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Preface

As early as the 1920s educational authorities began using
radio to supplement instruction within schools and to extend the reach
of education outside of schools. Though radic has continued to be used
for education since then, attention shifted during the 1950s and 1960s
toward the more glamorous and costly medium of television. In recent
years, however, interest in radio has revived, and, in order to improve
its information base on radio’s potential for education and development,
the Education Department of the World Bank funded an effort to bring
together a number of reports of project experiemnce. This document is
one output of that effort. In it are papers describing radio’s use for
in-school education, for formal educaticn out-ocf-school, for non-formal
education, and for interactive development communications. Most of the
papers are case studies of project experiences; several of them are more
general papers to assist in planning radio’s use.

This volume of case studies forms a natural successor to the
radio case studies in the Intermational Imstitute for Educational
Planning”s 1966 study on the New Educational Media in Action: (Case
Studies for Planners. And, as with the IIEP case studies, a companion
volume synthesizing the results of these cases and other experiences is
being prepared. This companion volume, written by Dean T. Jamison and
Emile G. McAnany, will be published later this year.

Although the World Bank supported the compilation of these
case studies, the conclusions and opinions they express should not
necessarily be considered to represent the Bank’s views or policies.

Mats Hultin
Acting Director
Education Department
The World Bank
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CHAPTER I
THE NICARAGUA RADIC MATHEMATICS PROJECT*
Barbara Searle, Patrick Suppes, and Jamesine Friend
SUMMARY

This project was undertaken under contract with the Agency for
International Development by the Institute for Mathematical Studies in
the Social Sciences at Stanford University, beginning in July 1973, in
an attempt to £ill the need for studies of radio projects that rely
primarily upon radio presentations to teach a curriculum, Nicaragua was
selected as a suitable project site because it had no existing radio
instruction program, the students are taught in their native language,
and the government was willing to support the project with local staff
and facilities.

The research aims of the project were to develop and test a
mathematics curriculum dependent upon radio presentations and using
teacher-directed activities as a supplement to the radio lessons. Be-
cause the mathematics curriculum of the Nicaraguan Ministry of Education
was adequate and closely resembled those of other developing countries,
its contents were used to develop the radio lessons. The content of the
lessons was broken into strands, topic areas that represented the major

skills to be taught. These strands were further broken into lessons

segments, from which individual lessons were developed and tramslated
into 20-minute radio scripts. Student worksheets and teachers’ guides
supplemented this.

The research activities of the project were closely related
to the phases of lesson development. In Phase A, the research was
formative, directed toward lesson improvement and limited to a small
number of classrooms; in Phase B, the number of classrooms was expanded
and a control group was included, changing the emphasis to a more
summative one of comparative assessment of achievement levels between
the experimental and control groups.

It was found that the greater the demand for active student
regponse in the radio lessons, the more effective these lessons were.
Consequently, the format of the lessons gradually changed to a faster-
paced active response style that demanded oral, physical, and written
responses from the students. The skills taught were reinforced by mixed
drills, so that the topics introduced reappeared subsequently in fre-
quent, short practice sessiouns throughout the school year.

In general, the radio imstructicn precject was well received by
both teachers and students. Looking at the worksheets, it is clear that

% This work is supported by the Education and Human Rescurces Divi-
sion within the Technical Assistance Bureau of the United States
Agency for International Development.
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students were getting a great deal of practice and were responding with
correct aumswers. Student performance was measured by a pre- and post-
test. The experimental group performed well, and sometimes substan-
tially above the control group. A full-scale summative evaluation is
planned in 1976 to more thoroughly substantiate these results.

Efforts are being made to decrease the cost of the instruc-
tional program so that it can be used in situations where the lack of
financial resources is the main barrier to providing effective primary
school education.

INTRODUCTION

Among the various technologies of instruction now being used
around the world, ranging from programmed instruction booklets to color
television and computers, radio emerges as one of the most economical.
Although radio instruction has been used in various parts of the world
for over 40 years, it has been little studied. 1In a recent survey of
experimental and empirical studies of the effectiveness of teaching by
radio, Jamison, Suppes and Wells (1974) found few in which radio carried
the major burden of instruction, and none that examined the relation of
curriculum structure to student achievement.

The study reported here, now in the early stages of implemen-
tation, uses radio to teach mathematics to primary-grade school children
in Nicaragua. Extensive collection of student response data and a
precisely defined model for curriculum development make possible the
type of radio instruction that has heretofore been absent from the
research literature.

In July, 1973, the Agency for International Development
(AID) contracted with the Institute for Mathematical Studies in the
Social Sciences at Stanford University to carry out a two-stage project.
During the first stage, which occupied the first funding year, we
visited developing countries whose governments expressed an interest in
teaching mathematics by radio, and selected from among them a suitable
project site. During the second stage of the project we are developing
and evaluating the radio instruction system.

Nicaragua was selected as the project site from among 12
prospective countries: four in Asia, two in Africa, and six in Latin
America. In making the choice, we eliminated from consideration those
countries in which primary-grade students are not taught in their native
language, and those countries that are already using radio instructional
systems, and we gave favorable consideration to countries that agreed to
support the project with local facilities and personnel. The site visits
and country selection process are described fully in Searle (1974). As



of this writing, the project has completed its first year of operatioms
in Nicaragua. During the school year which began in mid-February and
ended in mid-November of 1975 we pilot tested first-grade lessons.

In the first section of this paper we describe the operation
of the project, its objectives, and the school setting in which we are
working. We then consider the preparation of the radio lessoms. A
third section describes the research aspects of the project and presents
preliminary results. We conclude with an informal assessment of the
status of the project today.

1. THE PROJECT

1.1 The Nature of a Day”s Lesson

The Radio Mathematics Project assumes responsibility for all
of the mathematics instruction children receive. A daily lesson con-
sists of a 20-minute radio presentation, followed by approximately 20
minutes of teacher-directed activities, for which dimnstructions are
contained in a project-developed teachers’ guide. No textbooks are used
and printed material is limited to a one-page worksheet for each child
each day. All instruction, including the radio lesson, is given in
Spanish.

During each radio lesson the children are asked to respond
orally, physically, and in writing, and they do so 40 to 50 times during
each 20-minute lesson. Sometimes children handle concrete materials
during the broadcast-=-for example, counting or grouping small objects.
Dialogue between radio characters introduces new mathematical material
and children are asked to respond orally. In later lessons, the same
exercises are repeated and the children respond individually on their
worksheets., After the radio transmission, the teacher continues the
lesson, following the directions given in the teacher’s guide.

1.2 The Objectives of the Project

The development and testing of curriculum materials for each
grade level is being carried out in two phases. During Phase A lessons
are presented in a small number of classrooms and evaluation efforts are
concentrated on improving the quality and effectiveness of lessons.
During Phase B lessons are broadcast to a larger number of classrooms,
and the evaluation 1s directed toward a comparison of the effectiveness
of the radio instructional system with traditional instruction.

The research aims of the project can be broadly characterized
a8 related to educational achievement, tc the economics of radio as a
technology of imstruction, and to the generalizability of the results to
other settings. Among the educational questions of concern are:
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Can mathematics be taught effectively using radio as the primary source
of instruction? How are achievement gains related to student character-
istics? How does achievement of students learning by radio compare with
learning in the conventional classroom? How does the imstructional
program affect student and teacher attitudes towards mathematics,
towards school, towards learning by radio? Do attendance and dropout
patterns change when radic instruction is introduced in the classroom?
Does the number of students failing mathematics change? Does per-
formance in other school subjects change? As we chart the successes and
failures of the instructional system we want to search for causes, to
investigate how the components of the system are related to its effects.

The eccnomic aspects of the instructional system are of great
concern. We want to know: What are the development costs of the
program? What are the operatiomal costs? Can the cost of implementing
the system in a different setting be estimated? What are the economic
consequences of wusing radio in the classroom? 1Is the rate of flow of
students through the school system, and hence the per-pupil cost of
education, affected? What is the cost of each of the components of the
system and how is that cost related to its effectiveness? How much
teacher training is necessary to maintain an effective level of instruc-
tion? How much supplementary material must be prepared for students?
How much supervision will teachers need in order to use the radioc in the
classroom?

Qur interest in gemneralizability requires first that we
describe each component of the instructional program and the methods of
its design and validation. We will ask: What types of data amnalysis
prove useful during lesson development? Can we identify variables that
characterize successful radio lessons? We must also explore in detail
our relationship with the Nicaraguan educational system at the Ministry
level and at the local school level. Have we successfully established
the project as an integral part of the educational establishment? Have
we successfully trained counterparts for Stanford persomnel? 1Is opera-
tion of the project included in the Ministry budget? What kind of re-
ception has the project received? How do local supervisors and teachers
view the use of radio in the classroom? And finally, how should the
project document the organizational requirements for implementation so
that another group can put the instructional materials to use in a
different setting?

We should also mention some interesting and important ques-
tions that our research effort is not designed to answer. We do not
intend to investigate ways of changing the mathematics curriculum;
rather, we see our task as implementing the established guidelines using
teaching methods specifically designed for radio. There is currently
great interest in the developing world in designing curriculums that
meet the needs of local populations, especially in the rural areas. We
feel that attention to the needs of the rural population would not
produce a mathematics curriculum that is fundamentally different from
the one in use in Nicaragua today.



There is also great interest, in the United States as well
as elsewhere in the world, in designing instructional systems that make
use of a variety of media. The challenge is to select from among TV,
radio, films, modules of programmed instruction, individual cassettes,
games, manipulative materials, books, and other types of media, the
optimal mix for helping students meet the objectives of an instructional
unit. Our examination of such possibilities suggests that we will lose
little by restricting ourselves to a limited use of printed and display
materials in conjunction with the regularly scheduled daily broadcast
lesson. The main thrust of any systematic variations of media auxiliary
to the radio lessons will be towards the reduction of costs.

1.3 Site of Project Activities

The project 1is located in the Department of Masaya, which is
approximately 30 kilometers southeast of Managua. The Department has an
area of about 543 square kilometers, and is the smallest of the 16
departments in the country. The population is about 94,000 and appro=-
ximately 30,000 people live in the city of Masaya, capital of the
Department.

Information about the characteristics of schools is given in
the next two tables. Data for 1971 on the number of schools and classes
in Masaya are presented in Table 1. Urban schools are, on the average,
larger than rural schoocls. More than half of the rural classrooms have
more than one grade being taught simultaneously, while this is true of
about only 15 percent of the urban classrooms, The number of pupils at
each grade level in 1971, for urban and rural students, is shown in
Table 2. The school population declines with grade far more sharply in
rural than in urban areas. For urban schools, the sixth-grade popu-
lation is 27 percent of the first-grade population, while for rural
schools the comparable figure is 9 percent.

A question of some interest is how typical the schools of
Masaya are of the country as a whole. The department of Masaya is
compared with the whole of Nicaragua for several indices in Table 3.
Although Masaya teachers seem to be somewhat better trained (probably a
reflection of the proximity to Manmagua) and a higher percentage of rural
Masaya children attend school, the department is, in most respects noted
in the table, typical of the country.

Almost all classrooms in the department have a chair and a
writing surface for each child and at least one blackboard, but few
other teaching materials. Attendance ranges roughly from 20 to 50
(although some classes have as many as 60 or 70 students matriculated).



TABLE 1

Number of Schools and Classes

in Masaya in 1971

Number of Number of
Location schools ¢lasses
Urban 51 245
Rural 66 118
Total 117 363




TABLE 2

Distribution of Pupils by Grades
Department of Masaya, 1971,

Urban Rural Total Number
Grade Pupils Pupils of Pupils
1 b, 357 2,825 7,182
2 2,502 1,256 3,758
3 2,201 832 3,033
Y 1,741 550 2,291
5 1,338 359 1,697
6 1,172 258 1,430

Total 13,311 6, 080 19,391




TABLE 3

Comparison of Educational Statistics
in Masaya and Nicaragua

Index Masaya Nicaragua

Percentage of rural

children in school 83 68
Percentage of certified

teachers 94 79
Percentage of classrooms

with:

one grade 84 79

two grades 5 5

more than two grades 11 16
Pupil-teacher ratio 35 38

Percentage of school
children in:

Preprimary .8 2.7
Grade 1 36.7 36.6
Grade 2 19.2 19.0
Grade 3 15.0 4.9
Grade 4 11.2 11.5°
Grade 5 9.5 8.6
Grade 6 7.6 6.7

Percentage of illiterate
adults (1970):

Urban 21.1 16.6

Rural ' 57.0 62.5

Note. Data are for 1971 unless otherwise noted.
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In many mathematics classes we observed that teachers group
students by ability, forming from two to four groups and providing
each group with different instruction. It was our impression that
teachers spent more time with the more able students. Certainly the
range in instructional content was wide--in several classrooms observed
during the second half of first grade some students were working on
basic number concepts (copying one-digit numbers and counting from
one to ten) while others were working on multiplication and division
exercises. -

In view of the wide range of topics taught in first-grade
mathematics classes we felt it imperative to obtain measures of achieve-
ment of students in traditional classrooms. Nicaragua does not use a
nationwide testing program (although one is currently being considered).
Therefore, the project staff developed a test designed to measure
attainment of curricular objectives of the Nicaraguan mathematics
program. We found that, in general, achievement levels for traditional
first-grade topics were quite low--most items were answered correctly
by fewer than half the childrem. Although teachers were teaching
multiplication, division, and operations with fractioms, students
were not learning these topics.

The design of the test also allowed a comparison of per-
formance levels of children from urban, municipal, and rural schools.
Much to our surprise, test scores for urban, municipal, and rural
children were not significantly different (mean estimated scores were,
respectively, 37.2, 36.4, 34.2). This finding must be confirmed by
further testing. Of the possible explanations, we were able to test
one--the effect of age. Mean ages for urban students (8.2 years) and
for rural students (8.5 years), are not significantly different. The
proportion of children attending school may be lower for rural children,
resulting in a more highly selected population, although we have no data
to support this hypothesis. Alternatively, the urban environment of the
Department of Masaya may not be sufficiently different from the rural
environment to produce the differences typically found.

2. PREPARATION OF THE RADIO LESSONS

2.1 Implementing Psychological Principles of Instruction

A fundamental question facing designers of radio instruction
is: How can we implement principles of goocd teaching using radio as
the instructional medium? A list of such principles includes the fol-
lowing:

Instruction is more effective when children respond
actively.
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Reinforcement-~knowledge of results--increases rate of
learning.

Children’s thinking progresses from the concrete to the
abstract, and therefore practice with concrete materi-
als facilitates learning,

Practice is more effective when distributed over many
sessions rather than concentrated in fewer, longer
sessions.

Children learn at different rates, and instruction
for each child should be tailored to his learning
rate.

A good teacher uses these principles as he makes decisions about orga-
nizing classroom activities, preparing lessomn outlines, and even about
arranging the furniture in the classroom. We are attempting to use
these principles as guidelines for determining the structure and content
of radio lessons.

Active responding. Experimental evidence that active respond-
ing improves learning of young children is to be found in Suppes and
Ginsberg (1962), which is contrary to evidence that active responses
do not strongly influence the behavior of adults (Burke, Estes, and
Hellyer, 1954).

We distinguish at least three types of responses that we ask
of children. They may speak aloud, they may write, or they may respond
physically. We will discuss each of the three response types in turn.

Characters in a radio program may talk either among them—
selves or directly to the listeners. We make a careful distinction
between these two modes. When characters are talking to each other,
we expect children to listen without responding. When a character
talks directly to the children, we expect and plan for the childrern
to respond. In this way a type of dialogue can be established between
a radio character and the children. Student respounses are highly
structured, and there is, of course, no complex interaction; never-
theless the process engages the attention of the childremn.

Oral responses include such ‘conversations” between the
children and radioc characters, and also answers to exercises presented
in both free-response format and multiple-choice format. An example of
an oral exercise in multiple-choice format is:

I am thinking of two objects--a box and a ball. Which
is round?
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An oral exercise in free~response format, presented abstractly, is
What is 5 plus 107
and presented in story form,

Juan earned 5 centavos yesterday and 10 centavos today.
How much did he earn altogether?

Recitation——rote counting, reciting the days of the week or months of
the year-~is also used. As another type of oral response, children
sing songs. A song is taught by having radio characters sing it several
times at its first presentation and then at least once in each of
several successive lessons. After only a few repetitions the children
are able to join the singing. Many of the songs we use are about
mathematics. Lyrics are written by the project staff and set to music
and recorded by Nicaraguan musicians.

Physical activity is a second kind of respomse (nonverbal)
that the radio characters ask of the children. Children may play
games——-one game has them patting their knees, their shoulders and their
checks a specified number of times--or they may be asked to hold up
fingers, handle materials, or point to pictures or numbers on the
worksheet.

Finally, the children are asked to write om the worksheet.
Once again, exercises are presented either in multiple-choice or in
free-respeonse format. In the former, children mark the correct choice,
while in the latter they may draw pictures or write numerals or words.

We are experimenting to find an appropriate level of activity
for the children. Our present lessons are much faster paced and ask for
more responses than the initial lessons we pilot-tested. At present the
lessons ask for an average of two to three respomses per minute, and our
classroom observations suggest that this rate of responding could be
increased. The children appear inattentive while radio characters talk
to each other, but as soon as a character adopts the tome of voice used
to talk to the children they become attentive.

Maintaining children’s attention is, of course, a necessary
pre-requisite for effective radio lessons. Our initial view was that we
would use stories to engage the children, and embed mathematical work in
a story context to maintain interest. Pilot tests of lessons designed
in this way, using kindergarten and first-grade children in Califormia
and first-grade children in Nicaragua, have convinced us that the
mathematical activities are intrinsically interesting to the children
and do not need story support, as long as the children are asked to
respocnd frequently. Thus, our view of the role and importance of
stories has changed markedly.




Reinforcement. Providing children with knowledge of results
has been shown to facilitate learning in many settings (Stolurow, 1961).
Similar results have been obtained for adults in highly controlled
experimental situations by Bower (1962) and others. We have experi-
mented with various methods of reinforcement. In a pilot test of
five recorded lessomns, using California kindergarten and first-grade
children, we found that few children changed their written answers, or
even appeared to listen, when the radio lesson provided a correct answer
several seconds after an exercise was presented. We found first-grade
children familiar with the procedure for checking a group of written
answers, but this procedure gives no reinforcement with oral exercises,
because the children do not remember what the exercise was.

To date, the most successful method we have found for provid-
ing knowledge of results is to ask the children to respond orally. 1In
this way, childrenm who do not know the correct answer learn from those
who do. This method can be used in conjunction with written exercises
by first asking the children tc write their answers, then to say them
aloud.

Concrete materials. There is almost universal agreement
today that lower primary-level students should use concrete materials
while studying mathematics., THowever, there are many obstacles to the
use of materials during radio lessons. Although the best Nicaraguan
teachers use materials, the practice 1is limited, and therefore un-
familiar to many teachers. Nicaraguan schools have no money available
for the purchase of materials, nor any central method for distributing
even those that might be obtained free. Thus, each teacher is indivi-
dually responsible for their provision.

Problems of an entirely different sort arise when children
are asked to handle materials, The objects are dropped, misplaced,
argued over, even thrown around the room. The fast pacing of the radio
lessons does not allow time for coping with such problems. Even more
serious problems arise when the teacher has failed to distribute the
materials, or has handed out the wrong number, and the children are
unable to follow the directions given by the radio. However, we have
been able to make some use of concrete materials during the radio
lessons, and are continuing our experimentation in this area. We make
more extensive use of materials in the post-broadcast portion of the
lesson.

Mixed drills. The research literature on the effect of
practice on learning, supports the proposition that skills need to be
practiced regularly to be maintained, and that distributed practice is
superior to massed practice (Underwood, 1961). Thus, a specified amount
of practice is more valuable when it occurs in short, frequent sessions
than in longer, less frequent sessions. In a classic paper that sum-
marized 48 unpublished studies, Wilson (1925) concluded that drill
should have the following attributes in order to be effective:
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1. It should be on the entire process.

2, It should come frequently in small amounts.
3. Each unit should be a mixed drill.

4, It should have a time limit.

5. Examples in a unit drill should be in order of dif-
ficulty.

6. It should include verbal problems.
7. It should facilitate diagnosis.

With these experimental results in mind, we have developed a lesson
structure that provides for several different topics in each lesson,
as well as different types of activities and different modes of respond-
ing. (The structure of the lessons is described more fully in a later
section.) Once a topic has been introduced, it reappears at regular
intervals, sometimes in the same, sometimes in different contexts,
providing continuing practice for the children.

Differential learning rates. Coping with differential learn-
ing rates is the most difficult problem facing the developer of curri-
culum for radio. During the first experimental year we were concerned
primarily with exploring the extent of the problem. How large is the
spread in achievement at the beginning of the year, and as the school
year progresses? Do children who are performing very well or very
poorly appear to lose interest in lessons? We will rely on class-
room observers, teachers’ reports, and weekly tests to answer these
questions.

We have given some thought to ways of providing different
levels of instruction to different children during broadcasting. In
our testing program we developed exercises that had different primted
materials associated with a single set of oral instructions, allowing
children who were listening to a common set of instructions to work
different exercises. Primary experimentation with this method indicates
that it holds promise for allowing children to practice skills at
different levels of difficulty. Providing post-broadcast materials
for children of different ability levels would also contribute to
differentiating instruction.

2.2 Curriculum Structure and Lesson Production

Project lessons are based on the mathematics curriculum
specified by the Nicaraguan Ministry of Education. A thorough revision
of the primary mathematics curriculum was completed in 1973, under the
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direction of Mrs. Vitalia Vrooman, who is now Nicaraguan Director of the
project. An abbreviated version of the nmew curriculum outline for First
Grade appears in Figure 1. The list of topics is that of a typical
‘modern mathematics’ program. Except for the inclusion of formal work
on multiplication and division, the outline closely resembles those
prepared in the United States. It 1is also very similar to outlines we
have examined from other developing countries, an illustration of the
great commonality in primary scheool mathematics curriculums throughout
the world.

There are several reasons for adopting the Nicaraguan curri-
culum as the basis for project lessons. First, the curriculum is
certainly satisfactory as a basis for the radio lessons. Second, the
Ministry has expended much effort in the last several years revising
the curriculum and retraining teachers. We feel that teachers will be
less resistant to a change in mode of presentation of lessons if the
curriculum is not changed (once again) at the same time. Finally, the
use of the same curriculum in experimental and control classes facili-
tates evaluation of the radio lessons.

Some changes in emphasis and some reorganization of the
Nicaraguan curriculum have proved necessary in structuring the radio
lessons. As shown in Figure 1, each topic in the Nicaraguan curriculum
is allotted a specific period for instruction. Teachers customarily
follow these guidelines, presenting all instruction on a topic in a
single block cf time. Because of the demonstrated superiority of
distributed practice we chose not to follow this procedure, instead
dispersing instruction on each topic throughout the school year.

The process of designing radio lessons from the rather general
specifications of the Ministry of Educatiocn curriculum guide involves
several steps. These are the steps, as we conceive them:

1. The curriculum specialist, in consultation with 1local
experts, specifies the general content of the curriculum,

and then divides the curriculum into small units that

can serve as a basis for lesson design.

2. The curriculum specialist designs an individual lesson.

3. The script writer translates the specifications for
the lesson into a radio script.

4, To produce the lesson,
a. the artist prepares the worksheet,

b. a teacher training expert prepares the teacher’s
guide, and
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First Unit:  Basic Concepts (2 weeks)
size, height, position, width, quantity, weight

Second Unit: Sets (4 weeks)
set, element, comparing sets, equality, inequality

Third Unit: Systems of Counting (8 weeks)
counting up to 99, ordinals, place value

Fourth Unit: Addition and Subtraction (4 weeks)
addition and subtraction as inverse operations, sums,
differences to 18, addition and subtraction of 2-digit
numbers without carrying or borrowing

Fifth Unit: Multiplication and Division (3 weeks)

Readiness work, multiplication combinations up to 27,
division with dividends up to 15, divisors of 2 to 5

Sixth Unit: Common Fractions (2 weeks)
halves, thirds, and fourths
Seventh Unit: Money (2 weeks)

monetary unit--el cordoba, 5, 10, 25, 50 centavo
coins, equivalencies

Eighth Unit: Measures {5 weeks)

length, volume, time, weight, pairs and dozens
Ninth Unit: Geometry

point, line, plane, curved and straight lines,

angles, figures with 3, 4, more sides

FIGURE 1. Nicaraguan first grade curriculum: condensed version of
cutline prepared by the Ministry of Public Education.
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c. the recording artists record the lesson, under
the direction of the radic producer.

5. The components of the lesson (worksheets, teachers”
guides) are reproduced and distributed to schocls.

Between each of these steps the curriculum specialist and
the script writer review the work in progress so that the script writer
fully understands the instructional intent of the lesson and the final
script accurately reflects the original specifications. We will discuss
each of these steps as it is implemented by the project in Nicaragua.

Step 1: Preparation of the curriculum. As discussed above,
the mathematical content of the radio lessons is that specified by the
Nicaraguan curriculum guide. The curriculum specialists have divided
that content into topics or stramds. For first grade the strands are
Basic Concepts, Number Concepts, Addition, Subtraction, Applicatioms,
Geometry, and Measurement., For each strand a set of behavioral objec-
tives is formulated, defining the behavior expected of a student who
has successfully completed the first-grade instructional program. The
objectives specify only what the student should be able to do at the end
of the year, and each must be broken down into subobjectives appropriate
for imstructiom. Consider, for example, an objective that states,

The student will count the number of objects in a set
of N objects, where N is less than or equal to 25.

The first subobjective might restrict the number of objects to five
or fewer, a second might use from six to ten objects, and so on. Thus,
the next step in curriculum preparation is to subdivide each objective
into a series of subobjectives, called imstructional classes. The
instructional classes must then be put in order so that for any given
concept or exercise type, all those prerequisite to it come earlier in
the instructional sequence.

Figure 2 shows a hypothetical strand that has three terminal
objectives, A, B, and C. Objective A has three subobjectives, B has
four, and C has two. The subobjectives are used to define instructional
classes and these have heen arranged in the figure in what might be a
typical order. The order of instructional classes within a strand is
determined by the curriculum specialist.

In the case of first-grade mathematics, we have good criteria
for determining an appropriate cordering of classes. The subject matter
itseif is hierarchical; in many cases concepts and problem types build
leogically on one another. Moreover, at the Institute at Stanford we
have developed several elementary-level mathematics courses, two of them
using computer-assisted instruction. We have collected over the years a
large body of performance data, which provides additicnal guidelines for
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STRUCTURE OF A STRAND

Objectives

A
B
C

Subobjectives

, 2, 3

, 2, 3, 4

l, 2

INSTRUCTIONAL ORDER OF SUBOBIECTIVES

Al

Bl

A2

Cl

B2

B3

A3

C2

B4

Figure 2.

Structure of a strand.
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the ordering of subobjectives based on the relative difficulty of exer-
cise types. These results are reported in Suppes (1972, 1974), Suppes
and Morningstar (1970), and Suppes, Searle, and Lorton (in press).

Once a set of classes has been ordered to form a strand,
the curriculum developer must consider the interconnections between
strands. There may be classes in one strand that are prerequisites for
classes in another strand. ©Figure 3 shows this relationship between
four strands. In this example, students must receive instruction in the
first two Number Concepts classes before they receive instruction in
the first Addition class. Similarly, the first Addition class is a
prerequisite for the first two Subtraction classes, and so on.

Each strand now consists of a series of classes specifying
the material that is to be taught, in units appropriately designed for
instruction. For each class of exercises, students must be taught how
to perform the task, they must be given opportunities to practice it,
and then, later, they need further review. When the instructional
sequence for a strand is constructed, each class appears several times,
providing for all three activities.

In additiomn, for any given presentation of a class of exer-
cises we must specify the mode of presentation and the student response
mode. An exercise may be embedded within a story or a realistic situa-
tion familiar to the children, or it may be presented abstractly,
without embellishment. Students may be asked to answer orally or in
writing.

Step 2: Design of an individual lesson. A radio lesson
is specified by selecting an appropriate group of imstructional classes
from several strands. Each class defines a lesson segment, and the
segment description specifies the exercises, the mode of presentation,
and the mode of response required. From four to seven segments are
presented by radio, and from three to six by the teacher in the post-
broadcast period. For example, Lesson 18 (near the begimmning of first
grade) has seven radio segments and three post- broadcast segments.
The segment descriptions, as they appear in the outline for script
writers, are shown in Table 4.

Table 4 illustrates the variety of topics and response modes
that may be incorporated in a single lesson. However, as 1is evident
from the outline, topics are not chosen at random, but in relation to
one another. Segments 1 and 7 give different types of practice with
roughly the same addition combinations. Segment 4 provides practice in
writing the numerals needed in Segment 5, and so on. An outline like
that shown in Table 4 (with additional information concerning response
modes, timing, and worksheet layout) provides the basis from which
script writers produce a script for the radio lesson, curriculum writers
produce the teachers” guide, and the artist prepares the worksheet.
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STRAND STRUCTURE SHOWING INTERRELATIONSHIPS
" First Grade Mathematics

Number Concepts Strand

Class. ! 2|1 3(41516|7T}18}1 9110

Addition Sirand

Class | L | 213|456 7|8] 9]0

S ubtraction Sirand

Class | L {213lalsyel 7] 8! 9]0

Applications Strand

Class | 1l 2131456l 7189/l

q
FPigure 3. Strand structure showing interrelationships.
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Table L
a

Segment Descriptions for Lesson 18, Grade One

Segment  Presented Description
number by

1 Radio Show the addition facts 2+2, 3+2, 4+1, 1+2
using fingers. '"How much is 2 plus 27"

2 Radio Rote count from 1 to 20, two times.

3 Radio Give successors crally for 5, 8, 7, 9, 10.
"What number comes after 57"

4 Radio Write numerals from dictation. 'Write the
number 4 (3, 5, 2, 6)."

5 Radio Write the successors of 2, 1, 4, 3, 1.
"Write the number that comes after 2."

6 Radio Ordinals '"first' and 'second', oral, then
written response, using drawings. "There is
a plate on the first table. What is on the
second table? Circle the first table (second
basket, second box, first dish).

7 Radio Readiness for additiom, drawing. 'Draw 2
balls on the first line. Draw 1 ball on the
second line. How many are there in all? (oral
response) (1+2, 143, 3+2, 2+2)

8 Teacher Reading numerals from 1 to 7 (printed on
worksheet). Circle the 3 (6,2,4,7,5)."

9 Teacher Read numerals 1 to 9 on cards (prepared by
teacher).

10 Teacher Count objects, from 1 to 10 (materials
chosen by teacher),
a

Translated from Spanish.



20~

Step 3: Translation of lesson specifications into a radio
script. Before the lesson outline reaches its final form, the script
writer reviews it and makes a preliminary plan for the script. This
process often suggests revisions, which the curriculum specialist and
the script writer make together. Then the script writer prepares an
outline for the projected script and reviews this with the curriculum
specialist. No dialogue is writtenm until the two specialists have come
to full agreement about the outline.

Although the lesson is initially structured by segments, these
are not delineated in the lesson script and the writer is encouraged to
embed the mathematics in story contexts in those lessons where stories
are used. The placement of songs and games, unless these are included
in the outline, is also at the discretion of the script writer. The
translation of a segment description into radic script is illustrated
in the following excerpt from Lesson 18, (translated from Spanish) which
is based on the description for Segment 1 (see Table 4).

The setting is a carnival, with happy background music.

The radio characters--Lulu, Carlos, and Lobo--are
laughing and talking excitedly about how many things
there are to see and buy. Lobo (a character who often
makes mistakes) asks the classroom children to help
him count all the things he bought.

Lobo: First I got 2 balloons, then 3 more ...I think
2 plus 3 equals 5.

Carlos: Wait. Let”s see if he’s right. Attention,
children. Hold up two fingers on one hand...and
hold up three fingers on the other hand. How
many fingers are there? (pause) That’s it--2
plus 3 is 5.

And what else did you get, Lobo?
Lobo: I got 2 caramels, and then 2 more.

Carlos: Children, tell me--how much is 2 plus 2? (pause)
That’s it--4., But let’s prove it. Hold up
2 fingers on one hand, and on the other hand
hold up 2 more. Now tell me, how many fingers
are there? (pause) Very good--2 plus 2 is 4.

Lobo: I also got Roman candles. First I got 3 Roman
candles, and then 2 more.
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Carlos: Okay, children--how much is 3 plus 2? (pause)
Now let’s prove it with our fingers. Hold
up 3 fingers on one hand, and hold up 2 on
the other. How many fingers are there?

That’s right~-3 plus 2 is five,

(Carlos does the same thing with 4 + 1 (balls)
and 1 + 2 (flags).)

Lobo: Three flags--one for you, Lulu, one for you,
Carlos, and one for me! Oh, how many things I
have nowi

In asking the children to “prove” the correctness of their
answers, the instructional program is teaching them a method for
finding a sum of two numbers that does not depend on memorization.

When the first draft of a script is completed, the writer
reads it to a group of staff members including those involved with
curriculum, teacher training and classroom observation. The listeners
use their knowledge of children to comment on the clarity of instruc~-
tions, the level of difficulty of the language used, and the interest
likely to be generated by the stories and characters. The script is
then rewritten (if necessary) in response to the criticisms of the
staff.

The penultimate version of the script is timed and any neces-
sary adjustments are made. It is then ready for recording. We have
found in Nicaragua that an experienced script writer, £following the
process we have described, can write two or three 20-minute scripts a
week.

Step 4: Lesson production. While preparing the lesson out-
line, the curriculum specialist makes a sketch of the student worksheet
that will accompany the lesson. The artist makes a preliminary drawing
which is checked for accuracy and clarity, and then is redrawn in final
form. Most worksheets use both sides of the paper and, especially for
early first grade, contain many illustrations. We employ anm artist full
time to produce five worksheets a week. The worksheet for Lesson 18 is
shown in Figure 4.

A list of suggestions about the contents of the teachers”’
guide is prepared together with the lesson outline. A curriculum writer
uses these to produce a 2 to 3 page guide for each lesson, describing
the instructional content and the teacher’s role in the postbroadcast
activities. Suggestions for optional activities are also included. We
find that one writer can write five guides each week, with some time
left for visiting classrooms.
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The final step in lesson production takes place in the re-
cording studio. We use professional recording artists, and pre-re-
corded sound effects and songs, and produce an entire tape in real
time. That is, unless some flaw in the tape 1is found, it is not edited
after the recording session. All music and sound effects are taped at
the same time as the spoken parts and the timing of pauses for student
responses is precisely controlled. We find that an experienced staff--
the artists, the producer, and the radio technician--takes about an hour
to produce a 20-minute tape.

Step 5: Reproduction of materials and distribution to
schools. We use an electronic scanner to make a stencil of the work-
sheet prepared by the artist, and all materials are mimeographed at the
project office. During the pilot-testing phase materials are delivered
to classrooms weekly.

This completes the description of the process of lesson con-
struction, but a few remarks remain to be made. We consider it crucial
that every person involved in lesson production observe the use of the
lessons in the classroom. Thus we require all writers (of curriculum,
scripts, or guides) to visit classes regularly, and encourage visits by
other staff members (artists, research staff, even secretaries) as well.

We want to emphasize also that close cooperation and mutual
understanding between the curriculum specialist and the script writer is
essential for the production of good instructional radio programs. The
training of each of these professionals does not predispose them to
working well together. The curriculum specialist talks about precisely
specifying goals and objectives, while the script writer values intui-
tion and literary creativity., To forge a working relationship between
these two takes much skill, understanding, and good wiil.

3. RESEARCH

3.1 Research QObjectives

The research activities of the project are closely related to
the phases of lesson development. During the initial stages of lesson
development (Phase A) research is directed toward lesson improvement; a
comparative assessment of achievement levels of experimental and control
classes cccurs in Phase B. The activities associated with each phase
are shown in Table 5., During 1975 the project implemented Phase A for
first grade. Sixteen first-grade classrooms, distributed among urban,
municipal and rural schools, participated in the pilot-testing of
lessons. Some classrooms had only first-grade students while others
had students at both first and second grade level. Although all of
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TABLE 5

Description of Two Phases
of Lesson Develcopment

Category Phase A Phase B
Experimental year 1 2
Lessons New Revised
Presentation mode Tape recorder Radio
Number of

classrcoms About 15 About 50

Control classes
used No Yes

Character of
evaluation Formative Sunmmative
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the teachers participating during the pilot testing phase did so volun~-
tarily, we attempted to enlist teachers with differing levels of expe-
rience and competence.

Student worksheets were collected from 3ll sixteen class-
rooms. In addition, in six classrooms the mathematics lesson was
observed daily by project staff members who completed rating sheets
covering both general aspects of the lesson and specific questions
posed by the lesson developers. This system of observations provided
immediate feedback to the curriculum specialists and radio script
writers and allowed for much informal experimentation with teaching
techniques.

Teacher attitudes about radio instruction and about teaching
mathematics were surveyed before their participation in the project,
and were resurveyed at the end of the school year. Several teacher
training sessions were held before the start of the school year; meet-
ings continued periodically, in respomse to the needs expressed by
teachers and project staff members. The major thrust of the Phase A
work was exploratory and developmental.

During 1976, first-grade lessons are being partially revised
and broadcast to fifty classrooms. At the same time, initial develop-
ment and pilot testing of second-grade lessons is proceeding simulta-
neously, using the same level of observation and data collection as
was used for first grade.

For each grade level, the evaluation conducted during Phase A
is almost exclusively formative, focusing attention on student attain-
ment of the project’s instructional goals. During Phase B, when lessons
are delivered to a large number of classrooms by radio, project evalua-
tion efforts are more summative in character. A stratified random
sample of classrooms will be assigned to the experimental treatment,
with equal numbers selected from urban and rural schools. A random set
of control classes, similarly stratified, will also be selected. Both
experimental and control classes will be pretested and posttested using
mathematics achievement tests. Since the project lessons are based on
the mathematics curriculum designed by the Nicaraguan Ministry of Edu-
cation, both experimental and control classes can be expected to have
studied roughly the same material during the school year, allowing for
a comparison of mathematics achievement of the two groups.

In addition to comparing achievement, the project will exam-—
ine performance of students on the school year-end test, and repeti-
tion rates due to failure in mathematics. A more broadly based exami-
nation of dropout rates is also planned, as a component of an analysis
of the economic consequences of the use of radio for classroom instruc-
tion.
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3.2 Preliminary Results

During 1975 the project produced 150 first-grade mathematics
lessons that were presented daily in sixteen classrooms in the Depart-
ment of Masaya, and in an additional six classrooms in the Department
of Granada. The Granada classes were added after the start of the school
year, and in these classes the project lessons were handled entirely by
the local school inspector, so that project personnel had no direct
contact with the teachers.

The lessons were well-received by both children and teachers.
All of the teachers who participated during 1975 asked to be included in
the program during 1976. In general, the children responded well to the
fast pacing of the lessons, and participated actively, as we had hoped.
Examination of the worksheets indicated that children learmed quickly to
follow instructions about placing answers on the worksheet. As the year
progressed, it was possible to reduce substantially the detailed direc-
tions about using worksheets, as children became familiar with proce-
dures. The children were also able to learn to use different types of
oral responding taught by the program. The most effective of these was
the delayed response; children were asked to think of the answer, but
not respond aloud until given the signal (the Spanish word "ya'") by the
radio.

The children’s response to the entertainment portions of
the lessons replicated our earlier findings; the most successful ac-
tivities were songs and physical games, the least successful were
stories. The children clearly preferred the mathematical portions
of the lessons to the stories.,

Data from student worksheets indicated that most students
were able to supply correct answers to the worksheet exercises. In
many cases, exercises were worked cooperatively, or with the help of
the teacher, so that worksheet data did not provide a direct measure
of student learning. However, it was clear that most children were
getting a great deal of practice, and were responding with correct
answers.

For the last third of the school year the project used paper
and pencil tests, given separately from the mathematics lesson, to
assess student learning. These tests provided information about the
level of competency before, during, and after instruction im each of
many topics. The use of these tests is being expanded during the
1976 school year, as a tool for monitoring student progress during
the school year.

Student performance on the program was assessed by means of
a pre-test and a post-test (Searle, Friend, and Suppes, 1976, Chapter
9). TFor comparison purposes, the tests were given to nine classes not
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using the radio programs. As discussed earlier, this first trial of
the first-grade radio lessons was designed to provide information for
curriculum development; the selection of experimental classes was not
random, and therefore, a simple statistical comparison of control and
experimental classes is not possible. In general the experimental
group performed well; the mean item score (percentage correct) for the
experimental group was 67.3 (s.d, = 23.8), while that for the control
group was 55.5 (s.d. = 2l.4). TFor 50 of the 88 items, the percentage
score for the experimental group was more than 10 points higher than
that for the control group. Substantiation of these encouraging re-
sults awaits completion of the full-scale summative evaluation planned
for 1976; early analyses of the 1976 data suggest that the radio stu-
dents” results exceeded those of controls by more in 1976 than in
1975.

The experience of the first year suggests the following gen-
eral conclusions about the design and use of radio lessons.

1. Children are most attentive toc radic lessons when they
are responding actively.

2. Mathematical activities are more engaging than stories
for first-grade children.

3. Children listen to instructions and, in most cases,
repetition is not needed.

4. Children can learn new topics from the radio lessons.

5. Teachers are able to incorporate radio lessons into their
daily routine.

4. SUMMARY AND CONCLUSION: THE PROJECT TODAY

The experience of the first experimental year of the Radio
Mathematics Project is encouraging and fruitful. We have learmed
that we can successfully teach mathematics by radio to first grade
children, and that the program we have designed is acceptable to the
Nicaraguan teachers and administrators with whom we are working. We
have developed and refined techniques for assuring the active partici-
pation of children in the learning process, we have learned how to give
clear and unambiguous instructions, and we have developed a curriculum
structure that is well suited to radio presentation, and we think can
be used with other primary schocl topics.
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Our major concern with the program as it was designed in
1975 is with the cost of implementation. The most serious impediment
to the widescale use of the program is the cost of worksheets and the
difficulty of distributing them widely. Because of this concerm, the
project will in turn, in the 1976 second-grade course, to experimenting
with lessons without worksheets. Students will use their own notebooks
for written work, and most illustrative material will be drawn on the
blackboard by teachers. (This method is possible in Nicaragua because
the Ministry of Education provides each classroom with a blackboard,
and children are required to buy notebooks.) Where necessary, posters
will present additional visual material.

We feel that with the experience of the first year behind us
we can turn our attention to reducing the cost of the instructional pro-
gram. We think a program whose major components are recorded lessons
and teacher’s guides stands a good chance of being implemented in
situations where the lack of financial resources is the main barrier
to providing effective primary school educatiocn.
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