children to
 
understand, especially in science. There did appear to be
 
evidence that the language development of some children was
 
positively affected. Although it appeared that teachers were not
 
generally unfavorable to the use of television, they were not
 
persuaded that television instruction was superior to face-to
face instruction.
 

We found no information on the current status of SITE in
 
primary education in India or on costs.
 

Nigeria
 
There was a six year attempt (1959-65) to use instructional
 

television in Nigeria. Different regions made use of television
 
at different educational levels. In Lagos and Kaduna, television
 
was tried at the primary level. According to Schramm (1967),
 
Nigeria experienced almost every difficulty imaginable:
 
jurisdictional conflicts between the Ministries of Education and
 
Information, difficulties in transmission and reception, power
 
failures, uncertainties about broadcast schedules, opposition
 
from teachers, and lack of trained personnel of all kinds.
 
Perhaps the most telling point was a discovery that three-fourths
 
of the television sets found in schools were inoperative.
 

Estimated annual costs (for Lagos) were $6 per student for
 
about 26 hours of instruction, based upon 17,20G students
 
(Carnoy, 1976). We found no information about the educational
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effectiveness of the television lessons.
 

Conclusions
 
Taken together, the diverse experience of these seven
 

countries with the use of instructional television for primary

education has been disappointing. The overall impression is that
 
the use of television can be expensive and that it contributes
 
little 
(in some cases, nothing) to student achievement.
 
Television often arouses strong opposition on the part of
 
teachers and sometimes resistance on the Dart of students. There
 
is a striking lack of success in upgrading television use from an
 
experimental phase to a pernanert feature of national education.
 

However, care must be taken when trying to draw conclusions
 
about using television as a medium to deliver primary school
 
education in developing countries. It may well be the case,
 
bearing in mind the earlier discussion of the medium versus
 
method issue, that unlike radio, a satisfactory model for
 
instructional television programs for the primary school
 
classroom has not been found.
 

Television as a Policy Option. Educational policy makers in
 
developing countries who may wish to use television to deliver
 
primary education should ask the same questions asked for radio
 
and some other questions as well. These would include the
 
following:
 

o 	 Has consideration of the possibilities
 
offered by television followed an adequate

consideration of the possibilities offered by
 
radio?
 

o 	 Given the generally disappointing results
 
with instructilonal television in other
 
developing countries, what suggests that
 
things could be different in the present
 
context?
 

o 	 Would time and resources be sufficient to
 
allow an experimental phase of activities to
 
develop and test a model of television
 
programming that "works" in the primary

school classroom in a developing country?
 

o 
 Could the chances of success in using

television be improved by strategies (and

possibly a combined use of related technology

such as videocassctte recorders) that would
 
allow greater flexibility and teacher
 
involvement in using television in the
 
classroom?
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3. Computers
 
People must be properly prepared to live in a society where
 

most will encounter computers at workplaces, in private life, and
 
in any other activity; we draw the attention of decision makers
 
to their responsibilities in meeting effectively the new
 
challenges to equity at national and international levels.
 

In recent years, more and more countries have been
 
making decisions on a national level to ensure the
 
introduction of computers in education on a large

scale, and more decisions are in preparation in many

other countries, both developing and industrialized.
 
Educational authorities all over the world should take
 
into account existing scientific evidence and apply

scientific monitoring and objective evaluation to a
 
rapidly changing domain... (Stanford Symposium

Statement, Stanford/UNESCO Symposium On Comnuters and
 
Education: Which Role for International Research, 10-14
 
March 1986)
 

Discussion about the application of instructional technology

in developing countries is increasingly becoming discussion about
 
computers. Most often the interest in introducing computers in
 
education, as the Stanford Symposium Statement suggests, stems
 
from perceived social and econonic imperatives rathez than from a
 
desire to use technology to improve or extend education.
 
Although the generally declining costs of microcomputers in the
 
1980s have made introduction of computers a possibility for more
 
and more countries, the question of affordability still looms

large. Carnoy et al. 
(1986) point out that per student costs per

contact hour for direct computer access are higher than costs
 
many developing countries now incur for education per student per

week. Nevertheless, many developing countries 
are now
 
considering ways to begin introducing computers into their
 
educational systems.
 

The literature on the use of computers in education in
 
developing countries is 
scant and largely addresses problems

developing countries are likely to face based on the experience

of the industrialized countries. Our discussion of the possible
 
use of computers at the primary school level is especially
 
anticipatory.
 

The evidence now available suggests that the introduction of
 
computers in education in both developed and developing countries
 
has taken place mostly at post-primary levels. At the primary

level, UNESCO 
(1986) reports "general measures" for introduction
 
of computers in nine countries: Australia, Canada, France,

Hungary, Korea, Mexico, Spain, the United Kingdom, and the United
 
States. "Experimental measures" are reported for Argentina,
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Belgium, Brazil, China, Colombia, Japan, Kenya, the Netherlands,

New Zealand, and Senegal. However, UNESCO admits that the pace

of change taking place in most countries makes it difficult to

keep an up-to-date inventory. Assessing the extensiveness of
 
computer use in developing countries is also complicated by the

difficulty of obtaining information at a subnational level-
where individual or groups of schools may be introducing

computers without government assistance. These efforts often go

undocumented.
 

Educational Uses
 
The possible educational uses of computers in developing


countries can be anticipated by taking the experience of

industrialized countries as a starting point. 
These uses, which
 
in concept or practice are not always distinct, include the
 
following:
 

Computer Literacy. There are numerous definitions of
 
computer literacy. The most common element is, perhaps, the goal

of preparing people to live in the "information society" or to

"demystify" the computer. 
India and Mexico are two developing

countries now embarking on national programs of computer literacy

(Carnoy and Loop, 1986).
 

The applicability of the notion of computer literacy for

developing countries is considered in Papagiannis et al. (1987).

They contend that the idea of computer literacy must be broadened
 
and that its educational agenda must be linked to the wider
 
context of national development. They suggest three main
 
dimensions of computer literacy:
 

(a) computer literacy as employment preparation--The authors
 
see some value for employment-oriented technical training in

computer-related skills but urge that these programs be kept

small in size and confined to the upper secondary school
 
level;
 

(b) computer literacy as informatics--The authors contend
 
that an understanding of the social, economic, political,

and cultural dimensions of information technology will be
 
important for national development and should aim at closing

the gap between the rich and the poor. They recommend
 
programs of adult education that address the issues of
 
information technology and its role in development and
 
recommend providing opportunities for greater access to
 
microcomputers and other information technology. 
The issues
 
of information technology for national development might

also be addressed in social studies courses in schools-
even those where computers have not been introduced;
 

(c) computer literacy as productivity enhancement--The
 
authors point out that "computer literacy as productivity
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enhancement relates to learning to use computers to improve
 
non-computer related activities," (p.78). They suggest that
 
the use of productivity software will and should follow a
 
less "personal" course than it has in industrialized
 
countries. They urge that computer literacy as productivity
 
enhancement should be oriented toward the goal of national
 
development and miqht take place within demonstration
 
projects in health, nutrition, and community development.
 
The aim would be tr) promote greater local control arid self
reliance in the development process.
 

Direct Instruction. Computers have been used as a means to
 
provide direct instruction in school subjects like mathematics,
 
language, and science. Pistinctions--ften value ldden--are made
 
between instructional strategies used in computer instruction:
 
drill and practice, tutorials, games, simulations, and problem
solving. Friend (1985) argues that these categories are not
 
always distinct. She notes that the common distinction between
 
tutorial programs and drill and practice is not always clear,
 
since tutorial programs often contain practice components and
 

that well-designed drill and practice programs allow students to
 
abstract to general principles from the exercises given.
 

In 1985, about 77 percent of the time spent in computer use
 
in elementary schools (below grade 4) in the United States was
 
for drill and practice in reading, language arts, and arithmetic
 
(Becker, 1987b).
 

Programming. Computers have also been used in schools for
 
the purpcse of teaching programming. This is especially true at
 
the secondary level. In the United States, for example, about
 
42% of the computer time in high schools is devoted to
 
instruction in programming (Becker, 1987b). The intention here
 
is often two-fold. Advocates of teaching programming argue that
 
this will (a) lead to a better or more rapid development of
 
higher order cognitive skills, or (b) that programming skills
 
will be useful in finding employment. At the primary level,
 
there is sometimes an effort to teach what Friend (1985) refers
 
to as the "beginner's programming language." These include
 
languages such as BASIC, LOGO, and Small Talk.
 

Lockheed and Mandinach (1986) tie a declining interest in
 
post-secondary computer-related careers now being witnessed in
 
the United States to poorly taaght pre-college instruction ini
 
programming. With respect to the external efficiency of recent
 
efforts to teach programming, they cite a study by Linn (1985,
 
p.22) that points to the conclusion that:
 

Programming instruction at the pre-college level was
 
inadequate in scope, depth, and choice of language. In
 
most cases, students enrolled in college courses had to
 
unlearn misconceptions and poor techniques before they
 



43 

could profit from college instruction.
 

Computers as Tools. 
There appears to be an emerging

consensus on the value of teaching students to use computers as

productivity tools either within existing school subjects or in

special courses. 
This involves instruction in the use of

spreadsheets, word processors, outliners, and database managers.
 

Compared to computer-assisted direct instruction and

programming, using computers 
as tools appears to be gaining

rapidly in relative importance in schools (Hunter, 1987). 
The

merits of the "tools" approach are considered in Lockheed and

Mandinach (1986). 
 They cite the enormous difficulties in

integrating computers into the curriculum. 
They suggest an

"applications-based computer course" as an alternative to full

curriculum integration and programming courses. 
 Such a course

would emphasize generalizable skills through instruction in use

of the various applications packages mentioned above and would be

linked to the regular school curriculum through collaborative
 
teaching.
 

Papagiannis et al. 
(1987, p.61) believe that using computers

as a tool may be a fruitful approach for developing countries.
 
They contend:
 

... that the link between these (enduring) goals (of
education) and what can be practiced using the various
 
data-base management programs, word and concept
processing (outlining) programs, spreadsheeting,

quantitative and qualitative data-management programs,

within the various subject-area specialties, are

precisely the skills we urge our teachers to prepare

students in. 
 In other words, our traditional
 
educational aims of improving problem-solving, problem
pgsin and critical understanding through the use of
 
productivity tools and creative programs in the
 
subject-areas could become a reality in practice...
 

Besides the above categories of classroom use, computers may

also be used in education for various diagnostic, monitoring, and
testing purposes (computer-managed instruction) as well as 
for
 
school administration tasks.
 

Hardware Configurations and Access
 
There are essentially two options that developing counLries
 

might follow with regard to selection of computer hardware for

education. One uses a minicomputer to route instruction to

individual student terminals. 
 These systems tend to use complete

curriculum packages and offer features for diagnosis, evaluation,

and monitoring of student progress. 
Such a system has made it

possible to run more powerful software and offers the potential
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advantage of greater ease in classroom management. With a
 
minicomputer system, software does not need to be passed around
 
and generally only a single system manager, rather than a host of
 
teachers, must be trained. 
 (AID's Learning Technologies Project

is currently evaluating the Control Data Corporation/WICAT

minicomputer application in 
a primary school in Grenada.)
 

More common, however, will be a configuration using

microcomputers. 
These may be installed in different classrooms
 
throughout the school 
or placed together (and sometimes linked
 
together) in a single room. UNESCO's (1986) survey of 43
 
countries found the trend to be toward the one-room "computer

laboratory."
 

Schools may begin acquiring microcomputers without making as
 
large an initial investment as with a minicomputer system.

Microcomputers offer more flexibil'ty with regard to how they

might be used ir classroom activities and in software selection.
 

Access and Equity

Both the availability of hardware in relation to the number
 

of students in a school and a school's curriculum decisions
 
affect the amount of access a student has to the computer. Even
 
in the industrialized countries, there is a great deal of
 
variation to be found with respect to access. 
 In the United
 
States, by spring 1985, five out of six primary schools had
 
acquired computers for instruction; at the secondary level, the
 
majority of U.S. high schools had fifteen or more computers for

instruction (Becker, 1987b). 
 In the space of two years (1985
87), the computer to student ratio in elementary schools is
 
estimated to have gone from about 60 to 1 to about 40 to 1
 
(Becker, 1987b).
 

Other industrialized nations have considerably fewer
 
computers available in schools. UNESCO's (1986) survey found
 
that for 30 countries having a national policy for the use of
 
computers in education, the average number of computers per

school was five.
 

In developing countries, it is very likely that schools
 
interested in introducing computers will attempt to get along

with even fewer machines, perhaps one per school. It is
 
difficult to predict the possible effects 
or even how one might

organize instruction in such a "lone or sparse micro" scenario.
 

The use of computers in education raises questions that
 
access to computers may be affected by race, ethnicity, gender,

and social class (see Carnoy et al., 1986: Lockheed and
 
Mandinach, 1986; and Papagiannis et al., 1987, for a discussion
 
of these issues).
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With respect to possible gender bias in access to computers
in education, Papagiannis et al. (1987, p.50) put the issue as
 

follows:
 

While access to computers at the primary level showed

little or no gender bias, at the secondary level,
access and use by male students was much higher than
for females. 
This parallels the predominant use of

microcomputers in math and science, where gender bias
 
has long been entrenched.
 

The effects of gender on 
computer access may disappear when
contextual variables are taken into consideration- Becker

(1987a, p.14) 
notes the following:
 

Boys and higher-ability students also use school
 
computers disproportionately, although not in all
 respects. The sex discrepancy is greatest where
 
computers are 
least connected to school curricula--in

before- and after-school activities, in game playing in
secondary schools, and in elective programming

activities in elementary school. 
Parity between boys

and girls is most often found in computer-assisted

instruction activities, in writing and word processing,

in elementary-level learning games, and in programming

activities in secondary school. 
 Although people

usually perceive girls as being underrepresented in
programming activities, on a national basis the
differences 
are small in high schools, especially where
curricular activities exist for entry into programming

classes...
 

Williams' (1987) study of computer access and student
attitudes in Trinidad and Tobago confirms the importance of the
connection to the school curriculum when looking at the question
of gender and access to computers. 
She found that within schools
where computers are being used in instruction, females had
greater access than males, but that outside of school, the
 
reverse was true.
 

A second access/equity issue has to do with how computer use
within classrooms is affected by characteristics of students such
as race and soial class. 
 It is often pointed out that students
from more well-to-do families are more likely to receive exposure
to more "cognitively exciting" software like LOGO and that less
well-to-do students are likely to be exposed to the "drudgery" of
drill and practice software. 
But the charges of inequity in this
comparison are not clear-cut since the benefits of computerassisted instruction for remediation in basic skills have been
demonstrated and the benefits of LOGO for the development of

thinking skills have not.
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How these issues of access/equity suggested by the

experience of industrialized nations play out in the context of

developing countries cannot be predicted. The access/equity

questions within and between computer-using classrooms are

certainly likely to be of less concern to policy makers than the
 
questions of disparities between the "have's and have not's,"

that is, between public and private schools, between urban and

rural schools, and with respect to a choice between wider access
 
to computer literacy at lower grade levels and a more focused
 
employment-oriented concentration at higher levels.
 

Likely Effectiveness
 
There have been numerous summaries and interpretations of


the literature on the effectiveness of computer-assisted

instruction (Carnoy et al., 
1986; Papagiannis et al., 1987; Burns
and Bozeman, 1981; Vinsonhaler and Bass, 1972; Forman, 1982;

Rogosta, Holland, and Jamison, 1982; Hartley, 1978).
 

For our purposes, a useful benchmark was established by

Kulik, Kulik, and Bangert-Drowns' (1985) meta-analysis of 32

research studies on the effects of computer-assisted instruction
 
on the achi,_vement of elementary school pupils in various school

subjects. 
They report an average effect size of .47 (considered

to be high) for the use of computer-assisted instruction. Other
 
meta-analyses have shown effect sizes of similar magnitude

(Niemiec and Walberg, 1985).
 

One problem with the meta-analyses is that the studies upon

which they are based are becoming dated. Becker (1987a, p.5-6)

observes that 99% 
of the studies drawn upon in the meta-analyses
 
use 
"computer systems, software, and social organization of

implementations that characterize, at most, one or two percent of

all the instruction in traditional academic subject matter using

school computers today." 
 Only a few of the studies in the meta
analyses reflect the use of microcomputers. However, a review of

research on computer effectiveness in instruction (Roblyer,

Castine, and King, forthcoming) that takes into account more
 
recent studies found an average effect size of .53 
from studies
 
on the use of computers at the elementary school level.
 

The syntheses of studies on the effectiveness of computers

in education are of limited value to educational policy makers in
developing countries, where the educational circumstances are far
 
different from those in more developed countries and where

empirical investigation into the effectiveness of computers in
 
education is only beginning. Nevertheless, the evidence now

available does provide justification for the expectation that

instruction delivered by computers will positively affect student

achievement. This is 
a useful starting and reference point for
 
the more situation-specific investigation that must take place in
 
developing countries.
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Again it must be stressed that achievement in traditional
academic subjects i- only one of many possible outcomes of
interest to educators in developing countries. Attention must be
given to assessing the effects of computer use on motivational

and other attitudinal changes toward self, school, science, and
technology. 
 Similarly, the acquisition of even basic level
employment-oriented computer skills is likely to be seen as more
useful in developing countries than in industrialized countries.
Especially in situations where computer literacy is the goal, it
will be important and by no means easy to find appropriate ways
to evaluate the effectiveness of these interventions.
 

Constraints
 
We find in the literature mention of four major constraints
 to the widespread use of computers in education in developing


countries. 
 These are costs, software suitability, operating

requirements, and teacher training.
 

Costs. Friend (1985b) maintains that the cost of purchasing
and operating computers is the main reason why computers have not
been more widely used in developing countries. Carnoy and Loop
(1986, p.9) note the paucity of studies of costs, cost-benefit,
and cost-effectiveness. 
They suggest that it is difficult to
 assess the cost for using computers in developing countries
 
because:
 

At present, most computers are used in environments
 
where maintenance and use infrastructures are welldeveloped and there is 
a market for such services
 
(hence they can be priced). In many developing

countries this is certainly not the case 
(p. 9).
 

Carnoy and Loop also mention that no cost-benefit studies on
the use of computer-assisted instruction have been undertaken.
Cost effectiveness studies that have been undertaken suggest that
while it appear- L.:at computer-assisted instruction can be
compared to other technologies, the results so 
far are too sparse
to draw conclusions about the cost-effectiveness of computers

compared with other technologies.
 

Levin, Glass, and Meister (1984) estimate the costs of
providing computer-assisted instruction through a fully-equipped
computer laboratory in the United States. 
The costs to a school
with 736 students providing 23 sessions (10 minutes) per day on
32 terminals would be about $119 per student per year at 1980
prices. The authors point out that even with falling prices for
computer equipment, the per student costs of computer-assisted

instruction in a fully-equipped computer laboratory are not
likely to be reduced, since the biggest component of these costs
is for salaries of persons running the laboratory.
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Such a relationship is likely to be different in developing

countries where costs of hardware are likely to be larger in
 
relation to salaries. In general, however, without knowing what
 
a country hopes to accomplish with computers in the classroom,
 
the hardware, software, and personnel available within schools,

the number of students who can be served by the computers, the
 
specific conditions under which students will work with
 
computers, and the effects of possible cost reductions through

using computers after school hours for other purposes, it is
 
impossible at this time to speak with assurance about the likely
 
educational costs of computers in developing countries.
 

Software Suitability. Concerns about the transfer of
 
software to developing countries are widespread in the
 
literature. UNESCO (1986) reports that the problem consists of
 
the suitability of imported software for the curriculum, the
 
suitability of software in various linguistic/cultural settings,
 
and the portability of software across the hardware and operating
 
systems used in different countries.
 

UNESCO maintains that governments pay insufficient attention
 
to the question of software in their plans. While many countries
 
appear to be producing software of their own, UNESCO notes that
 
even a software exporting country like Australia depends for the
 
most part on imported software because domestic production is
 
insufficient. Of equal concern, available software is often not
 
adequately evaluated and validated. UNESCO (1986, p.16) notes
 
that in the United States, there are 20,000 educational programs
 
on the market, and it is estimated that only about 10% of these
 
have been assessed.
 

Hebenstreit (1986) cites the problem posed by copyright

arrangements for software. If developing countries are not able
 
to make legal copies of software packages and must purchase as
 
many copies as there are computers, the possibilities for using
 
computers in the classroom will be severely constrained.
 

In educational policy discussions that will take place in
 
developing countries during the coming years, the issue of
 
software suitability could raise the question of educational
 
relevance more forcefully than anything experienced since Third
 
World countries began refashioning curricula and curriculum
 
materials following independence. In most instances, developing

countries intending to use computers in education will be forced
 
to rely on imported software. Policy makers considering the
 
insertion of imported software into an existing curriculum must
 
ask:
 

o Where in the curriculum is this appropriate?
 

o How much of an existing curriculum might be
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replaced or supplemented by imported
 
software?
 

o 
 Do cultural or linguistic mismatches between

imported software and local circumstances

offend nationai or regional pride? Do they

also affect learning?
 

Freeman's (1987) study of a computer classroom in Grenada is
an early attempt to explore some of the problems Thira World
children encounter while working with imported educational
 
software.
 

Operating Requirements. The problems posed by heat,
humidity, dust, access to necessary sources for maintenance and
repair, and access to satisfactory electrical current in
developing counitries are obvious to most people and need not be
elaborated on here. Phillips (1987) and Freeman (1987) describe
how computer-assisted instruction in Grenada is affected by
system reliability and poor electrical supply.
 

Teacher Training. 
There is wide consensus that teachers are
usually not adequately prepared to operate effectively with
computers in instruction (Hebenstreit, 1986; Carnoy et al., 
1986;
UNESCO, 1986; Lockheed and Mandinach, 1986). Carnoy and Loop
(1986, p.6) describe the situation as follows:
 

Few countries seem to have taken the necessary steps to
 prepare teachers to use computers, even when hardware
is installed in schools. 
There is also little
agreement on how to prepare teachers beyond short term
courses 
(6-15 days) that merely help understand how to
use computers in the classroom. The problems of
implementing even this type of training are apparently

great. Those countries most committed to computer
training for teachers 
(Sweden, UK, France, Australia,
and Canada% have reached only 25% of their teaching
force. 
 In most other countries, less than 5 percent of
teachers have taken such courses 
(2 percent in Latin
America). 
 Even though some countries have recently
launched national teacher training programmes (India,
Chile, Korea, Cuba and Mexico), most are not devoting
the necessary resources to training, but rather to

purchasing hardware...
 

Likely Future Directions

The widespread introduction of microcomputers into schools
in the United States began prior to a clear demonstration of
their effectiveness as educational tools, and, in many cases, in
the absence of systematic planning on how they would be used.
see a similar pattern emerging in developing countries. 

We
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Developing countries, especially in Latin America and the
 
Caribbean, are becoming increasingly interested in the use of
 
computers in education. This trend cannot yet be fully
 
documented from the literature, and until we are able to do so,
 
we offer it (we hope) as "reliable hearsay" derived from numerous
 
conversations with educators, government officials, researchers,
 
computer specialists, and manufacturers.
 

We believe that computers are an object and instrument of
 
instruction unlike other instructional hardware. That is to say,
 
few countries find it important to offer education about
 
television and radio. The importance of learning about computers
 
may start a trend in which students will increasingly learn
 
through computers.
 

The importance of learning about or through computers is
 
largely a concern for relevance: education must be relevant to
 
an emerging world economy where computers will play an important
 
role--an economy in which few countries wish to fall further
 
behind. A concern for keeping up in the world economy,
 
described by some as the pursuit of equity at the international
 
level, is likely to force acceptance of inequities at the
 
national level. Developing countries may judge that it is
 
necessary to give some children experience with computers, even
 
in the face of great uncertainties that this experience can be
 
easily generalized throughout the entire national educational
 
system. Although this consideration makes it more likely that
 
the use of computers will be concentrated at post-primary levels,
 
applications at the primary level can also be expected to
 
increase. This will be pushed in part by government authorities'
 
intentions to keep up with private schools.
 

Primary school children in developing countries will have
 
differential access to computers based upon the financial means
 
of their countries and families. Some children will have more
 
favorable opportunities because they attend private schools or
 
because they have a computer at home. Others are likely to have
 
more limited access to whatever machines are available in the
 
schools they attend. Perhaps this might be only one machine per
 
school, where a microcomputer serves a multipurpose function for
 
school administration, computer literacy, direct instruction
 
(possibly concentrating on either remedial work or acceleration),
 
and service as part of a school "library." How effectively one
 
microcomputer, or at best a very few, might contribute to primary
 
education in such a "lone or sparse micro" situation remains to
 
be studied.
 

Finally, we see that children in developing countries are
 
likely to encounter possibilities for computer-assisted education
 
through private learning centers. As costs of hardware and
 
software continue to fall, we expect to see a proliferation of
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private learning ;enters offering a variety of services to the
public: computer sales and service, management consulting, data
analysis, training in the use of computers, and computer-assisted
instruction in subjects taught in schools. 
 These may be well
capitalized ventures possibly supported through franchises with
manufacturers of computers from abroad or less capitalized local
 
cottage industries.
 

Private learning centers will compete for private funds
parents now spend on outside tutoring for their children. Such
tutoring is often conducted prior to a student's sitting for
examinations required to enter or graduate from secondary school.
It will be interesting to see how effectively private learning
centers are able to use an imported and possibly eclectic
curriculum of off-the-shelf software in subjects like language,
mathematics, and science to improve student performance on
national examinations in these subjects.
 

Conclusions
 
Computers have become, as many suggest, a "cultural
phenomenon." 
 Apart from the obvious functions they perform in
the workplace, the phenomenon of computers is generating new
vocabulary, symbols, images, and metaphors that are rapidly
becoming part of both everyday culture and educated discourse
throughout the world. 
The computer phenomenon is increasingly


making itself felt in developing countries.
 

It is 
too early to draw any conclusions about how computers
will contribute to the production of learning in schools in
developing countries. 
It is obvious, however, that it is now too
late for discussions about whether the use of computers for
education in developing countries is a good idea or not. 
Many
countries have already decided to have a look for themselves;
others are soon to follow. It is important that we learn what
 
they learn.
 

Computers as 
a Policy Option. Educational policy makers in
developing countries who may be considering the introduction of
computers into education should ask the following questions:
 

o 
 What can computers do for instruction that

conventional formats can't do?
 

o 
 What specific educational uses of the computer are to
be attempted: direct instruction, computer literacy,
programming, or learning to use computers as tools?
 

o 
 Are one or more of these uses feasible and

affordable at the primary school level or

should they be postponed to post-primary

school education?
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o 	 What software will adequately deliver the
 
intended instruction?
 

o 	 What hardware can be obtained and serviced
 
locally to run the software selected?
 

o 	 Will technical and financial resources be
 
sufficient for training teachers to work with
 
computers?
 

4. 	Videodiscs
 
Videodisc technology has been heralded as one of the richest
 

possibilities for the delivery of instruction. It weds
 
television's capacity to provide audio and visual material
 
(including still photographs, motion, graphics, and text) to the
 
computer's capacity for interactivity. It provides unmatched
 
possibilities for the simulation of reality within a controlled
 
instructional setting. The relatively high costs of this
 
technology have so far precluded wide application in schools,
 
even 	in affluent societies. Continuing technological

developments seem likely to cause this to change. Although the
 
most immediate applications in developing countries are likely to
 
be in the area of higher education and technical training for
 
specialized personnel, it is not inconceivable that, as with
 
computers, primary school students in some places will encounter
 
videodisc technology as part of libraries of the future, in
 
private or public learning centers, in well-equipped schools, or
 
at home.
 

Optical laser discs currently being used can hold over
 
100,000 still frames of visual material (or about 25-30 minutes
 
of motion). An audio track of less than one hour would accompany

100,000 frames. The information stored on discs is read by a
 
videodisc player and presented on a television monitor. Donahue
 
and Donahue (1983) describe four levels of videodisc
 
instructional 'hardware:
 

o 	 Level 1: The videodisc system consists of a
 
videodisc player and a television monitor and
 
possibly a remote control device. It
 
functions in a fixed sequence "slide show"
 
mode. The user controls point of entry.

Instruction is described as linear;
 

o 	 Level 2: The videodisc player has a computer
 
component which allows some branching,
 
greater speed, and more user control;
 

o 	 Level 3: The videodisc player is coupled to
 
a microcomputer, which allows for more
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complex programming and interactivity;
 

o Level 4: The system consists of two videodisc
 
players, permitting more complex branching and
 
almost instantaneous feedback. Such systems are
 
used for simulated instruction such as pilot

training.
 

The cost of an interactive "level 3" system is likely to run

between $2500 - $3000. Estimates of costs for producing

videodiscs vary. 
Donahue and Donahue (1983) estimate that a

first copy of a "professionally produced one-hour instructional
'
 disc ! is likely to cost more than $100,000. Costs of additional
 
copies of the disc are around $20.
 

Interest in the use of videodiscs has heightened with the
 emergence of what is referred to as 
CD-ROM (compact disc-read
 
only memory), CD-I (compact disc-interactive), and CD-V (compact

discvideo). information on these 5 1/4" discs is stored in
 
digital form and in great volume (perhaps around 550 megabytes

and going higher). The CD-RCM standard is being applied to

storing and retrieving large databases and library materials.
 
Many people expect that the development of a multi-purpose

compact disc player will make it possible to read all kinds of
 
information, from computer data to film and music, with one
 
device.
 

The interactive CD-I technology is likely to become of

considerable interest to educators. 
 The 5 1/4" CD-I discs will

hold about 650 megabytes of information (storage of up to 1.3
 
gigabytes is foreseen for the future). 
 Current capabilities make
 
it possible to provide a 2-hour sequence of interactive
 
instruction with high fidelity audio. The high resolution video
 
will rely on still pictures, text, and graphics. A CD-I disc
 
will be "mastered" for about $5000, and copies will cost about
 
$30.
 

What makes CD-I technology so interesting is the fact that
 
it will bring down dramatically the costs of an interactive
 
videodisc system. 
The Sony and Philips Corporations expect to

have an inexpensive CD-I player on the market by the end of 1987
 
that will make interactive videodisc technology a possibility for
homes and schools. 
 The CD-I player will connect to a television
 
set and interactivity will be achieved through a remote sensing

device (or other peripherals). The built-in computer will not

only drive the system but offer some computing capability as
 
well. The player is expected to sell for about $500.
 

One of the current limitations of CD-I is that it does not

easily accommodate digitized full-motion video. 
This will become
 
a possibility soon, however. 
Recently, General Electric/RCA

announced a prototype machine called DVI 
(digital video
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interactive) that does permit the use of moving video in
 
interactive instruction (Ofiesh, 1987).
 

Much of the attention given to videodiscs so far has
 
concentrated on the hardware. Halloway (1982, p.133) warns that
 
"less is known about teaching and learning using the videodisc
 
than is known about the engineering of the technology." Hanafin
 
(1985, p.236) remarks that "little empirical research of any type

has been published to support the differential effectiveness, the
 
effects on learning, or the validation of the basic assumptions
 
of interactive video."
 

A considerable amount of research needs to be done on how
 
best to use the various capabilities of interactive video for
 
designing effective instruction. Halloway (1982, p.135) argues:
 

The multimedia aspect is more than having everything
 
(motion, sound, graphics) available at once, though
 
that is convenient. The advantage for instructional
 
design is having the choice, in being able to pick the
 
best mode for the learning goals. Research is some
 
help in this selection. For instance, adding sound to
 
pictures is not necessarily an improvement and may even
 
detract from learning. 'Real' pictures rarely increase
 
learning; research suggests line drawings often work
 
better. In these and other 'areas the computer alone
 
may be quite sufficient to assure a very high degree of
 
learning without the videodisc' (Bork, 1980). The
 
broad selection of media in combination can provide the
 
best fit between learner and lesson.
 

For developing countries, the instructional design issues
 
are not likely to be of great interest in the immediate future.
 
Few are in a position to marshall the financial or human
 
resources to engage in professional instructional design of
 
videodisc instruction. What will be of interest is the
 
development of effective software to run on the low cost
 
interactive systems. Such software could be affordable if it is
 
"generic" enough to be useful in several countries, thereby
 
reducing costs. Instruction in mathematics is something that
 
might lend itself to this kind of treatment.
 

Hanafin (1985) believes that interactive video does not
 
differ greatly from "allied technology" such as computers from
 
either learning or cognitive perspectives. In a parallel sense,
 
we anticipate that the application of videodisc technology in
 
education in developing countries will not differ significantly
 
from the application of computer technology where a high premium

is assigned to using computers for direct instruction. Low cost
 
interactive video systems are likely to find use in homes
 
(possibly replacing the videocassette recorder), especially as
 
motion pictures and recorded music become available on compact
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discs and systems come to serve both educational and
entertainment functions. 
 Interactive video is also likely to
find instructional use alongside microcomputers in private

learning centers.
 

Videodiscs as a Policy Option. 
At the moment, educational
policy makers in developing countries are not pressed to come to
terms with the possibilities offered by videodisc technology.
They may wait until low cost videodisc players have proved
themselves, software becomes widely available, and experimental
work has been conducted that demonstrates where and how the use
of videodiscs could be cost effective.
 

Given the high fixed capital costs associated with producing
high quality instruction on videodiscs, the use of videodiscs in
education in developing countries is likely to occur through
reliance on imported software. 
The quality and relevance of this
software will be an issue. 
 Ways 	must be found to help educators
in developing countries be intelligent consumers of videodisc
software (and computer software as well) prior to the day they
are able to produce their own.
 

5. 	Hand-held Electronic Devices

We consider two varieties of hand-held electronic devices:
microprocessor-driven learning aids and calculators. 
It appears
that 	neither is widely used in instruction in developing
countries at this time. 
 However, the instructional possibilities
they offer and their low cost, ease of use, and ability to run on
batteries (sometimes solar cells) recommend them for
consideration as appropriate tools for supporting primary school


instruction.
 

Electronic Learning Aids

One can currently buy numerous electronic games that offer
educational content. 
 Some 	of these operate with microprocessors
similar to 
ones 	used in computers. These devices differ from
computers in that they are much simpler to use, are less
expensive, are not usually programmable, and deliver only
instructional routines resident in the device or that might be
added with insertable modules.
 

The most well-known of the electronic learning aids is the
series produced by Texas Instruments, Inc.: 
the Speak & Spell,
Speak & Read, and Speak & Math. 
These "talking" devices utilize
a keyboard, synthetic speech, and an eight-character alphanumeric
display to offer interactive drill and practice in language and
arithmetic skills. 
The aids weigh just over one pound and sell
for about $40 in retail stores in the United States. Other
electronic aids to appear recently include Coleco's "Talking
Teacher" and Video Technology's "Electronic Lesson One."
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The first known effort to examine the use of electronic
 
learning aids in classrooms in a developing country is described
 
in Anzalone and McLaughlin (1984). This was a pilot study that
 
involved the use of the Speak & Read and Speak & Math in primary
 
schools in the Kingdom of Lesotho.
 

The purpose of the study was to determine whether the use of
 
existing models of the Speak & Read and Speak & Math was feasible
 
in a developing country like Lesotho, how the aids fit into the
 
structure and processes of thc classroom, and whether pupils'
 
mastery of English and arithmetic was strengthened by use of the
 
aids. The study ran for twelve weeks in five primary schools.
 
The language aids were used in standards 3 and 4, and the math
 
aids were used in standard 6. Pupils worked with the aids in
 
groups of four for about one hour per day, two to five times per
 
week, during the usual classroom time for English or arithmetic.
 

The study reported the following results:
 
Technical Feasibility. The aids were introduced into
 

primary schools without great cost and preparation. The aids
 
stood up well physically. Only 3 of 62 aids used required
 
replacement, and none were lost because of poor housekeeping on
 
the part of teachers. Pupils adapted easily to the synthetic
 
speech contained in the aids.
 

Human Use Effects. Interviews conducted with teachers,
 
administrators, and pupils showed a widespread belief that the
 
aids were useful. The result of pupil observation shows
 
maintenance of a high degree of involvement during periods when
 
the aids were used. Both the interviews and observation
 
demonstrated that it was feasible to use the aids in groups of
 
four.
 

Learninq Effects. The results of weekly tests of pupils'
 
English word recognition and arithmetic demonstrated positive
 
learning effects associated with use of the aids. For both
 
language and arithmetic, pupils using the aids made larger gains
 
in achievement than those not using the aids. In the cases of
 
the language aid, the difference was statistically significant at
 
the .001 level. For the arithmetic aid, the difference on the
 
final test was not statistically significant but was so (at the
 
.05 level) on the test given the week before. The aids had a
 
greater impact on learning among the less able pupils. No
 
significant differences in achievement were discovered between
 
boys and girls using the aids.
 

The study concluded that it is feasible to use electronic
 
aids to supplement primary instruction in a developing country
 
like Lesotho. The study outlines a scenario whereby aids would
 
be rotated among grades and schools. Under these and other
 
assumptions, the cost of a 60 hour supplement of electronic drill
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and practice (excluding batteries) was estimated to cost $.94.
Anzalone and McLaughlin also concluded that more information was
needed on the use of the aids over lDnger periods of time, in
other country settings, and on the range and magnitude of
possible learning effects.
 

We have found no other attempts to look at the use of this
technology within the context of a developing country. 
Although
the learning aids such as 
those used in Lesotho continue to be
sold and new ones have appeared, there appears to be little
interest nn the part of manufacturers to improve their
capabilities. 
Similarly, unlike microcomputers, the prices of
electronic learning aids have not fallen during the past few
 
years.
 

Calculators
 
Hand-held calculators, now often solar powered and selling
for $5 or less, are perhaps the most affordable educationallyrelated electronic product available today. 
They are to be found
almost everywhere in the Third World. 
The one place that they
are noticeably absent is the classroom. 
In educational systems
with which we are familiar, parents and teachers tend to be
opposed to the use of calculators because of the belief that
using calculators is likely to lead to inadequate mastery of
number facts and deveiopment of computational skill.
 

The hand-held :alculator does not strictly fall under our
definition of instructional hardware because of our insistence
that the device must be capable of offering instruction that
could serve as an alternative to a lesson usually provided by a
teacher or a textbook. The instructional use of calculators in
the classroom would almost certainly require direct instruction
from the teacher or from exercises in worksheets or another form

of printed text.
 

We were unable to find any published studies of the use of
calculators in schools in developing countries. 
There have been
many studies undertaken in North America and Europe. 
A review of
the literature by Suydam (1983) looked at over 175 studies, of
which at least 75 explored whether the use of calculators in the
classroom would have a deleterious effect on achievement in
mathematics. 
 In all but a few instances, achievement test scores
were as high or higher when calculators were used in instruction
(but not on the test) than when they were not used. Suydam found
evidence that the use of calculators can help students learn
number facts and can help in expanding a student's repertoire of
problem-solving strategies.
 

A review of thirteen students by Sigg (1982) concluded that
calculators were not detrimental to the development of
computational skills. 
Seven of the thirteen studies showed gains
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in computational skills when calculators were used in
 
instruction; three showed improvements in students' attitudes
 
toward mathematics. Less able students appeared to gain more
 
from using calculators in instruction. The evidence regarding
 
improvements in problem-solving performance was inconclusive.
 

Etlinger (1974) sees two roles for the use of calculators in
 
mathematics instruction; the functional and pedagogical. The
 
functional role foresees calculators being used to perform all
 
mental calculations in solving problems. The pedagogical role
 
foresees calculators being used as a tool to facilitate learning.
 
The first role is likely to be unacceptable in most developing
 
countries, and the second one is likely to be suspect.
 

If we ignore the possibilities offered by hand-held
 
calculators we may miss an opportunity to improve the external
 
efficiency of education in those settings where the majority of
 
children leave school during the first few grades. In these
 
situations, number facts are often poorly acquired and
 
computational skill is weak. Proficiency in the use of
 
calculators would give those children who receive no further
 
education a means to solve many of the arithmetic problems they
 
will encounter on the job and in daily life. Although this would
 
create a dependency on an external device, there is no social
 
stigma associated with using calculators for purposes of daily
 
computation. And just as those of us who wear eyeglasses find
 
this dependency preferable to not seeing properly, it is likely
 
that being able to solve problems by using an inexpensive
 
electronic device is preferable to not being able to solve the
 
problems at all.
 

Perhaps "calculator literacy)" should be taught in addition
 
to basic mathematics. The use of calculators might kindle
 
interest in and facilitate learning of more sophisticated
 
mathematics than is now generally achieved in most of the primary
 
schools in developing countries.
 

Hand-held Electronic Devices as a Policy Option. Further
 
experimental work with electronic learning aids in classrooms in
 
developing countries is necessary before recommending to
 
educational policy makers that they be used. There appears to be
 
little interest in shaping this technology to make it a
 
practical, affordable, and effective alternative within primary
 
school instruction in developing countries.
 

Similarly, educational policy makers are likely to have a
 
difficult time exploiting the educational potential of
 
inexpensive calculators. It may be difficult or impossible to
 
convince teachers and parents that learning to use calculators is
 
not detrimental to the development of computational skill or to
 
demonstrate the advantages of "calculator literacy." Moreover,
 
the use of calculators would have to be contained in an
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instructional program. The development costs and the costs and

administrative burden for training teachers and producing and
distributing the materials required for such a program are likely

to detract from the attractiveness of using this technology for
 
instructional purposes in the classroom.
 



60 

VIII. CONCLUSIONS AND OBSERVATIONS
 

Our purpose in this review was to determine how and to what
 
extent learning technology in the form of instructional hardware
 
is or might be significantly involved in the production of
 
learning in primary school classrooms in developing countries.
 
We have looked in some detail at the past experience of several
 
countries and have tried to look ahead at the likely directions
 
and possible consequences of the introduction of the devices of
 
the "second electronic revolution." We reached numerous
 
conclusions throughout the review about how the use of
 
instructional hardware relates or might relate to the production

of learning at various points in the process. We will close with
 
some general conclusions and observations.
 

We defined instructional hardware as electronic presenters

of instructional sequences that are significant enough in scope

and curricular content to constitute an alternative to lessons
 
usually provided by teachers or textbooks and similar printed

materials. We find that the experience just reviewed points to
 
the importance of the word alternative.
 

We found that instructional hardware has not been used in a
 
way that would constitute a complete alternative to formal school
 
instruction delivered by teachers. The one possible exception to
 
this is RADECO, in the Dominican Republic, where Learning by

radio takes place in makeshift schools supervised by

paraprofessionals. Even here, however, radio instruction is
 
limited to one hour per day and is not meant to constitute a
 
complete alternative to formal primary schools. The strategy for
 
extending primary education by using instructional hardware as a
 
less costly alternative to formal schools remains largely
 
untried.
 

We did find that instructional hardware, especially
 
television, has been used as a primary means of delivery in
 
systems-wide attempts to upgrade the quality of primary school
 
instruction. In several cases, this was in response to large

shortages of trained teachers. Here, the use of instructional
 
hardware was not intended to constitute an alternative to
 
conventional instruction but as a component of a strategy that
 
often included improvement of conventional instruction through

such means as teacher training. It appears that as levels of
 
teacher training rise or the numbers of certified teachers in the
 
system grow, teachers resist (usually successfully) the use of
 
television as a primary means of delivering school instruction.
 
Few developing countries face the situation they did in the
 
sixties where there were often massive shortages of trained
 
teachers, low numbers of children enrolled in school, and very
 
little perceived relevance or quality in the curriculum. The
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conditions favorable for a strategy where instructional hardware

is used as a catalyst in multi-faceted reform of all 
or part of
 
an entire eacational system have largely disappeared.
 

Instructional hardware appears to be most commonly used to
deliver instruction that is not an alternative to, but rather an
alternative within, regular school instruction. Within the
context of regular school instruction, learning technology

delivered through instructional hardware makes it possible to

provide productive periods of instructional time superior to what

routinely takes place in the usual primary school classroom in a
developing country. These periods (where they have been
delivered with instructional hardware) typically vary in duration

from an hour per week to an hour per day. 
Often these periods
have led to large gains in student achievement during the course

of a school year. Our companion review, "Review on the Soft
Technologies of Learning," suggests that these productive periods

of instructional time result from application of methods and

techniques emanating from our knowledge of the learning process.

In the present review, we have found that these enriched segments

of instruction can be delivered with varying degrees of

efficiency with the use of instruct-onal hardware.
 

The idea of productive periods of instructional time,

delivered as 
an alternative within regular school instruction, is

acknowledged in the BRIDGES model of learning production. 
The

learning technology cluster of variables is conceived as being
separate from (but related to) other "within school" variables.

Learning technology should arguably be conceived as intrinsically

involved in, 
and not separate from, such things as classroom
 
management and instructional materials. 
The evidence, however,

suggests the existence and potential effectiveness of a "within

school" alternative provided by the application of learning

technology during part of the school day.
 

In the future, whether learning technology delivered through

instructional hardware will be used less for quality enhancement

within the context of regular school instruction and more as an
alternative to conventional instruction will probably depend on

how well resources for education keep up with demographics. Up

to now, using instructional hardware 
as an alternative to

conventional school instruction has not been compelling for most

developing countries. 
 In the future, however, instruction
 
delivered through instructional hardware may be an alternative to
providing nothing, and the use of instructional hardware could
 
well be not just compelling but inevitable.
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IX. AGENDA FOR FUTURE RESEARCH AND IMPLEMENTATION
 

The preceding analysis, conclusions, and observations
 
point to recommendations for an agenda for future research and
 
implementation for using instructional hardware to improve and
 
extend primary education in developing countries. It is a joint
 
agenda for investigators and policy makers--a short list of what
 
we believe to be the most promising avenues of activity.
 

We would first note that the use of instructional hardware
 
is likely to be more attractive at post-primary levels.
 
Interventions that rely on child/machine interaction are likely
 
to be seen by many as incompatible with primary school's
 
traditional mission of socialization of the child--no matter how
 
effective the intervention proves to be. Nevertheless, in
 
situations where there is acceptance that productive periods of
 
instructional time mediated by the use of instructional hardware
 
are either desirable, inevitable, or both, we contend the
 
following.
 

Of the instructional hardware we reviewed, radio continues
 
to offer the most promise of being an effective and affordable
 
deliverer of instruction on a mass scale. The interactive radio
 
model has set a standard against which the success of future
 
applications may be judged. For the future, the priorities for
 
research and implementation for the use of radio in primary
 
education in developing countries are these four:
 

o 	 More needs to be learned about the experience
 
of all those countries reportedly using radio
 
for primary school education but whose
 
experience does not figure into the
 
literature. How extensive is this
 
experience? What are the successful models?
 
Do they share common characteristics? What
 
lessons can be drawn so as to allow greater
 
generalization about the use of radio in
 
primary school education in developing
 
countries?
 

o 	 We need to have a better understanding of the
 
barriers to acceptance of the interactive
 
radio model. At the o-nment, we can only
 
speculate why more countries have not decided
 
to adopt the model. In view of the
 
investments already made and the results that
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have been achieved, speculation is no 
substitute for empirical investigation. 

o The RADECO model for extending primary
education through radio seems especially
promising and likely to be relevant for
countries that come to experience difficulty
in stretching resources to keep pace with
population growth. Assistance should be 
provided to countries prepared to adopt or
adapt the RIADECO model and share this
experience with the international community. 

o It would be useful to investigate the
introduction and implementation of the 
interactive model following a s'rategy that
is less concerned with demonstrating radio's 
effectiveness (this has already been 
demonstrated) and more concerned with 
demonstrating the development of local 
expertise, commitment to quality,
identification with the lessons produced, andsustainable institutional capacity for future 
implementation. 

The other area on the joint agenda for research and
implemeniatirn with respect to instructional hardware and primary
education in developing countries has to do with future
applications of computers and associated technologies. Although
the industrialized nations are selling an increasingly large
number of computers to developing countries, very little
assistance is being provided to investigate how computers might
be used most productively in classrooms. 
We recommend
 
exploration in four areas:
 

o 
 We must look for viable and affordable uses

of the computer in situations where only one
 
or a few microcomputers can be introduced.
 
What difference does it make to have a
 
computer present in the school? 
Can

effective activities for individuals, groups,

or the entire class be designed so as to
 
revolve around the use of a single
 
microcomputer?
 

o 
 We need to discover the most effective
 
approaches that integrate computer literacy

and direct instruction in traditional school
 
subjects.
 

o 
 In countries where successful national or
 
regional curriculum development activities
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(such as in the Caribbean) have produced
 
materials that are widely used, it would be
 
useful to explore the development of related,
 
high quality educational software. It would
 
be unfortunate if decisions about the
 
potential effectiveness of computers in
 
education in developing countries are made
 
entirely on the basis of software produced

for markets in industrialized societies.
 

o 	 Some attention should be given to the effects
 
of using computers for primary education
 
indirectly through teacher education. The
 
use of computers, especially if linked to
 
videodiscs, would be feasible, manageable,

and affordable for many individual or groups
 
of teachers' colleges. Such applications
 
would allow the modeling of effective and
 
ineffective teaching behaviors and a good
 
means to teach methods for diagnosis of pupil
 
difficulties in different subjects.
 



65 

X. BIBLIOGRAPHY
 

Agence de Cooperation Culturelle et Technique (1985). 
 Niger 
television scolaire en marge. Direct. 
 (September, pp 15-49).
 

Aghi, M. (1979). The effectiveness of science education
 
programming. Journal of Communication. (Vol. 29, No. 14, pp.

104-5).
 

Anzalone, S. (1987). 
 The effect of PLATO instruction on basic

skills in Jamaica. McLean, VA: 
 Institute for International
 
Research - Learning Technologies Project.
 

Anzalone, S., 
and Conrad, K. (1984). A review of evaluations.

Microcomputers for basic and vocational skills. 
Amherst, MA:
 
University of Massachusetts.
 

Anzalone, S., and McLaughlin, S. (1984). Electronic aids in a
developing country: Improving basic skills in Lesotho. 
Amherst,

MA: University of Massachusetts.
 

Arnove, R.F. (Ed.). (1976). Educational television: 
 A policy
critique and guide for developing countries. New York: Praeger.
 

Ball, J. (1971). 
 A radio series for primary schools in Africa.

Educational broadcasting international. 
 (Vol. 5, 2. pp. 79-82).
 

Bates, T. (1982). 
 Options for delivery media. In H. Perraton,

(Ed.). Alternative routes to formal education. 
Baltimore: The
 
Johns Hopkins University.
 

Bates, 'V., and Robinson, J. (1977). Evaluating educational
 
television and radio. 
London: The Open University Press.
 

Becker, H.J. (1987a). 
 The impact of compute', use on children's
 
learning: What research has shown and what it has not.
 
Baltimore: The Johns Hopkins University.
 

Becker, H.J. (1987b). What we know about computer use and its
effectivenes in schools: 
 Existing knowledge and new research
 
directions. Cupertino, California: Apple Computer, Inc.
 

Bienfait, A. (1964-71). Recherches pedagogiques. La television

scolaire du Niger. 
Paris: Ministere de la Cooperation. (Vol.

8).
 



66 

Block, C. (1985). Interactive radio and educational development.
 
Development Communication Report, 49.
 

Brusling, C. (1982). Rise and fall of educational technology in
 
Sweden. Prospects. (Vol. 12, 3).
 

Bryant, J., and Anderson, 3. (1983). Children's understanding of
 
television. New York: Academic Press.
 

Bunnel, D. (June 1986). The challenge of CD-ROM. PC WORLD
 
Magazine.
 

Burns, P.K., and Bozeman, W.C. (1981). Contputer-assisted

instruction and mathematics achievement: Is there a relationship?

Educational Technology, 21. (pp. 32-39).
 

Carnoy, M. (1976). 
The economic costs and returns to educational
 
television. In R.F. Arnove, (Ed.). 
 Educational television: A
 
policy critique and guide for developing countries. New York:
 
Praeger. (pp. 22-73).
 

Carnoy, M.; Daly, H.; DeVillar, P.; Earthman, E.; Herrmann, F.;

Loop, L.; Misra, M., and Starbuck, J. (1986). Education and
 
computers: Vision and reality in the mid-1980s. Stanford, CA:
 
Stanford University School of Education.
 

Carnoy, M., and Levin, H.M. (1975). Evaluation of educational
 
media: Some issues. Instructional Science. Amsterdam:
 
Elsevier Scientific Publishing Co.
 

Carnoy, M., and Loop, L. (1986). Which
Computers and education: 

role for international research? Paris: UNESCO.
 

Chadwick, C. (1982). An overview of educational technology in
 
Latin America. Prospects. (Vol. XII, 3).
 

Chu, G., and Alfian, C. (1967). 
 Programming for development in
 
Indonesia. Journal of Communication. (Vol. 30, No.4, pp. 50-7).
 

Chu, G., 
and Schramm, W. (1967). Learning from television: What
 
the research says. National Association of Educational
 
Broadcasters.
 

Clark, R. (1983). Reconsidering research on learning from media.
 
Review of Educational Research. (Vol. 53,4, pp. 445-459).
 

Clark, R. (Winter 1984). Clark's reply to Petkovich and
 
Tennyson. Educational communication and technology - A journal

of theory research and development.
 



67 
Clearinghouse on Development Communication 
(1978). A sourcebook
 
on radio's role in development. Washington, DC.
 
Clearinghouse on Deveiopment Communication 
(1982). Project

profiles. Washington, D.C.
 

Collins, A.W.; Sobol, B.L.; and Westby, S. (1981). 
 Effects of
adult commentary on children's comprehension and inferences about
televised aggressive portrayal. 
 Child Development, 52. (pp. 158
63).
 

Collins, A.W., 
and Wiens, M. (In press). Cognitive processes in
television viewing: 
 Description and strategic implications. In
M. Pressly and J. Levin, (Eds.). Cognitive strategy training:
Educational, clinical and social applications. New York:

Springer-Verlag.
 

Cooper, H.M. (1984). 
 The integrative research review:
systematic approach. A

Beverly Hills: Sage Publications.
 

Christensen, P. (1985). 
 The radio language arts project:
Adapting the radio mathematics model. 
 Development Communication
 
Report, 49.
 

Danna, I. (1985). 
 El aprendizaje del numero y la computadora.
Buenos Aires: Laboratorio de Psicologia Evolutiva.
 

Donahue, T., 
and Donahue M. (1983). Understanding interactive
video. 
Training and Development Journal.
 

Eicher, J.C., 
and Orivel, F. (1980). Cost analysis of primary
education by television in the Ivory Coast. 
 The economics of new
educational media. 
Paris: UNESCO.
 

Eicher, J.C.; Hawkridge, D.; McAnany, E.; 
 Mariet, F.; and
Orivel F. (2982). 
 The economics of new educational media:
Overview and synthesis. Paris: UNESCO.
 

Emery, M. (1985). 
 Another exciting revolution? A rejoinder to
Kupisiewicz and White. 
Prospects. (Vol. XV, 4, pp. 493-509).
 

Etlinger, L. (1974). 
 The electronic calculator: A new trend in
school mathematics. Educational Technology. (14/12 pp. 43-5).
 

Faure, E. et al., 
(1972). Learning to be. 
 Paris and London:
 
UNESCO-Harrap.
 

Forman, D. (January 1982). 
 Search of the literature. The

Computing Teacher.
 



68 

Forsythe, R, (1970). Instructional radio: A position paper.
 
Stanford, CA: Stanford University.
 

Freeman, C. (1987). Computer classroom ethnography: Crochu
 
Primary School, Grenada. McLean, VA: Institute for
 
International Research - Learning Technologies Project.
 

Friedlander, B.; Wetstone, H.; and Scott, J. (1974). Suburban
 
pre-school children's comprehension of an age-appropriate
 
informational television program. Child Development. (Vol. 45,
 
pp. 561-5).
 

Friend, J. (1984). (Mimeo). Evaluation of first grade
 
instructional materials. In The Radio-Assisted Community Basic
 
Education Project, Report 2. Washington, D.C.: InterAmerica
 
Research Associates.
 

Friend, J. (1985). (Mimeo). Classroom uses of the computer: A
 
retrospective view with implications for developing countries.
 
Washington, D.C.: The World Bank.
 

Friend, J. (1985). A model for interactive radio lessons: The
 
radio mathematics project. Development Communication Report, 49.
 

Friend, J.; Galda, K.; and Searle, B. (1979). (Mimeo). Transfer
 
of instructional technology: Radio mathematics in Nicaragua and
 
Thailand.
 

Friend, J., and Kemmerer, F. (1985). Strategies for and costs of
 
disseminating the radio language arts project throughout Kenya.
 
In Interactive radio in education. Washington, D.C.: Agency for
 
International Development and Institute for International
 
Research, Communications Support Project.
 

Friend, J.. and Kozlow, S. (1985). Evaluation of second grade
 
instructional materials produced by The Radio-Assisted Community

Basic Education Project. Washington, D. C.: InterAmerica
 
Research Associates.
 

Friend, J.; Searle, B.; and Suppes, P. (Eds.). (1980). Radio
 
mathematics in Nicaragua. Stanford, Cl: Stanford University.
 

Galda, K. (1985). Learning math by radio. Development
 
Communication Report, 49.
 

Gilmore, J. (1986). Afterword. In M. Imhoof and P. Christensen,
 
(Eds.). Teaching English by radio: Interactive radio in Kenya.
 
Washington, D.C.: Academy for Educational Development.
 

Glass, G.V. (1977). Integrating findings: The meta-analysis of
 



69 
research. 
Review of Research in Education, 5. (pp. 351-379).
 
Glass, G.V.; McGaw, B.; and Smith, M.L. (1981). Meta-analysis in
 
social research. Beverly Hills, CA: 
Sage Publications.
 
Grant, S. (1977). Admiristrative history of out-of-school
television in the Ivory 
Coast. Washington, D.C.: 
 Academy for

Educational Development.
 

Green, C. (1985). Instruction by audio conference: 
 An Alaskan
example. Development Communication Report, 49.
 

Halesworth, B. (1971). 
 Radio broadcasts for schools 
- some
lessons learnt. 
Educational Broadcasting International. (Vol. 5,

1, pp. 56-9).
 

Hannafin, M. (1985). Empirical issues in the study of computerassisted interactive video. 
Educational Communication and
Technology 
- a Journal of Theory, Research and Development.

(Vol.33, 4, pp. 235-247).
 

Hancock, A. (1976). 
 Planning for educational mass media.

London/New York: 
 Longman.
 

Hanssen, A.; Koslow, S.; 
and Olsen, A. (1983). RADECO: Radiobased primary education in the Dominican Republic. Development

Communication Report, 42.
 

Hartley, S.S. Meta-analysis of the effects of individually paced
instruction in mathematics. 
 (Doctoral dissertation, University
of Colorado, 1977.) 
 Dissertation Abstracts International, 1978,
38(7-A), 4003. University Microfilms No. 77-29, 926.
 

Hawkridge, D., 
and Robinson, J. (1982). Organizing educational

broadcasting. Paris: UNESCO.
 

Heben,treit, J. (1986). 
 The use of informatics in education:
Present situation, trends and perspectives. Paris: UNESCO,
Division of Structures, Content, Methods and Techniques of
 
Education.
 

Helwig, J., 
and Friend, J. (1985). Teaching where there are no
schools. Development Communication Report, 49.
 

Hodapp, T.V. (1977). 
 Children's ability to learn problem-solving
strategies from television. 
Alberta Journal of Educational

Research. 
(Vol. 23, No.3, pp. 171-7).
 

Holloway, R. (Spring 1982). 
 The videodisc in education: A case
for technological gradualism. 
Videodisc/Videotext. 
 (Vol. 2, No.
 



70 

2, pp. 132-7).
 

Hunter B. (1987). Computer-based tools in learning and teaching
 
a research agenda. Cupertino, California: Apple Computer, Inc.
 

Imhoof, M. (1985). Interactive radio in the classroom: Ten
 
years of proven success. Development Communication Report, 49.
 

Imhoof, M., and Christensen, P. (Eds.). (1986). Teaching
 
English by radio: Interactive radio in Kenya. Washington, D.C.:
 
Academy for Educational Development.
 

Ingle, H. (1986). Reconsidering the use cf television for
 
educational reform: The case of El Salvador. In R. F. Arnove,
 
(Ed.). Educational Television. New York: Praeger. (pp. 114
39).
 

Jamison, D. (1982). An introduction to the methods of cost
 
analysis. In H. Perraton, (Ed.). Alternative routes to formal
 
education. Baltimore: The Johns Hopkins University.
 

Jamison, D.; Klees, S.; and Wells, S. (1978). The costs of
 
educational media: Guidelines for planning and evaluation.
 
Beverly Hills, CA: Sage Publications.
 

Jamison, D., and McAnany, E. (1978). Radio for education and
 
development. Beverly Hills, CA: Sage Publications.
 

Jamison, D., and Orivel, F. (1982). The cost-effectiveness of
 
distance teachings for school equivalency. In H. Perraton,
 
(Ed.). Alternative routes to formal education. Baltimore: The
 
Johns Hopkins University.
 

Jamison, D.; Searle, B.; Galda, K.; and Heyneman S. (1981).
 
Improving elementary mathematics education in Nicaragua: An
 
experimental study of the impact of textbooks and radio
 
achievement. Journal of Educational Psychology. (Vol. 73, pp.
 
556-566).
 

Jamison, D.; Suppes, P.; and Wells, S. (1974). The effectiveness
 
of alternative instructional media: A survey. Review of
 
Educational Research. (Vol. 44, 1, pp. 1-67).
 

Kaye, A.E. (1976). The Ivory Coast educational television
 
project. In R.F. Arnove, (Ed.). Educational television. (pp.
 
140-79).
 

Klees, S. (1977). Cost analysis of nonformal ETV systems: A
 
case study of the extra-scolaire system in the Ivory Coast.
 
Washington, D.C.: Academy for Educational Research.
 



71 

Konan, D., 
and N'Guessan, A. (1979). Educational reform and
technological innovation: 
 The Ivory Ccast experiment.
Educational reforms: Experiences and prospects. 
 Paris: UNESCO.
 

Kulik, J.; Kulik C.; and Bangert-Drowns, R. (1985).

Effectiveness of computer-based education in elementary schools.
Journal of Computers in Human Behavior. 
 (Vol 1, pp. 59-74).
 

Kumar, M. S. V. (1986). Introducing technological innovations
for education in a developing country: Implications for
planning. Doctoral dissertation. 
Amherst, MA: University of
 
Massachusetts.
 

Kumar, N. (1967). Educational radio in India. 
 New Delhi: Arya

Book Department.
 

Leslie, J., and Jamison, D. (1980). 
 Policy implications of
instructional technology: 
 Cost and implications. In J. Simmons
(Ed.). The education dilemma: 
 Policy issues for developing
countries in the 1980s. 
 New York: Pergamon Press.
 

Levin, H.; Glass, G.; and Meister, G. (1984). Cost effectiveness
of four educational interventions. 
Palo Alto, CA: Stanford
 
University School of Education.
 

Lewis, J. (1975). 
 A review of scientific calculators for school.
School Science Review. (Vol. 57, 198. pp. 177-182).
 

Linn, M.C. (1985). The cognitive consequences of programming

instruction in classrooms. Educational Researcher. (Vol. 14, 
5,
 
pp. 14-16, 25-29).
 

Lockheed, M., and Mandinach, E. (1986). 
 Trends in educational

computing: Decreasing interest and the changing focus of
instruction. 
Educational Researcher. 
 (Vol. 15, 5, pp. 21-26).
 

Luskin, B.J. (1987). 
 The current and future implications of CD1. Technological Horizons in Ed.ucation. 
 (Vol. 14, No. 10, p.

47).
 

Lyle, J. (1982). Since 1967: 
 The original case studies

reviewed. 
 In D. Hawkridge and J. Robinson. Organizing

educational broadcasting. Paris: UNESCO.
 

Masland, L., and Masland, G. (1976). 
 Some cross-cultural

implications of educational television: 
 the Samoan ETV project.
In R. F. Arnove, (Eds.). Educational television: A critique and
guide for developing countries. 
 New York: Praeger.
 



72 

Mayer, R. (1980). Contributions of cognitive science and related
 
research on learning to the design of computer literacy

curricula. Series in Learning and Cognition. Report 81-1.
 
Santa Barbara, CA: University of California.
 

Mayo, J., and Hornik, R.C. (1981). Evaluation and research in
 
the planning, development and support of media-based education.
 
Paris: International Institute for Educational Planning.
 

Mayo, J.; Hornik, R.C.; and McAnany, E.G. (1976). Educational
 
reform with television: The El Salvador experience. Stanford,
 
CA: Stanford Univercity.
 

Mayo, J.; McAnany, E.G.; and Klees, S. (1973). The Mexican
 
telesecundaria: A cost-effectiveness approach. Washington:

Academy for Educational Development.
 

McAnany, E. (1973). Radio's role in development: Five
 
strategies for use. (Vol. 4, pp. 28). Washington, D.C.:
 
Information Center on Instructional Technology.
 

McAnany, E.; Oliveira, J.; Orivel, F.; and Stone, J. (1983).

Distance education: Evaluating new approaches in education for
 
developing countries. Evaluation in Education. (Vol. 6, pp. 289
376).
 

Nguchu, R.R. (1981). The extent to which radio is used in
 
teaching of home science in urban primary schools in Kenya.
 
Nairobi, Kenya: Institute of Education.
 

Niemiec, R., and Walberg, H. (1985). Computers and achievement
 
in the elementary schools. Journal of Educational Computing
 
Research. (Vol. 14, pp. 435-439).
 

Ofiesh, G. (1987). Reflections on Microsoft's 2nd CD
 
conference. Technological Horizons in Education. (Vol. 14, No.
 
9, p. 53).
 

Oxford, R.; Clark, J.; Hermansen, J.; Christensen, P.; and
 
Imhoof, M. (1936). Final report: Evaluation of the Kenya radio
 
language arts project volume 1: Narrative results. Washington,
 
D.C.: Academy for Educational Development.
 

Paisley, W., and Chen, M. (1983). Children and interactive
 
media: Exploring the effects of the second electronic
 
revolution. Stanford, CA: Stanford University Press.
 

Papagiannis, G.J.; Dougal, C.; Williamson, N.; and Le Mon, R.
 
(1987). Information technology and education: Implications for
 
theory, research arid practice. Ottawa: International
 



73 
Development Research Center.
 

Perraton, H. (Ed.). (1982). 
 Alternative routes to formal
education: 
 Distance teaching for school equivalency. Baltimore:

The Johns Hopkins University Press.
 

Perraton, H. (Ed.) (1986). Alternative forms of post-primary
education and training in Africa. 
 London: Marlborough House.
 

Perraton, H. (1982). 
 The scope of distance teaching.
Alternative routes to formal education. 
Baltimore: The John
 
Hopkins University.
 

Petkovich, M., and Tennyson, R. (1984). 
 Clark's "Learning from
media": A critique. Educational Communication and Technology -
A journal of theory research and development.
 

Phillips, E.A. (1987). 
 Report on Activities at the Crochu
Learning Center 
-
Term 1 1986. (Mimeo).
 

Polsky, R.M. (1974). Getting to Sesame Street. 
 New York:
 
Praeger.
 

Roblyer, M.D.; Castine, W.H.; and King, F.J. 
 The effectiveness
of computers in instruction: 
 A review and synthesis of recent
research findings. (Submitted for publication, 1987).
 

Romiszowski, A.J. (1984). 
 Producing instructional systems:
Lesson planning for individualized and group learning activities.
 
London: Nichols Publishing.
 

Saloman, G. (1977). 
 Effects of encouraging Israeli mothers to
co-observe Sesame Street with their five-year-olds. 
 Child
Development. (Vol. 48, No. 3, pp. 1146-51).
 

Saloman, G.; Eglstein, S.; Finkelstein, R.; Finkelstein, I.;
Mintzberg, E.; Malve, D.; 
and Velner, L. (1972). Educational

effects of Sesame Street on Israeli children.
 

Saloman, G., and Gardner, H. 
 (1986). The computer as educator;
lessons from television research. 
Educational Researcher.
 
(January, pp. 13-19).
 

Sang-jan, p. (1982). 
 Media and the teaching of mathematics in
Thailand. 
Media Asia. Bangkok: Centre for Educational
 
Innovation and Technology.
 

Sanguinetty, J. A. (1985). 
 The replication of the RADECO project
in the Dominican Republic: 
 Recurrent cost implications.

Washington, D.C.: InterAmerica Research Associates.
 



74 

Schmelkes, S. (1972). Estudio de evaluacion aproximativa de las
 
escuelas radiofonicas de la Tarahumara. Revista del Centro de
 
Estudios Educativos, 2, 2. (pp. 11-36).
 

Schmelkes, S. (1977). The radio schools of Tarahumara, Mexico:
 
An evaluation. Radio for education and development: Case
 
studies. Washington, D.C.: The World Bank.
 

Schramm, W. (1962). What we know about learning from
 
instructional television. Educational television: The next ten
 
years. Stanford, CA: The Institute of Communication Research,
 
Stanford University. (pp. 52-74).
 

Schramm, W. (1973). Big media, little media. Washington D.C.:
 
Academy for Educational Development.
 

Schramm, W.; Coombs, P.; Kahnert, F.; and Lyle, J. (1967). The
 
new media: Memo to educational planners. Paris: UNESCO.
 

Schramm, W. (Ed.). (1967). New educational media in action:
 
Case studies for planners. Paris: UNESCO/International
 
Institut. for Educational Planning.
 

Schramr., W.; Nelson, L.M.; and Betham, M.T. (1981). Bold
 
experiment: T.Ie story of educational television in American
 
Samoa. Stanford, CA: Stanford University.
 

Searle, B. (1985). Evaluations of three interactive radio
 
projects. Development Communication Report, 49.
 

Siann, G., and Macleod, H. (1986). Computers and children of
 
primary school age: Issues and questions. British Journal of
 
Educational Technology. (Vol. 2, No. 7, pp. 133-143).
 

Sigg, P. (1982). The hand-held calculator: Effects on
 
mathematical abilities and implications for curriculum change.
 
Bloomington, Indiana: University of Indiana,
 

Singer, D.G., and Singer, J.L. (1980a). Television viewing and
 
aggressive behavior in preschool children: A field study.
 
Foreisic Psychology, 347. (pp. 289-303).
 

Singer, J.L. (1980). The power and limitations of television: A
 
cogritive-affective analysis. In P. Tannenbaum, (Ed.). The
 
entertainment functions of television. Hillsdale, N.J.: Erlbaum.
 

Singer, J.L., and Singer, D.G. (1980b). Television viewing:

Family style and aggressive behavior in preschool children.
 
Violence and the family. Boulder, CO: American Association for
 



75 
the Advancement of Science. 
 (pp. 37-65).
 

Singer, J.L., 
and Singer, D.G. 
(1983). Psychologists look at
television; cognitive, developmental, personality and social
policy implications, 
American Psychologist, 38, 
7. (pp. 826-34).
 

Spain, P.L. (1977). The Mexican Radioprimaria project. 
In P.
Spain et al., 
 (Eds.). Radio for education and development:

studies, i. Washington, D.C.: 

Case
 
The World Bank.
 

Spain, P.L.; Jamison, D.T.; and McAnany, E.G. 
(Eds.). (1977).
Radio for education and development: 
 Case studies. Washington:

World Bank.
 

Sprigle, H.A. (1971). 
 Can poverty children live on Sesame
Street? Young Children. (Vol. XXVI,4, pp. 202-217).
 

Suppes, P.; Searle, B.; and Friend, J. (Eds.). 
(1978). The radio
mathematics project: 
 Nicaragua 1976-1977. Stanford, CA: 
Stanford
 
University Press.
 

Suydam, M. (1982). 
 The use of calculators in pre-college
education: 
 Fifth annual state-of-the-art review. 
Columbus:
 
Ohio State University.
 

Suydam, M. (1983). Research report: 
 Achieving with calculators.
Arithmetic Teacher. 
 (Vol. 31, 3., Nov., 
p. 20).
 

Sylla, F. S. (1985). Computers and literacy in Senegal.
Doctoral Dissertation. Cambridge, MA: Massachusetts Institute of
 
Technology°
 

Tavasoli, G. (1978). 
 Impact of educational television on
technical and agricultural improvements in rural areas of Iran.
International Review of Modern Sociology, 8, I. (pp. 49-63).
 

Tilson T., 
and Searle, B. (1978). An assessment of teacher
attitudes. 
 In P. Suppes, B. Searle, and J. Friend (Eds.).
radio mathematics project: Nicaragua 1976-1977. 
The
 

Stanford, CA:
Stanford University.
 

UNESCO. (1957). 
 New educational media in action: 
 Case studies
for planners, I -
III. Paris: UNESCO.
 

UNESCO. (1978). 
 The economics of new educational media: Cost and
status of research trends, 1. 
Paris: UNESCO.
 

UNESCO. (1980). 
 The economics of new educational media: Cost and
effectiveness, 2. 
Paris: UNESCO.
 



76 

UNESCO. (1984). Media education. Paris: UNESCO. 

UNESCO. (.984). Statistical Yearbook. Paris: UNESCO. 

UNESCO. (1986). Informatics and education, a first survey of the 
state of the art in 43 countries. Paris: UNESCO.
 

Vinsonhaler, J.R., and Bass, R.K. A summary of ten major studies
 
on CAI drill and practice. Educational Technology. (July 1972,
 
pp. 29-32).
 

Walberg, H.J. (1984a). Improving the productivity of America's
 
schools. Educational Leadership, 41. (pp. 19-30).
 

Walberg, H.J. (1984b). Synthesis of research on teaching. In
 
M.C. Wittrock, (Ed.). Handbook of Research on Teaching.
 
Washington D.C.: American Educational Research Association.
 

Walker, H. (1986). Evaluacion cualitativa del programa de
 
radioeducacion comunitaria (RADECO) de la Republica Dominicana.
 
Washington, D.C.: U.S. Agency for International Development.
 

White, R. (1976) An alternative pattern of basic education:
 
Radio Santa Maria. Paris: UNESCO.
 

White, R. The use of radio in primary and secondary formal
 
education: The radio Santa Maria Model in the Dominican
 
Republic. In P. Spain, et al. (Eds.). Radio for education and
 
development: Case studies, 1. (pp. 172-98).
 

Williams, K. (1987). Computers in Trinidad and Tobago: A survey
 
of access and attitudes towards the technology in secondary
 
schools. Doctoral dissertation. Cambridge, MA: Harvard
 
University.
 


