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The  use of radio for instructional 
purposes has a long history,  yet the 
number of studies directed toward 
the development  and  improvement 
of instructional techniques  appro- 
priate for radio is  relatively  small. 
Responding to the growing use of 
instructional radio in developing 
countries and the nee 
the Technical  Assistance Bureau 
within  the division of Education  and 
Human  Resources  of the United 
States Agency for i International 
Development (AID) has provided 
funds for research on improving the 
effectiveness of teaching by  radio in 
the primary grades.  Under the aegis 

, the institute  for Mathe- 
matical Studies in the Social 
Sciences at  Stanford University has 
initiated a project to teach  mathe- 
matics by radio in  the lower primary 
grades  and is presently wFrking in 
Nicaragua. 

The project assumes responsibility 
for all of the mathematics instruction 
children  receive. A daily lesson 
consists  of a twenty-minute radio 
presentation followed by approxi- 
mately twenty minutes of  teacher- 
directed  activities, (instructions are 
provided 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. Worksheets are distributed 
by the project. Teachers  are  asked to 
supply  simple  materials,  such as 
bottle caps and sticks and the project 
occasionally  provides  other  supple- 
mentary  materials  such as rulers 
printed on cardboard.  The focus of 
our  research is how best to use  these 
limited resources-the radio, a 
worksheet, a teachers’  guide,  some 
simple materials-to teach  mathe- 
matics effectively. 

Among the various  technologies 
of instruction now being used 
around the world, ranging from 
programmed instruction booklets to 
color television and  computers, a 
good case can be  made that radio is 
the most economical for mass 
distribution of instruction. For the 
Radio Mathematics Project the 
most significant contribution to the 
cost per student is that of the 

supplementary  materials used with 
the radio instruction. We intend to 
search for ways of reducing the level 
of support materials that accompany 
the broadcasts in order to lower still 
further the- instructional cost per 
student. 

In discussing the current project 
we  have found some  scepticism that 
mathematics  can  be effectively 
,taught by means of radio. It is a 
primary  purpose of this project to 
test this hypothesis.  The success  of 
this experiment would be of  some 
importance because of the low cost 
of  radio technology. If good 
achievement  results  can be obtained 
then the cost-benefit ratios for radio 
in the case of teaching primary 
school mathematics may  be the best 
of any of the feasible  technologies, 
including even traditional instruction 
with adequately trained teachers. 

Location of the project 
The project is located in the 
Department of Masaya,  an  area  close 
to Managua, the capital city of 
Nicaragua.  The  department has  one 
large  and  several  small munici- 
palities.  The total primary  school 
population is close to 18,000 with 
approximately two-thirds of the 
children in urban schools  and the 
remainder in rural schools. Class 
size  ranges from 15 to 60, with rural 
schools frequently having  more than 
one  grade in a classroom.  Roughly 
30% of the urban and 50% of the 
rural school population is in first 
grade. Children attend school for 
three to four hours a day during a 
school year that extends from 
mid-February to mid-November. 
Student performance is evaluated at 
the end sf each school year by final 
tests constructed by the teacher  or 
school. Students who  fail more than 
two subjects are held back; those 
who fail one  or two subjects  may be 
re-examined before the start of the 
next school year. Most teachers in 
the department are school  graduates 
(with five years of post-primary 
education) and they are, on the 
average, better qualified than 
teachers in areas more  remote from 
the capital. 

The project chose to work in the 
Department of Masaya  because of 
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its geographical  compactness  and its 
Proximity to Managua  and because 
of the enthusiasm  and  co-operative- 
ness of the Departmental  Inspector, 
whose support has greatly facilitated 
our work with the schools. 

verview of a mathe 
Each mathematics lesson consists  of 
two parts, the broadcast portion and 
the teacher-directed portion, with 
the broadcast  designed to be pre- 
sented first. Before  transmissibn 
each child is given a worksheet on 
which to write his  name  and student 
number; a task which first-graders 
can  learn to do adequately.  Then the 
broadcast  lesson  is turned on. 
During each  lesson two main 
characters join with one  or two 
subordinate  characters to sing,  play 
and talk mathematics,  usually 
inviting the children to join in. The 
children are  asked to respond 
orally,  physically,  and in writing, 
forty to  fifty times during each 
twenty-minute lesson. Sometimes 
children handle concrete materials 
during the broadcast, for example, 
counting or grouping bottle caps. 
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 directions given in the 
teacher‘s  guide.  Usually  children 
continue working on the worksheet 
during this portion of the lesson. 
When the lesson is completed the 
worksheets are collected and 
returned to the project for analysis. 

Psychological principles of 
instruction 
A fundamental question facing 
designers of radio instruction is: how 
can we implement principles of good 
teaching using radio as the 
instructional medium? A list of  such 
principles might include the 
following: 
1. Instruction is  more effective 

when children respond  actively. 
2. Reinforcement - knowledge  of 
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results - increases rate of 
learning. 

3. Children’s thinking progresses 
from  the  concrete to  the abstract 
and therefore  practice with 
concrete materials  facilitates 
learning. 

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

5. Children  learn a t  different rates. 
A good teacher uses these  principles 
as he makes decisions about 
organizing  classroom activities, pre- 
paring  lesson 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 
We distinguish  at least three  types  of 
responses which  we ask of children. 
They may speak aloud, they  may 
write, or  they  may move. For each of 
these an observer can determine 
whether a child is responding. (There 
is a fourth type, which  we  do  not use 
since responses cannot  be observed, 
asking the  children to  think  of a 
response without  communicating it.) 
We will discuss each of  the  three 
response types in turn. 

Characters in a radio  programme 
may  talk either among themselves 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 respond- 
ing. When a  character talks  directly 
to  the  children  we  expect  and  plan 
for  the  children to  respond. In this 
way a type  of dialogue  can  be 
established between a  radio  char- 
acter and  the children. Student 
responses are highly  structured  and 
there is, of course, no genuine 
interaction;  nevertheless the process 
engages the  attention  of  the 
children. 

Oral responses include  such 
’conversations’ between  the  children 
and radio 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? 

An oral exercise in free-response 
format,  presented  directly, is: 

What is 5 plus IO? 

I I8 

and  presented in  story  form: 
Juan earned 5 centavos yesterday 

How  much  did  he earn altogether? 
centavos  today. 

As another  type  of  oral res 
children sing songs. A song is 
by  having radio  characters 
several times  at  its  first ~ ~ ~ s e ~ t a t i o n  
and  then  at least once in several 
successive lessons. After  only a few 
repetitions  the  children are able to  
join  the singing. Almost all the songs 
we use are about mathematics. 
Lyrics are written  by  the  project  staff 

ask of  the children. They  may play 
games-one  game has the children 
patting  their knees, their shoulders, 
their cheeks, 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 
write  on  the  worksheet 
exercises are presented in multiple- 
choice  format or in free-response 
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. A t  present the lessons 
ask for an average of  three responses 
per minute  and  our classroom 
observations  suggest that  this rate of 
responding  could  be increased. The 
children appear inattentive  while 
radio  characters talk t o  each other 
but as soon as a radio character 
adopts  the  tone  of  voice used to  talk 
to  the  children  they  become 
attentive. 

Maintaining children’s attention is, 
of course, a necessary prerequisite 
for  effective radio Cessons. 
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 California 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  respond frequently. Thus, 
our view  of  the role and  importance 
of stories  has changed markedly. 

present we are ~ x ~ e r ~ m e n t ~ n  
the use sf lessons that hav 

songs, gmes,  oral  and  written 
exercises but  no stories. These 
lessons are presented ~ ~ t e r n ~ t e ~ ~  

n characters but 
racteas appear only 

in the lessons containing stories. Our 

young children, are not needed for 
maintaining  interest level. 

Reinforcement 
We have experimented with various 
methods  for  providing  children with 
knowledge  of results. In a pilot  test  of 
five recorded lessons, usi 
Californian kindergarten  and  fir 
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 answers but with exercises 
presented  orally this  procedure gives 
no  reinforcement b 
children do not  remem 
exercise was. To date, the  most 

ln this way, chcdren who don’t  know 

by  first asking the  children to  write 
their  answers then to say them 
aloud. 

Concrete materials 
There is almost universal ~ g r e e ~ e n t  
today  that  lower primary-level 
students  should use concrete 
materials w h ~ ~ e  studying  mathe- 

owever, there are many 
obstacles to  the use of rials 

dio lessons., Alth the 
caraguan teach use 

the  practice  is  not 
widespread and  therefore  not 
familiar to  many teachers. Niea- 
raguan schools have no  money 
available for  the purchase of 
materials nor  any  central  method  for 
distributing even those  that  might  be 
obtained  free so each  teacher must 
be  responsible for  their provision. 

Problems of  an  entirely d ~ f f ~ r e ~ t  
sort arise when  children are asked to  
handle  materials themselves. 

educationalbroadcasting  internationat ~ ~ ~ t ~ ~ ~ ~ r  1975 



able to  count  to  five  when  they  start 

teachers)  has  all  the a 
none of the disadvan 
bottle caps. 

the  psst-broadcast  segment of the 
lesson has  fewer disadvantages 
because the f ~ e x ~ b ~ ~ ~ t ~  of the 

guide to  suggest ~ a ~ ~ r ~ a ~ ~  an 
activities. 

~ j x ~ d  driPs 
The research  literature on the  effect 

I .  

he  number that cornes 

rclinals 'first'  and 'secon 

7. 

oral, then  written ~ e s ~ s n s e ~  

mental  year w e  are concerned 
h ~ x ~ ~ ~ ~ ~ n ~  the  extent sf 
How large is the spread 
nt at  the  beginning of 

the year and as the  school year 
e will use results sf 
incorporated in the 

radis  curriculum to examine  this 
question. Do children who are 



and  each must be broken down into 
su b-objectives appropriate for in- 
struction. Consider, for example,  an 
objective that states: The student 

orequalto25. The first sub-objective 
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  sub- 
objectives,  called classes. The 
classes of exercises 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. 

We have now a series of classes 
~ p e c ~ f ~ ~ n g  the  mater^^^ that is to 
taught for each  strand, in unlts 

providing for these instructional 

sampled at  any t 
items to measure 

Because of our interest in te 
of instruction, great  care is 
the development  and pre-testing of 
lessons. Sixteen  classrooms ar 
participating in the pilot testing of 

120 

allows for much in% 
mentation with teachi 

been prepared by programmers at a 
computer centre in Nicaragua,  and 
summary statistics and item analyses 
are  available to curriculum devel- 
opers within a few days aft 
presentation of each  lesson. Furth 
analyses of grea%er c o ~ p ~ e x ~ t ~  are 

For each  grade  level the evaluation 
conducted during the pilot testing 
year will be  almost  exclusively 
formative, focusing attention on 
student attainment of the project’s 
instructional goals. 
incorporated in the 
provide a continuin 
student performance on material 
previously taught. In addition, 
student worksheet responses pro- 
vide information about levels  of 
student performance on each  aspect 
f the curriculum. A final test will 
easure the end sf year attainment 

f curriculum goals. 

test  and  compare repetition rates 
due to failure in mathematics for 
control and  experimental  students. A 

adly  based  examination  of 
drop-out rates is also planned as 8 
component of an  analysis  of the 
economic  consequences  of the use 

radio for instruction in this setting. 
e will also analyse the costs of 

e x p a n ~ ~ n ~  the use of radio in various 
to provide guidelines for 

ry of Education decisii’ons 
continuing the project and 

~ x p e r i m e n ~ ~ ~  and  empiricalstudies 
the effectiveness of teaching by 

Although radio instruction has  been 
used in various parts of the world for 
over forty years, the number  of 
detailed  studies of the effectiveness 
of radio,  and  especially  detailed 
studies of the relation of the 
curriculum structure toachievement, 
is small. It is a primary objective of 
the project in Nicaragua to make a 
significant contribution to this 
literature on the effectiveness  of 
radio  teaching. 

1 D. Jamlson, P. Suppes, and S Wells, ’The 
effecttveness of alternative instructional 
methods a survey ‘ Review of Educational 
Research, 1974, 4.4. 
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