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1. RADIO MATHEMATICS IN NICARAGUA

DurinG the past quaster of a century, governmental and private
agencies have made great efforts tc improve the educational systems
of the developing countries. Most of these countyies lack many of the
components of a good educational system—sufficient schoo! build-
ings, adequately trained teachers, textbooks and other educational
materials, aiid well-designed school curriculums. These deficits are
most evident at the primary-school level, where potential enrollinents
are large aud teachers are expected to teach all subjects.

Educational technology is often proposed as a solution to some or
all of these problems. In the past few years, many projects employing
different media and combinations of media have helped to demon-
strate the potential benelits of these approaches. During the 1960s
and early 1470s, television was widely heralded as the appropriate
medium for educational programs, despite a cost that many develop-
ing countries cannot afford. Recent evidence shows that radio can
teach many subjects at least as effectively as television and at a much
lower cost.

The Radio Mathematics Project, recognizing the difficulties ex-
perienced in many countries with teaching primary-school mathemat-
ics effectively, has researched the possibilities of improving the quality
of instruction in: the classroom through radio lessons. The project
began in 1973, when the Uaited States Agency for International
Development (a1p) became interested in experimer. ‘ng with radio
programs for teaching primary-school subjects. Stanford Universiiy's
Institute for Mathematical Studies in the Social Sciences (1MSss) was
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asked to develop a prototype of such an instructional system. Al-
though the system was to be developed in a single country—
Nicaragua was chosen as the experimental site—the objective was to
create a program that could be applied with minor modifications
almostanywhere in the world. In the process, the project explored the
conditions that contribute to the effective use of radio as an instruc-
tional medium. _ )

The Radio Mathematics Project began operations in Nicaragua in
1974. During 1974 and 1975, the first-grade radio pregrams were
developed; after that, lessons for one grade were developed each year
untl the end of 1978, when the lessons for the fourth grade were
finished. In 1979, Nicaraguan staff members were producing the
filth-grade lessons until civil war disrupted their work. Although the
future of the project in Nicaragua is in doubt, other countries are
beginning to apply the results of the work.

The Design of Radio Mathematics Lessons

Curriculum. From the outset it was understood that the Radio
Mathematics Project would use the curriculum of the host country.
Thus, project lessons are based on the official mathematics cur-
riculum of the Nicaraguan Ministry of Public Education. This cur-
riculum had recently been revised extensively to bring it into agree-
ment with worldwide trends in mathematics education.

Although the lessons generally follow the official curriculum, they
do notstrictly adivere 1o it. Gertain topics are given less emphasis than
in the official curriculum, for example, geometry, which is difficult to
teach with the very limited amount of visual material our lessons use,
and multiplication, which we consider oo difficult for hirst-grade
children. In addition, because the program 5 directed primarily to
rural students, some of the “modern mathematics” topics are given
less attention in our programs than they are in the official curriculum.
We substituted for these a large amount of work with concrete mate-
rials, a greater emphasis on basic arithmetic skills, and mathemaics
problems that Nicaraguans might be expected to encounter in their
daily lives.

The extreme care with which the curriculum material for each
grade was prepared by the project contributed substantially to the
pedagogical success of the lessons. For each grade, curriculum prep-
aration began about six months before radio production. As a first
step, the mathematical content of the cusriculum for the ycar was
divided into many different topics, called strands. Some examples of
strands are oral addition (of integers), vertical addition, integer com-
parison, and measurement of lengths. Next, objectives were estab-
lished for each strand. Students are expected to attain these objectives



RADIO MATHEMATICS PROJECT 3

by the end of the school year. For example, in the second-grade
curriculum, zn objective for the vertical-addition sirand might be to
add two two-digit numbers with carrying as part of the process. Each
objective is broken into many subobjectives that are appropriate for
instruction. One subobjective {or the objective mentioned could be,
forexample, thataiter the 10th lesson a student should e able to add
in vertical format two integers whose sun is less than 10. A
homegencous group of exercises, called exercise classes, is associated
witl each subobjective. _

The excrcise classes for a given grade level were put into an
appropriate sequence by the curriculum specialist. Soine of the order-
ing was estiblished a priori, as certain 2xercise classes are clearly
prerequisite to others. For example, mastering single-column
vertical-addition exercises is clearly a prerequisite to doing two-
column exercises. Other decisions in the ordering process were based
on experience, some of it obtained over the years at Stanford, where
several mathematics courses have been developed for computer-
assisted instruction.

In making decisions about order, the interactions of the different
strands must be considered. For example, it is desirable that oral-
addition exercises precede simiiar vertical-addition exercises and that
voth ol these precede similar exercises in vertical subtraction.

All of these considerations were involved in preparing the master
curriculum plan for each grade. The master plan for a grade was
completed beforve the beginning ol the school year in which that
grade’s instructional program was being developed. 1t was used to
prepare the lesson outlines during the year and to specily the exercise
classes (o be taught in cach lesson. In most cases, we stayed with the
master plan, unless the feedback system (described Later in this paper)
indicated that revisions were needed. A detailed discussion of the
curriculum and related topics is feund in the book The Radio Mathe-
matics Project: Nicaragua 1974-1975 by Scatle, Friend, and Suppes
(1976).

Lesson design. The radio mathematics lessons consist of two
parts—a radio (or broadcast) part and a posthroadcast part. The radio
part of each lesson (hencelorth referred 1o as the lesson) averages
about 25 minutes in length, although some first-grade lessons last only
20 minutes. Lesson length tends to increase with grade level. Lessons
are divided into segments, some of which teach mathematics, others
of which provide entertainmenc. The segments generally flow into
each other with the help of transiion music. Students are not dis-
tracted by the segimentation of the lessons.

Several pedagogical principles guide the presentation of mathe-
matical concepts. These include the following.
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Instruction is more eflective when children respond actively. (In fact,
our experience indicated that when the children are actively doing
exercises or solving problems, they often maintain a higler level of
interest than daring many of the entertainment segments. Contrary to
many people's expectations, children, when given mathematical in-
struction in a form in which they participate, seem to find mathematics
intrinsically interesting.)

Children’s thinking progresses {rom the concrete to the abstract. (The
project lessons use physical objects, especially in the lower grades.
These are usually things available to afl children, such as stones, sticks,
bottle caps, and seeds.)

Practice is more effective when distributed over many sessions. (Rather
than teach a topic for a period of a few weeks and then ignore itforthe
rest of the year, instruction begins with a few intensive lessons that
introduce a new topic, emphasizing the concepts and clementary skills.
The lessons gradually develop the necessary skills during the rest ol the
year with large numbers of segments involving more practice and
relinement ol the skills. In fact the most important skills are taught
over periods of several years.)

Reinforcement by being informed of the results increases the rate of
learning. (In most exercises, the vadio teacher asks the children to give
oral or written responses, and immediately thereafter gives them the
correcl answer.)

In writing mathematics lessons for radio, the precise wording of
instructions is extremely important. The project lessons provide the
children with almost no visual aids, and therefore must rely almost
entirely on aural stimuli. One of the most difficult parts of producing
lessons is writing them in language that is completely precise, easy for
the children to understand, and interesting. The project ex-
perimented with different formats for instructional dialogues and
slowly formulated a large number of principles for scriptwriters to
follow in writing lessons. Some of the more important and most
widely applicable of these are the following.

I.

Keep the number of words in any instruction to the minimum neces-
sary for comprehension. (Instructions that are too wordy, which might
be advocated as being in a more natural style, generally trn out to bore
or distract children from the important point. Staall children have a
notoriously short attention span There is a danger in misapplying this
principle—instructions should not sound stilted.)

Arrange the pat's of the instructions in exactly the order in which the
children should carry them out. (The children are expected to carry
out instructions step by step immediately alter they are given; con-
sequently, one should not confuse the order. Occasionally this may lead
to a slightly unusual word order for sentences, and not always the
natural order. Once again, there is a danger of misapplication in that
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the sentences may sound too unfamiliar. In that case, it is often prefer-
able to use & number of very short sentences.)

03

Use only words and grammatical constructions that the children can
casily understand. (This seems obvious, but scriptwriters perpetually
violate it. Once again, a series of simple sentences is usually preferable
to a compound or complex sentence.)

In the classroom. Radio mathematics lessons elicit a high level of
stadent involvement. Long explanations usually bore students and
are frequently not understood. Consequently, the radio lessons at-
tempt to have children learn by doing, presenting material in short,
easy steps. Student involvement or response generally takes one of
three forms. The first is a physical response. An example is using the
fingers to count and manipulate objects to illustrate mathematical
principles or exercises. This kind of response is used {requently in
lirst and second grade and only occasionally therealter, althongh
physical responses can be! uselul later, for example, in learning frac-
tion concepts in fourth grade:

Second, students are asked to respond orally, most frequently in
simple fast-drill exercises and in introducing a concept. Students
answer in unison and then the correct answer is given immediately by
the radio teacher. Oral responses may be either immediate or de-
layed, depending on the difficulty and purpose of the question. In
delayed responses students are first warned not to answer im-
mediately, are then asked to “think” about the answer, and finally,
alter a short pause, are asked for their responsc.

The third form of response is written. In first grade, children write
on worksheets provided by the project; in later grades they write in
their own graph-paper notebooks. The form in which they are to
write exercises and answers is carefully delineated by the radio in-
structions.

The number ol responses per lesson is very high compared with
the number that any given student might make during a lesson in a
traditonal classroom. For example, ira sample of 10 second-grade
radio lessons, the number of student responses ranged from 71 (o 157
responses per lesson, with an average ol 110. This included all three
forms of responses—physical, oral, and written. With an average
lesson length of about 25 minutes, the average responsce rate is more
than four per minute.

The methods of presenting material and the expected role of the
classroom teacher vary from grade to grade. In first grade the chil-
dren are given worksheets on which all exercises are printed. They
are expected o fill in the answers under the supervision of the
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classroom teacher. Thus, first-grade lessons rely heavily on the class-
room teacher. In second grade, worksheets are not used, primarily
lor cconomic reasons. The teachers write exercises on the chalkboard
before the lesson begins, and the childien copy the exercises into their
notebooks.

In third and fourth grades, the children receive all of their instruc-
tions directly from the radio. The radio lessons become largely inde-
pendent of the teacher. This is desirable for several reasons. First,
experience indicates that teachers may be unable to carry out success-
Fully the functions assigned to them. Second, and more important, the
lessons are specially designed for the rural classroonm, which often has
several grades taught by a single teacher, During third- and fourth-
grade mathematics lessons, teachers can let one group of students
work with the radio and turn their attention to children at other grade
levels. If the teacher is responsible for only one grade, then the
program presents an excellent opportunity for individual tutoring of
students having dilficulty. Third, minimizing teacher involvement
makes it possible for children and even adults to use the lessons
outside the classroom.

Entertainment in the lessons. Each program begins and ends with
a theme song about mathematics that also helps identify the grade
level of the program. In Nicaragua, these songs, and much of the
other music in the lessons, was specially composed for the program by
leading Nicaraguan folk music composers. After the musical opening,
project lessons effectively mix instructional segments with entertain-
ment segments.

The project experimented extensively to find appropriate enter-
tainment for each grade level and for children in different setlings in
Nicaragua and found songs and physical activities, both of which
require active participation, to be most appealing. Some kinds of
entertainment, like puzzles, riddles, and certain songs and stories,
have mathematical content. However, most entertainment, particu-
larly folk songs and physical exercises, are not related to the mathe-
matical content of the program but are intended for relaxation and
enjoyment,

In general, the amount of entertainment is slowly reduced from
lirst grade to fourth grade as the children’s attention span increases.
Fourth-grade lessons, typically from 27 to 30 minutes long, usually
use only two short entertainment segments. In most of these lessons,
the entertainment segments consist of a song (frequently a Nicara-
guan foik song) and a short physical-exercise session. Nicaraguan
children were taught the words to all songs; hence, we taught a bit of
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Nicaraguan fulklore s well as some physical education in the mathe-
matics programs.

Radio production. The tapes for all of the lessons were produced
professionally at a commercial studio, Especially in radio, where the
teacher is not seen, the voices are almost as important as the material
taught. Therefore, we used professional radio actors who read from
prepared scripts and made only minor improvisations. Each grade's
lessons use at least two ra<io “teachers,” usually alternating between
male and fernale voices. This helps maintain the children’s interest. In
the first-grade lessons we used a number of special elfects (thinking
they would be entertaining), but these did not seem to enhance the
lessons and were therelore dropped. _

The second-grade lessons include four or five childven in the
studio. The radio children ajways answer the questions that children
in the classroom are expected to answer. Using radio children elimi-
nates silences that occur occasionally, especially at the beginning of
the year, in classtooms where chiildren are slow 1o respond. The radic
children serve as the kind of catalyst that a few good students provide
in a traditional classroom; their participation usually stimulates the
other children to participate. By the fourth grade, the radio children
not only answer questions, but they also help the radio lesson simulate
a regular classroom through the limited use of student-teacher
dialogues.

In general, the radio lessons are high-quality programs that main-
tain the interest of the majority of children as well as teach mathemat-
ics effectively. One of our programs, Lesson 171 of the second grade,
won the Japan Prize for educational radio in 1977,

The role of the teacher. Even when the teachers are not involved in
the radio part of the lesson, they are always expected to teach a
supplementary lesson, usually immediately after the broadcast. The
teacher’s supplement to the radio lesson serves two principal func-
tions. First, it provides the children with more practice on exercises
and concepts already covered in the broadcast. Second, it teaches
concepts that, for one reason or another, are not covered by the
broadcasts. These are of two kinds: concepts that rely heavily on
visual materials and are therefore difficult to teach by radio alone and
cencepts included in the official curriculum but omitted from the
radio lessons because of time constraints. IFurthermore, during the
postbroadcast period, teachers have an opportunity to teach material
that they feel to be important but that is not included in the radio
lesson. '

Despi.e the classroom teacher’s small role during the radio part of
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the lesson, itis clear that teacher reaction to the program is as impor-
tant as student reaction. A good teacher interested in the program can
greatly enhance the educational value of the lessons; an apathetic
teacher or one who reacts negatively can reluse to use the lessons or
can greatly reduce their benefits by indifferent or ineffective use.

During our experimental work in Nicaragua, when only a limited
number of teachers was involved, it would have been possible to
provide extensive teacher training. This might have helped to in-
crease the elfectiveness of the radio lessons. However, when the
program was expanded nationwide, extensive teacher training would
not be a feasible component, partly because ol the limited financial
resources available for education in Nicaragua and partly because of
the difficulties ol organizing a nationwide tecacher-training program,
Consequently, the project provides a minimum of teacher training—a
single three-hour session with participating teachers at the beginning
of the school year.

Teacher training serves a number of uselul purposes. Project
matevials (principally radios and teacher's guides) and information
are distributed to all participating teachers. "The methods and pur-
poses of the program are also explained to the teachers, and they are
given suggestions about how (o use the programs cifectively. The
teacher-training session also provides a good opportumty to com-
municate to the teachers their own importance to the success of the
program and to deal with any anxiety that they might have about their
functions being usurped by the radio. In summary, although a more
extensive program of teacher training imight be desirable, the format
of a single training session seems adequate and in accord with the
constraints attending wide-scale usage,

Each grade of the radio mathematics programs is accompanied by
a teacher’s guide which is distributed at the beginning of the school
year. Teacher's guides for the first two grades encourage teachers to
supervise the children carelully during the broadcast and to help
individual children having difficultics. For each lesson there are sev-
eral suggestions {or postbroadcast activities thatillustrate the concepts
taught during the broadcast and provide additional practice. Since
second-grade lessons use the chalkboard instead of student work-
sheets, the teacher's guide tells the teachers what to write on the
chalkboard before the broadcast and how this material will be used in
the radio lesson. The third-grade teacher's guides are more restricted
in scope, since the teacher has no tasks to perform before or during
the lessons. These guides give excrcises for additional practice on
concepts developed in the broadcasts. The fourth-grade guides give
the teacher even more Ireedom, as they are written in weekly mod-
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ules. They are unrelated to the broadcasts, covering mathematical
concepts not taught by the radio lessons.

The Evaluation of Radio Mathematics Lessons

Formative evaluation. Feedback {rom daily classroom observation
and ,veckly tests played an important role in lesson development. The
information gathered daily from the classroom was applied im-
mediately in preparing future lessons. This worked in the following
way. Lessons were normally recorded only about one week before
broadcasting. The detailed planning for a given lesson took place only
about two or three wecks before the lesson was recorded. Of course,
the master plan, claborated before the beginning of the school year,.
piaced cach lesson in sequence and largely determined the topics to be
taught in that lesson, but even that was subject to modification if
necessary. Consequently, thie project staff could use information from
the classroom to make minor changes in instructions for lessons
scheduled for broadcast one or more weeks later or even major
changes in lessons that were to be broadcast three weeks or more in
the future. Thus, the plan for the year's lessons was in a constant state
of change. Each lesson incorporated all the relevant changes that
classroom observation and testing showed to be necessary. However,
alter the end of that year no further revision was made, unless
correctable errors were discovered. The tapes of the lessons were then
kept for broadeasting in future years. Ideally, the lessons for each
grade will be revised every six years, alter the enire curriculum is
complete, in order to update the lessons and perhaps incorporate
some changes that further experience suggests.

The feedback system has two major components, daily classroom
observation and weekly testing. Ac the beginning of the year, about a
dozen schools were selected [or observation and testing. These
schools were representative of afl schools that would cventually par-
ticipate in the programs; some were urban and some rural, including
schools with several grades in the same classroom. 1t should be noted
that the summaiive evaluation of the experimental program (dis-
cussed in the next section) was conducted in a dilferent group ol
schoois. Observation schools were not included in the summative
evaluation, because such extended contact with these classes might
distort the results.

Classes were observed regularly. Each day, teams of obsecrvers
from the project oflice visited at least two and usually three classes
during broadcast time. Thus, each of the observed schools was visited
an average ol once a week. However, this was not done according to a
vegular schedule; consequently, the teachers did not know in advance
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on which day to expect a visit. The obscrvers made ne comments to
the teacher or students during the class period but merely took notes
on all aspects of the lesson, using an observation sheet that made
suggestions about what to waich for but otherwise left the observers
free to make their own comments." After the class period, all observ-
ers met Lo compare notes and prepare an obscrvation report that
commented on the lesson and made suggestions for designing future
lessons. These reports were distributed to both scriptwriters and
curriculum specialists. :

Weekly tests, using about 20 minutes of class time, provided the
project with measures of student learning. The tests served several
functons. Some items tested key prerequisites, that is, concepts that
must be mastered belore other concepts can be taught. In designing
the weekly test, the project staff looked at the material that was to be
taught several weeks later and tested all the key prerequisites for that
material. If scores were not sufficiently high, the master plan was
changed and the future material was delayed until all of the key
prerequisites were mastered. Some items tested the content of the
next week's lessons, so that the staff had a measure of student
achievement on a topic immediately before it was taught; other items
tested the previous week's material to assess the level of achievement
alter a topic was taught. Finally, from time to time, the staff also tested
material that was taught several wecks or months earlier to see
whether further practice was needed. The test results were discussed
each week with the scriptwriters and curriculum specialists.

Weekly test results and classroom observations substantially
influenced the final content of the lessons. Often they indicated that a
topic needed more attention than had been planned; odher times they
indicated that the time devoted to certain topics could be reduced,
allowing the lessons to focus on more troublesome topics. In general,
the project feedback system was one of the main reasons lor the
success of the mathematics lessons.

Summative evaluation. In 1976, the project staff began an ex-
perimental evaluation of the effect of project lessons on student
achievement. This experiment employed a randomized field design:
First-grade classes were assigned at random to the experimental con-
dition or to the control condition. Although itis often difficult to carry
out randem assignment of treatments when working in the field

' The project experimented with several types of observation sheets over the years,
including some very elaborate ones that asked observers to rate all aspects ol each
segment, such as interest level, participation, and comprehension of instructions, on
fixed scales. In general, we found that a loosely structured observation sheet worked
best.
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(i.e., outside of the laboratory), the outstanding cooperation of educa-
tion officials in Nicaragua allowed this experimental design to be
implemented. The random assignment of treatments ensures that
essentially comparable groups of students are compared and in-
creases the certainty that a performance dilference between the ex-
perimental and control groups can be directly attributed to the treat-
ment. :

The evaluation compared the achievement levels of students in
control and in experimental classes, where the students in control
classes were taught by traditional methods and the students in ex-
perimental classes by the radio instructional program. The results are
summarized in Table 1. In st grade, the mean posttest i‘em score
for the experimental group was 65%; the mean score for the control
group was 40%. This difference is highly significant both statistically
(p <.001) and educationally. Evaluation of the programs lor second

and third grades showed similar differences in test scores favoring the
radio students.

TABLE |

Compurison ol Postiest Scores
on Mathematics Achievement ‘Tests

Conuol group Radio group

Grade . .

T e My e e,
| 1976 40.6 18.9 1976 65.6  19.9°°*
I 1978 418 20.3 1978 62.6 20.3***
2 1977 590.3 23.3 1977 6G5.9 21.5°
2 1078 5.1 189 1978 66.9 187"
4 1076 4.3 25.9 1977 536 28.3°°
3 1976 4.9 269 1978 56.5  2n.4°t*
4 1977 34.1 26.3 1978 315  927.

' p <05

*op <l

VAKX
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In 1978, the project compared student pretest results for two
groups ot lourth-grade students, those with previous radio experi-
ence and those without previous radio experience, to look for a
cumulative effect of radio instruction. The results, given in Table 2,
indicated that even alter a lapse of time (at least three menths),
students who have had radio lessons stiil had higher mathematics
achievement levels than those without thie radio lessons.

These results support the conclusion that in the Nicaraguan school
setting, the radio instructional program is more elfective than the
traditional method of mathematics instruction.

A consistent finding of the project was that radio lessons were more
beneficial for students in rural areas than in urban areas; thatis, when
the posttest performance of control and adio groups was compared,
rural radio students were farther ahead of comparable control stu-
dents than were students in urban arcas. Table 3 shows this result by
displaying the differences between scores for control and radio
groups for urban and rural students at different grade levels.

Resources for Radio Mathematics

Stalf requirements and training. Project stafl” handled not only
lesson production and implementation but also a heavy schedule of

TABLE 2

Impact of Previous Radio Experience on Pretest Scorcs
lor 1978 Fourth-grade Radio Students

rior Number of  Number of  Mean % <n
experience clusses studcents correct

None 8 11 45.1 17.4
I year 1 1506 Hl1.5 20.4
2 yeirs 5 88 50.5 21.3
3 yers 6 131 59.5 17.7
Eutive group 30 486 51.9 19.4
Some prior
experience 22 375 54.0 19.6

Note. Dillerence in mean scores for no expericnce and some prior experi-
ence groups, ( = 2.80, p <.01.
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TABLE 3

Comparison of Gains
tor Urban and Rural Students

Dilference between postiest scores
(Experimental = Control)

Grade Year

Urban Rural
1 1976 26.3 303
1 1978 17.1 19.2
2 1977 3.3 11.9
2 1978 0.7 1.1
] 1976/77 8.8 10.9
] 1976/7R 7.6 12.3

research work, some of which was directly related 1o the production
of lessons and some of which was more peripheral to production but
was designed to build a knowledge base about the use of radio for
mstruction. This research was of particular interest to Ao and has
importance in decision-making beyond the borders of Nicaragua.

Becaise the Nicaraguan Ministry of Public Education had never
used school broadcasting and, therefore, did not have a cadre on
whom the project could draw, all stalf members were trained by
project personnel. The major stad{ activities and related approximale
training times were as follows:

Curriculum design and development 2 vears
Raclio production and direction | year
Analysis of test data I year
Teacher's guide writing 6 months
Script writing 6 months
Classroom obscrvation 6 months
Design ol tests 6 months
Teacher training 3 months
Test administration 2 wecks

Project staff members typically were trained to do more than one
of these jobs; for example, someone who was hired to administer tests
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also learned to observe classes and, depending on interest and (alent,
advanced (o other activities. Most of the staff members were former
primary-school teachers. ‘

Costs. The question of the cost of the program must be investi-
gated carclully, because the radio instructional program was an ad-
Junct to the regular instructional program and the usual savings
inputed to the use of television or radio do not apply; thatis, teachers
were not replaced and class size was not increased.

Two questions nced answers. Iirst, once the prograni was de-
veloped, what was the additional cost to the Ministry of Education to
use the program in the schools? And, second, were any savings
realized by using the program?

An anmalysis by cconomists working witl the project indicated that
once the lessons were developed, the cost perstudent per year for the
lower primary grades (Grades 1-3) would range between U.S. $.50
and $.75 (depending on assumptions ab:at the distribution of elec-
tricity and the size of the student population). The cost per student
increased for the upper grades because the envollment drops
precipitously—in Nicaraguan rural primary schools, hall of the chil-
dren are in the first grade.

Further analyses suggested that the radio insiructional program
reduced the number of students repeating list grade. H this was the
case, the cost to the Ministry of Education of cducating a student
decreased: this drop would offset the cost of providing radio instruc-
tion in the schools. Calculations Lave shown that if the repetition rate
decreased by two students per classroom, the radio program would
pay loritsell. Thus, although in terms of cash outlay the program is
an add-on cost, it provided substantial cconomic benefit to the gov-
crnment ol Nicaragua.

Summm'y

The involvement of Stanford staif in Nicaragua ended in De-
cember 1978, at which time iadio lessons for the first four grades
were being used in the schools. During 1979, programs for lifth grade
were being developed by the Nicaraguan government and the exist-
ing programs for first through fourth grade were being broadcast.
Both of these activities were interrapted by the outbreak of the civil
warin June 1979. Itappears that the new government is planning to
expand the programs and develop other radio instructional pro-
grams.

The Radio Mathematics Project can be evaluated along many di-
mensions. The tangible results of the project include an instructional
program for cach ol four grade levels that consists of 160-170 taped
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radio lessons, a teacher’s guide for each lesson, and tests that can be
used to evaluate student progress weekly and over the course of a
year. The radio scripts alone for the four grades consist of 10,000
printed pages. The major project outcome, increased mathematics
achievement, has been amply documented, as attested to in the tables
above. The project has fulfilled its major objectives ol designing an
instructional program that is ine. pensive to implement, successful in
raising the quality ol mathematics instruction, and particularly effec-
tive with its prime target audience—children of the rural poor. The
major challenge now is the dissemination ol these results to other
developing countries that face the familiar problem of poor-quality
primary-school instruction in the rural arcas.

2. POTENTIAL UTILIZATION BY OTHER COUNTRIES

Thereare two possibilities for using the work of the project. First, a
country can use the lesson materials developed by project personnel,
adapting them to its own needs. Second, an organization producing
its own radio lessons can take advantage ol project methods and
findings without adopting the specific Radio Mathematics curriculum
materials.

Use of Project Curviculum Materials
) ]

Mathematics is perhaps the only primavy-school subject that one
can contemplate transterring from one counury to another. Mathe-
matics curricalums throughout the world are very similar, especially
at the carly primary level. Thus, it is at least theoretically feasible to
take a program developed in one country and use it in another. For
example, a radio project just getting under way in Fhailand plans to
use the project lessons, translating scripts into Thai (after making
appropriate cultural modiications). However, since there are often
strong political objections to the transler of instructional programs,
direct transfer may not be possible in many countrics. Nevertheless,
the following list of possibilitics might be of interest. 1t indicates for
cach level ol utilization what must be done to put the lessons into
usable form.

L. Tapes and lesson materials developed in Nicaragua can be used in
another Spanish-speaking countiy. Although some ol the vocabulary
in the lessons is specific to Nicaragua, there is no reason that another
country canmot simply hroadcast the present tapes.

2. An instractional program based on the project seripts can he de-
veloped. Fhe seripts can be revised and, il necessary, tanshited and
recorded locally. Translation of seripts in preparation for such usage
would be o major undertaking.
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3. The project lesson outlines can he used 1o write cntirely new scripts. In
this case, the general curriculum would be the same, but the style of the
programs would change.

Use of Project Methods and Findings

Many ol the principles that have guided development of project
lessons can be applied to other subject matter and other settings, both
within and outside the formal school setting. For example, the Radio
Mathematics model is being used in the development of radio lessons
in the Philippines in a pilot project to teach the national language,
Pilipino, to fowrth-grade students.

‘The methods and findings of the Radio Mathematics Project are
presented in greater detail in project publications, a list of which is
appended. Most of these are available {ree of charge and can be
obtained either {rom the Academy for Educational Development,
1414 22nd Street, N.W Washington, D.C. 20037 (At Jill Merrick)
or from the Institute for Mathematical Studies in the Social Sciences,
Stanford University. Further information may be obtained from:

Dr. David M. Sprague, Project Monitor
Office of Education

Development Support Bureau

Agency for International Development
Washington, DC 20523

Dr. Barbara Searle

Institute for Mathematical Studies in the Social Sciences
Ventura Hall

Stanford University

Stanford, CA 94305
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