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Abstract 

In this paper we describe the variety of uses the Nicaragua Radio 

Mathematics Project makes of the computer, ranging from the more traditional 

tasks of analyzing data on student achievement and school-system parameters, 

through auxiliary tasks such as the storage of project records and the 

production of reports and publications, to innovative uses that support the 

curriculum-development work of the project. The project, a joint effort of 

the Ministry of Public Education of Nicaragua and the Institute for ~~thematical 

Studies in the Social Sciences at Stanford University. has found the computer 

to be invaluable in gaining full information from the large data, base of the 

study, not only in overall analysis and evaluation, but also in immediate 

feedback on student performance and in development work such as iteM analyses 

for the construction of tests. 
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nn~ODUCTION 

Computers have already played a significant role in the handling of large 

data bases describing educational systems, and more extensive use of computers 

for this purpose in developing countries should yield large dividends for 

educational planners. Primary-school education in developing countries is 

often constrained by limited financial resources, large numbers of potential 

students outside the present system, and inefficiency of the school system as 

seen in the high repetition and dropout rates. Planners who want to make 

effective use of limited resources in dealing with such problems need adequate 

information concerning, for example, the relationships between attendance 

patterns, student achievement, and the propensity to remain in the formal 

school system. Computers have proved essential to the analysis of such large 

bodies of data and are used for this purpose in many countries. 

But the computer is a versatile tool whose potential uses are very broad. 

In this paper we describe the variety of uses the Nicaragua Radio 't-1athematics 

Project makes of the computer, including the more traditional tasks of 

analyzing data on student achievement and school-system parameters, innovative 

uses that support the curriculum-development work of the project, and auxiliary 

tasks such as the storage of project records and the production of reports and 

publications. 

THE RADIO UATHEHATICS PROJECT 

The work reported here has been carried out by the Nicaragua Radio 

Mathematics Project, a joint effort of the Ministry of Public Education of 
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Nicaragua and the Institute for ~~thematical Studies in the Social Sciences 

at Stanford University, to investigate the use of radio for teaching in the 

primary school. The project, which is funded by the Nicaraguan Government 

and by the United States Agency for International Development, has been 1n 

operation in Nicaragua since mid-1974 and is now broadcasting mathematics 

lessons at two grade levels to experimental schools in 3 of the 16 departments 

that comprise the country. The work of the project is described in Searle, 

Friend, and Suppes (1976). 

The radio instructional program assumes responsibility for all of the 

mathematics instruction children receive. A daily lesson consists of a 30-

minute radio presentation, followed by approximately 30 minutes of teacher­

directed activities, for which instructions are contained in a project-developed 

teacher's guide. No text materials are used; the lessons make use of the 

classroom chalk-board and occasional posters. 

The radio lessons require a high level of active response from the 

children in the classroom. On the average, the students respond either 

physically, orally, or in writing from four to five times a minute. They work 

from 40 to 50 mathematics exercises during the course of a lesson. Mathematics 

instruction occupies approximately three-fourths of the radio lesson; the 

remainder of the time is used for entertainment activities that are interspersed 

between work periods. The most successful types of entertainment are songs 

and games, with jokes and riddles also being used. Very few stories are 

included in the programs, as we have found that the mathematical activities 

are intrinSically interesting to the children, as long as the children are 

asked to respond frequently. 
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The radio instructional program has proved to be an effective means of 

teaching primary-school children. In a recent evaluation (Searle, Matthews, 

Suppes, & Friend, 1977), first-grade students studying mathematics by radio 

scored 25 percentage points higher on a test of mathematics achievement than 

did students in traditional classrooms. Teachers have accepted the program 

and over 70% of them feel that their students are learning more mathematics. 

In a recent poll of teachers in experimental classrooms, 92% indicated that 

they would recommend the adoption of the radio instructional program throughout 

the primary-school system. 

CATEGORIES OF COMPUTER USE 

During its work of the past several years, the project has had available 

to it two computers, one in Nicaragua and one at Stanford. The computer 

facilities at the Institute at Stanford include a DEC PDP-IO KI processor with 

256K of 36-bit-word core memory. The computer uses two swapping drums with a 

combined capacity of approximately 4 million words and has a disk file storage 

capacity of 64 million words. More than 50 interactive terminals are connected 

to the main processor by a series of minicomputers (DEC PDP-8s and t1icro 800s). 

The TENEX timesharing operating system is capable of running up to 256 jobs 

simultaneously and supports a wide variety of instructional programs and 

research projects, of Which the Radio Mathematics Project is one. Our computer 

system at the Institute does not use a punched card reader; data entry is 

accomplished by magnetic tape or keyboard entry at a cathode-ray tube 

terminal. 
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In Nicaragua. the project used the facilities of the National COMputer 

Center for analyses that were done locally. The center has an IBH 370/145. 

Both the computer center and the Mana~ua office of IBM have transferred our 

data from punched cards to ma~netic tape. 

All the data analyzed by the project were collected in Nicaragua and 

keypunched at the project office. The information was transferred to magnetic 

tape and the tapes were sent to Stanford by international mail. We Mention 

this fact because in the three years we have used this very simple method of 

transmission we have had no problems. We did experience some difficulty in 

standardizing the format of the tapes, but we have never experienced a loss 

of data. 

We turn now to an examination of the variety of uses we make of the 

computer. We first describe one type of analysis that was carried out in 

Nicaragua. For the remainder of the work we used the Institute's PDP-I0 at 

Stanford. 

Analysis of Student Performance 

During 1975, our first operational year in Nicaragua, each daily 

mathematics lesson used a student worksheet. During both the radio and the 

postbroadcast portions of the lesson the students were asked to respond to 

some questions by writing their answers on the worksheets. At the end of the 

lesson the worksheets were collected and returned to the project office. The 

student responses were immediately keypunched and sent to the computer center 

in Managua for analysis. When the system worked well the turnaround time was 
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about a week. That is, within one week after the lesson was presented the 

project staff had a report from the computer center about the level of student 

performance. These results were used to assess the effectiveness of the 

lessons and to continually improve the pacing, content, and suitability of 

the instructional material. 

We should emphasize that when we collect student performance data of the 

type we have been discussing, we do not simply record whether the student 

response is correct or incorrect. In all cases we record the student's full 

response. Usually, the incorrect responses made by students provide more 

information about the strengths and weaknesses of the instructional program 

than knowledge of the proportion correct. 

The project no longer uses student worksheets as an adjunct to the 

lessons--they were eliminated because of,their expense. We thus turned to 

tests as a source of performance data. We now administer a test each week to 

a sample of experimental classes. These tests use a design known as mUltiple 

matrix-sampling. The details of this rather complicated design are described 

fully in Searle et ale (1976). We mention here only the underlying principle, 

that no child takes all items on the test. Rather, the items are distributed 

among children so that each child takes a relatively short test but that 

information is gathered on many items. For the weekly tests each child sees 

20 items, one-third of the full test of 60 items. Items are distributed among 

test papers so that there are nine different forms of the test. The task of 

sorting student responses is greatly simplified by a computer program that 

needs to know only the test form the student took and his responses (and, of 

course, the correct answers) to produce an item analysis. 
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The mathematics achievement tests the project uses to evaluate the 

effectiveness of the instructional program also use a multiple matrix-sampling 

design but with more forms and more items. The inclusion of a large number of 

items increases the sensitivity of the test as an instrument for measuring 

effectiveness. The use of such a test design becomes feasible When the 

computer is available to the results. We must also emphasize that the 

usefulness of the results as a source of feedback to curriculum developers 

increases with the speed with which they can be obtained. Thus, even though, 

in principle, the analyses we have discussed here could be done by hand, it 

would take a large number of people to match the speed of the computer. 

Kegression Analysis of School System Data 

We turn now to a category of analyses that, for all practical purposes, 

would be impossible without the computer. We refer to multiple linear 

regression analyses that use as independent variables socioeconomic data and 

school, teacher, and student characteristics. Such analyses, which have been 

used in many large-scale studies of educational systems, require computational 

processes that are simply not feasible by hand. 

The project has undertaken several analyses of this type. We collect 

data on the schools, teachers, and students with Which we work, and the major 

thrust of our work to date has been to increase our understanding of the 

problems of repetition and dropout. 

In obtaining data for these analyses. we have tried to devise a system 

that falls naturally within the existing school framework and does not depend 

on resources other than the teachers and the school inspectors. In 
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collaboration with the inspectors, we designed a data form very similar to 

the record book the teacher uses for attendance and performance records. 

Thus, although filling out the form requires additional work, the task is not 

a burdensome one. Some checking for consistency is done as the data are being 

keypunched. While, in general, these data are not as free from error as the 

student performance data, they have proved satisfactory. 

Dr. Dean Jamison, an educational economist with the World Bank, has 

used this data base to investigate the efficiency of the ,school system in 

Nicaragua. The Nicaraguan primary-school system is characterized by high 

dropout and repetition rates, which are more severe problems in rural than in 

urban areas. About half of the children who enter urban schools eventually 

complete sixth grade. For rural schools, the comp~rable figure is 5%. For 

the nation as a whole, only 50% of the children who enroll in first grade in 

one year enter second grade the next year. 

As part of his work, Dr. Jamison examined the effect of the radio 

instructional program on the very high repetition rate found at the first-grade 

level (Jamison, 1977a). Because the project's innovative radio instructional 

program does not affect an entire school program, but only the teaching of a 

single subject, we did not anticipate a strong effect of radio instruction on 

either dropout or repetition rates. It did seem possible, though, that the 

mathematics program might have a sufficiently strong effect on student 

achievement to have an impact on the repetition rate. Jamison indeed found 

that use of the radio instructional program strongly reduced ,the probability 

that a student would fail the year's work and in this way induced a highly 

statistically significant reduction in repetition propensity. He calculated 
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that for the student participating in the Radio lmthematics Project the 

probability of repeating first was .22, compared with a probability of 

.36 for the student in the traditional first-grade classroom. 

Jamison (1977b) points out that this result has important economic 

consequences. He remarks, 

If we assume that the cost of having a student repeat a 

year is at least the cost of his spending an additional 

year in school, we can impute a cost savings to the ID1P 

[Radio Mathematics Project] of at least $7.50 per student 

per year, about quadruple its marginal cost. This figure 

is based on the 1974 cost of $54.00 per primary student 

per year multiplied by .14 (.36 - .22). 

Although the radio instructional program is a supplement to the regular 

instructional program and its implementation thus produces an extra cost, 

the result quoted above suggests that the cost is more than compensated for. 

in economic terms, by the increased efficiency of the educational system. 

Models of Classroom Behavior 

The project has an extensive body of observational data on a sample of 

Nicaraguan first-grade mathematics classes. These data, collected in 1974 

and 1975, contain a continuous record of the activities occurring during the 

sampled mathematics lessons. A stereo recording of each class period was made, 

with all public verbal interchanges recorded on one channel and a running 

commentary by an observer on the second channel. The recordings were then 

coded for analysis, using a coding form that allowed characterization of the 

general structure of the classroom, of all verbal and most nonverbal 

communications, and of additional specific events of interest. 
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These data are being analyzed to test various models of classroom 

behavior. We are using extensive computer analysis of the data to test for 

patterns of rhythm of instruction underlying what appears to be a continuous­

time stochastic process. 

Computer Programs Supporting Curriculum Development 

One of the key tasks in developing an instructional program in 

mathematics is selecting the exercises the students will be asked to complete. 

In our work, curriculum development begins with a careful analysis of the 

topics that are to be covered and of the exercise types included in these 

topics. For example, the project's second-grade curriculum covers eight major 

topics. These in turn are subdivided into 270 different types of exercises, 

each of which can be explicitly described. The 175 lessons that comprise the 

second-grade curriculum contain 8,331 individual exercises. 

Traditionally, the task of constructing the exercises is done by hand. 

In the many years that we have been working with primary-school mathematics 

programs and textbooks we have found that there are hidden pitfalls in this 

task. It appears that curriculum writers have number preferences and favorite 

exercise types. (For example, a curriculum writer we employed several years 

ago favored sixes.) Thus, unless care is taken to control the distribution 

of digits used in constructing exercises, pupils may get more practice in some 

arithmetic combinations than others. 

The project avoids this difficulty by using a computer program to generate 

exercises. The program chooses digits and combinations according to an 

explicit distribution that is part of the curriculum design. We have done 
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this for the four basic operations of addition, subtraction, multiplication, 

and division and we are using these computer-generated exercises this year 

(1977) for the third-grade curriculum. 

Another crucial task of curriculum development is deciding how many 

practice exercises of each kind to give students once they have completed the 

initial instructional work. Although it is well understood that maintenance 

of skills and concepts already learned depends on practice, there are few 

theoretical guidelines for allocating practice among many topics over a long 

period of time. We have attempted to build a model to guide the allocation 

of review exercises to lessons. The model assumes that the instructional 

objectives of the curriculum are the 270 classes of exercises mentioned aboye. 

By testing students at several different points in the curricultw, both before 

and after the students have been taught exercises of a specific type, it is 

possible to derive a learning curve for that particular exercise type. The 

learning curve allows us to predict student performance on that type of 

exercise at the end of the school year. 

The goal of our computer-based allocation model is to maximize the mean 

score for all students on a year-end test of the objectives of the curriculum. 

Thus, in order to choose an exercise that should be assigned for review, the 

allocation model must derive the learning curve for each objective, predict 

how much increase in score on the year-end test will result from practice on 

each type of exercise, and then choose the exercise that will result in the 

greatest increase in score. By doing this hundreds of times, the program is 

able to assign any required number of review exercises. 
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The allocation model we have described requires a large amount of 

perforP.1ance data for its successful operation. Although we have a workable 

program, we have not been able to apply the results in a practical setting 

because of the scarcity of performance data. We are at present looking for 

ways to modify the model so that we can make useful allocations with a smaller 

volume of test data. 

Text Preparation and Report Writing 

Finally. one of the most frequent and useful functions of the Institute's 

computer is the production of text material. We have. on our system. a group 

of po\~rful text-editing programs that allow us to prepare camera-ready copy 

for publication. The first step in the process is entering the text material 

in the computer. This is done with a flexible editing program that allows a 

full range of correction procedures, including rearranging words and sentences 

and substituting portions of text, with all manipulations immediately visible 

to the user on a display device. A spelling-correction prograM has a 

dictionary of over 40,000 words and gives the user the opportunity to rewrite 

each word it does not find in its dictionary. Finally. a formatting program 

takes coded text and prepares it for publication. The program produces pages 

of specified dimensions, with both left- and right-justified text. It can 

insert figures and tables, prepare a table of contents and an index, print 

appropriate section and page headings, and produce variable spacing so that 

text lines that are right-justified are evenly spaced. These three programs-­

the text editor, the spelling program~ and the text-formatting program--greatly 

simplify the task of preparing written materials. Furthermore. all such 
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material may be stored indefinitely and can be restored to the computer when 

needed. 

CONCLUSION 

In conclusion it should be evident that the Radio !1athematics Project 

would have quite a different character if no computer facilities were 

available. \~e feel that much of what is valuable and unique about the project 

depends directly on the extensive use of computers we have been able to make. 

373 



References 

Jamison, D. T. Radio education and student E!Eetition in Nicaragua. In 

preparation, 1977. 

Jamison, D. T., & t1cAnany, E. G. Radio for educa tion and development. Sage 

Publications, New York, in press, 1977. 

Searle, B., Friend, J., & Suppes, P. The ~adio Mathematics ~roje£!: 

Nicaragua,1274-1975. Stanford, Calif.: Stanford University, 

Institute for Mathematical Studies in the Social Sciences. 1976. 

Searle, B., Hatthews, P., Suppes, P., & Friend, J. "Formal Evaluation of the 

Radio Mathematics Instructional Program: Hicaragua--Grade I, 1976." 

Unpublished manuscript, Stanford University, Institute for Hathenatical 

Studies in the Social SCiences, Stanford, Calif. U.S.A., 1977. 

374 




