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The efficacy of radio as an insiructional tool in the classroom is being
investigated in a project (suppored by the U. S. Agency jfor Iniernational
Development) that teaches mathematics to primary school children in
Nicaragua. The half-hour radio lesson is followed by a postbroadcast
lesson taught by the classroom teacher, who use a guide produced by the
projest staff.  The curriculum is based on the official curriculum guide
prepared by the Nicaraguan Ministry of Education.  Nine major topics are
covered; these are divided into subtopics, which are further divided into
exercise classes. The exercise classes are arranged in a teaching  sequence
which is carefully constructed so that prerequisite relationships between classes
are mainfained.

A feedback system uses student per formance on earlier lessons fo improve the

design of later segments. Daily observation and weekly tests assess skills

both before and afier specific topics are taught. Students learning by radio

achieve significanily higher scores on a test of mathemgtics achicvement than
 students in conventional classrooms.

Responding to the widespread need to upgrade mathematics instruction
in many countries of the world and to the resurgent- interest in- the use of
the radio for instructional purposes, the United States Agency for Interna-
tional Develoment has founded a research project on the use of radio to teach
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mathematies to primary-school children in Nicaragua. The project
sponsored jointly by the Institute for Mathematical Studiesin the Social
Sciences at Stanford University and the Ministry of Public Education of
Nicaragua, has completed its second operational year, during which time
mathematics lessons for first and second grade were broadcast nationally and
used by a pilot group of approximately 85 classroom. |

The project assumes complete responsibility in the pilot classrooms for
the mathematics instructional programme, which consists of a daily half-hour
radio lesson and a postbroadcast lesson taught by the classroom teacher who
follows a guide produced by the project staff. During the radio programmes
the students participate in a variety of instructional activities, working
exercises both orally and in their notebooks. Alternative activities such as
games, songs, and riddles change the pace of lessons and provide diversion
from the mathematical activities. The radio lessons are characterized by a
high rate of student rssponse—on the average, three responses per minute.

The main charaeteristics of the radio lessons are the following :

1. A radio lesson consists of a number of independent segments whose
main purpose is either instruction or entertainment.

2. All instructional segments and most entertainment segments require
active responses from the students.

3. The instructional segments of a lesson are drawn from different
topics and require different types of responses.

4. The instructional material takes the form of exercises supported by
minimal amounts of explanation.

5. The correct answer for each exercise is given after the children

had the opportunity to respond.

The work of the project has been reported in detail in Searle
and Suppes (1976). A brief summary is scheduled to appear in the Indian
Journal, The Mathematics Teacher (Searle & Suppes, 1976). In this paper
we focus attention on aspects of student achievement that have emerged from
our study of the use of radio for instruction but have generality, we think, for
mathematics instruction by other media. We first briefly discuss the curricu-
lum structure adopted by the project. We then present some general
patterns of student achievement that have emerged from a study of the
results of achievement tests administered weekly. Finally, we present some
results from an assessment of the effectiveness of the instructional programme.

THE STRUCTURE OF THE CURRICULUM

The Second-grade curriculum used to design project mathematics lessons
is based on the official curriculum guide prepared by the Nicaraguan Ministry
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of Education. Nine major topics are covered. These are numeration;
addition, subtraction, multiplication, and division of whole numbers; word
problems using the four operations, with whole numbers; fractions; measure-
inent; and geometry. The topics are divided into 31 subtopics, which are
{further subdivided into 270 distinct classcs of exercises. Each excrcise class
forms the basis for one or more lesson segments which first teach, and then
provide review of, the concept or skill described by the exercise class. We
well illustrate this curriculum structure using topic of addition, as shown in
Figure 1. Addition is divided into three subtopics oral addition, horizontal
addition and vertical addition. The oral-additicn subtopic includes all those
exercises that are given orally without an accompanying written presentation.
The sentences used to present an oral exercise may vary— typical sentences
are “How much is 3 plus 2 ?*” or “What is the sum of 3 and 2 ?”° but the
numbers are always presented abstractly, The two other subtopics, horizontal
and vertical addition represent the two standard modes for writing addition
excrcises. Typical exercises using these formats arce included in Figure 1.

Exercice class

Subtapic definition Sample exercise
Oral addition "a +p" "How much is 3
plus 2 7"
Horizontal addition a+ b= I+2s=
a 3
Vertical addilion + b + 2

|
ﬁ

Figure 1. Addition excrcise classes, Lowercase letters represent single digits.

(In each exercise class, 0.-at b=9,)
= =)

Within ecach subtopic, exercise classes are defined using the typical
characteristics of the exercise, for example, the number of addends, the
number of columns, the presence and the size of a carry, and so on. The
second-grade curriculum contains 13 exercise classes defined for oral addition,
12 for horizontal addition, and 36 for vertical addition.

All of the exercise classes in a topic are arranged in a teaching sequence
which is carefully constructed so that prerequisite relationships between the
classes are maintained. The teaching sequences for all the topics together
form a master curriculum plan that is used to determine the content of cach
of the daily radio lessons,
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WEEKLY TEST RESULTS

The lesson-development method used by the project is based on a feed-
back system for obtaining information about how well students are learning
and using this information to modify later lessons. Two sources of informa-
tion are used—daily classroom observations and weekly achievement tests—to
monitor lesson quality. In order to assess how much students learn from
instruction it is necessary to know how much they know before instruction
starts. Thercfore, the tests administered weekly contain two types of items:
those that have been taught and those that have not been taught. Using this
method of testing we have found a wide range of achievement levels on topics
tested before they are taught. Figure 2 shows the distribution of mean scores
on 37 exercise classes that were tested before instruction. For five exercise
classes the mean score was less than 20 percent correct, not a surprising score
before instruction. However, for six exercise classes the preteaching mean
score was between 80 percent and 100 percent correct. The most frequent
scores were between 40 percent and 60 percent. These data indicate that
students know a great deal about most topics even before they receive any
direct instruction. (Note that had we tested these items only after teaching,
we might have attributed the high scores to the efficacy of the instructional
programme.)

Week 12— — Week |9
carrying with ull carrying with 3 addends
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Figure 2. Performance on exercises with three addends and one carry.

There are undoubtedly many factors that contribute to the performance
levels of students tested before they are taught a type of exercise. One factor
that certainly operates in many situations is the transfer of skills taught in
one setting to another setting. We can illustrate the effect of transfer with
the test results presented in Figure 3, which shows the mean percentage
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correct on addition exercises that have three addends and one carry. The
following exercise is typical of those contained in the test.
235
122
+314

Addition exercises with three addends and one carry first included on a
weekly test in the 9th week of the school term. The mean percentage correct
at this time was 25. During the 12th week the children were taught how to
carry. Without any direct instruction on this type of item (but with
instruction on the related item with only two addends) the performance level
rose to 57 percent correct. The increment between the 18th week (just before
teaching) and the 20th week (just alter teaching) was about 10 percentage
points (from 71 to 80 per cent). Thus, direct teaching showed a relatively small
immediate effect. In this example we see an illustration of the transfer of a
skill (carrying in addition) from the specific situation in which it was taught

to a related situation.
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Figure 3. Distribution of scores on 37 exercise classes tested before teaching.

Another function of the weekly testing programme is to provide evidence
for the effectiveness of instructional methods. The test data in Figure 4
illustrate a casc in which the low performance levels after the first attempt to
teach a skill prompted its reteaching. In the weeks before borrowing in
subtraction excreises was taught, the test results showed very low performance
levels. The first instruction resulted in a performance gain of only about 10
percentage points. Therefore, a revised strategy for teaching borrowing was
devised and the topic was retaught in the 25th week. Immediately after this
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was done the performence level rose to 40 per cent and in the next few weeks
to 70 percent. The figure illustrates another typical finding:  With concepts
for which there is a very low achievement level before teaching, the perfor-
mance level daes not immediately reach high levels after teaching, but tends
to rise to adequate levels with continued practice.

Number of exercise closses

oL : )
0-20  21-40 41-€0 El-60 BI-I00

Mean scores ( percent §

Figwe 4. Performance on 2-column subtraction exercises with borrowing,

The results discussed here suggest several conclusions with practical
implications. First, testing the competence levels of students both before
and afier teaching allows us to assess the contribution of transfer to achieve-
ment levels and, therefore, to design a more efficient instructional programme.
When preteaching performance levels are high, then little or no direct
teaching may be needed. However, when preteaching performance levels
are very low, more than one cycle of teaching, and much practice, may be
needed before students reach acceptable performance levels.

COMPARISON OF ACHIEVEMENT OF STUDENTS IN TRADITIONAL AND
RADIO CLASSROQMS

During 1976 a formal evaluation of the eflcctiveness of the first-grade
radio instructional programme was conducted. 30 experimental (radio)
classrooms and 24 control (traditional) classrooms were randomly selected
and pretested and posttested.  The basic data for these groups are shown in
Table 1. To give a more detailed sense of the effects of the programme we
present here the data related to performance on the major iopics that
comprise the first-grade curriculum. A summary of these results is presented
in Table 2, which shows the mean percentage correct for the experimental
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group and the control group. The mean score for the experimental group is
higher for every topic taught in the radio lessons. The radio lessons seem to
be specially successful with oral topic—oral addition, oral subraction, and oral
word problems. This result is perhaps not surprising. However, we feel
that it is an important one. The students in Nicaragua who are participating
in this programme are primarily from the rural areas and they live in a culture
that is largely oral. Most market and business transactions are conducted
orally and the students will be more dependent on oral skills in their daily
lives than those in more highly industrialized societies. Thus, we feel that to
build oral skills is to contribute significantly to the usefulness of their

schooling in their daily lives.

TABLE 1 .
Descriptive statistics for 1976 first-grade pretest and posttest.

Pretest Posttest
Experimental Control Experimental Control
Number of classes 30 24 30 - 23
Number of students 696 564 571 438
Number of test items 28 28 84 84
Mean test score (no. correct) 20.9 20.3 55.0 32.4

TABLE 2

Comparison of 1976 first-grade posttest scores of experimental and control students

by topic.

Mean percentage correct

Number of
Topic items Experimental Control Difference
Numeration 22 63.2 46.5 16.7
Fractions 4 78.5 32.6 46.0
Oral addition 6 73.4 35.8 37.6
Vertical addition 9 61.4 42.8 18.6
Horizontal addition 6 62.1 32.5 29.6
Oral subraction 4 67.4 28.8 38.6
Vertical subtraction 9 47.0 22.6 24 .4
Horizontal subtraction 3 48.8 22.5 26.3
Money 7 71.6 51.2 20.4
Time 1 68.1 14.7 53.4
Length 1 85.4 56.4 . 25.0
Oral word problems 6 83.7 52.7 31.0
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CONCLUSION

The Radio Mathematics Project has undertaken to investigate the
effectiveness of lessons in primary-school mathematics delivered directly to
clagsroom by radio. The aim of the mathematics lessons is to raise the
achievement levels of students by bringing to the classrocom a carefully
designed instructional programme at a level appropriate to their skills. The
results suggest that the project is succeeding in this aim. As the work
proceeds we are contributing to the store of knowledge about how to design
effective radio lessons and to the practical art of designing effective

instructional strategies.
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