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FOREWORD

This is the third and final volume in a series that has described the
work of the Radio Mathematics Project. The project was established in
response to what has come to be known as the Congressional Man-
date, the 1973 amendment to the Foreign Assistance Act that directed
the United States Agency for International Development (a1p) to
focus its program on the “poor majority” in the least developed
countries. In many countries, the rural poor live in remote areas
unreached by essential social services. For the past decade, A1p, in
conjunction with developing countries, has been exploring the use of
cducational technology, and particularly radio, to increase the educa-
tonal opportunities of these rural people.

This book amply documents the success of the Radio Mathematics
Project in achieving its major objective of mmproving the quality of
mathematics instruction in the primary schools of Nicaragua. As the
book goes 10 press, the influence of the project work is being felt in
such widely dispersed regions as Thailand, which is about to begin
broadcasting the project’s second-grade lessons, translated into Thai;
the coastal region of Colombia, where a program for disadvantaged
urban children is about to begin experimenting with using the tapes
produced in Nicaragua; and several countries of Africa, which are
going to continue the work of the project, in language arts as well as in
mathematics.

Thus, our hope that the project would produce a methodology that
was generalizable to other countries and to other subject matters has
been realized. We hope that the timely publication of results will be
useful to both projects and people who increasingly are concerned
with the quality of the educational programming. We invite your
comments and criticisins,

David M. Sprague

Oftice of Education
Development Support Bureau
Agency for International Development
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PREFACE

This volume reports on the work of the Radio Mathematics Project
overa five-year period. The substantial accomplishments of the proj-
ect during this time are due to the skillful collaboration of many
people from both the United States and Nicaragua. In particular, the
dedication and pr ofessional commitment of the Nicaraguan project
staff were crucial ingredients of the program’s success and the results
of their work will reach beyond the borders of Nicaragua to benefit
children in other parts of the world.
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Nicaraguan 'stafl members were:
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Alicia de Quintanilla

Juan José Montenegro Pineda
José Ronaldo Pérez
Francisco Herrera Pérez
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Guillermo Bojorge

William Binns

Maria de los Angeles Araya
Noel Alvarez

Klemen Altamirano
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Dean Jamison, now at the World Bank, contributed to the design of
the original project and has continued to help shape the research
effort. Several people have assisted in preparing the book. The au-
thors are indebted to José Gonzalez for text preparation, typesetting
and layout, to Dianne Kanerva for cditorial assistance, and to Maria
Jedd for arwwork.



INTRODUCTION

JAMESINE FFRIEND

IMPROVING THEQUALITY OF INSTRUCTION in the primary schools of
the developing world has been the goal of many educational projects
of the last decade. The United States Agency for International De-
velopment (a1D), through the Development Support Bureau and the
Regional Offices, has directly supported much of this work. In 1973,
A1D asked the Institute for Mathematical Studies in the Social Sciences
(1usss) at Stanford University to develop a new instructional program
in mathematics with radio as the medium of delivery. Morcover,
IMSSS was to devise a systematic methes! for producing effective radio-
based instruction that could be used by any of the developing nations
to improve substantially their educational programs, in particular,
mathematics instruction in rural areas and small towns, and that
would be both feasible and inexpensive to distribute to such areas, To
provide a context for developing this methodology and to demon-
strate its efficacy, the project was to establish itself in a developing
country willing to host this innovative project.

Nicaragua was chosen as the demonstration site in 1974, and the
Radio Mathematics Project established an on-site office and com-
menced curriculum production that same year. The first Stanford
staff member arrived in Nicaragua in June 1974, and the last one
departed in January 1979. In the intervening four and a half years
the project produced four full sets of radio-based instruction (for the
first four years of primary school) and developed a well-documented,
systematic methodology for the production of instructional radio
programs for children.

With the departure of the Stanford staff from Nicaragua, the
experimental phase of the project ended. As the continuance phase
began, the Nicaraguan staff assumed the respensibility for continuing
and expanding the project in Nicaragua, and the Stanford staff un-
dertook the task of disseminaiing materials and information to other
developing countries. The Nicaraguan project, now completely inde-
pendent of the Stantord effort, is carried on under the auspices of the
Nicaraguan Ministry of Public Education, with all funding provided
by the government of Nicaragua; the Stanford project continues to be
supported by the U.S. Agency for International Development and

XV



Xvi RADIO MATHEMATICS IN NICARAGUA

provides consulting and other, more active assistance to related proj-
ects in several parts of the world.

This book, the third and last of a series of volumes reporting the
work of the experimental phase of the Radio Mathematics Project,
includes three chapters (chaps. 1, 2, and 3) that provide a historical
overview of aspects of the project. In chapter 1, José Gonzalez gives a
chronological description of the major eyents of the four and a half
years of the experimental phase of the project. In chapter 2, Jamesine
Friend describes the factors that influenced the design of the cur-
riculum materials, and how and why those curriculum materials
changed shape over the years. In chapter 3, Friend describes, from a
historical point of view, the development of the feedback system of
formative evaluation that is a vital part of the methodology developed
by the project for the production of effective radio-based instruction,

‘The remaining chapters report the results of research conducted
during the course of the project. In chapter 4, Barbara Searle and
Klaus Galda present a formal' evaluation of the effect of the cur-
riculum on children’s mathematical achievement, taking an overview
of all four years of curriculum. In chapter 5, Edward I, George
explores the effect of radio lessons on such outcomes of. schooling as
achievement, attendance, failure rates, within-year dropout, and re-
enrollment the following school year. In chapter 6, Galda and Gon-
zalez report the findings of an investigation into the factors Nicara-
guan teachers consider when they decide which students to promote.
In chapter 7, Dean Jamison expands and updates work previously
reported (in Suppes, Searle, & Friend, 1978) on the determinants of
student failure in Nicaragua. Finally, in chapter 8, Marvin Saba-
llos, Galda, and Gonzalez discuss a home-audience survey undertaken
in the last operational year of the project.

This book, together with the previous two volumes, covers most,
but not all; of the activities and research conducted in Nicaragua, One
activity that will be reported separately is an investigation funded by
the World Bank into the effect of textbook availability on children's
achievement. In 20 classrooms at each of two grade levels, teachers
were given textbooks for all the children, and the effect of this
supplement on achievement was compared both to traditional instruc-
tion (with too few textbooks) and to radio-based instruction.

Another activity, or rather series of activities, that has not yet been
completely documented is the investigation of the ability of Nicara-
guan children in a few selected key topics in mathematics, These
studies were conducted with children who received the traditional
(i.e,, not radio) instruction, and the aim was to provide information
for curriculum design. Among the topics explored were addition,
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subtraction, multiplication, division, numeration, and mental arith-
metic. Some of this work is reported in Friend (1979) and Sachar
(1978).

Although the number of questions we have explored during the
past six years is large, there are many questions that have been beyond
our resources to investigate. We mention these topics here in hopes
that future projects will pursue some of them. The kinds of studies we
have in mind fall broadly in the category of evaluation of the impact
of the project. The project has had a rather complex, multileyel goal
structure. The major focus of our evaluation studies was student
achieyement in mathematics. We also expected the project lessons to
influence attitudes of both students and teachers and perhaps other
audiences as well, but for the most part our investigations of these
other effects have been less systematic than our assessment of student
achievement. Because most of these results have not been presented
elsewhere, we review them here.

What impact did the project have on student attitudes? Did they
enjoy the lessons? Were there any changes in their attitudes toward
mathematics? Did the lessons help them to feel self-confident about
their ability to perform mathematical tasks? Did the lessons change
their attitudes toward school? toward their teacher? On the first of
these questions (Did they enjoy lessons?) we have ample data from
over 2,000 classroom obseryations to answer affirmatively: Yes, they
did enjoy the lessons. But for the other questions we have little or no
hard evidence. We tried quite seriously to nurture a sense of self-
efficacy and to instill positive feelings toward mathematics, but apart
from anecdotal evidence we cannot say how effective these efforts
were,

We also have little but anecdotal evidence to answer several perti-
nent questions about the effect the project had on the classroom
teachers. One study (Tilson & Searle, 1978) amply documented the
favorable attitudes of teachers toward the use of radio for teaching
mathematics, and that these atticudes became even more favorable
after actual experience with radio lessons in the classroom. Tilson's
(1978) in-depth, obseryational study of classroom occurrences showed
that the radio lessons did indeed have an effect on the teachers
classroom behavior and teaching style. In particular, teachers using
radio lessons divided their attention more equitably among different
ability groups during the postbroadcast portion of the mathematics
lessons than did teachers not using radio, and teachers using radio
spent proportionally more of their time on classroom management
than on instruction (since the radio was providing much of the direct
instruction).
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Other questions that have been asked remain unanswered, how-
ever. For example, do those teachers with faulty understanding of
mathematical concepts learn mathematical content from exposure to
radio programs directed at their students? (We have neither confirm-
ing nor disconﬁrming evidence on'this issue.) Df; teachers learn new
pedagogical techniques from radio? (We have some anecdotal and
observational evidence that they do, but the techniques they learn are
sometimes imitations of techniques that are well-suited to radio but
not ideal for human teachers,)

Another issue about which we know less than we would like is the
extent to which, and the ways in which, teachers whom we did not
observe regularly used the radio lessons. We worked closely with only
a small portion of the teachers who followed the lessons. We deliber-
ately did not visit classes included in the experimental part of the
study, and as a result we are left with many unanswered questions.
Did these teachers use the radio lessons? How often? Did they use the
lessons in the way they were intended (as a central part of the daily
mathematics lesson) or did they use them only occasionally as sup-
plements to some more traditional curriculum? Since the lessons can
have litte effect on the children if they are not heard, this is a vital
concern, There is much evidence that one of the major reasons for
the failure of many educational radio and television projects is that
the programs fall into disuse after an initial period of enthusiastic
acceptance, often fostered by an energetic and influential develop-
ment staff, This decline in usage may be rooted in many causes:
inappropriateness of programming, difficulty in distributing printed
supporung materials, unavailability of service for radio reccivers, lack
of funds for batteries, inadequate training of teachers, How many of
these factors were also at work in Nicaragua, and how much disuse
was there because of them? A systematic investigation of where, when,
how often, and in what manner the radio lessons were used in schools
outside our immediate sphere of influence would be both costly and
time-consuming, and we would have needed a much larger staff,
preferably an independent group of more disinterested observers, to
answer these questions adequately,

Other groups that might have been influenced by the project are
parents and other community members, Chapter 7, which describes
the survey of the out-of-school audience, touches on this issue, but we
did not directly investigate the attitudes of parents of children who
were taking radio lessons in school. In countries like Nicaragua, this
may well be one of the more important issues to investigate because
the parents play a substantial role in determining which children
enter school, how often they attend, and how long they remain stu-
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dents. Although attendance is compulsory, the law is not enforced.
Many children never enroll, and many of those who do drop out after
only a year or two of sometimes quite irregular attendance, The data
presented in chapter 5 suggest that the school itself is not the deter-
mining factor in dropoutand attendance rates, and it may well be that
in Nicaragua it is parents alone who make these decisions. If so, does
the availability of radio lessyns have any influence? It is not inconceiv-
able that if the parents' desire is for their children's education per se
rather than for public schooling, that radio broadcasts on open fre-
quencies could actually decrease enrollment and attendance.

Moving even further out from the classroom, did the project have
an effect on school authorities, especially those in the centralized
offices of the Ministry of Public Education? Was there an impact on
the funding agency itself? That is, were any of iis policy changes a
direct or indirect result of the activities and products of the Radio
Mathematics Project? Were other international agencies, such as the
World Bank or UNEsco, influenced by the outcomes of the project?
And finally, what effects, if any, have been and are being felt in other
developing nations, especially in other projects devoted to educational
radio? These are all sensitive, political issues, not amenable to analysis
in the same way as children's mathematical abilities, but certainly as
important o international._ducation as any of the more specific
questions we investigated within the schools of rural Nicaragua.

Despite the large number of important questions left unanswered
or only partially answered, the project’s evaluative investigations were
sufficient to answer the questions that were most often raised when
the project was being initiated. There is now no doubt that children
can learn well from direct radio instruction, even subjects as concep-
tually complex as mathematics, and that this instruction can be deliv-
ered to remote rural areas at a cost low enough to be supportable by
nations no more wealthy than Nicaragua, The children enjoy. the
lessons, and their teachers perceive the programs as a valued adjunct
to their instructional resources. Their value is felt even outside the
school where many citizens, striving to make up for their schooling
deficits, listen regularly to the daily broadcasts.

Why is it that this project succeeded when others with seemingly
almost identical goals failed? There are many reasons (perhaps even
some we are not aware of). Primarily, we had enough money and
time. It may seem strange to mention money first since our goal was to
produce low-cost materials, but it is important to distinguish between
development costs and implementation costs, and also between basic-
research costs and product-related costs, Much of our research
helped us to produce more effective lessons but should properly be
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written off not against the cost of producing mathematics lesson for
Nicaragua butagainst the cost of developing the system for producing
such materials, and as suci: was money spent toward a higher goal. As
mentioned above, we would have liked to have undertaken studies of
a number of interesting and important issues had the funding been
available, but we were in fact amply funded for the major endeayors
we were charged with.,

Time, too, is an inyaluable asset in such projects, Itis frequently not
the case that two people can do in one year what it would take one
person two years to accomplish, With the feedback system of lesson
development (described in chap. 3), a sizable crew is needed to pro-
duce one year's curriculum in one calendar year. The staff would
need to be doubled to produce two years' curriculum per year, and
there are no fractional possibilities with the feedback system
(.., there is no way of using feedback to produce a half-year's cur-
riculum in a year). This constraint of the time schedule, which we
ourselves did not really understand until after the feedback system
was well developed and in operation, caused us to make a drastic
change in the originally negotiated time schedule, Our first contract
called for the production of six years of curriculum materials, which
we were to have accomplished by doubling up production after the
first year in operation. As 4 result of our experiences with the first two
grades, the contract was renegotiated to allow one year's work per
year of curriculum,

Such a renegotiation was possible only because of the understand-
ing and support the project received fromn its managers within the
funding agency. And it was this understanding and support—in all
aspects of the project, not simply the one mentioned—that was the
third factor in the success of the project.

A fourth factor was the particular mix of practical and theoretical
goals of the project and of the people involyed. It was not simply. a
research: project but was also aimed at producing a solid, usable
product. Unlike many research projects, we did not use the Nicara-
guan students purely as experimental subjects; we gave as much—in
the way of improved educational opportunities—as we took—in the
way of data to investigate hypotheses about the process and product
of educational interventions. When we left Nicaragua, we left behind
us a set of educational materials of proved value that could be used at
almost no cost to improye the schooling of future hundreds of
thousands of Nicaraguans. And we took with us valuable data that
could contribute to all nations an improved understanding of the
educational process. And finally, we devised a methodology that could
be used tc upgrade the educational process in other places and with
other subjects.
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Finally, the fifth factor contributing to the success of the project
was' the realism with which we approached the design of the cur-
riculum package. We did not try to impose a new or different cur-
riculum upon the Nicaraguan system of public education. Neither did
we adopt diffuse and esoteric instructional goals. Every topic we
taught was defined in concrete, behaviorally oriented terms. By apply-
ing specific goals derived from the recommendations of the Ministry,
of Public Education we produced noncontroversial materials with a
high probability of acceptance within the established system.

We arrived at the end of our involvement with the project in
Nicaragua with two regrets. The first was that we had not pushed for
nationwide implementation of project lessons earlier in our work in
Nicaragua. The second, related to the first, was that we had built into
curriculum development the assumption that the project lessons
would not be used nationwide.

As originally conceived, the project was purely developmental and
experimental in nature, since at the outset we did not know that we
could teach mathematics effectively by radio. After two years of field
experience, it became clear that the curriculum was a great improve-
ment over the traditional instructional method. Also, at about the
same time, an independent analysis of costs (Wells & Klees, 1978)
showed that “lowest costs are obtained through the most rapid im-
plementation." Because our contract was funded specifically for re-
search, we had no funds to commit to expansion. We therefore began
working with the Ministry of Public Education to find other sources of
external funding to support expansion. However, political problems
and the ensuing revolution interfered with these efforts, and it is not
clear that expansion will now take place. It would have been of great
benefit to Nicaragua to have commenced expansion while foreign
adyvisors were still available to help formulate plans and train the
necessary staff. For future projects of a similar sort, an ideal ar-
rangement would be to have a contingent commitment of expansion
funds even before the experimental phase of the project begins.

The second aspect of the project that we now regret was the
decision not to design the curriculum for a longitudinal effect. The
issue, discussed more fully in chapter 2, is basically this. At the begin-
ning of each school year we prepared lessons as if the children had
never before taken radio lessons. This meant that we spent time
teaching the children needed listening skills and how they were sup-
posed to respond to various kinds of questions and tasks posed by the
radio teachers. Also, we had to assume no more incoming knowledge
than a child would have obtained from traditional instruction the
previous year, Since the children who had taken radio lessons the
preceding vear were significantly ahead of those who had received
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traditional instruction, the net effect was to lose the value of building
on past achievement. In retrospect, we should have planned for
widescale use of the lessons and then worked to bring it about as soon
as it was clear that it would be advantageous to do so.

The project, and especially its concrete product, the radio-based
mathematics curriculum, was a success, but we see it only as a begin-
ning. We look to future projects to sut pass these efforts to improve
the quality of instruction at a cost that is within the means of the
developing nations of the world.
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This chapler provides a concise summary of the major evenls that ook place in the four and.a
half years of the experimental phase of the' Radio Mathematics Project. To fully understand the
history of the project, however, it is necessary ta see it in the context o the geological and political
happenings of the time.

In 1972, just a year and a half before the froject opened offices in Nicaragua, the city of
Managua was destroyed by an earthquake, The commeical section was entirely destroyed, as were
several residential areas. Almost no part of that city of 100,000 was left untoiiched. Guer 10,000
inhabitants were killed, and many limes that number evacuated fo neighboring touns and villages.
The social and economic effects of the earthquake were shaltering. At the time the first Stanford
staff members moved to Nicaragua, the aly was filled with rubble, reminiscent of the views of
bambed cities shoun in World War IT newsreels, Although the debris was largely cleared away by
the time the Stanford staff left Nicaragua, no rebuilding had been done, and it is doubtful that the
aty will ever rise in the same location.

Politically, the country seemed quiet and stable during the first years of our residence, There
were mild flurries of political activity, including a peniod in which all news was strictly censored,
and there was a continuing low-level border dispute with the neighboring country, Costa Rica. The
Casta Rican border dispute had a divect impact on the project in that our exprnsion to the province
of Rto San Juan in 1978 was largely decided by political factors, There was gavernmental concern
that many of the people who resided along. the lonely stretch of largely undeveloped lerritory
bordening Costa Rica considered themselves almost as much Costa Rican as Nicaraguan, They felt
tsolated and neglected by the central Nicaraguan government. They listened to radio broadcasts

Jrom Costa Rica, had many commercal dealings with their neighbors across the border, and even
occasionally sent their children to schools an' the other side, In an effort to draw these people more
tnta the lurger Nicaraguan camm unity, the gavernment. provided special services to the region,
especially educational and communication services. Thus, when the Ministry of Public Education
Jound itself with an unexpected windfall of $2,000 (the Japan Prize won by the Radio Mathemat-
ics Project), it invested that money in radio receivers Jor schools in Rio San Juan so that children
there could benefit from the mathematics programs broadcast by the Radio Mathematics Project,

By far the biggest political event of the times was the Nicaraguan revolution, This revolution
was brewing eveniin the second year of the project, when wsolated guerrilla skirmishes were reported

Jrom the hills of northern Nicaragua, It was not until January 1978 that the revolution exploded,

with the killing of Pedro Joaquin Chamorvo, editor of La Prensa, an outspoken and influential
oppasition neuispaper, Rioting and puemilla warfare increased in intensity, maving oul of the hills
and inta the streels of the larger towns, inchuding Masaya and Managua. Tuo general strikes
closed all large stores and businesses for weeks, a Strict curfew was imposed, and military forces
patrolled the aty. Military checkpoinis were set up at all exits from Managua and on occaston in
other towns, but guemnlla activity continiied. In September of the same year (1978), the Sighting
escalated (0 a _full-fledged revolution, which was eventually won by the revolutionaries early the
[ollowing year (after the departure of American staff from the Radio Mathematics Project).” The
revolution left the country in an economic and social turmoil Jrom which it has nol yet recovered,

Despite: the wiolence of the times, the Radio Mathematics Project continued o function,
sometimes almost normally, We continued production and broadeasting (on all bul a feu days),
although there were many occasions when scknols in different parts of our experimental area were
closed because of local fighting, Even when schools were open, the school day was often shortened,
and attendance dropped dramatically, Although Masaya, where the project was localed, was one of
the holspots of military activity, the fighting usually occurred in the downtoun area, well removed

Jrom the project offices on the outskirts of toum, Only once did the Jighting become sufficiently
widespread to force the staff to evacuate the office temporanly,

As the school year drew to an end, rumars that schools might be officially closed several weeks
earlier than usual impelled us to embark on our posllesting program two to three weeks earlier than
scheduled. Also, as travel became more dangerous we were forced to cancel a planned program of
school visits,

Consequently, we did not, in the last year, collect as many dala as we needed JSor several of the
studies we had planned, and the early postlesting. made compansons with performance gains in
other years somewhat questionable. However, in sum, the project was remarkably unaffected by
what may be considered the bloodiest revolution (relative to the size of the country) that has taken
place in Latin America in this century,
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Chapter 1

A HISTORY OF
THE RADIO MATHEMATICS PROJECT

JOSE GONZALEZ

BETWEEN JUNE 1973 AND DECEMBER 1978, the Institute for Math-
ematical Studies in the Social Sciences (1Msss) of Stanford University,!
the Development Support Bureau of the United States Agency for
International Development (A1), and the Government of: Nicaragua,
represented by the Ministry of Public Education (MPE), collaborated
in the development of an instructional program for use in the prima-
ry schools of Nicaragua. This chapter presents a history of that col-
laboration. The first section discusses the legislative and contractual
origins of the Radio Mathematics Project and the selection of
Nicaragua as the experimental site. Sections 2 through 7 summarize
operations during the six school years (1974-1979) that the Radio
Mathematics Project worked in Nicaragua. (A chronological history of
the Radio Mathematics Project is presented in Appendix A.) In sec-
tion 8, the characteristics, accomplishments, difficulties, and solutions
of the project staff are discussed in light of the project’s history.

I. ORIGINS OF THE RADIO MATHEMATICS PROJECT

The Radio Mathematics Project represents an early response by
the United States Agency for International Development to a growing
Congressional interest in the problems of the poor majority in de-
veloping countries. The new Congressional concern was embodied in

! 1M555 conducts research dedicated o the improvement of productivity and quality
in education. Founded in 1959, it has focused its research on computer-assisted instruc-
tion in arithmetic and reading at the primary-school level; logic, set theory, and foreign
languages at the undergraduate level; mathematical learning theory; and the use of
technological aids in the classroom.
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the Foreign Assistance Act of 1973, commonly cilled the “New. Direc-
tions" legislation, Among other priorities, this legislation directed A1p
to increase the relevance of formal education systems to the needs of
the poor, especially at the primary level, through the reform of
curriculum, teaching materials, and teaching methods, and through
improved teacher training (Searle & Gonzilez, 1979). The Radio
Mathematics Project responded directly to the second of these Con-
gressional goals.

The Contractual Mandate

On July'1,:1973, the Technical Assistance Bureau (since renamed
the Development Support Bureau) of A1p contracted with IMSSS Lo
“conduct, design, implement, and evaluate, in collaboration with de-
veloping coun(ry personnel, a prototype system of teaching elemen-
tary mathematics using radio as the major medium of instruction,”
T'he goal of the Radio Mathematics Project was the creation of a viable
program of* educational and technological reform capable of being
managed by personnel of a developing country and of being adopted
or adapted by other developing countries. As a means of: achieving
this goal, the Radio Mathematics Project was to develop an elementary
mathematics program with radio as the instructional delivery system.

The original contract between A1pand 1):sss specifically obligated

EMSSS to meet the following objectives:

I Develop and test a cost-elfective prototype system ol radio mathemat-
ics instruction for elementary gades in a developing country that
could, with minor adaptations and tanslation, be used in many" de-
veloping countries.

2. Deyelopa methodology (or (i) producing radio-instructional materials
based on the rapid and specific reporting ol previous student responses
to the materials t!c\-vlnpcrs and (b) using feedback on achievement and
rites of learning to provide for administrative quality control.

3. Begin a program of research on major variables affecting learning
through radio.

‘1. Help build capabilities in an appropriate institution of a developing
country to continue or even expand the project with minimal further
assistance [rom external experts,

[n summary, the objectives of the Radio Mathematics Project were
economic, educational, organizational, and institutional—the de-
velopment of an economically feasible and educationally elfective
instructional system that could be generalized to other subject matters
and transferred to other developing countries while concurrently
meeting the educational and institutional needs of the host country.
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Site-selection Process

TThe Radio Mathematics Project, in contrast to most A 1n projects,
did not arise froma country's request for assistance, Rather, the initial
contractual agreement between arn and 1msss stipulated that the
project find an appropriate site for its work (Searle, 1979). The carly
history ( July 1973 to Iebruary 1974) of the Radio Mathematics Proj-
ect is dominated by the recruitment of a Stanford project staff, the
selection ofa suitable experimental site, and the pilot testing ol some
taped mathematics lessons in California (see Searle, 1974a; Searle,
Eriend, & Suppes, 1976). The selection ol a suitable experimental site
was of primary importance to the success of the Radio Mathematics
Project. Consequently, it was the primary activity of the first cight
months of the contract.

Specifically, the project staff’ sought a country that was interested
in the projectand that saw potential usefulness for radio mathematics
instruction within the context of its own educitional deyelopment
plans. Any potential host country would be required to enter into a
full partnership with the Stanford staff'in planning and operating the
project. In addition, s vequired that the host country contribute
both financial and administrative support to the project, However,
because ol the project’s experimental nature, the host country would
not be asked fora commitment 1o continuel the project beyond' the
pilot stages (Searle, 1979),

The Stanlord project stalf developed the (ollowing four general
questions to guide them in selecting a suitable experimental site:

LIS there interest inand acceptance ol the projeci?

2. Wasatentive site in the country identificed that meets the physical i

technical vequirements ol the project?

3. Does the country need the Stanford tean to help build it ciapabilities in

radio instrction?

4o Iy sehoolinstraction conducted in the native imnguage ol the children?

A discussion ol the importance ol these four questions and their
applicability to the site-selection process is presented in Searle
(1974D).

Three site-selection trips were made to countries in Southeast Asia,
Latin America, and Africa. The visits were conducted by Professor
Patrick Suppes, principal investigator of the Radio Mathematics Proj-
cct and Director of 16sss, Dr, Barbara Searle, Stanford coordinator
ol the project and senior research associate at 1:sss, and Dr, David
Sprague, the Ao contract officer in charge of the Radio Mathematics
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Project. Jamesine Eriend, selected as project director on Eebruary 1,
1974, replaced Suppes on the third site-selection trip.

Twelye countries in these three areas of the developing world
expressed interest in learning more about the proposed project by
responding to cables sent to their local A1p missions: The countries
visited in Southeast Asia were Indonesia, the Philippines, South Viet-
nam, and Thailand (September 5-19, 1973); the countries visited in
Latine America were Colombia, Ecuador, Panama, and Pern
(November 8-20, 1973), and' Brazil and Nicaragua (January 6-20,
1974); the countries visited in Africa were Nigeria and Swaziland
(January 6-20, 1974).

In each country, the Arn mission education officer arranged a
series ol meetings between the project staff and various political and
educational officials who would be involyed in establishing and
operating the project. Pevtinent data were collected about the educa-
tional resources ol the country, ongoing: educational development
cllorts, and the degree to which the Radio Mathematics Project could
assist i the educationil development ol the country (and region)
without unnecessarily duplicating ongoing efforts.

Selection of Nicaragua as Project Site

Of the 12 countries visited by Suppes, Searle, Sprague, and Friend,
six expressed interest in participating in and collaborating with the
Radio Mathematics Project:a suitable experimental site was identihed
in five countries; technical assistance in the area of educational de-
velopment was needed in six countries; and school instruction was
conducted in the native language of the children in cight countries.
Two countries, Panama and Nicaragua, were highly rated on all four
criteria (Memo ol Research: Advisory Committee, RAG meeting, Oc-
tober 17-18, 197:4).

Asaresultol the site-selection process, the projeccatallin cooperi-
ton with the “Technical Assistance Bureau ol a1n selected Nicaragua
as its hrstchoice [or the project site. The selection discussion was held
at i joint meeting ol the Stanford stalfand a1nin Washington, D.C.,
on February 8. 1974, Nicaragua was rated quite high on 11 important
country-selection sublactors—the response of government officials,
availability ol a vadio tansmitter, availability ol suitable schools,
country=wice use ol the native language (Spanish) as the language ol
instructionavailability of personnel trained in curriculum, availability
ol potential project stall identification of an experimental site, avail-
ability ol a recording studio, usz ol 4 modern mathematics cur-
riculum, and the representative level of development and size of the
country,
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The tentative selection of Nicaragua as the project’s first choice for
the host country was communicated to its Minister of Public Educa-
tion on February 15, 1974. A second staff visit to Nicaragua tonak place
March 6-15, 1974 for further, more detailed negotiations, Participat-
ing in these negotiaiions were Friend, Searle, and Thomas Tilson, a
Stanford staff member who would be working at the project site. The
Stanford staff decided after three days of meetings that the Ministry
of Public Education would be able to meet satisfactorily the require-
ments for personnel and radio facilities, the only areas in which there
had'been any doubt as to Nicaragua's suitability as a host country.
Based on this follow-up visit, the Stanford project staff made a firm
decision to locate the project in Nicaragua. The selection of Nicaragua
as the project site was formally accepted by A1p on April 1, 1974,

During the remainder of their March 1974 visit, the Stanford staff
recruited several Nicaraguan staff members, visited local schools,
completed arrangements for an experimental site, and obtained ini-
tial demographic data on Nicaraguan students and schools. In addi-
tion, preliminary steps were taken o secure a project office in the
experimental area and to find housing for the Stanford staff and their
[amilics.

As a result of these negotiations, the project was located in the
province of Masaya, approximately 30 kilometers southeast of Ma-
nagua. The province has an area of 543 square kilometers and is the
smallest of the 16 provinces in the country. In 1974 the province had
a population of 94,000; approximately one-third of the population
lived in the city of Masaya, the capital of the proyince.

Among: the organizational matters settled during these negotia-
tions was the status of the Radio Mathematics Project within the
existing educational bureaucracy in Nicaragua. [t was agreed that the
project would fall administratively under the jurisdiction of the Re-
search'and Evaluation Department (Departamento de Investigacion y
Evaluacién Educativa), a newly established research unit within the
Office of Planning (Oficina de Planeamiento Integral) of the Ministry
of Public Education, The Office of Planning was responsible for all
curriculum development, evaluation of curricular goals, and experi-
mental projects (Searle, 1979). The Research and Evaluation De-
partment had been organized just before the project’s inyolyement in
Nicaragua and agreed to work closely with the project. The Director:
of the Office of Planning was granted administrative responsibility
(Searle, 1974a). However, it was the responsibility of the Minister of
Education to request the cooperation of each Provincial School'In-
spector involved in the project. In other words, work would be coor-
dinated centrally, rather than by cooperation between provinces.
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‘The original Nicaraguan staff members assigned o the Radio
Mathematics Project were already employed by the Ministry and
needed only to be transferred, During the period prior to the estab-
lishment of a functioning project office’ in Nicaragua, the Ministry
accepted responsibility for and successfully recruited additional staff
members. Indeed, there was much active Ministry involvement dur-
ing the interim period between site selection and the arrival of the
Stanford stafl; Much of the initial responsibility for the work wias
given to Nicaraguan stalf members from the inception of the project.

Formal Agreement Between AID and MPE

A formal agreement between a1p and the Ministry was signed
April 11974, The agreement (AGREEMENT No. 1=74 yMEp and A1p)
was unusual in that, as it explicitly states,

the project is designed 1o produce results that will not only be directly
beneheial to the educational system of Nicaragua but will serve as a model
lorother countries as well. .., . The first application of’iliis systemiis the
development of @ primary-level mathematics course in Nicaragui, The
system lor developing instructional materials s expectedito be applicable
to other subject maters and 1o other countries, ‘The mathematics. cur-
riculum materials: deyeloped during, the course of the project will be
usabley with: minor modifications, in other countries,

In agrecing to host the Radio Mathematics Project, the Ministry
assumed a subsidiary role, Itagreed to assist a1 and 1:MS8S (o estab-
lish @ project that would benefit not only Nicaragua, but also the
remainder of Latin America and other developing countries
throughout the world. The agreement between the Ministry and A1p
states further that

the Ministry of Public Education . . . in cooperating in this project will add

staffand other support to the implementing agent (i.e., IMSSS) [or carry-

ing out the objectives of this project.
Usually, adeveloping country initiates a project and requests assis-
tance in meeting the goals and objectives of that project from outside
organizations, In contrast, the Ministry agreed' that “although (the
project) will be ajoint effort, Stanford will bear: final responsibility for
its suecessful completion.” 1Msss at Stanford, not the Ministry, was the
implementing agent.

In meeting its obligations, the Ministry agreed to provide counter-
part stalf and support materials for carrying out the objectives of the
experimental project. However, the mechanism for transferring staff
members into and out of the project was not discussed. Legally, the
Ministry retained final authority over Nicaraguan staff members,
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since it was paying their salaries. Administratively, however, Project
Director Friend was empowered to make recommendations concern-
ing stall changes.

The Ministry retained control over major decisions such as course
content (the mathematical content of the project lessons is based on
the official Nicaragua Ministry of® Educaton curriculum), location of
the experimental program, and the rate and direction of expanded
coverage. Specifically, the Ministry and a1p agreed that only if the
project proved to be successful in meeting the educational needs of
Nicaraguan primary-school children would the Nicaraguan govern-
ment consider its adoption beyond the pilot phase and extension
beyond the limited geographical area of the experiment (Searle &
Gonzilez, 1979), The Ministry also agreed to provide salaries for a
substantial portion of the stall} office furniture and rent, transmitting
facilities, and, increasingly in later years, funds for office supplies.
Most operating expenses were covered by Stanford through a fund-
ing mechanism that did not involve the Ministry (Searle, 1979),

The degree of responsibility and autonomy granted the Radio
Mathematics Project staff was unusual for development projects and
unique in Nicaraguan history. In general, the project was [ree of
day-to-day direction by the \Iini'itr)' The L“C[}Cl'illl{flllill nature of the
program and the absence ol prior Nicaraguan experience with in-
structional radio were considered justification [or the lack of adminis-
trative parity between Nicaraguan and Stanford personnel (Searle,
1979).

[n summary, prior to the selection ol a country in which to work,
the Radio Mathematics Project stafl imembers were concerned with
the issue of transferability (contractually required) and with finding
an organizational niche in the bureaucracy of the host country. The
case of the latter would contribute to the internal success of the
projectin the country that would eventually be selected as the project
site. Also, the selection of an organizational framework that was not
unique to the host country, but, rather, typical of the rcgi(m and of
developing countries in general, would enhance the project’s eventual
transferability, In other words, while the project staff desired a
cooperative organizational relationship between the Radio Mathemat-
ics Project and the host country, one in which the project and the host
government would mutually benefit, they were hesitant to have the
unique characteristics of the project sacrificed to fit into the host
bureaucracy. On the other hand, as was emphasized above, the proj-
ectstaffwas eager to establish the project in an environment where its
chances of succeeding were good. The accomplishment of both these
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objectives: contributed substantially to the eventual success of the
Radio Mathematics Project.

2. THE 1974 SCHOOL YEAR
Arrival of Stanford Staff Members. in Nicaragua

The original Stanford staff’ members of the Radio Mathematics
Project in Nicaragua were Project Director Jamesine Friend, Thomas
Tilson, and Julia Ledee, an expert in radio broadcasting, The Stan-
ford staff members arrived in Nicaragua'in June 1974, the middle of
the 1974 school year in Nicaragua.? For several weeks prior to their
arrival (April' | to May 10, 1974), Friend and Tilson attended lan-
guage classes and A1D orientation meetings in Washington, D.C.
Ledee was already fluent in Spanish.

Most of the summer of 1974 was devoted to organizationul tasks,
primarily establishing a project office in Masaya; recruiting, hiring,
and training Nicaraguan staff members: and making final arrange-
ments for the use of recording and computing facilities, Several more
substantial activities were also begun—developing and administering
tests of mathematics achievement to fi rst-grade students at the end of
the 1974 school year, gathering data on students and schools, select-
ing experimental (radio) and control (traditional) classes, writing and
pilot-testing a set of six radio lessons, and arranging for daily radio
lessonsin 16 experimental (radio) schools in the following school year.
Some ol this work had been completed’ by the Nicaraguan staff
members assigned to the Radio Mathematics Project by the Ministry
belore the arrival of the Stanford staff. For example, Nicaraguan staff
members designed and wrote a preliminary version of a mathematics
achievement test for first-grade students, The test was subsequently
revised based on results from field tests conducted after the Stanford
staff arrived in Nicaragua. However, it should be noted that even
prior to the arrival of the expatriate staff, Nicaraguan staff members
were active in the operation of the project (Searle, 1974a),

Establishment of a Project Office

One of'the first tasks of the project staff was to situate the project
offices in a suitable building. The offices (in the Institute of Masaya, a
secondary school in downtown Masaya) arranged for during the
negotiation visit in March 1974 seemed unsatisfactory at second sight.
A more acceptable location, a three-bedroom house on the outskirts
of:Masaya, was found within a month after the arrival of the Stanford

* The Nicaraguan school year runs from February through November,
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staff members. Unlike the Institute, this building needed no major
alterations or renovation. As outlined above, the Ministry paid the
rent and some of the utilitics; all other office costs were paid by the
project.

The Masaya office of the Radio Mathematics Project was officially
opened on July4, 1974, The project office was furnished haphazardly
during the second half of the 1974 school year, as no funds had been
allocated in the 1974 Ministry budget for additional office furniture
and supplies. Instead, the project office used discarded school desks
and office furniture. In January 1975, the Ministry provided the
project with a large complement of new furniture,

Erom June 1974 to March 1975, the necessary office machinery
was either shipped to the project from the United States
(e.g., mimeograph machine) or rented locally (e.g., Xerox machine,
IBM keypunch). Office supplies were purchased locally; almost all the
supplies: and' supplemental equipment used for radio production
were imported from the United States, but the basic recording
equipment was already available in a local radio station. Finally, four
vehicles were imported from the United States, These vehicles were
used heavily for visiting classes, educational testing, running errands,
and ' transportir.g staff members daily from Managua to Masaya.
Three of the vehicles were four-wheel drive, necessary to visit rela-
tively inaccessible schools,

Establishing a Project Staff

Pecruiting and training staff members occupied much of the time
of'the Stanford staff during the first months of the project’s operation
in Nicaragua. As has been described above, the initial Stanfored staff
consisted of Project Director Friend (who doubled as curriculum
specialist), Fieldwork Director Tilson, and Radio Producer-Director
Ledee. The first two Nicaraguan staff members—Vitalia Rojas de
Vrooman, the Nicaraguan codirector, and David Cardoza, a cur-
riculum writer—were assigned to the project by the Ministry in March
1974 and devoted over half of their time between March and June to
the project. Both had been curriculum specialists at the Ministry.
Vrooman had been involved in the recent revision of. the Nicaraguan
mathematics curriculum and had worked previously in a book-
deyelopment project sponsored by rRocar, the Regional Organiza-
tion for Central America and Panama, Luis Ramirez, a professor of
educational research, was later added to the project staff (Searle,
1979). These individuals were the only Nicaraguan professionals ini-
tially available to the project who had training in areas related to
project work,
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Beyond the Ministry experts who joined the project at the outset,
all curriculum personnel and scriptwriters were trained by the proj-
ect, These training activities proved to be time-consuming, but within
a year, the project had a fully functioning Nicaraguan staff,

‘The personnel problems were less severe in classroom observation
and teacher training. After early problems, production of instruc-
tional materials (e.g., worksheets, teacher’s guides) ran smoothly
under the direction of Juan José Montenegro. Montenegro was also
the Nicaraguan counterpart director for teacher training, working
with Tilson, the fieldwork director. Finally, research functions, in-
cluding classroom testing, were jointly administered by Tilson and
Ramirez:

By the end of the first year of operation there were 23 Nicaraguans
on the staff—I'l_ professionals and the remainder support staff. The
staff consisted ol six teams, each headed by one of the expatriates:
Friend was leader of the administrative, curriculum development,
and support teams; Tilson was leader of the research and teacher-
training teams; and Ledee was leader of the produztion team. Nicara-
guans served as team members, with one of the nationals serving as a
counterpart to the expatriate team leader.,

Pilot-testing of Radio Lessons

The months of September through November 1974 (the end of
the 1974 school year) were used to write, record, and pilot-test a set of
six radio lessons for the 1975 school year. Preliminary information
about many aspects of the design of radio lessons was obtained from
the administration of these pilot radio lessons to first-grade class-
rooms at the end of the 1974 school year.

Preparation of the pilot lessons also gave the staff’ an opportunity
to work out many of the procedures that would be necessary for
producing lessons on a tight schedule. Initially, two lessons were
written, tested in three classrooms, and then completely rewritten.
Four more lessons were subsequently produced. All six lessons com-
prised the set of pilot lessons given in six classrooms during
November 1974, The characteristics and design of these lessons are
described in detail in Searle, Friend, and Suppes (1975),

Other Research Activities

In addition to the establishment of a project office and staff, and
the design and pilot-testing of six radio lessons, the Radio Mathemat-
ics Project conducted several other supplementary research activities
during its first year in Nicaragua—administering a mathematics
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achievement test, administering an attitude questionnaire to first-
grade‘teachers, and studying the determinants of repetition and
dropoutin Nicaragua. (For the details about these research activities,
see the references at the end of this chapter,) The mathematics
achievement test was administered in October and November, 1974,
to 44 first-grade classes. Overlapping this activity during late October:
and early November, teacher questionnaires were distributed to and
interyie < conducted with 44 first-grade teachers. Supplementary
researcliactivities like these would continue throughout the history of'
the Radio Mathematics Project in Nicaragua.

3. THE 1975 SCHOOL YEAR
Furst-grade Instructional Program

Early plans had called for the first-grade instructional program to
begin during the middle of the 1974 school year but the project was
unable to begin producing lessons as soon as the staff had hoped. The
time needed to locate and establish an office and to recruit and train
staff members had been underestimated. ‘Thus, although Stanford
stalf members arrived in Nicaragua in June 1974, it was August (the
seventh month of the school year) before the project was able to begin
serious work on the writing of lessons.

Curriculum development. Curriculum developmentand planning
for the opening of school occupied the months before mid-February
1975 (the opening of the 1975 school year in Nicaragua). Sixteen
first-grade classrooms were selected to participate in the initial ex-
perimental program, Radio lessons® were not initiated at the very start
of the 1975 school year, however. Instead, the project staff decided to
provide three weeks of “readiness” material to prepare children to use
worksheets and to familiarize them with the vocabulary and response
modes the radio would ask of them.

During the first four weeks of school, only three radio lessons per
week (instead of'the five daily lessons planned) were presented to the
children. The inexperience of the project production staff precluded
the possibility of producing the five lessons per week. Lessons were
not prepared in adyance also because of the need to respond rapidly
to experience with the earliest lessons, However, after the first four
weeks, a radio lesson was produced for and presented on each school

* Because of' the experimental nature of the first-grace instructional program de-
veloped during the 1975 school year, all radio lessons were recorded on cassette tapes
and presented in classrooms using battery-operated tape recorders rather than broad-
cast via the radio.
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day. By the end of the 1975 school year in November, 150 first-grade
lessons had been produced and presented to the children.

Teacher training, Project teachers met weekly for the first month
ol school and thereafter approximately once every six weeks. The
initial set of teacher-training sessions was designed to acquaint
teachers with the purposes of the project, help them become oriented
to their new teaching role, allow the project staff and teachers to
become acquainted, explain logistical aspects of the project (i.e., dis-
tribution and collection of materials, classroom observation
schedules), present specific teaching plans for the project lessons they
were being asked to use, and gather teacher reactions to using radio in
the classroom.

Classroom observation. Project stall' members observed the math-
ematics lessons daily in six classrooms and weekly in five of the 16
classrooms, The remaining five classrooms were not observed at all in
order to lind out the kinds of problems that would arise, how well the
teacher would be able to cope with them, and whether such' classes
used the recorded lessons as regularly as those that were observed.
Project-developed observation forms were used by project-trained
classroom observers. All members of the professional staff, including
the curriculum developers, the scriptwriters, and the radio
producer-director, were required to visit classrooms on @ regular basis
to gain a more complete understanding of the effect of the radio
lessons in the classrooms (EFriend, 1976a, 1976b, 1976¢). Classroom
observations, together with the examination of performance data
from student worksheets and tests, stimulated changes in the radio
lessons.

Summative evaluation. The first-grade pretest was a modified
version of the Test of Basic Experiences (TOBE). It was given to 537
children in the 16 experimental schools in early March, 1975, and to
268 students in the 9 control schools that were randomly. selected
from among those not participating in the project in early April,
1975. At the end of the 1975 school year (during late October and
carly November), the project stalf’administered posttests to randomly
selected first- and second-grade classrooms, distributed teacher ques-
tionnaires, and corducted teacher interviews.

Project expansion. In May 1975, at the suggestion of the Ministry,
six classrooms in the neighboring province of Granada were included
in the already expanding experimental program. Radio lessons in
Granada schools were used without direct supervision by the project
staff. Materials were delivered to the School Inspector, who, in turn,
delivered them to the teachers involved in the program. The School
Inspector also provided teacher training after consultation with the
teacher-training stalf in Masaya,
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The Origins of Formative Evaluation

First-grade lessons presented to the children in the 1975 school
year were accompanied by student worksheets. The worksheets were
collected at the end of each lesson and analyzed. The worksheet data,
together with the classroom observations described above, were used
to evaluate the effectiveness of the radio lessons and to modify parts
of the lesson design that seemed ineffective. I the worksheets indi-
cated that the students were not learning certain mathematical topics
at the rate the project staff had hoped, future lessons could provide
additional”instruction and practice. In addition, by examining the
errors made by students on the worksheets, the project staff could
analyze where the preyious radio lessons needed improyvement. Thus,
use of student worksheets and analysis of student errors were the first
methods of teedback used by the Radio Mathematics Project.

The examination of student worksheets as one source of informa-
tion for revising lessons was abandoned during the 1975 school year.
It was replaced by a system of tests embedded in the lessons and
finally, in August 1975, by a system of weekly paper-and-pencil tests.
(The use of embedded tests is described in chap. 3; the use of weekly
paper-and-pencil tests is described in Galda & de Quintanilla, 1978.)
Worksheet data proved to be insufScient for several reasons. First, the
radio gave many of the correct answers as reinforcement. The project
staff consequently could not be certain that the responses on the
worksheets accurately reflected what the children had'learned, since
the children might have written the correct answer after it was given
to them by the radio. Second, the lesson items did not directly test
many concepts that had been taught in preyious lessons. Thus, the
project staff could not measure the retention of previously learned
material, Third, the children were given so much instruction before
the item or as they were doing the item that the project staff could not
determine how well the children could have done the work on their
own. Fourth, there were no items on concepts that had not already
been introduced. Thus, the project staff could not find out how much
the children knew before instruction on those concepts was begun. (A
more complete discussion of these reasons is included in chap. 3.)
Finally, worksheets proved to be too expensive. Consistent with its
mandate to produce lessons that would be inexpensive to use, the
project staff recommended that the entire first-grade instructional
program be revised to eliminate the use of worksheets. (The latter
third of the first-grade instructional program was eventually revised
to be presented without worksheets. Results of this worksheet exper-
iment and the revision of the first-grade instructional program are
described in Galda, Gonzilez, Searle, & Friend, 1979.)
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4. THE 1976 SCHOOIL. YEAR

Two major lesson-development tasks were undertaken during
1976—development of’ lessons for the second grade and revision of
lessons for the first grade. For the first time, lessons were broadcast
oyer the radio. Project lessons for the 1976 school year were initiated
on February 16, 1976, shortly after the opening of school. Second-
grade lessons were broadcast at 8:30 A.nm. and first-grade lessons at
9:45 A.M. on the national radio station, Radiodifusora Nacional de
Nicaragua, ‘This was a government-owned radio station; air time was
provided free of charge to the project. The 1976 school year ended
on November 18, 1976 with the presentation of Lesson 25 of the
second-grade program to the first-grade classrooms (the last lesson of:
the first-grade program, Lesson 150, was broadcast to the first-grade
classrooms on October 13, 1976) and Lesson 175 to the second-grade
classrooms.

The use of radio lessons was expanded to three provinces during
the 1976 school year—the provinces of Masaya, Granada, and Carazo.
The experimental area was expanded’ to increase the number of
schools from which to draw classes and to accommodate some of the
teachers in neighboring areas who had expressed interest in using the
project mathematics lessons.

The 1976 First-grade Instructional Program

A reyised version of the 1975 first-grade program was used during
the 1976 school year. Eight new radio lessons were produced to
complete the sequence of the early lessons (the first four weeks of the
1975 program, in which only three lessons instead of five were used
per week). ‘The remaining lessons were completely revised. The proj-
ect worked with 45 first-grade classrooms during the 1976 school
year, of which 30 were selected at random from rural and urban
schools in Masaya, Granada, and Carazo.

Lesson materials were produced at the project office in Masaya,
Approximately 40,000 copies of the worksheets and 900 copies of the
teacher’s guides for the first-grade program were produced and dis-
tributed monthly. The 1975 teacher's guide was completely rewritten.
Student worksheets were changed only where pictures were found to
be confusing or where errors had been made in the previous version.
Both the teacher's guides and the student worksheets for the first-
grade program were distributed through the Inspector's Office in the
local province. Teachers were asked to collect these materials at the
time they collected their mon! ‘v paychecks.
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During the 1976 school year the project staff members attempted
to maintain a greater distance between themselves and the project
teachers in order to simulate closely the necessarily increased inde-
pendence of teachers in a wide-scale use of the program. Thus, only
two teacher-training sessions were held at the beginning of the school
year during February and March, 1976. Also, of the 45 first-grade
classes participating in the radio program in 1976, only five classes
were observed regularly and six classrooms were tested weekly.

The first-grade classrooms were pretested in the period between
February 23 and March 29, 1976, at the beginning of the school year.
Al the end of the 1976 school year, during late October and early
November, 1976, the project staff administered posttests to 53 first-
grade classrooms. A complete description of the first-grade testing
program and results of this first formal evaluation of the Radio
Mathematics Program is provided in Searle, Matthews, Suppes, and
Friend (1978) and in chapter 4 of this volume.

The 1976 Second-grade Instructional Program

The second-grade instructional program was developed during
the 1976 school year, Twenty second-grade classes in the province of
Masaya' participated in the experimental program in 1976, In addi-
tion, 20 teachers in neighboring provinces who asked to use the
second-grade lessons were inciaded. (These teachers, as well as all
subsequent voluntary teachers, were not part of the formal evaluation
of the experiment, as they were not randomly selected.) In all, some
1,400 second-grade children listened to the instructional radio pro-
grams in 1976.

The second-grade lessons did not use student worksheets; rather,
teachers were asked Lo copy exercises [rom the teacher's guide onto
the chalkboardibefore the radio broadcast. The children used their
notebooks for written work. Copies of the teacher's guide for the
second-grade program were distributed weekly. As with first-grade
teachers, second-grade teachers were asked to pick up the materials
themselves. Radios and copies of the teacher's guide were supplied to
all 40 teachers by the project. In 38 schools the radios were shared
with first-grade classrooms. Except for the use of the national radio
station rather than cassette tape recorders for playing the lessons, the
second-grade lessons were presented in much the same way as the
1975 first-grade lessons.

For the same reasons as discussed above for the first-grade pro-
gram, only five second-grade classrooms were observed at least twice a
week, the remaining classes only occasionally. Two teacher-training




18 GONZALEZ

sessions were held at the the start of the school year, none sub-
sequently.

Pretests were administered to 44 (24 control and 20 experimental)
second-grade classes in March and April, 1976. Third-grade control
classes were also pretested in March and April; some fourth-grade
classes were pretested in April 1976. At the end of the 1976 school
year, during late October and early November, 1976, the project staff
administered posttests to 46 second-grade, 24 third-grade, and 12
fourth-grade classes. Results of these tests are presented in chapter 4
of this volume,

Radio Broadcast Difficulties

The project staff maintained a schedule of preparing, producing,
and broadcasting a lesson each day of the school year for each grade
level. However, transmission difficulties plagued the first year of
actually broadcasting the lessons—primarily errors in transmission
(e.g., playing a lesson on the wrong day) or disruptions (e.g., preemp-
tions by other programs, power failures, and equipment failures).

The project staff took several steps to rectify these errors. A staff
member wis assigned to be at the recording studio each morning to
deliver personally the corret Utape to the radio station and to see that
the announcements were read at the proper time, First-grade lessons,
which were broadcast later in the morning, were disrupted’ particu-
larly often. Various governinent officials were notified, and by the
end of the school year these problems had decreased in severity, In
addition, the time of the first-grade lessons was changed in June from
945 A.M. 10 9:00 ALy to avoid preemptions by political broadcasts
that were more likely to occur somewhat later in the morning.

Initiation of Fast-feedback Scheme

The 1976 school year witnessed the further development of the
systematic use cf obseryation and performance data (jointly called
feedback) in lesson development. Two components of the lessons
were affected by feedback: curriculum content and' lesson format,
Obscrvations were the most useful source of inforraation about as-
pects of lesson format; the program of weekly pencil-and-paper tests
started late in 1975 was used to collect performance data. The advan-
tage of this scheme for using test data to direct curriculum develop-
ment was that misjudgments could be corrected during the de-
velopment of the instructional program. Producing lessons with fast
feedback, as this scheme came to be called, required a tight produc-
tion schedule and consequently tighter administrative control of the
project. (For a more complete description of the fast-feedback system
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and its application and development by the Radio Mathematics Proj-
ect, see I'riend, 1976a, 1976b, 1976¢, and chap. 3.)

Other Research Activities

Besides implementing the first- and second-grade instructional
programs and testing first- through fourth-grade classrooms, the
project stalf also carried out preliminary curriculum work for the
third-grade program during the 1976 school year, In addition, as in
the previous school years, the project staff distributed questionnaires
to teachers to assess their attitudes toward the project and collected
student dropout and repetition data. Reports of these activities are
available in Tilson and Searle (1978) and Jamison (1978). Finally, a
test of addition and subtraction skills was administered to 2,000 first-
through fourth-grade students in August and to 1,000 fifth- and
sixth-grade students in September. The tests and results are discussed
in Searle, Friend, Suppes, and Tilson (1977), Tilson, Searle, Friend,
and Suppes (1978), and Friend (1979).

Dissemination Activities

The first dissemination activities of the Radio Mathematics Project
took place during the second half of the 1976 school year. On August
4, 1976, the Nicaraguan staff members of the project made a presen-
tation to school inspectors and subinspectors at the Ministry of Public
Education in Managua. Approximately a month later, in carly Sep-
tember, 1976, the Radio Mathematics Project sponsored an Interna-
tional Conferénce on the Use of Radio as an Instructional Tool in
Primary Schools. The conference took place at the Central American
Graduate School of Business in Managua, Nicaragua. The conference
was attended by 14 participants from 11 different developing coun-
tries, by project staff members, and by guests from the United States,
(Meetings were conducted in both Spanish and English, using simul-
taneous translation.) The major goal of the conference was to share
project methods and results with educators from developing coun-
tries. Five Nicaraguan staff' members and three Stanford staff mem-
bers presented papers at the conference ranging from a general
description of the project activities to a detailed examination of the
formative evaluation system developed by the project. The confer-
ence provided simultaneous translation to allow participation of all
Nicaraguan staff: members regardless of their knowledge of English,
Finally, a seminan on the Radio Mathematics Project was held in
Masaya in early December, 1976, for Ministry of Public Education
and Nicaraguan university personnel.

In addition to the dissemination activities described above, 1M555§
published its first summary volume—Searle, Friend, and Suppes
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(1976)—concerning the activities of the first two years of the Radio
Mathematics Project’s work in Nicaragua on November 1, 1976, This
volume was distributed widely in the United States and (o many
countries throughout the world.

5. THE 1977 SCHOOL YEAR
The 1977 Second- and Third-grade Instructional Programs

‘The major new task of 1977 was the development of lessons for the
third grade. The Radio Mathematics Project began broadcasting les-
sons to 55 second-grade and 60 third-grade classes on February 28,
the first day of the 1977 school year. The second-grade lessons vere
essentially the same as those broadcast the previous year, The third-
grade lessons were developed during the 1977 school year using the
by now well-developed formative evaluation (fast feedback) system,
First-grade lessons were not broadcast during the 1977 school year
pending i decision on the use of worksheets and a revision ol the
first-grade instructional program. The 1977 school year ended on
November 18 with the broadcast of Lesson 164 (o second- and third-
grade classes.

Teacher training. One teacher-training session was conducted for
second- and third-grade teachers in each of the provinces participat-
ing in the project in 1977—Masaya, Granada, and Carazo. The
teacher-training sessions were held before the schaal year began in
carly Eebruary 1977, The second-grade teacher's guide was revised
and published in two parts for distribution to the teachers. The
project stalf also wrote, reproduced, and distributed a third-grade
teacher's guide,

Formative evaluation, Formaltive evaluation activities consisting of
classroom observations and weekly testing were conducted only for
the third-grade lessons in 1977. Twelve thi rd-grade classes partici-
pated in the observation and weekly testing programs, Second-grade
classes were neither observed nor tested, as these lessons were not
going to be revised.

The formative evaluation system itself was further revised and
developed during the 1977 school year, Summarizing the observation
data‘in a form that was useful to the curriculum development team
had been a continual source of difficulty, At the bzginning of the 1977
school year, a daily summary was prepared from individual observa-
tion sheets. This system was time-consuming and was replaced in July
1977. Under the new scheme each obseryer was asked to record his or
her observations directly on a master summary sheet. With this pro-
cedure, the observation data were available in concise form on the
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same day the lesson was broadcast. Thus, information regarding
lessons could be fed to the curriculum group much more rapidly.
Near the end of the year, a weekly summary system was established to
condense the voluminous unedited reports and to draw special atten-
tion in a brief form to the important comments. This system proyed
sausfactory and was continued through the remainder of the year,

Summative eyaluation. Pretests were given at the beginning of the
1977 school year to 18 second-grade, 36 third-grade, and 24 fourth-
grade classes. The fourth-grade classes were evenly distributed
among the three provinces working with the project, with three urban
and five rural'classes chosen in each province. A ratio of three urban
to five rural classes was used in selecting participating classrooms in
the upper grades because of the declining enrollments in the rural
upper grades. An additional 43 classes in the second and fourth
grades served as control classes for the formal (summative) evaluation
ol the programs and were pretested but did not use the radio lessons.

Third-grade lessons were formally evaluated during the 1977
school year, the same year the lessons were developed. Because the
fast-feedback system allowed the development of an effective mathe-
maltics curriculum in one academic year, both formative and summa-
tive evaluations could be effectively and successfully conducted dur-
ing the same year. Results of the third-grade and the second-grade
summative evaluations conducted during the 1977 school year are
reported in chapter 4 of this volume.

Longitudinal Study of Project Oulcomes

A major activity of the Radio Mathematics Project beginning dur-
ing the 1977 school year was a study of the longitudinal effects of
instructional radio on student achievement in mathematics. Both sec-
ond- and third-grade students participated in this study. Two groups
ol experimental students, designated experienced and nonexperi-
enced, were chosen 1~ receive second-grade lessons during the 1977
school year. The 24 classes in the experienced group were selected at
random from the 30 randomly selected classes that used the first-
grade lessons during the 1976 school year. The nonexperienced
group contained 18 classes chosen from among those classes that had
not worked with the project in_the past.

As with the second grade, the third-grade classes were selected
with and without previous radio experience. The experienced group
of classes met all the following requirements:

1. “The school had been randomly designated as experimental;

2. The class used the second-grade radio lessons in 1976;

J, The children were pretested and posttested in 1976.
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Only nine schools, all in Masaya, met these requirements. One of
these schools closed during the year, leaving five urban and three
rural schools. The nonexperienced classes were taken at random
from the list of eligible experimental schools. Details of the longitudi-
nal effects of radio mathematics instruction are presented in chap-
ter 4.

Rio San Juan Implementation

During the carly part of the 1977 school year, the Minister of
Public Education expressed her interest in expanding the use of
project lessons'into the province of Rio San Juan, a thinly populated,
largely undeveloped rural avea st retching along the Costa Rican bor-
der between Lake Nicaragua and the Caribbean, The project staff
gave its [ull cooperation’ to the Ministry in formulating plans for
expanding the program, However, some concern was expressed
about the feasibility of starting lessons part of the way into the school
year. The concern®was that the children might have difficulty in
[ollowing instructions, having missed some of the readiness material
incorporated into the early lessons, and that they would not have
covered enough of the prerequisite material to be able to follow the
lessons.

Inorder to test the feasibility of starting radio lessons in the middle
ol'the year, the staff conducted a brief trial in a rural school near the
projectoffice. Taped radio lessons were presented to both second and
third grades for three consecutive days during May 1977. The chil-
dren were given a very briel introduction: They were told that the
tape recorder would give them instructions about mathematics and
that they would have to respond both orally and in their notebooks.
Two stafl members monitored the lessons and gave individual help to
students who appeared to need it.

Contrary to staff expectations, the children did very well. After
three days they were responding, both orally and in writing, fully as
well as the average radio class that had started at the beginning of the
year. However, it was clear from observation that this school was not
representative of the rural schools in Rio San Juan. Although this
experiment was successful, the Minister and project staff members
agreed to delay the implementation of: the project lessons in Rio San
Juan until the beginning of the 1978 school year,

The Japan Prize
In April 1976, the project initiated inquiries about submitting an

entry for the I1th Japan Prize International Educational Program
Contest which was to be held in Tokyo in February 1977. A typical
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lesson (Lesson 171) of the second-grade program was selected and
submitted to the contest on behalf of the Nicaraguan Ministry of
Education. On March 1, 1977, the Ministry was notified that the
project lesson had won the Japan Prize for radio. The Minister of
Public Education decided that the prize money (US$2,000) would be
used to purchase radios and materials for the future implementation
of the project lessons in Rio San Juan,

Other Research Activities

As part of the formal summative evaluation activities during the
second half of the 1977 school year, the project staff made unan-
nounced visits to selected second- and third-grade classes in Sep-
tember and October. The purpose of these visits was to determine
how many of the radio classes were listening to the broadcasts on a
regular basis. The project staff members making these visits found
that a majority of the classes were listening to the radio lessons
regularly. Details of this activity are discussed in Searle et al. (1978).

The collection and analysis of school and demographic data were
continued during the year [or the project’s continuing research into
the patterns of educational wastage in Nicaragua, Data collected in
1976 and 1977 are reported in chapter 5. Also, under the auspices of
EDUTEL, a private consulting firm (funded by an A1D contract), a cost
analysis of the Radio Mathematics Project was conducted by Dr.
Stuart Wells of San José State University. The results of this study are
reported in Wells and Klees (1978).

Project Administration

By the end of the original contract period, June 30, 1977, the office
could be considered fully staffed; the project stalfincluded two expa-
triate North: Americans and 28 full-time Nicaraguans. (The third
expatriate, Ledee, left the project when her Nicaraguan counterpart
had successfully learned the production process.) In addition, seven
people worked part time as actors and production technicians. By this
time, almost all substantive activities were done by Nicaraguans, and
the Stanford staff members moved increasingly into positions of
technical advisors on matters of curriculum development and re-
search design. In addition, administrative procedures and organiza-
tional concerns were fairly stable by the end of the original contract
period.

The project office was organized into six major departments—
curriculum, radio production, research and evaluation, teacher train-
ing, materials production, and support—supervised by department
managers. However, almost everyone on the staff performed more
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than one [unction: that often [ell into more than one department.
Furthermore, many stafl'members changed jobs to learn about many
differentaspects of the production process. In particular, seriptwrit-
ers and curriculum-deyelopment personnel were encouraged to ob-
serve classes Lo gain a better understanding of the way in which the
project materials were used in the classroon by the children (sce
Friend, 1976a, 1976b, 1976¢).

Thelesson-production process had the (ollowing steps: curriculum
design, preparation of lesson outlines, instruction writing, entertain-
ment writing, preparation of the finished seript, writing of the
teacher’s guide, art work, final checking ol the seript, and direction
and production of the recorded lesson. These tasks were handled by
the curriculum and seriptwriting departments. The teacher-training
assistant wrote the teacher's guide,

Atthe nextstage, the lessons were broadeastin the classrooms and
data collection began. Classrooms were observed, observation sum-
miries preparved, childven tested, data analyzed, and recommendi-
tions made [or changes in [uture lesson design. ‘These actiyities were
the responsibility. ol the vesearch and evaluation department.

The supportstallincluded three seeretaries, an avtist, o gardener,
a night guard, and vwo maids. In addition, a bookKkeeper handled
business matters fov the project. (Initially, Project Director Eriend
personally handled the Gnancial matters of the project; but her other
duties beciime (oo numerous 1o allow her (o continue doing so.)

Atthe end of the original contract period in June 1977, this team
ol 30 people produced one new lesson cach school day (o1 the instriuc-
tonal program under development (e.u., the thivd-grade instrue-
tonal program during the 1977 school year) In addition, a lower
level ol activity supported the presentation an —evaluation ol lessons
[rom a previously developed instructiona, program: (e.q., the
second-grade instructional program during  he 1977 school yeir).
Flowever, the primary activity of the majority ol tl e project stalf was
the development ol that school yeiur's instre ctions | progrim,

Project Extension

On June 22,1977, the Ministry and A1 signed anew contract and
agreement Lo estend the Radio Mathematics Project [or two years,
from- July" 1, 1977 o June 30, 1979. Under the new agreement,
Stinford's participation in Nicaragua was scheduled o end on De-
cember 31, 1978, (The details of this agreement are summirized in
sec L) Through the new agreement between s in and the Ministry,
the government of’ Nicaragua demonstrated its support of the proj-
cet’s work by substantially increasing its commitment 1o the project.
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The acceptance of new obligations by the Nicaraguan goveinment
underscored their strong!support of the effort and indicated their
intention to eventually extend the project nationwide.

A major objective of the project extension agreement was to pre-
pare for the wide-scale implementation of the radio lessons in
Nicaragua, In 1977 the project collected and organized the necessary
data to determine the reception costs for implementing the project
for-each grade in each of the 16 proyinces of Nicaragua. Finding the
funding for such a major expansion ol  the project was the major
obstacle to the wide-scale implementation of the Radin Mathematics
Project. The Ministry tried to find the necessary funding internally.
Unfortunately, political disturbances increased during the year,
negating any efforts to expand the Radio Mathematics Project on a
national scale.

Despite these difficulties, the project staf( continued to prepare the
program forits eventual use in all parts of Nicaragua. For example, a
major trend throughout the first three years of the Radio Mathemat-
ics Project was the gradual reduction of the support materials neces-
sary for the successful use of the radio lessons, There was a1 dual
motivation for this reduction. Economically, requiring fewer support
materials for the successful implementation of the radio lessons would
make them lessexpensive, thereby lacilitating their wide-scale use in a
developing country such as Nicaragui. In a practical sense, haying to
use fewer support materials would ease the logistical problems of
distributing the materials that would avise in a wide-scale (e.g., na-
tional) implementation of the radio lessons. In addition, fewer sup-
port materials would make the radio lessons more accessible 1o i
nonformal, out-ol-school audience, The possibility of using the racio
lessons inta nonformal school setting had avisen in discussions at the
international conference mentioned earlier. ‘These three concerns
motvated the project stafll to eliminate gradually the necessity ol any
support materials [rom the design of the radio lessons. Historically,
this trend is exhibited by the lirst-grade program’s reliance on work-
sheets, the second-grade program’s reliance on the chalkboard, and
the third-grade program’s reliance on direct dictation to the students
to presentithe written material, Direct dictation to the students wouid
also be used in the [ourth-grade program. Worksheets were success-
fully eliminated (rom the last 40 lessons of e hest-grade program
during the 1978 school vear (Galda et al., 1979). In this manner, the
racio programs became even more economical and practically [easible
to implement on a large scale. In addition, the accessibility ol the
radio lessons 1o an out-of=school listening audicnce was increased by
not requiring any materials besides paper, pencil, and radio. The
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presence of such an audience was discovered in 1977 and such listen-
ers were informally surveyed during August 1978. Results of the
August survey are discussed in chapter 8.

6. THE 1978 SCHOOL YEAR |

An important objective of the 1978 school year was the orderly
transition from direction of project activities and administration by
Stanford staff' to Nicaraguan staff members. Consequently, the
Nicaraguan counterparts who had been trained in the various aspects
of the project were given primary responsibility for the development
and production of the fourth-grade instructional program and the
implementation of the first- through third-grade instructional pro-
grams. In developing the fourth-grade radio lessons, as well as in the
use of the feedback system and in much of the formal evaluation,
Stanford staff members served mainly in a consulting capacity.

Political Disturbances

The 1978 school year was a politically unstable year in Nicaragua.
Even before the beginning of civil war in September, there were
several general strikes and an atmosphere of unrest, As indicated
below, however, the majority of project activities were completed as
planned despite many obstacles. The office had to be closed for short
peviods on several occasions. The primary setback in 1978 was not to
the office directly, however, but to the validity of some of the evalua-
tion activities, This was due (o the extreme irregularity of school
attendance during much of the school year, especially in Masaya and
Carazo.

The First- Through Fou rth-grade Instructional Programs

The Radio Mathematics Project began broadcasting lessons to the
hrst through fourth grades on February 23, 1978. During the 1978
school year, the project staff distributed materials to over 300 class-
rooms using project lessons. About 10,000 students in these class-
rooms listened to the programs. First- through third-grade radio
lessons were essentially the same as those broadcast in the previous
years. Fourth-grade lessons were developed during the 1978 school
year with the now standard [ormative evaluation system,

Short tc:lclmr-truining sessions (about three hours long) were con-
ducted by project staff members for teachers in Masaya, Granada,
and Carazo during carly February, 1978; in Rio San Juan they were
conducted by the local provincial officials.
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Pretests were administered 1o over 200 first- through fourth-grade
classes in February and March, 1978, The 1978 school vear ended
with the posttesting of over 200 classes in the first through fourth
grades in October and November, 1978, The sccond-grade formal
evaluation was repeated to obtain further data. In addition, 24 third-
grade radio classes with prior radio experience were tested 1o mea-
sure the cumulative effect of radio experience in successive years on
mathematics achievement. T'his work continued the longitudinal
study of the effectiveness of project lessons begun during the 1977
school vear. Also, the first-grade evaluation was conducted to confirm
the project’s previous findings. Finally, a formal evaluation of the
tourth-grade program was conducted. All of the formal evaluation
activities were suceesstully completed despite a very tight schedule of
activities and the arlverse political conditions in Nicaragua in 1978,
A detailed report of all formal evaluation activities is presented in
chapter -1

Rio San Juan binplementation

During the 1978 school vear, the Radio Mathematics Project ex-
panded geographically bevond its experimental areas. The original
experimental area in 1974-1975 covered the provinee of Masaya,
Granada and Cirazo were added in 1976, These three areas con-
tinued to receive the radio lessons in 1977 and 1978, During the
second hal? of the 1977 school vear, the project prepared to present
radio lessons in Rio San Juan during the 1978 school vear. The
expansion of the project into Rio Sun Juan was consistent with the
project’s eventual goal of cnabling all the school children of
Nicaragua to listen to radio mathematics lessons,

A primary objective of the Rio San Juan implemenaation was to
support the successtul use of the radio lessons with @ minimum of
assistance Irom the project staft after the initial training. In Sep-
tember 1977, a4 planning visit was made 1o Rio San Juan to enlist the
cooperation of local education officials and of the Rio San Juan
Project, i government-sponsored, integrated, rural-development
program in the arca. Radios for the schools in Rio San Juan were
purchased by the Ministry in December 1977 with the money wot in
the Japan Prize competition. In February 1978, several supervisors
from the provincial inspectorate of education in Rio San Juan spent
more than a week at the Radio Mathematics Project office being
trained to provide teacher tratning for local teachers. These super-
visors distributed project materials in their local areas. Later that
month, the project programs were officially used vutside of the initial
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experimental area for the first time. According to a report sent from
the Rio San' Juan Project to the Ministry ol' Education, the radio
mathematics lessons were among the most successful of all the ac-
tivities in Rio San Juan in 1978,

Dissemination Activities

‘The Radio Mathematics Project moved [rom its experimental
status to that of a well-established program during the 1978 school
year, Consequently, the number of dissemination activities conducted
by the project stafl"increased substantially. Project staff members
attended and presented papers at conferences in Alaska, Brazil,
Ghile, Jamaica, and Washington, D.C:; visited other educational de-
velopment projects in Costa Rica and the Philippines; consulted with
thestafts of other educational development projects in Nicaragua (the
Instituto de Bienestar Campesino or INVIERNO and the Rural Educa-
tional Raclio Project in Puerto Cabezas, Zelaya) and the Philippines
(the RATES project) on the use of radio in education; and helped to
produce a film about the project. Several visitors, both foreign and
Nicaraguan, came to the project office. Foreign visitors included the
divector ol programming of” Educational Television (e1v) in El Sal-
vador, Nicaraguan visitors included several stalf members of the
Rural Educational Radio Project. Plans were made to use radio math-
ematics programs experimentally in the Puerto Cabezas area on the
northeast coast ol Nicaragua. Finally, imsss at Stanford published in
December 1978 @ second summary: volume—Suppes, Searle, and
Friend (1978)—ol the activities of the Radio Mathematics Project.
This volume has been distributed to libravies throughout the United
states, England, and Ganada and to individuals and organizations in
67 countrics.

Other Research Activities

A primary project objective during the 1978 school year was the
completion ol the many supplementany research activities conducted
by the stalf. O paramount importance o the planned wide-scale
implementation ol the project was an experiment concerning the use
ol worksheets in the first-grade radio lessons. Because of the cost and
distribution problems involved with the worksheets, there had been a
great deal of interest in whether the first-grade lessons could be
rewritten so as to eliminate them without sacrificing the effectiveness
ol the lessons, In order to test the feasibility of this suggestion, the last
40 hivst-grade lessons were rewritten to eliminate the need for work-
sheets and were retaped. These revised lessons were played on tape
recorders in 24 experimental classrooms. Immediately before the
beginning of the experiment and immediately after the last lesson,
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achievement tests were administered both to the group of students
using worksheets and to the group using the revised lessons, Results
ol the worksheet experiment are discussed in Galda et al. (1979).

The Radio Mathematics Project also cooperated with the World
Bank in conducting a textbook experiment, For this experiment, free
textbooks were distributed to all children in 20 first-grade and 20
fourth-grade classes. These classes were subsequently given pre- and
posttests and compared with traditional classes and with classes using
the radio lessons. The results of this textbook experiment will be
published in the near [uture.

Numerous other testing activities were conducted during the 1978
school year that followed up previous project research in elementary
mathematics learning. Some of these activities, like the addition-
subtraction test. administered in Managua, were direct offspring of
carlier tests; others, like the numeration and logic tests, were new
tests, A special test in- mathematics was administered 1o filth- and
sixth-grade students, This test was designed (o help the Nicaraguan
staflplan the radio curriculum for those grades. Earlier project work
with the Stanford Mental Arithmetic Test (SMAT), hest administered
atthe end of the 1975 school year, was also continued: the test was
given toradio classes in Grades 2 through 4, so that results could be
compared with those obtained for 1976 control classes, The project
also designed and administered a test of language arts to second-
grade radio and control classes, to attempt o determine whether
enhanced mathematics achievement in the radio classes was gained at
the expense ol neglecting other subject areas. Fora discussion of the
vesults ol these supplementary testing activities see Galda et al, (1979)
and chapter .

Inaddition to the extensive testing program described above, more
rescarch-related activities were planned, Unfortunately, not all of
these could be done, because of the political situation. In late August,
the project planned a series of inspection visits o all of the experi-
mental classrooms to estimate the actual radio usage. These visits were
also intended’ to obtain information regarding the teachers' ideas
about the radio programs and related activities Unfortunately, most
ol thevisits had to be cancelled, because stalf members were unableto
visit the schools. Project stafl'members were able to interyiew: children
about subtriction problems, administer a questionnaire to about 100
teachers to lurther previous resenrch into educational wistage (drop-
out and repetition problems) in the Nicaraguan educational system,
and conduct an extensive informal survey ol the out-of-school listen-
ing audience to estimate its magnitude and characteristics. Detailed
results of these two survey studies are presented in chapters 6 and 8.
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7. THE 1979 SCHOOL YEAR

Project Director Jamesine Friend left Nicaragua (to consult with a
radio projectin the Philippines) in the middle of the 1978 school year,
and Dr, Klaus Galda, the only expatriate in the project office, took
over as project director. Galda remained in Nicaragua until January
5, 1979. At that time, the Nicaraguan Ministry of Public Education
assumed complete responsibility for the operation of the Radio Math-
ematics Projectin Nicaragua. Administratively, the project was placed
under the auspices of the National Center lor Education and Science
(Centro Nacional de Educacion y Ciencias, GENEC), although for 1979
the operating funds were still being channeled through the Ministry's
Office of Planning,

Atthe beginning of February 1979, the project office moved from
Masaya to Managua where it was housed in a building that had been
built for the Ministry of Public Education with A1p support. Before
the culmination of the civil war in June 1979, the project was occupy-
ing four large rooms (each about the size of a classroom),

The Radio Instructional Program

Lessons for Grades 2, 8, and 4 (developed in previous years) were
being broadcast each morning over Radio Nacional at 8:30, 9:00, and
10:30, respectively. Since March 5, when broadcasting began, no days
had been missed. However, the radio station [reqently started the
programs 10 to 15 minutes behind schedule,

The radio mathematics lessons were being used officially in
selected schools in the provinces of Managua, Masaya, Granada, and
Carazo, as well as in virtually the entire province of Rio San Juan, The
project staff estimated that approximately 10,000 students were lis-
tening to the radio mathematics programs in the schools that had
received radios and teacher's guides. There were undoubtedly many
more schools and homes listening to the programs independently.
The usual three-hour training session had! been given to teachers
from about 30 schools in Managua, as well as to a similar number
from the three provinces that had formerly made up the experimen-
tal area. Project stafl members also trained six inspectors from Rio
San Juan, who in turn were responsible for training teachers in more
than 30 schools in that province.

Pretests were administered'in the second-, third-, and fourth-grade
Managua classes where materials had been distributed, About 30
afternoon-shift schools were control groups in those same three
grades. The purpose of pre- and posttesting in these Managua schools
was to see whether the results obtained from the formal evaluation in
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Masaya, Granada, and Garazo were valid for the urban Managua
schools as well.

Despite a late start, work was also under way on developing the
hfth-grade programs. The [ourth-grade posttest was given as a pre-
testto 17 experimental classes. However, itappeared that there would
be no formal evaluation of fifth grade in 1979, since no control group
of students' was selected. Of the 17 fifth-grade classes, 12 were in
Managua, and the remainder were in Masaya (3 urban and 2 rural),
Lesson production began about two or three weeks late, and the first
hfth-grade lessons were not started until two weeks after the other
grades.

‘The fifth-grade lessons were not broadeast but were distributed on
cassette tapes to the experimental classrooms, This created a number
ol problems. Lessons had to be recorded almost two weeks before
presentation to allow time for the reproduction and distribution of
the cassette copies. Some of the tape recorders were malfunctioning
and, had'lessons continued, it was likely thata shortage of functioning
recorders would develop. Apparently the decision to use tapes was
motivated mainly by uncertainty about being able to obtain enough
vehicles to observe several classrooms at exactly the same hour every
day. The schools using tapes staggered their mathematics classes, so
that it was possible at any hour of the morning to observe some
hifth-grade class.

According to the last report riceived at Stanford, all of the first 12
hfth-grade lessons had been observed. Wecekly testing had not begun
yet but was scheduled to begin the week after Easter (the middle of
April, 1979), It appeared that planning for the tests was progressing
reasonably well, The master plan for the fifth grade and the cur-
riculum seemed 1o be fairly complete, All these activities were sub-
sequently overtaken by political events.

Difficulties Encountered by Nicaraguan Staff

Not surprisingly, the Nicaraguan staf{ members encountered sey-
eral problems after the departure of' the Stanford staff, A list of major
problems, not necessarily inorder of importance, was drawn up
Jointly by Galda and the Nicaraguan staff during Galda's visit to
Nicaragua in March 1979, The major problems encountered by the
Nicaraguan stafl were in the following areas:

L. Materials and equipment—vyehicles, cassetie recorders, and. office

cquipment were not maintained properly or replaced when required.

2. Curriculum—only one stafl member, not an expertin curriculum, was
working in this area at the time ol Galda's visit,
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3. Lack ol direction—there was a generval lack of coordination imong the
Project activities,

1. Financial—there was @ cutin the budgeted operating funds for 1979,

The Future of Instructional Radio in' Nicaragua

At the time of Galda's visit in March 1979, the Radio Mathematics
Projectin Nicaragua was planning to expand slowly its geographic
area ol coyerage. In addition, it was planning to serve as a model for
the development of other instructional radio programs. These addi-
tonal radio programs would be in'other curriculum areas for: primary
school children. as well as for adult education, secondary education
(especially'in mathematics), and teacher education. A concrete result
of Galda's visit was an agreement to start immediately on a publicity
cumpaign for the Radio Mathematics programs, especially to inform
schools and out-of-school listeners that the third- and fourth-grade
programs could be used even il the listeners did not have the project
materials. Unfortunately, the culmination of the revolution in June
1979 negated any possibility of accomplishing these objectives in
1979.1

8. CONCLUSIONS

The accomplishments of the Radio Mathematics Project in
Nicaragua can be grouped into five classes—operational, educational,
economic, organizational, and institutional,

Operational Accomplishments

I'he Radio Mathematics Project developed and evaluated a com-
plete instructional program in mathematics for each of the first four
primary-school grades during the tenure of Stanford involvement in
Nicaragua. Despite early delays due to staffing problems, and sub-
sequent difficulties in the transmission of the radio lessons, relation-
ships with the Ministry, and political disturbances, the project staff
maintained ' a brisk schedule of developing, producing, broadcasting,
and evaluating radio lessons. The development and evaluation of
these programs were described above and are summarized below:

! Recent correspondence from Nicaraguan staflf members of the Radio Mathematics
Irojectindicates the new government supports the work of the projectand places high
priority on'its resumption.
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Year Grade Development Summative evaluation
1975 | Lessons developed — Nonexperimental assessment
1976 1 Lessons revised Experimental evaluation

2 liessons developed  Nonexperimental assessment
1977 2 Minor revisions Experimental evaluation

(posttest only)

3 Lessons developed  Experimental eyaluation

1978 | 173 lessons modilied  Experimental eyaluation

without worksheets

2 Experimental evaluation
3 Experimental evaluation
4 Lessons developed Experimental evaluation

Educational Accom lishients

Evaluation studies of the Radio Mathematics Project's instructional
program have indicated thatvitis educationally effective (see chap. 4).
students following the instructional radio lessons developed by the
project learn more mathematics than comparable students in tradi-
tional classrooms. In addition, rural students receiving the radio les-
sons benefit relatively more than do urban students,

A crucial feature of the instructional system developed by the
Radio: Mathematics Project is a method for providing continuous
mformation to program developers about student performance and
student and teacher reaction o all aspects of the program as man-
dated'in the original contract, The project devised a system for using
leedback  that allowed the development of a full course of radio
lessons within one school year. The unique feature of this system is
that old lessons are not revised; rather, new lessons are designed to
build'on the learning that has already occurred—if necessary, chang-
ing time allotments for different topics and modilying the strategies
used. In this manner, the Radio Mathematics Project makes forma-
tive, ongoing evaluation an integral part of lesson production, The
project stalf considers the fast-feedback system a major contributor to
the effectiveness of project lessons. (A complete description of the
formative evaluation system devised and used by the Radio Mathe-
matics Project is provided in chap. 8.)

success ol the Radio Mathematics Project lessons required the
cooperation of the classroom teachers. 1t was therelore important that
teachers perceive the program as valid and appropriately meeting the




34 GONZALE?Z

needs and engaging the atention of the students. surveys indicated
that teachers participating in' the Radio Mathematics Project haye
quite favorable attitudes toward radio instruction. Specifically, they
felt that the radio lessons help the children learn mathematics, help
the teachers teach mathematics, motivate the children and make the
class more interesting, and make mathematics easier for the children
to learn and for the teachers to teach, More significantly, teachers not
using the radio lessons agreed with those who did that the lessons
would motivate the children and make the classes more interesting, In
addition, they expressed an eagerness to participate in the project—a
subtle:measure of the project’s success that should not he underesti-
matted.

Economic Accomplishmenty

A heavy initial financial investment in development enabled the
project to succeed in producing courses of instruction that are highly
elfective (as demonstrated by evaluation data), require a minimum of’
mitevials beyond the radio in the classroom, and are well accepted by
teachers and students. The project's method of lesson development
with formitive evaluation requires a large stall'to design and adminis-
ter weekly achievement tests and to conduct daily classroom observa-
tions, Consequently, the curriculum development process s quite
expensive (Wells & Klees, 1978), However, this is only an initial cost,
since the taped programs can be used for several years. In addition,
the development ol a final set of lessons [or grade within one school
year (in-contrast to the two years needed when lessons are revised)
limits: the substantial curviculum deyelopment costs incurred at the
inception ol the project to one year for each grade. Finally, because
the project had i vesearch focus, and was engaged in developing new
methods, the audience was kept relatvely small (3,000 to 4,000 stu-
dents per year at the outset of the project). In subsequent implemen-
tations, the per-student costs lor lesson development would be smaller
i the program were designed o reach larger audience from the
start.

Ancexplicit goal ol the project was to minimize implementation
costs (e, the recurring operational cost of using the programs once
they are developed). The project requires only a low level of teacher
training—about three hours per year—and no supervision. A
minimum ol supporting materials i necessary in the classroom—a
teacher's guide, some simple materials (most of which ean be collected
locally at no cost), a lew posters, and other materials, Only the first-
grade lessons vequire student worksheets, and in 1978 one-third ol
the lessons were rewritten o he independent ol worksheets. Besides
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keeping the amount of necessany supporting materials to aininimum,
the project made no special investment in communications infrastruc-
ture beyond purchasing radio receivers, The project used existing
recording and transmitting facilities, The first priority was the de-
velopment of effective software, Thus, recurring operational costs
were low; the logic was (o invest heavily in deyeloping effective,
stand-alone lessons that could be used easily and cheaply in the field.

Organizational and Institutional Accomplishments

When the Radio Mathematics Project opened its office in
Nicaragua in 1974, there had never been a media-based instructional
program in the country. In fact, there had been noindigenous radio
o1 TV programming for children. The mathematics curriculum de-
partment ol the Ministry of Education consisted of two people (both
ol whom immediately joined the project staff), When the last Stanford
stalfimember leftin December 1978, an operational staff of 30 people
was left behind that was able to continue the developmental work as
well as to oversee the broadcasting of lessons to more than 10,000
students daily. Unul political events overtook them, the stalf con-
tinued developing lessons for the fifth grade, producing over 50
lesson tapes and teacher's guides,

An important organizational characteristic of the Radio Mathemat-
ics Project was its semiautonomy [rom the educationai bureaucracy of
Nicaragua, Both financial and administrative control of day-to-day
matters were entirely in the hands of the project director. This was an
important [actor in the project’s ability to maintain a demanding
production’schedule, 1t would have been impossible to consult with
the Ministry on all decisions and remain on schedule. Several factors
contributed to the relative freedom with which the project operated:
the circumstances under which the project came to Nicaragua, the
nature ol the agreement between Ain and the Nicaraguan govern-
ment, the physical separation of the Ministry and the project office,
and the continuing ellort of the project director to: maintain the
project’s autonomy.,

As the first extensive research-and-development educational proj-
ect in Nicaragua, the Radio Mathematics Project established an at-
mosphere conducive to successful educational innoyation and im-
provement. ‘Through the training and experience offered to Nicara-
guin stallmembers of the project, it created o competent educational
research stall*and tradition in a setting where such had not existed
belore. These individuals are capable of continuing and extending
the success of the project without expatriate technical assistance.
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Summary

The success of the Radio Mathematics Project has taken an enor-
mous elfort on the part of many people and has involved many
different [actors. First, the project was given long-term funding to
carry outa project with clear research aims. The research focus of the
project was entirely appropriate, since it was attempting something
that had not been done before. A radio-instructional project adopting
our program as a model would not need such a strong research
component. However, there are many unsolved problems in educa-
tion, and other new ideas will need to be experimented with, It is
important that such new projects have enough time and resources to
give the new ideas a fair trial.

Second, although the project had its differences and difficulties
with the Nicaraguan Ministry of Education, the support the Ministry
provided throughout the life of the project was an important compo-
nent ofits success. They did not interfere in the internal affairs of the
project but did provide a substantial amount of material support,

Finally, good organizational techniques, clear lines of authority,
and adequate resources may be prerequisites to success, but they
cannot substitute for interest, dedication, and ingenuity on the part of
peaple who are working together to meet project goals. The Radio
Mathematics Project was fortunate enough to attract individuals with
these qualities,
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APPENDIX A

CHRONOLOGY OF THE RADIO MATHEMATICS PROJECT
(July I, 1973 1o June 30, 1979)

1973
July 1 Initial contract period begins
September 5-19 Site-selection trip to Southeast
Asia
November 8-9() Stte-selection trip to Latin

America

1974

January 6-21 Site-selection trip 1o Latin
America and Africa

February 1 Project Director Jamesine
Friend hired

February 8 Site selection meeting with
atp ofhcials held in
Washington, D.C.

Report on trips, “She Selection
Process: Radio Miathematies
Project” distributed

February 11 Nicaragwa selected as first choice
lor project site

March 6-15 Staft visit to Nicaragua for
further negotiations

April | Agreement between atp and
Nicaragua formalized

April I-May 10 Alb orientation and Limguage
training for Stnford staff
who were moving to Nicaragua

38
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June 1

June 9-25

June 21

July 4

September 3-November 13

October 22-November 15

Febraary 10, 13, 20, 29
February 12

February 24

March 3-7

March 6

April 7-11

April 10

May 12

Radio specialist hired

Arrival of Stantord st in
Nicaragua

Project Research Review
Committee meeting

Office opened in Masaya,
Nicaragua

Six lessons pilot-tested

Achievement test administered
to 44 first-grade classes

Attitude questionnaire given to

44 first-grade teachers

1975
Weekly teacher-training sessions
First day of 1975 school year
Project mathematics lessons
started in 16 experimental

classes

Mathematics pretest adminis-
tered in 16 experimental classes

Teacher-training session

Mathematics pretest adminis-
tered in 9 additional classes

Teacher-training session

Experimental lessons started in
6 Granada schools
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June 19

June 30

July 1

August 6

September-November

October 27-November 14

November 2]

January 14

February 9-13

February 16

GONZALEZ
Teacher-training session

Lesson 70 for first grade
presented in experimental
classrooms

Middle of 1975 school year

Lesson 71 for first grade
presented in experimental
classrooms

Weekly paper-und-pencil tests
initiated

Mental arithinetic tests
administered

Posttests administered to first
and second grades

Teacher questionnaires
distributed

Teacher interviews conducted
End of school year

Lesson 150 for first grade
presented in experimental
classrooms

1976

Research Committee meeting
at Stanford

First teacher-training sessions
held

Lesson 1 for first grade

(8:30 A.Mm.) and Lesson 1 for
second grade (9:45 A.M.)
broadcast over Radio Nacional
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February 23-March 29

March

March 3-April 2

March 12-April 7

March 15-19

April 2-7

June 30

July 1

August 4

August 16-30

September 5-10

Pretests administered in first
grade

Teacher questionnaires
distributed

Pretests administered in second
grade

Pretests administered in third
grade

Second teacher-training sessions
held

Pretests administered in fourth
grade

Lesson 8Y for first and second
grades broadcast over Radio
Nacional

Middle of 1976 school year

Lesson 90 broadcast by Radio
Nacional to 45 first-grade and
40 second-grade classes in

Masaya, Granada, and Carazo

Weekly test administration
continued in 12 first-grade and
12 second-grade classes

Presentation by Nicaraguan
staff members to school
inspectors and subinspectors

Addition and subtraction test
administered to 2,000 students,
in first through fourth grades
in Managua

International conference on
instructional radio held at
INCAE, Managua
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September 20-28

October 11-November 12

Octaber 13

October 14

November |

November 18

December 1-2

GONZALEZ

Addition and subtraction test
administered to 1,000 students,
in fifth and sixth grades

in Managua

Posttests administered 1o

53 first-grade, 46 second-grade,
24 third-grade, and 12
fourth-grade classes

Questionnaires administered 1o
teachers

Forms sent 10 teachers for
collection of student data

Lesson 150 broadcast (last
lirst-grade lesson)

Lesson I of second grade
broadcast 1o first grade

The Radio Mathematics Project:
Nicaragua 1974-1975
published

Last day of vegular classes

Lesson 25 of second grade
broadeast 1o first grade

Lesson 175 broadcast 1o second
grade

Seminar on Ra';o Mathematics
Project he'* -+ Masaya for
Ministry of Public Education
and university personnel
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1977
January 24-26 Field visit, sponsored by

EDUTEL, for economic study of
the project

Eebruary 15-19 Teacher training, one session
each for participating teachers
in Masaya, Granada, and
Carazo

Eebruary 28 Lesson I broadcast by Radio
Nacional to 55 second-grade
classes and 60 third-grade
classes

February 28-March 17 Pretests administered to
18 second-grade, 36 third-
grade, and 24 fourth-grade
classes

Miarch 1 Japan Prize awarded to the
Radio Mathematics Project for

Lesson 171, second grade

Miarch 10 AlD review meeting in
Washington, D.C.

April Forms sent to teachers for
collection of student data

June 22 atn and Ministry of® Public
Education sign new contract to
extend project

June 30 Middle of 1977 school year

Lesson 79 broadeast to second
and third grades

End ol initial Iimt'-)-‘c;n' contraclt

July Children interviewed on work-
ing subtraction exercises
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July ! Continuation contract starting
date
September Visit to Rio San Juan to plan for

1978 implementation

September 28-October 14 Unannounced visits to schools
using radio lessons

November Listener survey conducted

November 9 End of posttesting second,
third, and flourth grades

November 18 Lesson 164 broadcast to second
and third grades

December Ministry of Public Education
purchased 43 radios with money
received from Japan Prize

December 10-13 Staff members visited Instituto
Costarricense de Ensenanza
Radiolonica (1CER)

1978
January 20-30 Training for school inspectors

from Rio San Juan

February 15-17 Teacher training for Masaya,
y
Grauada, and Carazo

February 17-March 1 Vitalia Rojas at conference in
Brazil
Eebruary 21-March 15 Pretests administered to over

200 classrooms in first
through fourth grades

February 23 Broadcast of project lessons for
first through fourth grades

begun
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April 6-13 Training for INVIERNO staf(

April 25-May 3 Footage shot for project film
by Metrotone

May 20-29 Juan Jos¢é Montenegro at
conference “Transfer of'
Technology in Education,” Vina
del Mar, Chile

June 15-October 15 Jamesine Friend in Philippines
AU RATES project

June 28— July 1 Barbara Searle participites in
Seminar in Radio Education,
Caribbean Region, Ocho Rios,
Jamaica

July=September Mental arithmetie tests
administered in radio classes,
second through fourth grades

July 1-7 Visit from director of
programming, eTv El Salvador

July 8=10 Addition and subtraction test
administered in Managua

July 25 Visit from Puerto Cabezas
Wisconsin Project

August 1-3 Listener survey conducted

August 2-1] Numeration testadministered in
Managua to first through sixth
grades

August 12 Lraining for teachers using new

first-grade lessons

August 14-21 Pretest for worksheet experi-
ment administered in 48 classes
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August -8

August 16-18

August |8

August 28-31

October 3-November O

October 9-1 |

October 13-31

October 21

November 16-20

December

Jamuary 5

GONZALEZ

Logic test in Managua and
experimental area

Barbara Scarle at the Audio
Conference of “Educational
Telecommunications for
Alaska,” sponsored by the
Northwest Regional Educational
Laboratory

New fivst-grade lessons (without
worksheers) with cassettes hegun
i 24 classrooms

Classroom inspection visits
begun

Posttesting of over 200 classes,
fiest through fourth grades

Special test siven to 40
lifth- and sixth-grade classes

Spanish test given to 40
second-grade classes

Teachers’ questionnaire
on promotion given to
96 teachers

Khws Galda ot Puerto Caberzas
Wisconsin project

The Radio Mathematics Project:
Nicaragua 1976-1977
published

1979

Stanford participation in
Nicaragua ended
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February 10-13

March 18-28

June 1-7

June 29

Klaus Galda at 5th
Interamerican Conference on
Mathematical Education at
Campinas, Bravil

Follow-up visit 1o Nicaragua by
Klaus Galda

Klaus Galda at Conference on
Communications in Develop-
ment, Jamaica

Project film shown at Workshop
on Communications in Rural
Development, Washington, D.C.



This chapter discusses the multitudinous factors that shaped the curnculum produced by the
Radio Mathematics Project. The interplay of these factors—sume of which were idealistic or
philosophical, others more practical—resulted in a series of radio prrograms quite uncharactenistic
of what one ordinarily thinks of as educational broadeasting. There were no lectures; the Jrrograms
were more a dialogue between teacher and child, with the children taking a larger part than is
wsual in such: transactions. The frograms were not supflementary to the regular course of
tastruction but completely replaced the regular curnewlum, The Josthroadeast activities were
tniegrated in sich a way that the radia’ teachers and. the: classroom. teacher Jormed a well-
caordinated teaching team.

Inea typical elassroom, the teacher starts the r!.'u!:r lesson a few minutes before broadeast time by
handing out materials that will be requived during the broadeast, She then torns o the radio and
allows the radio teachers to take over. During the broadcast, the classroom teacher will not be
nectled excepl lo maintain discipline, If she has another Lrrade in the same classraom, she can devote
the next hu{'f hour ta them, Otherunse, she may. firouide special lm’p [or imdividual students,
esprecially i first grrade. Dunng the broadeast, the radio teachers talk directly to the children in the
classroom, gving instricctions, feading, group songs, asking questions, explaining mathematical
concepts, introducing dramatized problem situations, telling jokes, and so on, Whenever a radio
teacher gives an mstruction or asks a question, there is a Jravse so that the ehildren in the classroom
can respond. Most of the children's respionses are oral, but th ey may also be asked to solve wniten
anithmetic exercises according to the directions given by the radio teachers, to make drawings in
their natebaoks, to write numbers from dictation, or o count seeds or stones that they have brought
to class far that purhose. They may sing, fruess the answers to ridedles, or recite froems, The lessons
are fast faced, with frequent changes of toic, Discissiony of mathematical concepls are mixed with
short sessions of rote dnll and spiced with [ requent “entertainment” breaks. There are four to seven
different mathematical segments in each lesson, covering a wide range of topics so that the children
are continuowsly reviewing old matenal as well as lea ring new skills and concepts. Children are
encouraged to frarticipate actively in both the instructional segments and the entertainment breaks.
Although radio 15 a one-way medium of communication, the conversational lone, the appirojmate-
ness of the language, and' the: carefully controlled pace produce the mnpression of two-way
communication between the mdio personalities and' the students in the classroom.

Becawe the radio teachers set the pace, and essentially take aver the classroom during the
broadeast preniod, there 1y hittle vanation between classrooms d uning this part of the mathematics
lessons, Urban classrooms of 30 to 50. children behave very much like rural classrooms of fewer
than 15 children, The man difference between classraoms cames in the prostbroadcast session, when
the classroom teacher again takes charge. Within the broad constraints of the suggestions supplied
by the teacher's guide, the classroom teacher is now free lo adapt the activities to the special needs of
the children iithe class, The suggested postbroadeast activaties usually allow for more interaction
between children than can be allowed during the broadeast, There is also more leeway for
interactions between the teacher and individual children,

Dunng the pasthrodeast portion of the lesson, the scene is very miich like that in any traditional
classroom, The teacher explains and gpves examples, allowing individual children to ask questions
or o contribute in other ways to.a Ycopversation that involves the entire class, Then individual or
small-grouf assignments are given, and the children work semiautonomaously as the teacher
arculates i the classroom giving special instruction where needed, Dunng the fiostbroadeast
preriod, not all children work at the same rate, or even on the same tasks, The tone is generally more
relaxed than dunng the radio part of the lesson, with less frressure lo keep ups the pace and with
more time for following sidelracks,




Chapter 2

SHAPING THE
RADIO MATHEMATICS CURRICULUM

JAMESINE FRIEND

THEMAINGOALof the Radio Mathematics Project was to improve the
quality of the mathematics instruction offercd to children in Nicara-
guan public primary schools. The terms of the contracts between A1D
and Stanford University, and between the U.S. and Nicaraguan gov-
ernments, specified this goal and imposed some constraints as well:
Radio was to be used as the primary medium of instruction and the
instruction was to be delivered at a low cost.

Besides these two major constraints, there were numerous minor
constraints, some explicitly stated in the contracts or in applicable
public laws, others implicit in the contracts or in the characteristics of’
the: society in which the project was to be located. We were con-
strained, for example, to implement the official syllabus for the math-
ematics curriculum, We had to work within the infrastructural limita-
tions of the country, and within the confines of the cultural milieu, We
rould not select the audience—the programs were to be aimed at all
public-school children, including the rural poor—so we had to cope
with the limitations of the Nicaraguan school children, their teachers,
and their schools, whatever those limitations might be. In the end it
was the constraints as well as the goals that gave the curriculum its
shape, and it is within this framework that we discuss the various
aspects of the curriculum design.

The first section of this chapter describes the instructional package
prepared by the project—a series of radio programs together with the
supporting materials needed to form a complete mathematics cur-
riculum. The next section discusses the pedagogical goals of the
curriculum design. We then turn, in the third section, to a rather
extensive examination of the constraints and their effects. A final
section provides a summary,

49
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I. THE CURRICULUM PACKAGE

During the four and a half years that Stanford was involyed in the
Radio Mathematics Project in Nicaragua, complete curriculum pack-
ages for the first through the fourth grades were developed. (The
project is presently continuing under the auspices of the Nicaraguan
government, and additional curriculum materials have been de-
veloped since the departure of the Stanford advisors.) The cur-
riculum for each grade consisted of a series of radio lessons, a plan for
postbroadcast activities (delivered to the teachers in the form of a
teacher's guide for the grade), and a set of materials to be used in
teacher training, At some grade leyels, supplementary printed mate-
rials for the children were provided.

The number of radio programs in each series varied somewhat
from year to year. Although there are, by law, 180 school days in the
school year, we found that it was not feasible to broadcast more than
165 lessons per year because of frequent holidays, days taken in final
testing, and occasional preemptions of the transmitter for various
(usually political) purposes. The length of the daily radio programs
varied somewhat at the beginning, but we soon standardized our
programs to fitinto the conventional half-hour broadcasting slot, The
total time that the children can devote daily to mathematics is deter-
mined by a Ministry of Education ruling that specifies 80 minutes per
day. (In practice, we found that teachers allowed between 40 and 60
minutes per day, depending on grade level.) For each grade, the time
that was left after the radio broadcast had ended was used for post-
broadcast activities designed to supplement the radio programs,

The supplementary printed materials for the children varied
greatly from grade to grade, with a strong trend toward the complete
elimination’ of such materials. In first grade there were individual
student worksheets for the majority of the lessons; subsequently, the
first grade series was revised to eliminate worksheets in the last third
of the course. In second grade, no individual worksheets were used,
but a set of 14 posters was supplied to each class to illustrate the
concepts of area and fractions. In third and fourth grades, only
pasteboard rulers and inexpensive copies of the multiplication and
division tables were supplied; there were no posters or other materials
for group use.

The teacher's guides were bound books of from 200 to 250 pages.
On one page for each lesson, specific suggestions were given for
activities before, during, and after the broadcasts, In addition, the
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guides provided brief introductions, and included some appendices
with suggestions fon special activities like mathematical games.

Because teacher training consisted of only a single 3-hour session
at the beginning of the school year, training materials were minimal: a
brief’ handout that summarized the important points about using the
program and a broadcast schedule for the year.

2. GOALS OF THE CURRICULUM DESIGN

The predominant concern of the curriculum designers was always
the basic goal of increasing the children’s mathematical skills and
knowledge. The majority of the curriculum decisions hinged on
trade-offs between this goal and or: or another of the numerous
constraints on it, To realize the primary goal of increased achieve-
ment, we tried to accomplish a number of pedagogical subgoals that
we felt were necessary for an effective instructional system. Most of
these are general goals that apply to all skill areas; others are more
specific to the teaching of mathematics.

The first of the general goals was to gain the active participation of
the students in the learning process. Children do not learn well from
instruction delivered in the form of lectures or lengthy explanations.
Skills and detailed factual knowledge, which play a large part in
arithmetic, are particularly difficult to transmit without active partici-
pation of' the children.

The second goal—always informing students of correct answers to
exercises—is based on the principle that knowlege of errors makes
learning more efficient.

Our third goal was to include sufficient review of basic concepts,
and sufficient practice of skills and facts. This review should be well
distributed over time rather than supplied as massive doses of instruc-
tion without follow-up, since distributed practice leads to better long-
term retention of information, Concepts should be developed gradu-
aiy, with adequate examples, because children ordinarily learn better
from relevant examples than from highly verbal explanations of un-
derlying principles, and they need time to internalize the concepts
being conveyed.

In mathematics, specifically, the sequence of instruction needs to
be planned correctly so that each new step builds on previous knowl-
edge, Children cannot learn topics for which they do not have the
necessary prerequisite knowledge. The correct sequencing of topics is
prebably more important in mathematics than in any other school
subject.
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3. FACTORS CONSTRAINING CURRICULUM DESIGN

Of the conditions that shaped the design of the curriculum, the
most influential were the use of radio as the medium of instruction
and the contractual restrictions on costs.

We begin our discussion of limiting factors with these two. We then
discuss the constraints imposed by the use of formative evaluation, by
Ministry guidelines for the content of the mathematics curriculum, by
limitations: of the Nicaraguan school environment itself, by the
background of the teachers and certain characteristics of the students,
and by various logistic problems.

Inthe following, although we discuss each factor as a constraint on
curriculum planning, it 1s important to note that there were some-
times advantages as well as disadyantages to the limitations imposed,
We identify radio, for example, as constraining curriculum design. In
our view, any medium of instruction has limitations that must be
taken into accountin the curriculum design, and radio is not the worst
of all' possibilities, In fact, in many ways, as we shall point out, the
advantages of radio are substantial, and not simply from the view-
point of the costs involved,

We also discuss the limitations of the teachers. While it is true that
the Nicaraguan educational system would be better if the teachers
were better trained (and better paid), it is also true that they were
marvelously pleasant, cooperative, open-minded, and clearly an asset
rather than a liability,

There were instances when we felt that we had compromised our
goals because of some limitation that we could not circumvent, yeL it
turned out that the comp: omise position led to better instruction than
we might have developed otherwise. Several examples of this are
mentioned in the following discussion,

Most of the constraints were not rigid, and some were not even well
defined. Although we were 1o use radio as the primary medium of
instruction, we could and did use supplements. Restrictions on costs
were among the most poorly defined of the constraints on our pro-
gram; there were no clear guidelines for optimal costs, and even our
cost estimates were questionable, Language constraints, likewise, were
poorly defined; different informants gave us widely different opin-
ions of the prevalence, comprehensibility, and acceptability of pro-
posed language patterns.

As aresult, we [requently treated the constraints flexibly. If we felt
that conforming to a questionable or poorly defined restriction would
do irreparable harm to the integrity of the curriculum package, we
violated the restriction rather than adapt the instructional design toit.
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Radio as the Medium of Instruction

Before the Radio Mathematics Project began producing lessons,
many people expressed doubts that radio could be used to teach
mathematics; radio could perhaps be used to teach language or music
or social studies, but for a subject as difficult to teach as mathematics,
the constraints would prove too great. Most of these comments came
from people who felt that teleyision would be a more appropriate
medium; apparently they perceived the main limitation of radio to be
that it provides only oral' communication. While itis true that the
absence of a visual component is troublesome, oral communication
itself has ‘many advantages that are not shared by media such as
textbooks and film strips. And two of the major limitations of radio
are also shared by television—they are both mass media and they both
provide only onc-wiy communication.

Thus, there are four characteristics of radio that have an impacton
curriculum, Radio

I. communicates orally,
2. does not have a visual component,
3. s a mass medium, and

4. allows only one-way communication,

The first of these characteristics is mostly advantageous; the others
haye some advantages but are primarily disadvantageous.

Oral communication, Language is our primary means of sharing
knowledge and preserving culture. Although print has been a tre-
mendous force in improving communication and the speed with
which ideas are transmitted and changed, even in the most highly
developed countries we still communicate primarily by spoken rather
than written language. In less developed countries, where literacy is
less common, spoken language is even more important, and among
the children of any nation, oral skills are always much more highly
developed than reading skills. Good communication with a not-yet-
literate audience must have an oral component. Radio is one way—
and the cheapest way—to provide this,

Knowing that the primary means of communication with the chil-
dren will be oral shapes the thinking of the curriculum designer in
many ways, both about course content and about pedagogical style.

In'deciding the objectives for each year's curriculum, we put more
emphasis on mental arithmetic than most traditional curriculums
would, because we wanted to take advantage of the oral channel of
communication and because we [elt that facility with mental computa-
tions is greatly needed in a culture that is primarily oral. We saw
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mental arithmetic not only as a legitimate goal in itself but also as a
substitute for activities that are usually based on print, for example,
drill on addition and multiplication tables.

Because oral expression is learned before reading and is more
natural, we saw oral work on most topics as prerequisite to printed
work. Addition in first grade, for example, was taught first orally, so
thatthe children were able to respond easily.to items like 3 + 4, 5 + 1,
and 7 — 2 in oral form before they were shown the printed versions of
these same exercises. Similarly, fractions were taught first in oral
form. In fact, with fractions, the difference between the oral and
printed forms is great, and itis not un sual to find children in the
early grades who understand elementa, Araction concepts quite well
without being able either to read or to write the numbers in the
conventional fraction form. Even in integer numeration, the spoken
words for numbers are more natural and more easily learned than the
written forms. One of the greatest difficulties in learning to read and
write' numbers is with numbers that use zeros as placeholders, for
instance, 203, 40, 7005, and 6050; in oral form these numbers are as
casy to understand as 243, 42, 7165, and 6253,

One of the most difficult parts of clementary mathematics to teach
is solving word problems. These problems are traditionally given in
concise, printed form: “Mrs. Jones has three children, She gives each
ol them . .." Such problems cause great difficulty for most children,
and although we do not have a complete understanding of the cogni-
tive skills employed in solving such problems, we expected to be able
to circumvent the difficulty attributed to insufficient reading skills by
giving the problems orally. Another hypothesis about why children do
poorly with word problems is that the statements of such problems are
excessively terse without any of the surrounding details that could
enable the children to form a mental image of the problem situation.
One reason problems are stated so briefly in textbooks is, of course, to
minimize the reading demands. With an oral medium we had no such
constraint but were free to supply as much detail as necessary to flesh
out the story.

For many word problems, we used a complete dramatization with
realistic character portrayals and plots with tension, climax, and res-
olution. Music and a large variety of sound effects, some recorded
locally, were used liberally. These minidramas were usually no more
than three or four minutes long, so as not to strain the attention span
of our audience. We frequently used a series of related story prob-
lems, the first of which would be given as a full-blown dramatization
while the others were more sketchy, relying on the children to imag-
ine the details necessary to complete the picture of the situation.
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Absence of visual component. We exploited the oral aspect of
radio whenever possible, However, the fact that radio provides only
oral communication poses problems for teaching mathematics. Much
of mathematics is visual, especially during early stages of learning,
Most of" geometry deals with shapes and the relationships among
them. Similarly, measurement is concerned with visual objects—with
rulers and things to be measured, with containers for liquids, with
surfaces and solids. Even time and weight, which are not themselves
visual, are measured by instruments that are read visually. Arithmetic,
except fora few simple computations that can be done mentally, deals
with written or printed numbers and exercises.

Since radio cannot provide visual displays, we had to resort to
other means of providing them or find other ways to teach the topic if
we could. We used as substitutes a variety of media; worksheets,
children's fingers, chalkboards, exercises copied into notebooks from
chalkboards or from dictation, posters, and pictures drawn by the
children.

Most of these are static displays, unliks the moving illustrations
that film or television can provide, In most cases, we found the
substtutes to be reasonably satisfactory, but sometimes the constraints
imposed by an oral medium with static visual material were severe. A
case in point was in the teaching of the sequence of steps that make up
the arithmetic algorithms, In an algorithm like long division, for
example, there is a great deal of moving from one place to another,
looking first at a number here, then one there, writing a number in
one place, then writing a different numben obtained by a different
process in another place. The sequence in which these actions are
performed is very strict; any deviation will produce an incorrect
answer. Because the algorithm is complex, it is not easily learned;
children must see many demonstrations of the correct sequence be-
fore they can mimic it successfully. In a traditional classroom, the
teacher will demonstrate the procedure on the chalkboard, taking it
one step at a time and carefully explaining each step as it occurs. In
this way, the children see the algorithm unfold dynamically. They do
not need to study a complete solution and try to imagine the appear-
ance of the display as it was developed.

With radio, such a dynamic display could be done with the help of
the classroom teacher, who could give a demonstration synchronized
with the instructions given by a radio teacher. We chose not to adopt
this solution because we wanted to leave the teacher free to attend to
other groups of children and because we anticipated the possibility of
students working without the help of a teacher,
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The solution we chose instead—and it turned out to haye unex-
pected benefits—was to ask the children to give themselves their own
demonstrations. That is, we did not ask one child to demonstrate for:
the class much as a teacher might; rather, we gave sufficient instruc-
tions for each child to produce in his own notebook a step-by-step
demonstration of the correct process. (If one thinks of the complexity
of giving instructions for long division that are so precise that a
person who has never seen the process can produce a correct solution,
theidea may be appalling, Rest assured that we did not start with long
division; we—the curriculum writers—had had ample practice with
writing instructions to work through the simpler algorithms before we
reached long division.) The unexpected benefit of this substitute for
moving illustrations was that the children attended more closely and
learned more quickly than do children watching a demonstration
given by someone else. This seems obvious now. but did not occur to
us before the fact.

Radio as a mass medium. Radio delivers the same message simul-
taneously to many listeners and therefore does not permit the indi-
vidualization of instruction, In this respect, radio is even more con-
strained than the traditional lecture style of instruction; a lecturer can
at least adjust the pace of his presentation to the needs of those to
whom he is lecturing, In contrast, radio delivers the same message to
small rural classes as to large urban classes. Classes in middle-class
neighborhoods will be treated the same as classes of the children of
poor farm laborers,

There are very few ways to alleviate this problem, One partial
solution would be to prepare for each grade several series of pro-
grams at different levels, We did not seriously entertain this notion
because of the prohibitive cost, Another possibility—one that we did
experiment with—was to include instruction at different levels within
the same broadcast. We used two levels—not for the entire lesson but
only for selected parts. The exercises for the two levels were inter-
mixed so that one ability group could be completing an exercise while
another group was receiving instructions. The children adapted more
casily to this style of instruction than we expected, but we abandoned
the experiment after a few weeks—for two reasons, The first was that
both groups were receiving less total instruction than they would have
if there had been a program designed especially for them, We felt that
this loss of time nearly cancelled the advantage of having the instruc-
tion aimed more nearly at the right level. The second reason for
giving up this idea was the difficulty of sorting the children correctly
into the two ability groups. With adequate research and a good pre-
testing program we probably could‘have overcome this difficulty, but
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we estimated the cost of the solution to be greater than its value, Even
had ' this solution proved feasible, the resulting instruction would still
not have approached individualization. In the end, we simply ac-
cepted the fact that'radio is a mass medium and aimed our programs
at, or a little below, the level of an average student.

Despite our misgivings, the level of difficulty we adopted proved
quite acceptable, We had fears that by aiming at the average student
we would be seriously handicapping both the above-average and the
below-average students, but evaluation results showed that children
of all'ability levels learned substantially more than comparable stu-
dents in traditional classrooms (see chap. 4).

A mass medium also offers some advantages. Since the curriculum
is centrally controlled, there can be more consistency than would be
possible with' media like textbooks that allow for greater classroom
variation. Because financial support can be concentrated in this case,
more time and care can be spent planning the curriculum and fitting
it to the special needs of the audience,

One-way communication. Radio provides communication in one
direction only. This characteristic is so much a part of our perception
of radio as a communication medium that many producers do not
even see it as a problem to be oyercome. Most radio programs are
clearly designed with only one-way communication in mind; the radio
talks (or makes some other noises) continuously, and that is seen as so
right and proper that professional radio people are appalled at the
thought of “dead air." This deep-seated prejudice was evident among
project staff members; most of the scriptwriters, especially at the
beginning, tended to think far more about what the radio would be
doing than about what the students would be doing. This attitude was
frequently counterproductive, since our aim was not to produce radio,
programs but to educate children, which we felt we could do best by
allowing them time to participate rather than by demanding that they
listen continuously.

Since our focus was more on the learner than on the radio, we
developed a style that closely simulated a conversation between stu-
dent and teacher. The radio characters spoke directly to the children
rather than to one another, They gave instructions and asked ques-
tions and always paused to allow the children time to do the task or to
answer. Only rarely did more than two or three minutes elapse with-
out an opportunity for the children to engage in some activity,

For the programs to simulate dialogue between radio teachers and
classroom students, the pauses for responses and other activities had
to be calculated quite precisely. If a pause is too short, the children
will not be able to complete the activity in the time allotted and will not
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be paying attention to the next instruction or question, With oral
responses they will not even hear the next radio speech, since a choral
response from an entire class is loud enough to drown out the radio.
[ the pause is too long, the children will become restless and may
distract one another so that again they are not listening to the next
question or instruction from the radio teacher.

We found no theoretical approach to calculating appropriate
lengths for pauses, but we did develop quite complete rules of thumb
simply by observing large numbers of children making many. re-
sponses ol different kinds. One difficulty in choosing pause lengths is
that the speed with which children respond changes quite dramati-
cally as they gain experience. By the end of second grade, for exam-
ple, children can write a three-digit number from dictation in
8seconds, whereas at the beginning of the same grade they needed
12 seconds—if they could do it at all,

There is usually little difficulty in teaching children to participate
actively in the kind of simulated conversations we prepared. In the
first few lessons of each year, we encouraged the children with
phrases such as “Now, everyone answer this one aloud"" and "I want to
hear all of you tell me the answer.” For many lessons we also used
child actors to provide an example and stimulus for the children in
the classroom. These child actors, usually three or four of them,
responded to each question asked by the radio teachers in the same
way we wanted the childin in the classroom to respond, thereby
setting the pace for any children who were at all hesitant. We also
asked the classroom teachers to encourage active participation; the
best way for them to do this is to participate along with the class,
giving answers aloud just as they expect the children to do,

Even though we succeeded in simulating a dialogue, we still had
the problem of not really receiving any communication from the
audience. The radio could begin a conversation by giving an instruc-
tion or asking a question, and it could then pause so the children
could respond, but it could not continue on to the next stage of a real
conversation by reacting to the response given by the children.

Since we believe it is important to provide students with immediate
knowledge of the correctness of their responses, we considered this
limitation very serious and made strong efforts to counteract it. Ide-
ally, we would have liked to react immediately to each response given
by a child, letting him know if his response is correct or, if incorrect,
what he did wrong. This ideal teaching strategy can occur only with
individual tutoring or computer-assisted instruction. With radio, the
most closely we could approximate this ideal was to announce the
correct answer just after the children responded, leaving the child to
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determine for himself whether his response was correct. A typical
dialogue would be:
Radio teacher: Everyone tell me, how much is five times seven?
(Pause for response from classroom)
Radio teacher; Thirty-five. Five times seyen is thirty-five.

Notice that after the pause for a response, the next words pro-
nounced by the radio teacher are the exact response expected from
the children; there are no intervening words or phrases, such as
“Good" or “Correct” or “The right answer is..." After that, as
further reinforcement, the radio teacher repeats both the exercise
and the correct answer. The efficacy of this method relies heavily on
the timing, If the pause is too short, the radio teacher will come in too
soon and will be drowned out by the choral response in the classroom.,
If the pause is too/long, the immediacy of the comparison is lost.

Another disadvantage of using a one-way medium is that the radio
teacher is completely unresponsive to transient needs of the class. If a
point is not clear, no one can question it. There can be none of the
kind of interplay that occurs in good discovery teaching situations.
Even a traditional lecturer can adjust better to the needs of the group,
without a single question from the students, a sensitive lecturer can
detect from their expressions when a point needs further explication.
Because of the blindness of radio, a radio lesson must be prepared
with much more care than a standard lecture,

So, in summary, of the four main characteristics of radio, we view
the first—availability of the oral component—as advantageous. The
second characteristic—no visual materials—is less of a disadvantage
than many people think, The remaining two—being a mass medium
and offering only one-way communication—are almost entirely dis-
adyantageous, but not sufficiently so as to make impossible the design
of effective instructional programs,

Costs

Costs played an important part in curriculum design, and indeed
in all other project decisions, because the project lessons were not
replacing some other component of the educational system that could
then be eliminated to reduce the total cost. Rather, radio lessons were
an add-on cost that the government would have to justify in order for
the program to continue after external funding ceased.

Project costs are of two kinds: costs attributed to lesson develop-
ment and those resulting from broadcasting and receiving lessons
once they are developed (implementation costs). Since lesson-
deyelopment costs are high, they seem a logical place to economize,
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However, an analysis of the long-range economic aspects of the proj-
ccl (see Wells & Klees, 1978) reveals that the implementation costs are
more significant. 1f the programs are to be used again and again for
many years—and in the case of a mathematics curriculum there is no
reason why they could not be—the production cost can be amortized
over that time period. Most implementation costs, however, recur
each year. Among them are the cost of transmission: the cost of: radio
receivers for the classrooms, their maintenance, and provision of
power for them, either by battery or electricity; the costs of: printing
and distributing supplementary materials for the children, and guides
and training materials for the teachers; and the costs of supervision of
teachers. Although implementation costs vary with the geographical
dispersion ol classrooms, the number of children and classrooms
involved, and availability of electric service, the costs of implementing
the program are higher than the amortized cost of the production of
materials,

The curriculum designer can influence many of the implementa-
tion costs. The cost of lesson transmission, for example, depends on
the numberand length of the programs. However, transmission costs
area small percentage of the total implementation costs, and red ucing
them does not effect much of a saving, On the other hand, the costs of:
lour ol the components can have a significant impact on implementa-
tion costs. These are: radios, supplementary materials for children,
supplementary materials for teachers, and training and supervision of’
teachers.

The cost ol the radio receivers themselves is high. Although inex-
pensive transistorized radios are available, these are not of sufficiently
high quality for use in a noisy classroom of 20 to 50 children, Even
though some distortion is allowable in that voice transmissions are less
critical than other kinds of radio broadcasts, the power supplied to the
speaker must be sufficient to allow all the children in the room to
hear; thus, an investment of about $50 or more per receiver is man-
datory. One way the total cost of receivers can be reduced is by
arranging to haye them shared by several groups of children, For
example, a single receiver could run several speakers in different
classrooms. We did not try this, however, since we had few schools in
which single grades were divided into sections, Rather, we asked
teachers in different grades to share radio receivers, which were then
moved from one classroom 1o another between broadcasts for differ-
ent grade levels.

This may not seem like a curriculum issue, but the solution we
adopted did have a significant effect on lesson design. Although the
distance between classrooms is not great, moving the radio may take
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two or three minutes, so we decided to fit each program into 27
minutes and broadcast three minutes of music between programs,
Threcninutes per dayis 10% of the available radio time, a loss that
might result in significantly less learning over a year's time. In this
instance, at least, the cost issue dominated the concern for quality.

The implementation cost that is most affected by curriculum deci-
sions is the cost of supplementary printed materials for the students.
Indeed, implementation costs can most effectively be reduced by
keeping the amount of supplementary material to'a minimum. We
compensated for the absence of materials by increasing the quality of
the broadcast lessons. (Note the trade-offs here: Textbooks do not
have to be absolutely clear because the teacher can provide explana-
tions; oral messages would not have to be so precise if we could refer
the children to illustrations.)

In'first grade, we used individual worksheets to supplement many.
of the lessons; these worksheets were to be used only once, then
discarded. One alternative to worksheets is reusable text materials,
Our calculations showed that the cost of supplying a textbook to each
child is' prohibitively high. A second alternative is shareable
materials—posters, for example. This solution has been used by a
number of nonformal educational projects, apparently with consider-
able success. Our experience with posters was somewhat more
equivocal, Although the illustrations seemed helpful to the children,
the teachers did not always put up the right poster at the right time, in
which case the effect was lost. After producing the first-grade lessons,
we virtually abandoned printed supplementary materials and putour
entire effort into producing effective instruction that did not depend
upon project-supplied illustrative materials,

We think it quite likely that the lack of printed materials resulted in
the children's learning less about geometry, fractions, and measure-
ment than they might have. However, we think that learning numera-
tion skills, including counting, reading, and writing numbers, was not
adversely affected, nor was learning various arithmetic skills like
addition and subtraction.

Teacher training and teacher supervision are also major con-
tributors to the ongoing cost of an educational project. It is quite
possible to spend more for these teacher costs than for all other
implementation costs combined. Our solution to this problem was
radical—to do without teacher supervision and to provide only mini-
mal teacher training, no more than was absolutely necessary to inform
the teachers of indispensable administrative and logistic matters, This
information was conveyed in a single 3-hour training session held at
the beginning of the school year, The effect of the absence of teacher
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training on the curriculum design is discussed below in the subsection
on teachers,

One final source of implementation costs—the production of
materials for teachers—was kept to a minimum throughout the proj-
cct by producing only a relatively short teacher's guide (one page per
lesson) that was distributed once a year, before the opening of school,
Since the same radio lessons would be broadcast year after year, the
teacher’s guide is reusable, and its cost could be amortized over its
years of use.

As we have already mentioned, cost considerations severely re-
stricted the use of auxiliary media, We examine here each supple-
ment, describing our experiences with it and how it was used to
augment the broadeast part of the lessons.

Worksheets. The lessons [or Grade 1 were the first lessons de-
veloped by the project. The decision to use worksheets grew out of
our lack of confidence that we could teach mathematics to children
withoutany printed supplementary material, However, from the out-
sel we sought ways to reduce the number of worksheets needed, One
successful tactic was o group topics so that every other lesson (after
about the third month) was primarily oral. This way, the number of
pieces of paper that had to be printed and distributed was greatly
reduced.

Alter we had had considerable experience in producing lessons
that did not need worksheets (especially the experience of producing
second- and third-grade lessons, which used none), we revised the last
third of first grade to eliminate the worksheets, Perhaps because of
our accumulated experience, the revised series was an outstanding
success; in a carefully controlled experiment it was shown that the
lessons: without worksheets yiulded exactly the same achievement
gains as the lessons with worksheets. This was a startling (and unan-
ticipated) result and should alter the thinking of other projects using
radio for instruction, Atuny rate, it was confirming evidence that our
decision to dispense with worksheets in later grades was well taken,!

Posters. The next most expensive of our standard array of
supplementary materials was the posters, which we used only in
second grade, The posters were used solely for illustrations that we
felt had to be rather precisely drawn, beyond what teachers could
draw frechand on the chalkboard. These included illustrations for

"1 must be said that the lessons that were affected by this experiment did not
include some of the concepts that are most difficult 1o teach without good illustrations,
namely, measurement of time and area, and the concepts of fractional parts. Also,
rewriting lessons to teach the saime content without worksheets resulted in lessons that
were, on the average, L5 minates: longer,
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fraction and area concepts, on which we had found the teachers to be
rather weak. The posters were referred to during the radio lessons, so
the correct assortment had to be displayed by the teacher before the
broadcast. We used the posters in about a dozen lessons during the
year, hayving designed them for.multiple use. One difficulty we en-
countered was that the teachers frequently failed to put up the post-
ers, or put up the wrong assortment, or put them in the wrong order.
Performance levels in both fractions and area were not high in second
grade, although it is not clear that children would have learned more
if the posters were properly displayed. Because of the expense and
the difficulties associated with using posters, we did not include them
in later work,

Chalkboards and notebooks. Two other supplementary materials
that we used after first grade were the chalkboard and the children's
notebooks. We sometimes used these together, sometimes separately.
Someumes, the chalkboard was solely a source of illustrations that
would be referred to during the radio broadcast; there might be, for
example, numbers to read or objects to count. At other times, the
teacher would put on the chalkboard arithmetic exercises that the
children were to copy into their notebooks—but not solve—before the
broadcast. The radio teacher would then help the children to solve
the exercises during the broadcast lesson. Many times, the children
wrote exercises directly into their notebooks, following dictation by
the radio teacher. Even though dictation is a more time-consuming
way of writing arithmetic exercises than copying, the time was not
entirely wasted since the children got needed practice in associating
written and spoken numbers, writing numerals, and in aligning the
columns of exercises.

We used many drawings. At first, these were drawn on the
chalkboard by the teachers, following the illustrations provided in the
teacher's guide, The children could refer to these during the discus-
sion conducted by the radio teacher. Later, the children copied sim-
plified drawings into their notebooks, and still later they made the
drawings for themselves following instructions given by the radio
teacher, Drawings were kept simple: Marbles were drawn as small
circles, boxes were represented by squares, other containers were
triangular in shape, necklaces were represented as straight lines with
small circles placed on them at intervals. We found that the children
could draw these figures quite well and fairly quickly and seemed to
enjoy doing so. Here again we found the added advantage that the
children attended more closely to the explanation when they were
making their own drawings than when they were merely looking atan
already prepared illustration,
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By the time we were working on the third-grade series, we learned
that we were attracting a sizable out-of-school listening audience,
which gave rise to the hope that eventually our programs might
simultaneously serve two audiences—children in school and children
and adults niot attending school. Since an out-of-school listener can
hardly benefit from those segments of the lesson that depend upon
chalkboard illustrations, we chose to eliminate the use of the
chalkboard as far as possible in fourth grade. All numbers, exercises,
and illustrative drawings were produced by the children themselves
under the guidance of' the radio teachers. (By that time, the staff had
become quite skilled at writing succinct yet clear instructions for such
tasks.)

IUis important to note in connection with both chalkboards and
children's notebooks that there is no add-on cost ol these auxiliary
media, since the classrooms are already equipped with chalkboards
and the children are ordinarily expected to purchase notebooks for
use in mathematics classes,

Curriculum Content

In‘theory, we were constrained to teach the content set forth in the
official syllahus produced by the Ministry of Education, In practice, it
was difficult to abide by this constraint for several reasons. For one
thing, the syllabus is a mixed bag of goals, objectives, pedagogical
strategies, and justifications written for the average classroom teacher
rather than for a curriculum designer. There are few clearly stated
behavioral objectives, and it was sometimes difficult to tell when i
description of a teaching strategy was an optional suggestion or a
mandatory requirement., With each year's curriculum, our first task
wits to read between the lines to determine the intent ol the syllabus
and to transform it into a set of clearly stated behavioral objectives
that would serve as the foundation for the year's course, Particularly
unclear throughout was the area of technical vocabulary, When words
like commutative, additive, and identity appeared in the syllabus, it was
never clear whether these terms were to be taught to the children or
whether they were simply being used to describe to the teacher the
concepts that were to be taught, Since our own preference is to play
down the use of technical vocabulary, we ordinarily opted for the
latter interpretation,

Another difficulty that we encountered was that the fourth-grade
syllabus had never been officially released, Although we were quite
sure that many first-, second-, and third-grade teachers followed the
official ' guide more or less closely, we were also quite sure that the
same did not hold for fourth grade. We did manage to obtain a draft
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copy of the fourth-grade syllabus but found the recommendations to
be somewhat unrealistic, demanding much more of the children than
we thought they would be able to learn, According to an unofficial
source, the reason behind! the excessive demands was a Ministry,
proposal, several years back, to change the elementary course into a
four-year course instead of the traditional six-year course, This came
about, we'understand, as a result of the UNEsco definition of a
schooled person as one who had attended four years of school. Rather
than eliminate content, the Ministry had attempted to fit six years of
curriculum into four, with the greatest compacting occurring in
fourth grade.

After reviewing this situation, and knowing that the traditional
instruction: was: proceeding unaware of' the content of the official
syllabus, we used a completely different strategy for the construction
of the fourth-grade lessons than we had used for first through third
grades. We collected achievement-test data to find out how much
fourth graders ordinarily learned and used this information to help
us decide which of the recommended topics should be deleted from
the curriculum. If we found, for instance, that a topic we considered
questionable for fourth grade was poorly learned, we eliminated it
from consideration. For many of the topics we tested, fewer than 20%
of the children answered correctly; most of these topics were dis-
pensed with in the radio curriculum. Even with this paring, the
amount ol material was still enough, or more than enough, for a
single year.

Another problem with the official guidelines was in the sequencing
of topics. The guides were generally divided into sections, each cover-
ing one topic, for instance, sets, numeration, addition, or subtraction. For
:ach section, there was a recommended time allowance, for instance,
two weeks, three weeks, five weeks, three weeks, From our observations of
traditional classrooms we had learned that most teachers took these
suggestions: quite literally. They taught sets for two weeks, then
switched to numeration, and never again reviewed any of the material
taught in the first two weeks. In our v.ew, elementary-scliool mathe-
matics is essentially a skill subject that must be reyiewed and practiced
continuously in order to attain the high degree of skill necessary for
further learning and!(or application in daily life. Also, there are a few
quite difficult concepts (zevos, regrouping for subtraction, etc.) that
must be taught and then retaught a number of times before all
children  internalize them. For these reasons, we quite drastically
rearranged the sequence of instruction to allow for the necessary
review and practice. The teaching of the most important topics, such
as numeration and multiplication, was spread over most of the year so
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that the children could learn justa bit at a time and practice each new
subskill sufficiently before the next was introduced.

Faormative Evaluation

Because we were using a feedback model of formative evaluation
rather than a revision model, there were special constraints on the
curriculum design, primarily in the time schedule for the introduc-
tion of new topics. Our particular concern in this regard was that the
students attain an acceptable level of mastery of prerequisites before a
new topic was introduaced. In individualized instruction this would be
taken care of by having mastery tests at fixed points within the cur-
riculum and not allowing the student to be exposed to new concepts
untl he had mastered the prerequisites. With mass media, mastery
testing cannot be handled on an individual basis, but we could at least
assure that most children had sufficient mastery if we could test the
children before instruction in a new topic proceeded, Logistically, the
steps involved are these:

L. Test the knowledge ol prevequisites with a reasonably sized sample ol

the students,
2. Determine il the level ol performance is sufficiently high:
3. 1Ficis not, provide the necessary review belore teaching the new topic,

All'three of these steps take time, especially the last, which involyes
preparing new lesson plans, writing seripts, writing the corresponding
teacher's guides, producing the tapes, and producing and distributing
the guides, With a very tight production schedule, testing, analysis of
data, and production of new lessons can be done in three to four
weeks. To ensure, then, that we did not introduce an important topic
before the children had mastered the prerequisites, we had to allow
abouta four-week hiatus between the teaching of the prerequisites
and the teaching of the new concept. Of course, this did not mean that
we stopped broadeasting, Rather, we filled the four weeks with in-
struction on other, unrelated, but equally important topics. For
example, i introduction ol a new division concept was being delayed,
we used the time o teach topics in numeration, addition, multiplica-
tion, measurement, problem solving, cte.

Schools and Classrocons

School buildings in Nicaragua are generally poorly constructed,
adequate in size, and underequipped. With the help ofa substantial
construction loan: [rom aiv several years ago, a large number of
rural schools were built. Although smalland unattractive, these build-
Ings are usually more adequate than the older, larger, urban schools.
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The typical rural school is a concrete-block building with three or four
classrooms, all with outside doors, There are no internal halls, and
classrooms usually have large (unglazed) windows on opposite sides of
the room, so there is adequate ventilation and light. Urban schools, in
contrast, are usually barn-like buildings that have been subdivided
into classrooms by paper-thin partitions, Many of the classrooms do
not have windows and, consequently, have inadequatc ventilation and
light. The furniture is inappropriate and inadequate. Children fre-
quently have desks and chairs that are either too large or too small, It
is not uncommon to see four or five first graders squeezed onto a
bench that was designed to seat two sixth graders. In classrooms with
no desk tops or tables, children must use their laps or else sit on the
Hloor so they can use their chairs as desks. In one classroom that we
observed frequently, there were no desks or tables; the only chairs
were small, unpainted, wooden rocking chairs that were packed so
tightly into the room that no child could leave his seat without disturb-
ing half a dozen of his neighbors.

Since the windows are always open and the walls provide in-
adequate insulation, the noise level in many schools is quite intolera-
ble, especially in the urban schools where nearby industry and passing
trucks may drown out all conversation for several minutes at a time.

It may seem that the above problems are not curriculum issues,
and indeed there is litle the curriculum designer can do to alleviate
such problems. What he or she can do, however, is avoid exacerbating
them. Knowing, for example, that the background noise level is some-
times excessive, the radio director uses only actors with clear, carrying
voices. Important messages are not obscured by background music or
sound effects. Even in the midst of a complete dramatization in which
such effects seem almost mandatory, they are dispensed with during
the time that a critical message is to be delivered. Also, in planning
physical activities and games, we took care (o use only acvities that
would be possible within the confines of the typical classroom, Chil-
dren were not asked to form large circles, lor instance, or to run
across the room, since we knew that in most classrooms these would
not be possible. When we asked the children to stand up to do a few
simple calisthenics, we allowed sufficient time for those children who
would have to wait for their neighbors to get up first.

In instructional segments, we took care not to ask the children to
use concrete materials that would be inappropriate. Since many desk
tops sloped, we never asked the children to count marbics or other
small objects that would readily roll onto the floor. Although small
pieces of paper might be good for counting activities in some situa-
tions, we did not use them again after observing 30 desk tops swept
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clean by a singie gust of wind after the children had spent several
minutes neatly arranging strips of paper into groups of 10 in prepara-
tion for a regrouping activity.

More important, since classroom supplies are almost nonexistent,
we never asked the children to use materials that we had not previ-
ously warned them they would need. Pencils, also, were not supplied
by the school system, Since most children preferred ballpoint pens to |
penais, we could never ask them o erase errors. |

We found we could count on only one item of equipment being
present. We never observed, or heard of, a classroom in Nicaragua
that did not have a chalkboard, although the condition of these was
frequently deplorable. The chalkboards were usually quite small,
however, 50 we took care not to ask for more chalkboard displays than
could be easily accommodated, with the numbers and figures drawn
large cnough to be casily visible from all parts of the room. To
accomplish this, we occasionatly had to transfer planned segments to
other lessons. Also, we ordinarily asked the teachers to start with only
those displays that would be needed during the broadcast and then
erase them afterwards o make room for displays to be used in
postbroadcast activities,

Although many of these concessions to classroom limitations seem
trivial, lessons that do not take them into account may be nearly
unusable in-many classrooms, or at least so awkward to use that
teachers would soon come 1o prefer teaching mathematics without
radio,

By far the most important of the classroom limitations was the
ubiquity of multigrade: classrooms: over half the rural teachers in
Nicaragua teach more than one grade. II' we wrote radio programs
that could not function without the minute-by-minute support of the
classroom teacher, it would mean that her attentior: during the broad-
cast would be entirely diverted from the other children whose rights
to her time were just as valid as those of the children to whom we were
broadcasting, A much better arrangement would be for the radio
broadcasts to act as surrogate teachers so that the classroom teacher
could be free to attend to children in other grades; the result would be
better instruction {or all children in the classroom, not just for those
hearing the radio lesson, To accomplish this is no small task since it
means that the radio lessons must be completely self-contained and
understandable to the children without intervention. The means by
which this was accomplished have been discussed in other places.

Teachers

Although we never conducted extensive studies of the knowledge
and classroom behavior of the Nicaraguan teachers, we did come to
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know their strengths and weaknesses quite well from several small
formal questionnaire and interview studies and even more from the
many hours of classroom observations that we made as part of the
formative evaluation of the curriculum material.

In general, their classroom behavior and teaching styles differ little
from those of teachers observed in many different countries, includ-
ing the United States. In classroom management, they seemed quite
as effective as weachers anywhere; discipline is generally good without
being oppressive, and the teachers are respected and liked by the
children they teach. There is a marked tendency to play the role of
lecturer, and there is little individualization of instruction and little
attempt to foster discovery learning. However, ability grou pingis quite
common, especially in first grade where most classes are divided into
three ability grouns. (We have been told that this grouping procedure
is a direct resultof'an intensive teacher-training program undertaken
a number of years ago as part of a Point-1V program,) This grouping
is fairly inflexible throughout the school year, the lowest group being
identified by the teacher early on as the children who will not pass the
grade and will be expected ro repeat it the following year, This group
usually receives a disproportionately small amount of the teacher's
time (thus leading to a self-fulfilling prophecy; see Tilson, 1978).
Although grouping in second grade is less comman, it is not unheard
of, and where we instituted a small experiment that required the
teachers 1o use ability grouping there was no resistance to the idea.
For all grades we frequently suggested small group activities for the
postbroadcast portion of the lesson and found that our suggestions
were followed by almost all teachers.

In administrative matters, Nicaraguan teachers are somewhat
more relaxed than U.S. teachers; in particular, they are less anxious
about time schedules, a reflection of' the entire society's attitude to-
ward time. This relaxed attitude imposed at least one constraint on
the curriculum design. Since we could not rely on teachers to turn the
radio on at exactly the right time, we could not start the day's lesson
with a sequence of instruction in which it was critical that the children
hear every instruction from the beginning. For instance, suppose a
lesson opened with dictation of an exercise. Any child who did not
hear the first part of the segment—and copy the dictated exercise into
his notebook—would'not be able to understand the remainder of the
discussion. Such a segment is best placed in the middle or near the
end of the lesson. We started all lessons with segments that could be
understood even if the first part was not heard; these were usually
oral drill, songs, and the like.

A more scrious limitation arose from the teachers' lack of knowl-
edge of mathematics, Most Nicaraguan teachers attend school for
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only I'l years and do not have more than the equivalent of a high
school diploma. Although they are generally quite adept at conven-
tional arithmetic, and haye some concept of “new math® ideas such as
sets, they [requently have a very shaky understanding of topics like
geometry, area, and [ractions.

This lack of knowledge, which could have been overcome by mas-
sive in-service training, was onc of the biggest determining factors in
the decisions about which topics to put into the radio broadcasts and
which to put into postbroadcast activities. I we found that the
teachers themselves did not have an adequate understanding of a
concept, we Irequently allocated radio time to that concept even
though the topic was not well suited 1o that mode of’ presentation,
There is no doubt that much of this instruction was of lower quality
than we would have liked, but the only alternative would have been to
increase the costs enormously, cither in teacher training or in addi-
tional supplementary materials.

In several instances, we would have liked to make substantive
changes in the wtraditional content of the mathematics course—
changes that we believed would have improved the children's
achievement significantly—but did not do so because of anticipated
teacher resistance. One case in point is the division algorithm, This
algorithm, which is used widely in the Latin American countries, is
demonstrably less useful than the division algorithm commonly
taught in the United States, We saw no reason why the children could
not learn one version as readily as the other, but we saw that without
extensive teacher preparation we could not institute such a change.
Unless the teachers themselves fully understood the variant al-
gorithm, they could not help individual children. And unless they saw
the need for change, they would be quite likely toitry to teach the
children the traditional Latin American method for division. Since
the two methods are quite similar in form and since division is difficult
to learn in any case, we leared that children exposed to an alternate
method would become hopelessly confused and that the result would
be worse than teaching the less uselul Latin method.

Another, similar case involved the use of *leading zeros” in sub-
traction exercises like:

67
= 62,
In the United Statcs, children are taught to write the answer as 5,

whereas in Nicaragua they are allowed to write 05, Technically, of
course, 05is numerically equivalent to 5 and might be considered the
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correct answer, But, as one of our baseline studies showed, children
who wrote 05 did not realize this equivalence; when asked to read
such' a number they frequently said “fifty,” indicating a basic confu-
sion about the properties of the decimal system of numeration. We
would have liked to have taught the children not to write these
leading zeros, butagain we felt that without adequate teacher training
we were doomed to failure, As a compromise, we spent a considerable
part of a number of lessons teaching the children that 05 and 5 are
equivalent, so that they would at least be able to interpret their
subtraction results meaningfully.

Although teachers expressed some initial doubts about the useful-
ness of radio as a teaching aid, there was little serious resistance to the
innovation, and most teachers became quite enthusiastic about thg
radio lessons after using them. This was particulariy important to us
since, as we saw it, the key ingredient in the eventual success of the
project would he whether the broadcasts reached their intended audi-
ence, the children. The teachers, as our 2nly means of access to this
audience, had to perceive the value of ti¢ radic lessons both as a
means of improving the educational opportunities of their young
charges and also as a teaching assistant who could reduce their own work-
load. This is not a matter of laziness or disinterest in the job but a
matter of necessity in a country where a teacher may be forced to deal
with 40 to 100 children in up to three different grades, with no
financial support for materials or supplies either from the school
system or the community. Teachers in such situations cannot take
more tasks upon themselves no matter how much the additional
effort might contribute to their efficacy as educators.

The Broadcast Audience

At the outset, we thought the target audiences were teachers and
children'in school. Later, we broadened our view to include out-of-
school listeners as well (see chap. 8). In this section we first consider
the children's languague limitations, their incoming skills in mathemat-
ics and in general knowledge, and their school attendance patterns.
Then we discuss the out-of-school audience of adults and children
who are not in school and consider how their needs affect program
design.

Language. Because children hayve limited language capabilities, we
used a very restricted vocabulary in instructions or other speeches
that we expected every child to understand. Since there was no previ-
ous research into the recall and recognition vocabulary of the Nicara-
guan children, and we did not have time or resources to make an
extensive study before commencing production, we simply learned
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from experience, adjusting the language of the lessons as it became
apparent from observations or from conversations with the children
that they either did not understand some critical words or that they
had a greater vocabulary than we had previously suspected. The only
formal study of children's vocabulary that we undertook while in
Nicaragua was a study of the words children used to name the pic-
tures that we wanted to use for illustrations on the first-grade work-
sheets.

In controlling vocabulary (and Syntax) we made a strong distinc-
tion between enitical and noneritical uses of language. Any question
that we expected the children to answer or any instruction that we
expected them to follow was what we call a critical use of language, In
these parts of the programs, we expected eyery child in every class-
room to understand the intent of the question or instruction. This did
not mean that we expected every child to respond correctly—only that
every child understand what the task required. These critical uses of
language are to be distinguished from noneritical uses that occur in
asides made by the radio personalities or in the entertainment sec-
tions.

Even within aninstructional message there may be both critical and
noncritical words and phrases. I a worksheet has pictures of five
animals thatare the same kindand we want the child to circle three of
these, we might use an instruction like the following:

Radio teacher: Look at your worksheet. See all the girafles drawn on the
worksheet. There are five giraffes altogether, Take your
pencil and circle three of the giraffes.

Since there is only one kind of animal shown ci the worksheet, it
matters litle whether the children know exactly what kind of animal a
girafle is; they will understand what is being referred to, and what
task they are to do. In this case, the word “giraffe" is not used in 2
critical way, On the other hand, if there were more than one kind of
animal shown, the distinction would become critical, and so would the
word.

We [requently needed to use words that were not already in the
children's vocabulary. In that case, we took care to develop an under-
standing of that word before it was used critically by teaching the
word in a natural way, We would start by introducing the word in a
noncritical way in a message that we were quite sure all children
would be listening to, for example, one of the feedback messages
delivered by a radio teacher just after the children had responded to
some exercise, Aftera number of occurrences ol'the word, prcfcr:lbly
spread out over several lessons, we would start to use it in a critical
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sense but accompany it by paraphrases that would make clear to the
children what we meant,

After the word was well established in the children's recognition
vocabulary, we would teach the word for recall by asking the children
to respond to questions for which that word was the correct answer.,
At first we did not ask them for [ree recall; instead, we embedded the
word in an oral multiple-choice exercise, so that they were selecting
the correct word and saying it aloud. The following oral multiple-
choice exercise might be used to teach the children to recall the words
“one-fourth” (alter they had already learned “one-half” and “one-
third"):

John cut the cake into lour parts, all exactly the same size, When there are

four parts, all the samessize, do we call each partone third orone fourth?

Ata later time we would ask the children to recall the word, using
exercises: like this:

John cut the cake into four parts, all the same size. What is each part

cilled ?

Our students, like children everywhere, had poorly deviloped
listening skills when they first entered school. They could not listen to
long messages and generally preferred activities that did not rely
much on verbal abilities. For entertainment they much preferred
physical games and calisthenics to the more verbal stories, jokes, and
riddles, In concession to their tastes, we relied heavily on nonverbal
activities wheneyer possible. Even to mark the transition from one
activity to another we used musical cues rather than verbal an-
nouncements of the change in topic.

However, since we had to verbalize the mathematical ideas we were
teaching, we could not rely forever on physical activity and music and
so had to try to increase the students’ listening skills, We have already
discussed some of the ways we increased their vocabulary, The other
major effort we made in language development was aimed at increas-
ing their ability to attend to, as opposed to comprehend, spoken
language,

One facet of this involved gradual speeding up of speech. At the
beginning of each year, the radio teachers spoke at a slower than
normal speed, This rate was gradually increased, so that by the ena of
the year they were speaking at a normal, or faster than normal, rate.

We also encouraged the children to listen closely, not by constantly
reminding them to pay attention but by showing them that it was in
their best interest to pay close attention. The two main devices we
used for this were to eliminate nonessential messages and to keep
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repetition ol messages to a minimum. By reducing the number of
nonessential messages we produced scripts with a high information
content. Almost eyery message said something meaningful or interest-
ing. A child who did not listen missed something of importance to him,
If his mind wandered for a moment he suddenly found that all his
classmates were busily starting an activity that he was missing, or that
they were laughing at a Joke he had not heard. This kind of peer-
group learning is much more effective than any number of warnings
to listen closely or to pay attention.

We also rarely repeated a message verbatim; to do so would cause
the children to learn that they need not listen the first time since we
will always say the same thing again. This is not to say that there was
no redundancy in the radio programs. There was—for several
reasons. One is that spoken language, unlike written, is transient.
Important points must be repeated and paraphrased, perhaps several
times, Also, in teaching mathematics, the same concepts have to be
reviewed many times and the skills have to be practiced, and practiced
again, What is best, however, is to provide this redundancy in an
ever-changing context. We had children practice the same skills in
many, many exercises, But we did not use exact repetition to get
ACTross i point.

Incoming skills. A clear idea of the incoming skills of the students
is_essential in designing efficient and effective instruction, 1f initial
instruction is aimed too low, valuable instructional time is lost. If
aimed too high, the children will not understand the instruction and
will not be able 1o keep up the pace. In addition to I:mgu:lgc, we were
particularly concerned with general knowledge and previously
learned mathematical skills, In the first year ol production we had not
yet haditime to test fully the incoming skills of the children in any of’
these areas and had (o rely on the recommendations of supposedly
informed sources, mostly from the Ministry of Education, including
the official curriculum guide published and distributed by the Minis-
try. In doing so, we were partly misguided. The official curriculum
guide recommended to first-grade teachers that they spend about
three weeks at the beginning of the year developing basic skills such as
comparisons ol size, length, and height, They were then to introduce
the concept of sets as a preliminary to concepts in numeration, in
particulan counting and comparisons of numerosity of sets. After our
hirst few weeks of classroom obsers ation, and especially after studying
the results of the first-grade pretests, we found that the children
alveady had well-developed skills in simple comparisons of height,
length, numerosity, etc., and that they also had considerable counting
skill. Because we had not anucipated that the children would have
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these skills, most of instruction we designed for the first few weeks of
the first-grade program was unneeded and therefore inefficient, a
fault that we corrected in the revision made in the next calendar year,

The problem of inzsining skills arises afresh at every grade level,
One of our particular problems was that at the beginning of every
grade except first we had two distinct audiences of school children,
those who had had previous instruction by radio and those who had
not. Since the radio instruction was considerably more effective than
traditional teaching, the children who had had radio lessons in the
previous grade were quite far ahead of the others. Our problem was,
should we aim the radio programs at the group who had taken radio
lessons the year before or should we try to prepare a curriculum
package that could be used by all children regardless of their previous
schooling? This problem is not unique to radio-based instruction but
applies equally to the design ol any instructional innovation that spans
more than one grade level. Although mobility is typically low in
Nicaragua, there are many children who repeat grades or who do not
attend  school every year. We felt it necessary to accommodate all
children and thus designed lessons at each grade level for a mixed
population of children, some of whom had and some of whom had
not had previous experience with radio lessons. Since we had to
review many topics that our former students had already learned, the
programs were less efficient than they would have been if we had
been able to count on a completely stable population.

Because Nicaraguan children, like children everywhere, do not
have a very long attention span, we were not sure how long lessons
should last, We experimented during the first year with programs
that variediin length from 15 to 30 minutes. During the same period,
we were also experimenting with lesson formats, language, and dif-
ferent kinds of entertainment, as well as with the pace and content of
programs. After much classroom observation, we concluded that the
total length of the program was not as critical as the content and style.
If" we changed topics and pace often enough and put in enough
devices to capture and hold attention, even the first graders seemed to
pay attention well for a half hour. (This may not be true of all first
graders; the average age of the Nicaraguan first grader is about eight
and a half.) Some of the techniques we applied (o hold the children's
attention were asking for frequent audience participation in both the
mathematical and the nonmathematical segments ol the lesson,
changing voices of radio teachers every few seconds, using both male
and female voices, using child actors, inserting frequent entertain-
ment breaks with highly varied content, and keeping the pace very
fast.
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Attendance patterns. It was not unusuai for children to be absent
fora day ortwo because of illness, because they were needed at home,
because the road to school was flooded, or because of local saint's
days. Even when the children were physicallyin school, they occasion-
ally missed radio lessons because of special activities. Also, tardiness
was quite common. Whatever grade was receiving the first broadecast
ol the morning was quite likely to miss the first part of many broad-
casts because cither students were late or the teacher was late.

Because we anticipated that absence rates might be high, we did
not prepare the lessons asiif every student had received every previ-
ous lesson. Thus, we putin a large amount of review. especially when
introducing difficult topics. In reteaching a topic, we frequently pre-
sented the idea from a slightly different point of view so as to main-
tain the interest of those children who had not missed any lessons and
to help those slow learners who had not grasped the concept when it
was first presented, as well as (o teach it for the first time to children
who had been absent.

Out-of-school audience. As we mentioned carlier, over the years
we developed a relatively large outside listening audience, We re-
ceived letters from some of those listeners and heard anecdotal re-
ports of many others, (At a later time, an informal audience survey
was undertaken to determine the extent of the out-of-school audi-
ence; see chap. 8), Many of these listeners were adults who had neyer:
attended school or who had not been able (o complete their elemen-
tary schooling; at least one of our listeners was 2 grandmother, but
most of the audience were young adults, and there were some chil-
dren who for one reason or another were not able to attend school.

Alter we became aware of this audience and also aware of the
growing international interest in the use of radio for nonformal
teaching of formal school subjects, we tried o adapt our programs to
the needs of the out-of-school audience in ways that would not reduce
the effectiveness of the instruction for the primary (in-school) audi-
ence.

The situation of the out-of-school audience differs in two substan-
tial ways from that of the in-school audience. First, there is no teacher
(and no teacher's guide), so any parts ol the broadcast that are sub-
stantially supported by the teacher are lost to them. For instance, il a
teaching segment refers Lo exercises or numbers that have been writ-
ten on the chalkboard by the teacher before the broadeast, the refer-
ences are lost on the out-of-school audience, Second, for the same
reasons, the postbroadeast uctivities are not available to the out-of-
school audience,
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‘To accommodate this audience, we made a number of changes in
language and teaching strategy. For example, beginning in third
grade, we addressed the listeners as muchachos (young people) rather
than as nintos (children), and we reduced the number of casual refer-
ences to the classroom situation or to the classroom teacher, In fourth
grade we took an even more drastic step, which involved the very basis
of'the curriculum design. Knowing that postbroadeast activities would
not be available to some of the audience, we used the radio broadcasts
to cover all of the most important topics, including particularly those
that would be most useful in the daily lives of Nicaraguan citizens.
Thus, the radio lessons could, by themselves, serve as a self-contained
course for an out-of-school audience,

Logistics

In Nicaragua, as in most developing countries, physical transporta-
tion of materials to remote areas is quite difficult, Outside the capital
city and away from the two or three main highways there are few
paved roads. Although most schools are accessible by car, the roads
are poorly maintained and frequently closed during the rainy season,
Four-wheel-drive vehicles are often a necessity, A few schools can be
reached only by boat, and in the mountainous areas some schools can
be reached only on foot or horseback. There are no reliable delivery
services to rural areas, although the postal service reaches most of the
towns reasonably well. “Telephone service is poor in the towns and
nonexistent in rural areas,

These deficiencies caused innumerable problems for the project,
leading to many inceflficiencies in production. With sufficient money
and determination, we were able 1o cope with the problems that arose
during the experimental phase of the program; our concern was
about what would happen in following years when the program was
implemented on a much broader scale. It seemed clear that the
Ministry o’ Education could continue the program only if' the logistic
problems were minimized,

In planning for the future, we saw three major difficulties that
might be alleviated by careful planning of the curriculum packages.
These were problems

@) ol delivering materials to the schools,

(b) ol garhering teachers together for training, and

{€) ol providing ongoing supervision of teachers.

Toall three of these, our approach was essentially the same: We
tried to reduce or eliminate the need that would give rise to the
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difficulty. Over the years, we reduced the need for supplementary
materials to almost nothing, Although the first-grade program re-
quires a worksheet for every individual child, the materials required
for second grade are less bulky than the teacher's guide itself, And
both the third- and fourth-grade programs can be used with no
supplementary materials for the children: only a teacher's guide is
needed, and since this guide can be used year after year, the problem
ol regular deliveries of materials to the school is solved. Of course,
our primary reason for reducing supplementary materials was cost
rather than logstics; this is one of the cases in which tWo constraints
worked in the same direction.

Partly because of the difficulty of gathering teachers together for
training sessions and partly because of the costs of 2 massive teacher-
training program, we also worked toward the elimination of teacher
training. Aflter some experimentation, we settled on a single three-
hour training session per year, but even in the experimental phase,
not all teachers were able (or willing) 1o attend these meetings. To
ensure that the necessary information was available to all, we included
inthe teacher's guides and in the brief handouts (broadcast schedules,
for example) that were distributed along with the guides the same
information as was presented in the training sessions. One cannot, of!
course, simply eliminate teacher training without also compensating
in other ways lor the lack of training. We did this by making the
curriculum package so casy to use that special training was unneces-
sary. “This is a nontrivial solution and one that consumed a large part
ol our resources,

Most innovative projects also plan for follow-up supervision of:
teachers to help them implement the training program. We judged it
highly unlikely that after our departure the Ministry of Education
would provide any superyision beyond what was already in place in
the educational system. Therefore, we decided at an early stage not to
involye ourselves in an extensive follow-up program. As in the case of
teacher training, the solution was to provide a curriculum package
that made no unusual demands upon the teachers. None of the
prebroadeasc or postbroadeast activities required skills or knowledge
that we did not expect all teachers 1o have, And for the broadcast
portion of the lesson, all that the teachers were required to do was to
turn on the radio, This is, of course, crucial, Although the children
themselves might be viewed as i captive audience, their teachers are
not.

We employed several stratagems to enlist the cooperation of the
teachers, We tried to make the value of the radio lessons apparent to
everyone, even a casual listener. Beyond that, we tried to hold our
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teacher audience by providing them a seryice that made their tasks
easier, not harder, In particular, the radio curriculum required less
preparation time than traditional instruction, This was accomplished
in two ways. First, we did not require the teachers to prepare many
special materials for the postbroadcast activities, And we ensured that
the materials we did require would be easy to find in any community
in Nicaragua. Second, by providing immediate feedback to the chil-
dren during the broadcast, we eliminated much of the need for
grading papers. Also, we did not ask the teachers to obtain supplies
beyond simple objects the children could collect themselves. The
ralue of some of the instruction would have been enhanced if the
children could have used simple equipment and supplies like con-
struction paper, scissors, rulers, and measuring cups. However, these
are not furnished by the Ministry of Education, and had we required
them, teachers would have had to purchase them from personal
funds,

In our concern for gaining and keeping the support of the
teachers, we were also careful not to present controversial subjects or
language in the radio programs and we used only mathematical terms
or concepts that we knew were (amiliar to the teachers.

4. WHAT COULD WE HAVE DONE DIFFERENTLY?

Taking into account all the factors that shaped the curriculum
design, did we make the best possible decisions and produce an
optimal solution to the pressing problem of inadequate mathematics
instruction in the public schools of a developing nation? Or were
there things that we could have done better?

Certainly there were things we could have done differently,
Whether or not they would have been improvements is lefi to future
projects to determine.

We could have used a different lesson format, with fewer long
segments, perhaps. We could have used more—or less—
entertainment. We could have put some mathematical content into
entertainment segments instead of insisting on such a strict division
between work and play. Our language could have been less—or
more—colloquial. These changes would probably not affect the chil-
dren’s mathematical achievement much, but might have been desir-
able for other reasons.

Another alternative, for which a strong argument could be made,
would be to prepare second-, third-, and fourth-grade programs only
for those children who had previously received radio lessons. With an
essentially nontransient population such as that in Nicaragua, the
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cumulative eflect of several years ol radio lessons would haye been
much higher without doing serious harm to transferring students
(most of whom could catch up with extra help from'the teacher).
Certainly, a program that is used nationwide or even over a fairly
wide region would not be disadvantageous even to transferring stu-
dents who would, for the most part, have had radio lessons in their
previous school.

Had we been willing to violate the constraints a bit, especially the
cost constraints, there are several changes that would undoubtedly
haye improved the curriculum, We could haye taught measurement
ol all kinds more effectively and more extensively il we had allowed
the luxury of even a few worksheets a month, Measurement of length,
weight, area, time, and money are important and uselul mathematical
topics that we slighted by leaving them in the hands of teachers who
did not haye adequate tools or knowledge,

Theve are a number of ways (several of which we have already
mentioned) in which the curriculum could have been improved if
better training had been provided to the teachers, This, again, is
mostly a cost consideration, since teacher training is expensive, But
there are also logistic considerations. How would we get to the
teachers, or the teachers to us? Especially after the experimental
phase, how would Ministry persnnnel, who have few cars and limited
lunds, manage to conduct teacher training in remote rural areas? One
solution, olten suggested, is teacher training by radio. The cost of this
Is not insignificant, but it does dispense nicely with the logistic prob-
lems and does not require training ol teacher-training personnel.,
Thisis anidea that we considered quite seriously from the beginning
but rejected for reasons unrelated to costs. In the carly years, we did
not think we knew cnough about what makes an effective radio/
teacher tedm to be able 1o train teachers to be more effective than they
already vrere. Now, alter several years! experience, we are beginning
to get s good idea of how a teacher should behaye and what he or she
should know to use radio as an effective teaching aid, and we have an
idea of what part of this could be transmitted to him by radio and how
to go aboutit, Itis still not clear, however, how much improvement in
the children's performance could be effected by such an addition to
the curriculum package, nor whether the teacher training would be
cost-cffective in terms of achievement gains,
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Formative evaluation of a product is carried on while the productis being developed in order lo
improve the product before it is released Jor wide consumption.

In this chapler, we describe the feedback system of formative evaluation and contrast it with the
revision system. The feedback system, which is an integral part of curriculum production, is a
systematic approach lo producing. curriculum materials; when applied correctly, it! ensures a
high-quality product that is well 'suited to the needs of those for whom the materials are inlended,
The heart of this system is the timely collection and interpretation of meaningful data from a group
of subjects who adequalely represent the target audience,

Before selecting the experimental Stibjects for evaluation, it is necessary to specify the target
audience. In our case, it was not the few thousand children using the project matenals during the
experimental phase of the project but, rather, JSuture generations of schoolchildren in all parts of
Nicaragua. To choose a sample that would  fairly represent this target audience, we had to speculate
about what schools would be like in the Julure,

In our imagination, the future classroom would. be in'a remole, rural area of Nicaragua. It
would be no better equipped than the poorest of the classrooms we had 'seen in our experimental
area. The room would be avercrowded with children, and the furniture would be insufficient and
inappropmiate, The lighting and ventilation would be poor; there would be no electricity, and no
water. The only equipment would be a worn chalkboard no larger than three feet by four feet. For
supplies, the teacher would kave chalk, and each child would have a small notebook that he or she
hed purchased, The teacher would be young, with only a few years' teaching experience, and with
less than 10 years of formal schooling. There would be no textbooks, so the teacher would be  forced
to make lesson plans with no more guidance than a syllabus from the Ministry of Education. And
the worst problem would be that the children would not all be in the same grade, so the work of
making lesson plans and_carrying them out would be doubled or even tripled.

One day, due to the generosity of some remote governmental office, the teacher would receive an
inexpensive radio, a teacher's guide to the radio mathematics lessons, and a schedule of the daily
broadcasts. The radio would originally come equipped with batteries, but replacements would be left
to'the teacher to provide. There might or might not be a local teacher-training session to acquaint
the teachers with the nature and purpose of the radio broadcast, and if there were such a meeling, it
might be so far away or at such an inconvenient lime that our teacher could not attend.

A more experienced teacher, self-confident of her ability ta teach mathematics, might. simply
disregard the whole project and take the radio home  for personal use, but our voung teacher, unsure
of her ability to teach a subject she herself does nol understand and fears, would Iry one of the
lessons. Because she would find nothing threatening or incomprehensible in the broadcast lessons,
becaise the guide would provide her with ready-made lesson Plans, and because the children would
seem fo enjoy listening, she wonld continve to use the programs almost daily, She would have to
carry the radio to and from home every day, since there would be no locked room or.cabinet in the
School, and she might occasionally forget it and a lesson wonld be missed, Luckily, the next lessons
wotld review the missed material, so the children would not suffer a serious setback. Because the
teacher would have no watch, she would not always turn the radio on at the right time. Sometimes
when this would happen, the children could not immedialely pick up the thread of the lesson, but
within a couple of minutes, a different topic would be introduced and the children would busily
engage in the suggesled activities,

On occasion, a few of the children might have difficulty with some of the exercises presented by
the radio. Most of the time, the teacher could provide the help they need because the method required

Jor the solution of these exercises is the same as the one she learned in elementary schaol, But if the
children have some difficulty that she could not remedy, there is no one she could turn lo for
assistance, There would have been no continuing teacher training, the district supervisor's office
would be oo far away, and there would be no local curriculum consultant. All she would do is ask
the children to cantinue listening to the daily radjo lessons in hopes that the misconceptions would
be dispelled at a later time.

This, then, was our view of the future and our task was lo select classrooms that would have as
many of these characteristics as passible. The sample we. chose would be observed and. lested
regularly to. ensure that the curriculym materials we were preparing would be adequate for the
children of the future, |

Having once selected the sampie,\u'r had to see to it that our intervention in the classrooms
would not change the character of the sample classrooms so much that they would no longer be
representative of the future target audience. The difficulties of remaining a nondistu rbing presence
in the classrooms chosen for the collection of formative evaluation data were never completely
avercome—as will be seen from the discussion found in this chapter—although seemingly satisfac-
fory compensatory measures were taken,

o




Chapter 3

A HISTORICAL VIEW
OF THE USE OF FORMATIVE EVALUATION
BY THE RADIO MATHEMATICS PROJECT

JAMESINE FRIEND

FROM 115 INCEFTION, the Radio Mathematics Project has made use
ol lormative evaluation techniques. However, during the. course of’
Uie project the particular methods employed and the uses to which
the results were put have changed markedly. This chapter describes
the evolution of the formative evaluation system we now call the
“leedback™ model, which we believe is particularly well suited to the
development of a long-term intensive instructional program.

While we were, from the outset, committed to using formative
information in the development of lessons, we had no preconceived
notions about methods and strategies. We began with the traditional
method used in mass media projects—design and produce a sample
lesson, try it out, then revise it—and we expected our experiences to
aelp us assess the suitability of the method for our needs. In short, we
expected to apply (informal) formative methods to the formative
evaluation system itself.

We had many data sources available to us—classrooni observations,
student written work, student interviews, teacher interviews, tests, We
had to choose umong dara sources and to decide how we would use
the data we collected to modify lessons, The first section of the
chapter describes our early methods for collecting formative data and
applying the results 1o lesson design; it then discusses how our experi-
ence with these methods led to the development of the new model.
The second section describes the new feedback imodel and how it was
implemented; discussing the relative merits of several outcome mea-
suresand how the results obtained were used in the lesson production
Process.

83
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L. EARLY FORMATIVE EVALUATION EFFORTS
The California Trials

‘The first efforts atlesson-testing were conducted in California with
the standard tryout-and-revise paradigm. Our view at the time was
that, despite cultural dilferences, children in difterent countries are
sufliciently similar that a preliminary trial would provide useful in-
formation. (Our assumption was subsequently supported; the major
lessons: learned in' California applied (o Nicaragua as well.) In the
spring of 1974, we prepared a set of five lesson tapes and presented
them in‘two Kindergarten and two first-grade classrooms in a school
close 1o Stanford University. First grade was selected hecause we
planned tostart curriculum development at the hirst-grade level, We
included the Kindergarten classes to test our procedures with children
i their lirst year ol'school, since first grade is usually the first year of’
school for Nicaraguan children, (As it turned out, our reasoning was
quite: wrong, In fact, as many as 40% of Nicaraguan first graders haye
had previous school experience both because of the high repetition
rate and because many children audit at least part of a year before
formally enrolling in school. Also, the average age ol Nicaraguan
lrst-grade students is about'eight, as compared with six in the United
Stites; soin many ways they are more mature and hence more
comparable to Americian second graders.)

In the California field wrials we were not concerned with the math-
ematical content ol the lessons. Because of our previous experience
with the development ol mathematics curriculums, we already knew a
great dealabout appropriate levels ol content for American children:
further information about appropriateness for a Nicaraguan audi-
ence would have to be collected in Nicaragua, Rather, we wanted to
test lesson formats and instructional techniques that we thought
would be effective in radio lessons.

From deficiencies in the California lessons we learned many useful
things that enabled us to go into preliminary trials in Nicaragua with
more conlidence. Simply by obserying the children we learned a greal
deal.-We learned that children were able o follow lessons that
changed topics [requently, ‘This type ol'lesson organization, which we
call ‘arsegmented structure, is based loosely on the design of the
stccesstul Sesame Street television series and on lessons designed (o
delivery by conputers. We wanted to use it because it allows practice
inmany dilferent topics each day and because changing topics is a
good device for maintaining student interest.

We also learned a great deal about using student worksheets, We
designed worksheets that looked much like those used in ordinary
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LS, classrooms and found that many ol our California subjects sim-
ply could” not find the right place on the worksheet to write their
answers—a combination ol problems with the worksheet itsell and
withithe oralinstructions. !t became clear to us that, because the radio
teacher cannot show the children where to write their answers, both
the worksheets and the instructions for their use must be designed
with special care. However, our trials convinced us that worksheets
could be used in conjunction with recorded instructions without con-
stant individual supervision, even with children as young as six years
old.

We learned to be carelul not to ask children to look at two different
things at the same time, the kind ol” mistake that is obyious in retro-
spect but difficult to avoid in- practice. For example, we asked the
teachers to hold up a large replica of the worksheet and show the
childrenwhere the radio lesson was asking them 1o direct theiy atten-
tion, This was quite ineffective since the children could not attend
simultaneously to their own worksheet, the teacher, and the oral
instruction, If theirattention had been divected sequentially from one
(o the other, it probably would have worked; we later found
techniques ol instruction that allowed children to use both notebooks
and cialkboards simultineously, We never pursued the idea ol using
the teacher as i demonstrator because it was evident that more care-
Lully: prepared oral instructions could [ree her for more useful ac-
tivities, for example, attending to the needs of individual children.

Thus, the California trial provided us with clear evidence that oun
concept ol how to design radio instruction (based on a segmented
strvetune) was viable, and we came away with constructive ideas about
how toimprove the format, Wealso learned that observing lessons in
the classrooni is essential for producing materials that children could

LIS,

The st Nicaramua Trials

We repeated the experience in basically the sime way in Nicaragui
i few months Later, After obserying regular hivst-grade classes and
studying the ofhcial carviculum guide, we selected a few mathematical
topics that would be appropriate for our audience, wrote two lessons,
anditried them outin two classrooms. We incorporated all that we had
learned from the California wials; by then we had also hired an
experienced radio producer-director so that the results were much
more professional. Each lesson had a theme story that incorporated
several segments, cach covering a different mathematical topic.

Once again, we [ound that the instructions were sometimes -
biguous and there were several points at which the story did not hold
the children’s attention. We therefore revised the lessons and wrote
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[ourimore. “Then all six lessons were (ested. in a larger number of
classrooms. We observed the childyen quite closely and also analyzed
in considerable detail the answers children wrote on the worksheets.

By this time the lessons had a Fairly high “face value,” that is, the
children: listened attentively, followed: the dircetions well, and’ ap-
pedred to be enjoying themselves and 1o he learning. By using the
format that had undergone several successive revisions and by apply-
ing the sime general principles of'instruction writing, we were able (o
produce lessons that seemed reasonably elfective. We did not believe
these lessons to be perfect, but we did not think we would learnimuch
more [rom short-term experimentation. What we needed was a4 much
longer sequence of lessons so that we could Startto measure leiarning
gains over longer periods of time, Although the children appeared 1o
be learning, there wis no guarantee that they were learning at a
satislactory rate or that they would retain what they had learned if
such instruction became part ol their regular daily program.

The process we described above, in which lessons are prepared,
tried out with i small audience, and then revised, is well known and
widely used in education, The underlying assumption of the model is
that i specilic product (a lesson, for example) can be improved by
testng it with representative members ol the target population and
making the changes suggested by the data obtained from (he field
test. Note, however, that we were getingmore than suggestions (o
improving the lessons we hid alveady designed, Our field testing was
yielding information that enabled us. 1o write new lessons that were
better than what we could have written had we not done the field
testing at all. In [act, the new lessons, even without leld testing il
revision, were ay successiul (by the same critern we had used previ-
ously) s previous lessons that had been tested and revised. In othe.s
words, the “specific praduct thiat we had been field LeSLing wits not
the individual lessons but the instructional techniques that were used
in-those lessons. Since the same, o similar, techniques ol lesson
lormatting, phrasing of instraction, design ol worksheets, cte., were
used in new lessons, it wis ol necessary 1o held test and revise each
individual lesson, We now needed 1o rehne the methods we had
developed and 1o assess the elfectiveness ol longer sequence of

lessons,

2. THE FEEDBACK MODFEI

The model we chose was an adaptation of the [eedback System
sed in industry 1o control continuous Processes. In this model the
outputis continuously monitored and any deviation from the desired
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outcomes causes an automatic compensatory adjustment ol the input
parameters. Although we could not fully automate this procedure, we
did devise a production schedule that incorporated continuous
monitoring of the output (learning gains, children’s attitudes, ete.) so
that input parameters (teaching techniques) could be adjusted to
optimize the outcomes,

This model we will call the “leedback™ model in distinction (o the
“revision' model used in our first field trials in California and
Nicaragua. One of the most noticeable differences between these two
modelsis thatin'the feedback model there is no revision of lessons. Each
lesson is prepared and field tested, but the information gained is not
used to revise the existing lesson; instead, it is used torevise teaching
and presentation strategies so that future lessons will be better than
they would have been otherwise. (In practice, ol course, we correct
obvious errors, as we mention later.)

By the beginning ol the next school year (February 1975) we were
ready to gointo full production using i [eedback process. During that
year we produced a full year's curviculum that proved to be of high
quality even though no lessons were revised during the year.

T'he [eedback system asiwe used it entails these steps:

1. Closely monitor outcomes.

2. Analyze the dui to determine how instructional technigues ¢ be

improyed.

4. Use the vevised technigues in the design ol Tuture lessons,

Monitoring Qutcomes

Step 1 seemed the argest problem in our first attempts (o sys-
tematize the feedback model. What outcomes are to be monitored?
And by what means?

We were primarily concerned with student outcomes: how well
students followed taped instructions, their level of interest, their mis-
conceptions, their rate of learnir - and their retention of concepts
and skills. We had alveady found that watching children during les-
sons was a most fruitful means of gaining information, so from the
outset we included daily observations as one ol our primary sources of’
inlformation.

Classroom obseryations. Our methods for observing and record-
ing the results evolved considerably over the course of the project. In
the first field trials our observations had been quite unstructured. In
1975, when we started regular lesson production, we attemptied to
systematize the observation process, designing special observation
forms that helped the observer focus on specilic aspects ol the lessons
and organize his comments.
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We also made an effort 1o tain ourselves as observers. Since no
onc onthe stalfl had had much experience in classroom observations,
this was a bootstrap operation and our first cfforts were relatively
unsuccessful. Most ol us, especially” those with strong training in
rescarch, felt that observations were unreliable, In debriefing sessions
we picked apart one another's observations anc argued endlessly
about how to: measure such things as “interest” and “attention? in
more reliable ways. However, we soon came to realize that our at-
tempttaitranstorm observational datainto “hard! data went too far;
dalthough our observation forms provided” quantitative results, the
cllort to quantily wis so engrossing that we often missed more impor-
Lt classroom events. We eventually backed down from this fruitless
Atempro quantify what is essentially unquantihable and' later even
encouraged observers 1o do more “interpreting instead of simply
reporting in afactual way: the events they observed.

Despite these problems, the elassroom observations were the most
usetul mlormation we collected, especially‘in the early stages, 1t was
from the observitions that we learned what Kinds ol entertainment
the children preferred, how long the lessons could be and still hold
the attention ol the children, how long instructional segments should
bey whit Kinds ol instructions were ambiguous, how fast the pace
should be, ind how long we should pause tor children to complete
different tasks. like writing numerals, solying addition exercises, or
making simple drawings: and so on,

Much of this information ¢ame (rom long-term observations and
could not have been obtined [yom watching a single lesson. The
entertainment value ol a joke, for example, depends somewhat on its
novelty, We leined how ofien jokes could be repeated before the
novelty wore off: On the other hand, sing-along songs gain in value
with repetition. As the childven learn the words, they participate more
Lully-and enjoy themselves more, Ouy obseryations gave us informa-
tionabaut how many times and at what mtervals 1o repeat such SOngs,
Instructional messages, too, cin be evaluated only in the context ol
Laivly long sequences of lessons, An instruction like “Circle the thiyd
animal™ might be 100 terse (o1 most first graders, but it is quite
understandable (o children who hiave been tramed: gradually with
more wordy instructions like “Look at the animals—Find the third
animals Draw accircle avound that animal

Analysis of student worksheets, Although classroom observations
areimmensely valuable, there are some kinds of information that they
yield poorly or not at all, Stuppose that the children are solving a
worksheer exercise like
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under the tutelage ol one of the ridio characters. This exercise goes
by rather [astin real time and it would be difficult for an obseryer to
determine exactly how many students in a classroom of 40 or 50
youngsters had answered it corrvectly: Even harder to observe are the
Kinds of incorrect responses made. Incorrect responses are frequently
very revealing of the nature of the misconceptons children haye, and
itis importantto collect suchiinformation. However, during a typical
radio lesson the proportion of correct respenses is very high, on the
order of 90%, so only threce or four students are making errors; it is
unlikely that the observer will spot more than a few of the errors,

Forsuch additionalinformation that cannot be obtained by observ-
ing, we turned to the children’s worksheets. During 1975 we collected
all completed student worksheets. The responses were coded,
keypunched, and analyzed by computer. We obtiined information on
cach exercise, summaries (o1 each instructional segment, and lesson
summaries. The datu included the proportion of correct responses,
and for each excrcise a list ol the incorrect responses and: their
[requencies. Examination of the proportions correct, within each
lesson and over time, gave us the rate at which the children were
learning the various topics covered by the lessons. Whenever the
learning rates were below expectations, we looked more closely at the
incorreci responses, which frequently helped us pinpoint the concep-
tual difficulties that were causing the low learning rate,

When we were unable to determine the sources ol difficulty, we
alerted the observers to watch closely as the topic was being taught to
see what insights they could gain into the issue, In this way we
discovered that the feedback process could proyide information not
just for lesson  deyvelopment but also for the feedback process itself,
(At a later time, after we had established testing as a regular part of
the monitoring operation, we found that analysis of test data indi-
cated where closer observations would be helpful.)

The worksheet data were extremely useful and had the advantage
ol being much “harder” data than we could obtain from observations.
However, as the year went on we became somewhat dissatisfied with
their uselulness as indicators of performance levels. The proportions
correct on the worksheet exercises were extremely high and, for
several reasons, did not adequately represent how well students were
learning the mathematical content of'lessons, For pedagogicil reasons
the radio personalities were giving the children the correct answers to
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almost every exercise shortly after the exercise wis given. Some chil-
dren changed their answers as soon as the correct answer was an-
nounced, and a few children (probably not knowing how to proceed)
would wait until they were told the correct answer belore filling in
their worksheets. Teachers were encouraged to help the slower chil-
dren work exercises during the lesson and [requently children
worked together, helping each other.

Another cause [or concern’ was the! lack of information about
retention of skills. In algeneral way we Knew that the children were
retaining the skills, because in mathematics new. skills and concepts
usually build on those alveady learned: children could not continue
successtullyiif they had not retained the prerequisite concepts. In
cases where there was trouble with a new concept, however, we did
not know whether the difficulty was caused by adeficiency in prereq-
uisite skills or our instruction in the new concept wasineffective. Also,
there were some topics that were taught und then not used im-
mediately. Did the children's skills deteriorate rapidly in those areis
or were they well retained?

Embedded tests. About hallway through the first-grade school
year, our dissatistacrion with worksheets as a data source, and some
teachers' interestin evaluative inforniation, led us to consider ways of
testing the children. Regular tests of about five or six minutes' dura-
ton were embedded into the curriculum and oceurred once a month,
From the children's point of view, the tests looked much like any
other instructional segment. The instructions were given in the usual
way and used the regulai student worksheet, The tests differed [rom
instructional segments in that the radio characters did not announce
the correct answers and a mixture of different types of exercises were
given. (The usual instructional segments had one orat most two kinds
ol exercises.)

The embedded tests were more useful than the worksheets in
providing a picture of learning gains, and the results helped us spot
several dilficulties that we had not previously noticed. Furthermore,
we found that, despite our doubts, the childyen were retaining con-
repts and skills quite well,

Tossatisty the teachers! needs we included in'the teacher's guide
ananswer Keyto the embedded tests along with suggestions on how to
use the tests for diagnosis. We instructed the teachers o grade the
tests 1 they wished and 1o use them for their own purposes belore
sending them to us. (They regularly sent us all worksheets.) 1f they
did novwant 1o use the test results themselves, they could simply send
us the ungraded papers. Apparently very few teachers used these
tests in the way we had anticipated, because only about 10% of the
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returned papers had marks that indicated that the teacher had
graded them,

Weekly classtoom tests. Although we were getting more reliable
data, we were not convinced that embedded tests were the final
answer to our problems. For une'thing, we did not want t) produce a
completed instructional=package that contained tests that were not
going to betuseful to teachers, 1 we were the only ones who were
going Lo use test data, then the tests should be used only during the
developmental phaserand not included as'an integral part of the
released version of the curriculum. Furthermore, it was difficult to
design tests to serve two purposes (diagnosis of individual
difficulties—which would be useful to teachers—and feedback for:
curriculum development), so at the end of the first year we gave up
the idea of embedded tests in favor of an auxiliary testing program
whose only purpose was to provide feedback for curriculum de-
velupment. We also decided we needed performance information
Aore frequently than once a month. From 1976 on, we used weekly
tests adniinistered by project stafl'in selected classrooms.

An even more significant change in the testing program was our
adoption of matrix-sampling design techniques. Once we were freed
from the constrains of preparing tests that could serve for individual
chagnosic, we could concentrate on our principal testing goal—to
measure howowell the children as a group were progressing. We
wanted to measure learning fora large number of curriculum objec-
tives (on' the order ol 200 every year), and f(or each objective we
needed o test the children at enough different points during the year
to be qible to measure gains. Also, to get a reliable estimate of the
performance level foran objective, it was necessary to use more than
one testitem. To accomplishiall of this we would need weekly tests of!
100 to 150 items, obyiously too miny items lor an individual child to
handle. Since we wanted 1o measure group gains, not individual
gains, itwas not necessary either to test the same children every week
orto give the entire test 1o any one child. So we divided each test into
several ([15- 1o 20-1tem subtests and tested  different children each
week, rotating the testing within a fixed group of classrooms so that
the same children were tested again after three o four weeks, a
technique: known as matrix sampling, (We used the same group of
classes for logistic reasons, not because we needed data from the same
subset ol children.)

Over the next three years we varied the parameters (test length,
number of subtests, [requency ol testing the same children) of the test
design only slightly. We highly recommend this method for the for-
mative evaluation ol any curriculum material, whether delivered by
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radio or by other instructional media, because it can provide informa-
tion about many different topics.

Using Feedback Data

From 1976, when we developed the second-grade curriculum,
until' Stanford inyolvement in the project ended in December: 1978,
we used the weekly tests and' daily observations as the 1wo major
means ol monitoring the outcomes of the instructional method. The
feedback system involves more than simple data collection, however:,
The sccond step in the feedback process is the analysis of thesc data
with a view toward finding where improvements and refinements of’
instructional techniques are needed, In most cases, the goal is not
simply to moye closer to i unique solution to the “Which way is best?”
question bur to continuously alter the parameters of the instructional
techniques to Keep up with the changing needs of the children. For
mstance, there is nossingle best time allowance f(or solving exercises
like 28 + 5. When children are first introduced to these exercises (in
the second grade) they will slowly and laboriously count from 28 on,
probably using their fingers or tally marks on paper to help them
Keep wrack ol the counting process. After some practice they will
consistently use a smooth, very fast counting algorithm, and after
considers ble practice they will answer so quickly that it appears they
have the answer memorized. What we try to do is watch the children
closely as we gradually decrease the time allowed, For this particular
example the best (in fact, only) information on which to base a deci-
sion for change comes [rom classroom observation,

Other changes are based on test results, For: example, one difficulty
children have'is not attending to the operation sign in exercises like

43 43
+ 2] “_—_f_..)_[_

A very common error is the use of addition when subtraction is
indicated, and this shows clearly in the answers written on test papers.
Lo help the children, there are innumerable reminders in the radio
programs to ook atthe sign. When the children's responses Lo Lest
items show that they are beginning 1o heed these cautions, the [ye-
qu=ney of such reminders is reduced in the radio scripts.

Thus, we see that what may at one time be a “perfect” instructional
technique may at another time be unnecessiry and inefficient, The
feedback process, unlike the revision process, is a dynamic system of
[ormative evaluation. 1ts aim is not so much to correct £10SSs errors as
to refine and alter instructional techniques in step with the changing
demands ol the audience.
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This is not 1o say that feedback does not also help in detecting
errors. Ambiguities in instructions, for example, may be detected by
either observations or testing, and an effort must be made to correct
suchierrors in future programming. Errors ol great magnitude, how-
ever, cannot always be compensated for by the feedback process and
usually require lesson revision. Il the introduction to some important
basic concept is badly presented, the children may form misconcep-
tions that can never be entirely dispelled. For this reason the feedback
systeniis not useful in the early stages ol development. 1t was only
alterwe were sure we could produce lessons with good [ace value and
noserious errors that we could effectively use a feedback process o
reline the techniques.

Small ervors can be tolerated without damaging the overall effec-
tiveness ol the feedback process. Any project thatis producing mite-
rial at the rate of one radio program per day is bound to produce
trivial ervors from time to time, We produced one tape, for example,
inwhich the answer to 4 + 3 was 8. Annoying and embarrassing as
these smallerrors are, they do not cause more than momentary
conlusion among the children and do not slow the overall rate of
progress. We do not like to see the errors repeated year after year,
though, so we did reyise the master tapes as soon as such ervors were
reported. Thus, we continued to use the revision system in a small way
even when relying most heavily on the feedback system [or lesson
improvement,

Inall of the examples mentioned so L, the kind of! change needed
can be immediately inferved rom a knowledge of what happened in
the lesson and in the classroom. However, the solution is not always so
obvious. On several occasions we have produced instructions that
clearly did not work;: the children could not understand the examples,
looked puzzled, could not follow our instructions, and performed
|m¢u|\ on the tests, We had put our best elfort into designing the
instruction and could see no other method that looked equally prom-
ising, We had no option but to try one of the alternatives that we h: ul
preyiously rejected, In some cases: the second method worked; i
others it did not, and we had to try again: In one case (comparison ul'
mixed numbers), after numerous attempts we abandoned the objec-
tiye s too difficult to teach by radio at that grade level; we do not
Know whether that judgment was correct or we were ~.|m|)l\' Loo
limited in imagination to provide the right kind ol instruction.

Error analysis. I'requently, when a solution was not immediately
forthcoming, we [ound'itquite helpful to analyze the test datain more
detail. Our usual procedure was to administer the weekly tests during
three days ol each week (we did not have enough personnel to test
children in all'classrooms on the same day) and to complete the first
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analysis of the data in the neat two days so that the curriculum
designers and scriptwriters could see the results within one week.
‘The hrst analysis consisted simply of grading the papers, finding the
proportion of students who correctly answered each item, and com-
paring those proportions to previous proportions correct for the same
objective. 11" the learning gains were not satisfactory w..d the causes
were not self-evident, we did an error analysis, which, on most occa-
sions, provided us with great insights into the misconceptions held by
children and gave us an immediate clue to the wiys we could improve
the instruction. Sometimes we were uncertain ol our interpretations
ol the childrer's thinking processes, so we asked observers to watch
the children closely as they solved similar problems during the radio
lessons. We lates found that structured interviews with the children
were i better souree ol information. ‘The children happily explained
to us in-detail the (incorrect) procedures they: were using to solve
arithmetic exercises. This method provided invaluable information,
and in the [uture we would use it more extensively.

Trade-offs, By [ the mosi difficult problem in the entire fced-
back process is that ol deciding trade-of (5, 1£ 100% of the children aye
giving correct answers to some kind ol test item, we know we can
reduce or eliminate future practice on that kind of exercise, But
suppose only 90t ol the children answer correctly. Do we then
continue the practice until we reiach 100%# The easy answer is to say
we should hacte somie predefined “mastery level,” like 90% or 95%,
established' for each objective and provide sufficient instruction 1o
reach that level, (What this mastery level is, or how one should £0
about determining it, is never specified by those who suggest this
decision-making process.) The problem is that there are usually many
objectives in which the children are not yet performing at mastery
level. How dowe make the decisions about trade-olfs? Even worse, do
we have sulficient inlormation 1o know where the possible trade-olfs
are?

These questions have implications both [or: methods of' collecting
information and for the methods ol analyzing and acting on that
information, The following example illustrates the first situation.
Suppose (wo objectives, A and B, are equally important and that the
childrenare performing atthe 30% level on A and at the 50% level on
B. Il we had information only about performance on B, we would
probably decide o give more practice on B, But providing more
practice on B means spending less time on other topics, among them
objective A 1F the objectives are equally important, we have made the
wrong decision simply because we lacked information on A, This
example makes clear that all important objectives must be tested
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frequently enough toiallow us to extrapolate learning curves with
confidence (a good reason for using a matrix-sampling design for the
LESLS),

Evenwith suiiivicnt information in hand about all important objec-
tives, the decisions about allocations of instructional time are. still
extremely thorny. We gave considerable thought to the allocation
problem and did develop a theg:etical distribution algorithm that
seemed quite satisfactory. Unfor) inately, the algorithm was so com-
plex-and used such a large data base that the computation required a
high-speed computer. We had no such computer on location and the
logistic difficulties of using the computing facilities at our home base
at Stanford were so great that we were never able to implement the
scheme, Allocation decisions were made by hand, using a subjective
yoaaghting olfthe objectives, taking into account both tha prerequisite
relations between objectives and the probabilities of transfer of learn-
ing between related objectives.

‘The prerequisite relationships are important in cases where the
trade-off under consideration is between two objectives A and B, with
A prerequisite to B I the performance is quite low in both topics, it
may be wise to give preference to A since the low pesformance in B
may be due to prerequisite defliciencies. On several occasions we have
seen the performance in B incres = satislactorily when only A was
allotted more practice.

[n subjects with many related skills, instruction in one skill or
conceptolienimproves performance inanother. This phenomenon,
called transfer, plays an important role in curriculum design. The
probabilities for transfer between related objectives are quite subtle to
evaluate and an awareness of the various linkages comes only through
intensive study of vast amounts of performance data collected over
time, Once one knows that transfer is occurring, it is usually trivial to
explain why, but transfer does not always occur in places that one
might expect. The trick to detecting transfer is to look for: learning
gainsin the absence of instruction and 1o try to relate the rate ol gain
toithe amount of instruction being given in other topics. If we had
taught the topics in isolated units, this task would haye been easier,
but we were [requently mixing the teaching of half a dozen fairly new
topics: with practice on another hall* dozen previously introduced
subjects. More basic research in this important pedagogical area is
certainly needed.

Another consideration in allocating time to various topics is the
expected gain from more practice. 1 there are two objectives A and
B, both equally important and both with low perlormance levels, we
might consider weighing the “payolfs” we would get from more time
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spent on A asicompared with time spent on B. If the learning curye
lor"Ais quite steep compared to B (meaning that learning oceurs
laster!with A), the total learning will increase more by practicing A
than by practicing B. Here, again, there is so little basic research that
almost all decisions are ad hoc,

The preceding paragraphs have illustrated many ways that feed-
back, in particular test information, is used in making curriculum
decisions, Collecting such information in timely fashion requires a
comprehensive procedure for choosing test items. In general, we
measured performance on a selected set of instructional objectives al
miany points in the school year, both belore and afier the topic was
tiught. Roughly, the testing schedule was developed as follows.

I+ Listallinstracdonal’ objectves forthe yeur, together with the proposed
schedule Tortenching,

20 Selecr those objectives 1o be tested, We were not able 1o test all objec-
ves adequately, so there had o be trade-olls between the number: of
objectives that could he tested and the number ol times eich objective
could he rested,

30 Schedule the objectves Tortesting, using the following rules:
€ Testeach objeciive just beloreand justalter icis taught 1o get good
meastres ol the ellectiveness ol the inital instruction,

b “Lesteach objective again at regulin intervals through the end of the
school yei,

¢ lesteach objective at regular intervals belore the pretest thiat im-
mediately precedes imsiuetion, from the beginning ol the school yeil,
Fhis provides measures ol enty-level skills and indications of where
transter has occurrved Lrom other velac d objectives introduced earlier:
m the course.

Pitfalls of testing. Sometimes the results of 4 detailed analysis of’
the test results revealed that the difficulty was not with the instruetion
but with the test items themselves, Ideally, we should have started
cach year with an item pool of valid, reliable test items for each
objective. To establish such dasivable characteristics of test items is
itsella time-consuming process: that requires much field testing,
analysis ol data, revision, and re-trial, which our schedule did not
permit. Whatwe did, instead, was to use a bootst riapping operation in
which we tested the tests as we were testing the children. When we
[ound items with questionable validity, we simply ignored the results,
revised the items, and tried again,

A more likely source ol ervor than bad test items was deficiencies in
the specifications ol objectives. We frequently found that our item
pools were nol homogeneous: Some items were significantly more
difficult than others in the same item pool, indicating that the skills
required were notidentical forallitems in the pool. This was valuable
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information not just for test design but for curriculum design as weil,
for it helped us improye our task analyses of the various algorithms
we were teaching the children. For example, we found that the item
pool for simple bhorrowing

h7 83 61 50 80
= 20000 = Ay = | H O = 3

15 not homogeneous; the last two items are markedly more difficult
thanthe fivstthree. ‘That discovery was our first clue thatchildren had
the most difficulty deciding to borrow when the upper digit is zero,
and this led toa significant improvement both in the lessons and in
the tests.

Selecting classrooms. So [ar we have hardly mentioned the chil-
dren we were observing and testing. Since the end result of the
[eedback process is to tailor the instructional package to the children
tested and observed, it is important to select classrooms that are
representative ol the audience for whom the instruction is intended.
We ordinarily selected about 12 classrooms. Since this is a very small
sample, we could notselect at random, because of the possibility of a
random bias. Instead, we selected classrooms that (to the best of our:
knowledge) represented the diversity found nationwide. Some class-
rooms were in fairly large schools in medium-sized towns; others
were in small rural schools. Some had experienced, older teachers,
while others had young or inexperienced teachers. Some classrocms
included several grades in the same room: others had only one grade.
Some had as many as 50 or 60 students; others as few as 10 or 12,
Alter the first year, some ol the children had had radio lessons in
previous years: others had not. Some of the teachers favored small
groups and gave individualized instruction, while others worked only
with the class as a whole. In one case we had two teachers who
combined their classes so they could team teach, We tried also to select
some “good™ teachers and some “not so good," following the advice of:
the local school inspectors.

We were somewhat constrained logistically (o choose schools that
were reasonably accessible, since we wanted to visit them frequently,
None ol the schools we observed reguliarly was more than a hall-
hour's driving distance from the office, and all could be reached by
four-wheel-drive vehicles. Some of the schools were inaccessible fora
few days during the rainy season, but we did not ordinarily have many
problems getting to the schools until the political disturbances started
in 1978.

A problem thatis perhaps even more serious than selecting Lypical
classrooms is ensuring that they remain typical. Our interference in
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those classrooms could easily become so great that after a few weeks
the character of the classrooms could be completely changed, I, for
example, we provided more teacher training than would be given
when the programs are used nationwide, the data we collected might
indicate: that the children were learning quite rapidly; the effect,
however, might be due to the additional teacher: training and nct to
the parts of the curriculum package that would later be available o all
classrooms. While teacher training was fairly easy 1o control, ongoing
teacher supervision was an even greater problem. Because of the
costs, we could not anticipate that teachers all over the country would
be supervised any more closely alter the advent of radio than they
were during the development ol the curriculum, So we did not want
to provide additional supervision or continuing training to the
teachers in the feedback group. However, we visited these schools
regularly, and our mere presence could be interpreted as supervision
atsome leyvel even when we disclaimed the intent. Also, the teachers
viewed all ol us as experts in teaching mathematics and we were
frequently asked foradvige on how to conduct certain activities, how
to improve certain teaching strategies, and what to do about specific
childven: All observers were cautioned (frequently) not to olfer
suggestions ov criticisms, but few can successfully sidestep dirvect and
persistent questioning, [t also happened on several occasions that
teachers forgot to bring the teacher’s guide. Obseryers ordinarily
carried a guide (1o help them organize their comments) and could
hie Iy refuse a divect request to lend it to the teacher,

Ouepresence also influenced the children (though perhaps Lo a
lesser extent, since children more readily accommaodate themselves 1o
being observed). What child will not put forth just a little more effort
Anowing that some adult is peering over his shoulder? The greatest
directeflect on the children was [rom the testing, Even though we did
nottest the same children every week, the testing schedule resulted in
testing eich child 8 to 10 times during the school year. As the children
learn test-taking skills, their performance improves; some increases in
test scores probibly could not be attributed to learning gains.

Although many ot these factors had lite orno noticeable effect by
themsclves, the total cumulative eflect wis nevertheless significant,
For wwo years we made a posteriori comparison ol the gains of the
formative evaluation group with a comparable randomly selected
group that had not been observed and tested, and the results clearly
showed that the formative evaluation group performed better on the
Jostiest.

There is no way 1o completely avoid this so-called Heisenberg
ellectol’the observer onthe observed, butit can be compensated [or
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to some extent in the interpretation of the data, We always assumed
that if the children in our formative group experienced some
dilficulty with a concept, then ourintended audience would haye that
same difficulty to an even greaten degree. I any ol our teachers
misinterpreted the teacher's guide, we assumed that the difficulty
would be multiplied at a iater time and should be corrected for.
Although the clusses we obseryed used the radio lessons quite regu-
larly, we didinot assume this would be true when we were not in the
classrooms, so we builtin more redundancy and more review than our
observed children seemed to need. These were all truly subjective
judgments and we may on occasion hiye overcompensated.

Changes Resulling [rom Feedback
As mentioned before, the feedback process has thyee major com-

ponents: collection of data, interpretation of data, and adjustment of
mstructional techniques and other design parameters. We have
looked at the livst two ol these components. Let us turn now to the
Kinds of changes that resulted [rom the feedback process. Recall that
the (eedback process is not used for correcting gross errors, since only
futine lessons are involved. The Kinds of changes that vesult from
[eedback are changes in the design paranieters onwhich future mate-
rinls are based, and in most cases thereis no flixed “hest way," since the
needs ol the childrenire constantly changing. The design parameters
that were changed as i result of feedback include the following,

Length ol vadio progrinis

Length ol instrnctional seaments

Mix ol nsiuctonil and entertiinment seginents

Siyle ol iinsitions between Segments

Interval between progeams lor dilferent grides

Syntacue complesity ol instructionil messiges

Vocabuliry

Length ol istruchomil messages

Frequency and duration ol ditlogues between sdio personilities

Frequency ol student vesponses

Kinds ol responses

Fime allowed Tor ditferent Kinds ol responses

Kinds of background sounds nsed durving suchy pitises

Signls used o indicaie the ends ol patses

Speed ol speech

Mix ol diflerent Kinds ol voices

Mix ol adulvand juvenile voices
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Uselol juvenile yoices Toi cning student responses
Kindsiol jokes

Way ol teaching lyrics ol songs

Amountoliinstruction on dilferent topics

Spacing ol review exercises

Rate for phising out Ssupportive instiuctional imessiges
Riite and style ol knowledge-ol-resulis messiges

Format ol” the worksheets

Selection ol” other supplementary manipuliable: materials
Frequency and style ol use of" the classroom chalkboard
Layout ol the teacher’s guide

Number ol activities in the postbroadcast period

Kinds ol postbroadeast activities

Style ol instructions written in the guides

The above—and other—changes that resulted from the feedback
process can be categorized by the points at which they enter into the
production line. So/let us diverge momentarily to discuss the produc-
tion process.

We started each year with a detailed plan for the content of the
year's lessons. This plan included exact specilications of the be-
havioral objectives and the prerequisite relationships between these ob-
Jectives; Italso included'a time schedule indicating when topics should
fivst be introduced, The schedule was tentative, since we planned to
change it as indicated by the information we collected from obser-
vations and testing.

Incorporating Changes into Lesson Production

During the year, the detailed outlines for each day's lesson were
written as late as possible, so that if changes in the original plan were
needed, the effect of the changes could be [elt in the classroom as
soon as possible. We usually planned about four weeks tor the whole
production process but on' many occasions cut this lead time to three
weeks orless. During that time, besides writing the lesson outlines, we
wrote and edited the scripts, wrote the teacher's guide, produced the
tapes, duplicated and distributed the guides, broadcast the program,
observed and 1ested the children, and analyzed the feedback data.

The time schedule for production is illustrated in Figure 1. To get
a.sense ol this process, we will follow through the production steps for
lessons that are to be broadeast in Week 24, which are outlined in
blacki. At the top of the figure, note that during Week 21 we are
preparing the lesson outlines for Week 24. Moving down, during
Week 22 we are writing scripts and teacher's guides. During




WEEK

PRODUCTION
ACTIVITY 2l 22 23 24 25
Lesson For week 25 26 27 28
oulline 24
Scrip! For week
Nrilbn 23 o 25 26 27
Teacher's For week
guide 23 24 25 26 27
Radio For week
production 22 23 24 25 26
Duplication For week
of quides 22 23 24 25 26
Disfribution For week
of ‘quides 22 23 24 25 26
Broodcast
and 2| 22 23 Foriweek 25
observe 24
Tes! and For week
onalyze 20 2l 22 23

24
data

FIGURE 1. A porton ol the lesson-production time schedule.

Week 23 the radio programs are produced and the guides are dupli-
cated and distributed. During Week 24 the programs are broadcast
and observed, Finally, i Week 25 the children are tested and the data
are analyzed.

Now let us look back up the steps listed under Week 25. At the
bottom off the: column, note thit we are analyzing the effects of the
lessons given during Week 240 1f there are changes we want to make
indifferent design parameters, the length of time it will take for those
chianges (o be feltin the classroom will depend on the production step
inwhich the change is to be implemented, as we shall sce. Looking at

the top ol the column for Week 25, we sce that the outlines for

Week 28 are being written. I there are changes we want to make in

lesson outlines (delay the introduction of some topic, review a Lopic

that was presented earlier in the year, ete,), the earliest implementa-
tion date will be Week 28. In other words, what we learned as a result
ol'our experience with lessons in Week 24 will not affect the mathe-
matical content untl four weeks later, Moving down, we see that
during Week 25 the scripts for Week 27 are being written. I the




102 FRIEND

changes we want (o make alfect the seript-writing process itself but
not the lesson outlines, the effect will be feltin the classrooms three
weeks alter the decision to change is made. These changes might
alfectthe length ol pauses (o student responses, the mix of male and
temalevoices, the Kind of entertainment, ete, The nanuscript for the
teacher's guide is prepared concurrently with: the: scripts, so any
changes in the guides will also be implemented within three weeks.
These might be the number of postbroadeast activities, the language
used in describing activitics, or the kinds ol dlustrations used,

Moving farther down the Week=25 column, we see that racio
pProgrims for Week 26 e now being produced and that guidesare
being duplicated and distributed, And changes that alfect studio
production (but not seripts) can be made now: and will reach the
classroom: in only 1wo weeks, Such changes niight be the volume ol
backgroundimusid, the speed ol speech, or intonation patterns [or
certiin Kinds ol instruction, Finally, during Week 25 weare observing
children as they take Week=23 lessons, 1 the data jJust analyzed
indicate i need for closer observation of some aspect ol the childyen’s
behavior, we can start those observitions within one week ol'the time
the need was felt.

Fhus, we see that the feedback loopis not i single loop that feeds
lrom the clissrooms into the beginning ol the production process but
18 asenies of loops of dilfering sizes teeding into the production cycle
atseveral points,

J.SUNMMARY

Beginning with o relatively conventional notion: of formative
cyaluation—which we have called the revision model—our work hits
led us o the development of o new model uniquely suited o the
production ol a large set ol closely linked and interdependent lessons,
as iy typical ol @ sustained instructional program, The model can
dppropriately be used aftera basie lesson format and keyinstructional
strategies have been designed, One of its chief advantages is that it
allows the production of a year-longinstructional program within one
vear, saving time and vesulting inamuch lower total cost. than that
associated with the veyision model, since re-recording lessons is not
necessary, Lhe feedbiack method of formative evaluation is certainly a
significanc ficior incthe success ol the Radio Mathematics Project
instructional program,




The most_umportant. question pused to the Radio Mathematics Nroject was, Hoo muck
mathematics can children leam [rom radip? Can they learn at all? And, if 50, do they learn more
than they wonld fiave without radio? 1t is these questions that_ this chapter addresses,

The answers are to be found only by conducting a caref wlly planned forimal evaluation of the
differences in learming gains between children who take yadio lessons and similar children who do
nole This kind of evaluation, frequently characterized as “summative, is distinguished, from
Jorvmative evaluation, as deseribed in' the last chapter, by both s methodology and it goals.
Summative evaluation is judgmental; 1 15 intended to rvalvate the currictlum package as a whole
and in comparison with other altermatives (i this case, traditional instruction in the absence of
ridio),

For this task, unlke the formative work desenbed in chapter 3, there must be a la rge sample of
subjects ke at random to ensure the rehiabulity of the statistical analyses and the inferences draun
from them, The measuninge mstruments (lests) must also be more mnj,l'uﬂ_\' constructed to avoud
medsurement error. And the results are not to be lemprered by mtuitive jidgments.

I order to.make inférences to a la rger (fulure) population, the treatment of the experimental
growp must be carefully matched to the treatment. that will be received by the eventual target
audience, Alih ough, as ponted aut in r:‘mph'r' 3, some difforence in treatment can be tolerated (and
interpretively compensated for) in formative evaluation, this must be winimized i aformal
siummative evaliation, For this reason, there can be no over lap between the formative experimental
wolifrand the summative experimental group, Thus, the children discissad in this chapter are nat
i the same classrooms as those studved i chapter 3, although the schools were located in the same
regon of the country,

One sumilanty between the formative evaluntion discussed. in chapter 3 and the summative
evaluation hieve i the drugu of the tests used ay measuring struments: In both cases, a malrix
sampling design, discussed i detanl in this chapter, was used, They differ, however, m that the
sems used for summative evaluation were more carefully prepared, every test was field tested to
ensure valtdity, and oral test instructiony were tafie recorded fo winimize the variability of test
wdministration,




Chapter 4

MEASUREMENT OF THE EFFECT
OF RADIO MATHEMATICS LESSONS
ON STUDENT ACHIEVEMENT

BARBARA SEARLE AND KrAuS GALDA

A MAJOR GoAL of the Radio Mathematics Project was Lo iniprove the
quality of ‘mathematics instruction in Nicaraguan primary schools.
Thus, assessment of tudent achieyement was a central and continu-
ing task of the project. This chapter brings together the results of
studies conducted over a three-year period. Earlier reports on some
ol this work are in Searle, Suppes, and EFriend (1976) and in Suppes,
Searle, and Friend (1978). We describe here the tests we used for
measuring student performance, the methods of analyzing those re-
sults, the evaluation design and its implementation, and, finally, the
results of the evaluation,

I. THE ACHIEVEMENT TESTS

Project evaluations of achievement were based on the results of a
pretest and a posttest for each grade level. There ~zve no tests
available that had been written for all of Nicaragua, nor had any of
the published tests heen standardized for the Nicaraguan population.
Achievement testing in Nicaragua was customarily at the classroom or
school level. Because the vroject had no Nicaraguan tests to draw on,
all pretests and posttests were adapted or designed specifically for
project use.

Seven different tests were used to evaluate the instructional pro-
grams for Grades | through4. (The posttest lor Grade 3 and the

The authors thank Professor Robert Hornik and Edward George lor critcal read-
ings ol earlier drafis of this chapter,
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m- Items

k=4 matrix samples
_ _ with. mxn total
Examinee population responses in each

(‘N examinees in all)

Nn-examinees

FIGURE 1. A testing design using matrix sampies ol equal size,

pretest for Grade 4 were identical.) All but the pretest for Grade! |
were based on a matrix-sampling design. In the next section we
describe this test design and the rationale for its use. We leave until a
later section the description of the pretest for Grade 1, which was an
adaptation of a commercially available mathematics *“readiness? test.

Matrix-sampling Desi on

Matrix sampling is a technique of test construction in which both
testitems and students are randomly sampled (“matrix” refers to this
two-dimensional aspecty Lord, 1962; Lord & Novick, 1968). Figure 1
illustrates this notion. Consider a population of students of size N and
a population of testitems of size M. In Figure 1, the set of students is
partitioned into groups of n students and the set of items into groups
ol m items. Thus, all subsets of students are equal in size, as are the
subsets of items. In the example, each mutually exclusive subset of
students takes a test consisting of one subset of items.! Subtests are
constructed by randomly assigning items (without replacement) to test
forms: the test forms are then distributed at random to students.
Statistical analysis of data obtained from matrix-sampling  designs
assumes random assignment along both  dimensions (Shoemaker,
1973),

U This is the simplest type of design; the sizes of the student subsets need not be
equali similarly, the sizes of the item subsets need not be equal. Subsets of items or
students canlintersect (Shoemaker, 1970),
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Matrix sampling has the advantage of producing data on large
numbers of items. However, this test design has the disadyantage that
total scores for students taking different test forms are not directly
comparable and statistical procedures must be applied to produce a
total test score for each individual. In the early planning of the
project, our concern lay primarily with comparing instructional pro-
grams, not with assessing the performance of individual children,
Thus, the advantage ol obtaining a rich data base outweighed the
uncertainties associated with calculating individual test scores (see
chap. 8), and we decided to base the construction of our tests on
matrix sampling.

The particular design used for most project tests, illustrated in
Figure 2, is more complicated than the basic one shown in Figure I.
Many items that test elementary arithmetic concepts and skills must be

TEST ITEMS
| ltems G ltems

Class |

Class 2

EXAMINEES

Class 3

Class 4

FIGURE 2. Matix-sampling design of first-grade achievement test.
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given orally; in each such case all children in a classroom must be
tested on the same item. For other items, a more general instruction
can be read aloud. Asa result, two types of items were used that differ
in the character of' their oral component,

L. Group ttem (G item). A specific testitem is read aloud, and all children in
the classtoom must answer this item.

Example: “Write the sum of 23 and 42"

2. Individual item (L'item), Only a general instruction is read aloud, so that
the printed component of the item can be different ondifferent test
I)Ill)l.'!lh.

Example: “Cirele the largest number,

Groupitems cannot be assigned to students at random, since the sanie
item is used fonal! students ina classroom. Hence, (or these items, the
assumption of random assignment of items to students is violated,
[tems were designed o be individual items wherever possible to avoid
the classroom bias introduced by group items, (Bias arises (rom
the common experience of the students in a classroom, mea ning that
the responses of individual students within the class are not inde-
]wndcm.)

The posttest for Grade | exemplifies the structure of a project-
designed test. The total number of items on that test is 84—44 G items
and 40 Litems, The G items are divided into four groups of 11 items.
Each group is called a G form (labeled for convenience A, B, C, D),
Ihe I'items are similarly divided into four groups or forms (labeled I,
LI, IIL, IV) of 10 items. In preparing the subtests that will be distribut-
ed to students, each G form is paired with each I form, Thus, there
are 16 different subtests, labeled Al, AILL, AILL, A1V, BI, ..., DIII,
DIV each composed of 11 Gitems and 10 Iitems. Four subtests are
randomly distributed to students ina classroom, namely, all the sub-
tests with the same G form. Suppose that Form C is assigned to a
classroom, Then each studentin the classroom would receive CI, CI1,
CIII, or CIV; no other subtests would be distributed in that class-
room.

Tosummarize, the posttest [or Grade | consists of 84 items divided
into four G forms and four I forms. Each student takes i subtest
consisting of one G form and one I form, The I forms are distributed
at random (o students within classrooms; the G forms are distributed
at random to classrooms. Although the basic structure described here
wis used [or most project tests, the numbers of items and numbers of.
forms differed. Table I presents the characteristics of the tests used at
different grade levels. Test sizes range [rom 84 to 144 items: the
number of items taken by cach child ranges from 21 to 36.
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TABLE |

Characteristics of Project Pretests and Postiests

.. No. taken d . No. ol No. ol
; - T'otal no. No, ol X Tied
Gride L'ype 27 g by each S Group  Individual
/ ol items ke forms* i i
child iems? iems
| Pretest 28 28 1 28 ()¢
| Postiest 84 2] 4 x4 44 40
2 Pretest 58 22 4 X 40 48
2 Posttest 125 25 H X5 50 75
3 Pretest! 125 25 5x5 50 75
3 Postiest 128 32 4 %4 GO 68
] Iretest® 128 32 4 x4 GO 68
] Postrest 144 36 o i) 1444

! Number of G forms times number of I forms,

b See explanation in test,

£ The pretest for Giade 1 was not based on matrix sampling,
l Stubstantially the same as the posttest for Grade 2,

“ldenucal 10 the posttest for Grade 3.

Test Construction

The validity of the evaluation of a curriculum project depends
heavily on the appropriateness of the tests usecl 1o assess achirvement,
Alter reviewing 26 major curriculum-reform projects, Walker and
Schafferzick (1974) concluded that an assessment of the cflectiveness
ofa program deperids strongly on the character of the test used in the
assessment, Thus, swhen “traditional” tests (in particular, standardized
tests) are used to compare an innovative program with a traditional
program, the students in the traditional program usually score
higher. In contrast, when the test is designed to measure achievement
of the objectives of the innovative program, the students in the in-
novative program usually perform better than do students in the
traditional program,

Inlight of these results, we considered it crucial to design tests that
evaluated fairly the attainment of the skills and concepts being taught
in both the Radio Mathematics program and the traditional mathe-
matics program in Nicaragua, We addressed these concernsin several
ways,

First, we viewed our task as designing a new instructional system,
not constructing a new curriculum. We based the content of the radio
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lessons at each grade level on the curriculum guide prepared by the

Nicaraguan Ministry of Public Education. We reorganized the presen-

tation of the topics, spreading instruction on a topic over a longer

period than thatsuggested by the Ministry guide. For Grades 1 and 2,

the radio lessons covered most of the material in the curriculum

guides; this was less true in Grades 3 and 4, as discussed in chapter 2.
We Kknow which topics were taught by radio lessons; we have little

direct knowledge of what topics were taught in traditional classrooms.

However, our observations and the reports of teacliers and super-

visors suggested that teachers usually follow the curriculum guides

conscientiously. Both programs were intended to have the same
mathematical content; to the extent that they did, this difficulty. in
designing appropriate tests was minimized.*

The method used to construct tests was designed to improve the

[airness of the tesis. It consisted of the following steps.

L. Write curriculum objectives for the entire instructional program for a
grade, clssifying the objectives by major topic (e.g., numeration, addi-
tion, subnsiction).

2. Eliminate lrom consideration those objectives that cannot be tested
with a written test (eqz, onal counting),

3. Design wppropriate testitems for each remaining objective.

1 Choose the number of testitems for each topic roughly in proportion

to the time allotted o that topic in the Ministry curriculum: guide,

(Ehus, il numeration s allotted 10 of the 33 weeks in first grade, then
approximately 30% ol the items will test numeration concepts:)

5. Distribute the alloted number of items systematically among the test-
iable objectives in the topic. We did not choose items at random (within
a4 topic) but selected them o represent important skills and concepts,
(Item choices also were constrained by the matrix-sampling design, in
that some individual items had to have the same general oral instruc-
tion.)

[n the early stages of the project; tests resulting from this procedure
were reviewed by an independent advisory committee of Nicaraguan
cducators, Atall grade levels, the tests contained some items sampling
curriculum objectives that were included in the Ministry guide but
were not taught by the project lessons.

All tests were first given in classrooms not otherwise involyed in
project activities, In each case, the students chosen for the pilot-
testing were at an appropriate stage of schooling. Thus, pretests to be
giveniat the beginning of the school year (except for Grade 1) were

2 Another problem related o thisissue, the differential development ol test-taking
skills, will be discussed in the section on test administration,
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pilot-tested at the ¢nd of the preceding school year with students one
grade-level lower. Similarly, students at the beginning of the next
hlghm grade were chosen to pilot-test posttests,

We should note that our'goal in constructing posttests was to
design tests that represented fairly the curriculum content of the
programs being examined, not to select items with particular
characteristics—for example, a mean score of 50% correct. Thus, the
distribution' of* items among topics was not changed as a result of
pilot-testing. Rather, the pilot-testing indicated pauses that were in-
correctly timed, instructions that were not clear, speech that was
paced incorrectly, and other characteristics of item presentation that
needed improvement,

Pretest for Grade !

For the pretest for Grade 1, we modified the mathematics section
of the Spanish version of the kindergarten-level Test of Basic Experi-
ences (TOBE), published by CTB/McGraw-Hill. The TOBE test was
chosen because it was available, covered appropriate material, and
could be adapted with less effort than required to develop a new test.
(We lirst used this pretest in February 1975, only a few months after
we arrived in Nicaragua.)

The TOBE test booklet is made up of 28 pages, one item per page,
witli the questions read aloud. All questions are multiple choice with
four illustrations. The children are instructed to make a mark
through' the illustration: indicating their answer. Although the test
format proved to be suitable for Nicaraguan first-grade students,
many of the questions inithe published test were not, either because
the illustrations were unfamiliar (e.g., U.S. coins) or the language was
unsuitable, Based on a critique of the test by Nicaraguan educators
and on the results of our pilot-testing, changes were made in the oral
component of about 20% of the items. (The illustrations in the
printed booklet could not be changed, of course. The picture of coins
was used to ask about relative sizes.)

Test Administration

We took care to standardize the conditions under which the project
personnel administered the tests. For the project-designed tests, a
standard set of instructions was tape recorded and played in class-
rooms on cassette recorders, (The posttest for Grade 4 did not re-
quire taped instructions, because all instructions were printed.) Early
project work inyvestigated appropriate designs for major test
components—the answer sheets, the oral instructions directing stu-
dents to the proper place on their answer sheets, and the wording of
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test items. This work was particularly important in Nicaragua, be-
ciuse students have litle experience taking tests with printed test
papers. Although the tests were paced by the taped’ instructions,
ample time was allowed for students to respond, The staff adminis-
tering the tests reported that only rarely were students handicapped
by lack of time. Nicaraguan educators checked the printed portions of
testitems tu make sure that the exercise formats would be familiar to
studerss. 1o short, we invested substantial effort in producing tests
that w.re understood by and acceptable to all children,

Childrenwho listen 1o radio lessons for a year are likely to be
familiar with the testing situation because of the practice they receiye
in responding to recorded instructions, This experience may give
themdan advantage over children from traditional classes, We tried to
minimize this by the care with which test instructions were written and
with pilot tests with inexperienced children, We think that the chil-
drentin control classes coped well with the tests, and we can provide
some empirical evidence o support this belief, All project tests con-
tained at least one item in the body of the test (i.e., not one of the first
items) for which the mean percentage correct for students with no
radio experience was at least 95, suggesting that most students under-
stood the mechanies of the testing procedure well enough to keep
pace with the oral instructions and to respond in the proper place on
the test paper.

2. METHODS FOR ANALYZING TES'T: RESULTS

Three methods were used o analyze test results, Detailed compari-
sons of instructional methods were made based on test-item scores., A
method of estimating total test scores with matrix-sampling designs
reported by Sivotnik (1975) was applied 1o compare treatments with
the classroom as the unit ol analysis. Finally, estimated student scores
were used o compare performance of! subgroups ol students,

ltem Scores

Because we used matrix sampling 1o design the tests, we had 1o
look beyond the customary method of analyzing test scores—namely,
working with means of scores attained by individual students. Oyer
the years, the project has reported mean item scores for groups of
students and has based its assessment of treatment effects on differ-
cnces between means of item means (see Searle, Suppes, & Friend,
19763 Suppes, Searle, & Friend, 1978). In this chapter we again use
item scores but take a slightly different approach. Because each item
was given to both groups, we have a natural pairing of scores, which




EFEECT Ol RADIO MATHEMATICS ON ACHIEVEMENT 113

enablesi us to compute score differences for each item. Instead of
comparing the sample of experimental item scores with the sample of
controlitem scores, we examine the sample of item-score differences.
We focus on the mean of this sample and test whether it is sig-
nificantly different from zero. We believe that the population of
item-score differences is the real quantity of interest here. Further-
more, tests of significance will be more decisive in this one-sample
analysis, because taking differences eliminates the variation due sim-
ply to item difficulty.

Figures 3 and 4 illustrate the Kinds of data we are dealing with,
Figure 3 presents the distribution of item scores for the 1976 first-
grade posttest, plotting results for experimental and control classes
separately. The figure shows the number of test items with scores
falling in cach score decile. Figure 4 presents the distribution of score
differences for the same data. The differences (experimental less
control) range from —17 1o 64 percentage points. Note that both
figuresillustrate the superior performance of the experimental group
over the control group; Figure 4 points out perhaps more dramati-
cally the consistency of this superiority.

Estimated Tolal-test Scores

A method for analyzing scores obtained from matrix-sampling
tests' has been reported by Sirotnik (1975). This method was adapted
and extended toapply to project data by Wagner (1978). The purpose
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FIGURE Y. Distribution'of item scores for experimental and control groups,

Grade 1, 1976.




30—

23
) %
E 20— é/;
= 7
s %
5 %
i %
24001 s 17 .

/i

(=20)=(-=11) (=I0)=(-1)) 0-9  |0-19 20-29 30-39 40-49 50-59 60-69
Difference in'item scores
( experimental-control )

EIGURE 4. Distribution of the difference ol item: scores (experimental less
control) tor Grade 1, 1976 data,

ol Sirotnik's method is to estimate the group mean and variance that
would have been observed if each of the N students had taken all M
items of the test under consideration. Briefly, the group mean is
estimated by the actual, observed n.ean. The variance of this mean is
estimated from components of variance for students, items, and er-
ror, which are obtained from estimates of mean squares in the classi-
cal manner (Cornfield & Tukey, 1956),

For purposes of analysis, each project test is composed of two
matrix-sampling tests, one consisting of all G items, another of all
Litems. Sirotnik's method estimates means and variances for these
separately; they were combined to produce an overall estimate.
Wagner's extension considers generalization of results along two di-
mensions, to the relevant population of students and to the relevant
population of test items—that is, arithmetic at the appropriate grade
level. Wagner's method allows computation of the appropriate statis-
tics with either the student or the class as the unit of analysis. Because
random assignment to treatment was made at the classroom level, it is
appropriate to analyze the test results with the class as the unit of
analysis, This has not been done for all the evaluations reported,
because in' some cases data were not collected in such a way as to allow
these analyses to be carried out.

Estimated Student: Test' Scores

Subsequent to choosing matrix-sampling test designs, it became
clear to us that many questions of interest could be investigated only
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by being able to match pretest and posttest scores of individual stu-
dents. We therefore adopted a method for constructing estimated
scores that is based on work by Kleinke (1972). A literature review of
potential methods and a justification for adopting the procedure
suggested by Kleinke are presented in Appendix C of Searle et al.
(1976). We briefly summarize the method here, using [or illustrative
purposes the 1976 hrst-grade posttest, which has four G forms and
four I forms. A total score on the test would consist of the sum of
eight subtest scores. Each student completes a test paper with two
parts, one G form and one I form. Thus, in order to obtain a: total
score, scores for six subtests must be estimated. Once this is done, an
estimated total score is obtained by summing eight scores: the two
actual scores attained by the student and the six estimated scores.

Kleinke's method for estimating the score on a single subtest,
ilustrated with G forms, is as follows. Let

X be the score on the G form the student took,

X be the mean score on this form for all students taking the
form (experimental and control),

Se be the standard deviation for this form,

Y be the score to be estimated (on another G form),

Y be the mean score on that G form, and

Sy be the standard deviation for that form.

Then

~9.S .
Y=P+ZL(X-X)

The score obtained for each student is entirely a function of the
standardized scores of the subtests taken by the student, Suppose a
student took G-form A. His scores on G-forms B, C, and D/ must be
estimated. The method assigns the score on B that is in the same
position on the B distribution as the student's score on the A distribu-,
tion, in units ol standard deviations. Thus, if' the student received h
standard score of 1 on G-form A, he is given the score on G-form B
that corresponds to a standardized score of 1. (Similarly for the C and
D and I forms,) The procedure can be seen most clearly for a student
whose scores on the subtests he or she took are in fact the mean scores
for the students who took those forms. This student's estimated total
score is the sum of the mean scores for each subtest.

The student scores estimated by the Kleinke method are used in
regression analyses presented later in this chapter. They have also
heen used in other project investigations: See Jamison, 1978; Searle,
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Sheehan, Gonzilez, and George, 1978; and chapters 5 and 7 of this
yolume. For some of the analyses, estimated scores have been aggre-
gated to the classroom level,

3. EVALUATION DESIGN AND IMPLEMENTATION

Each yearthe project worked with schools and classes that played
different roles, were chosen in different ways, and cian be classified as
receiving different treatments. These are summarized in Figure 5.
Two Lreatments, radio-experimental and control, were used for summa-
tve evaluation; the radio-observed treatment was used for formative
evaluation (see chap. 3); and the radio-volunteer treatment was used to
satisly @ project commitment to teachers. of: other classes in radio
schools,

Asstgning Classes to Treatments

The first step in assigning classes (o treatments was to designate
schools as potentially radio or control, Assignments were made ac-
cording to schools rather than classes for several reasons. First, chil-
drenare likely to overhear radio lessons from other classrooms, since
school buildings are often not well constructed (some are converted
private homes) and classrooms are poorly separated. Second, many

Radio—Experimental: Classes were randomly: selected, teachers)
were asked o use radio lessons, classes were not observed, and
students were pretested and posttested for summative evaluation.

Radio—Obseryed: Classes were systematically selected (o be rep-
resentative, were observed and tested [requently during the school
year, and were pretested and posttested, but results were not used
for summative evaluation,

Radio—Volunteer: Classes were in radio schools  taught by teachers
who had used the radio lessons previously and chose to continue,
and these classes were pretested and postiested as resources per-
mitted, but results were not used for summative evaluation.

Control: Classes were l'mlrlnm!_\' selected, were pretested and post-E
tested forr summative evaluation, but were not observed,

FIGURE 5. roject treatments.
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students are not promoted, so that classes do not remain intact,”
Thus, childreniin control classes in'schools where others were follow-
ing the radio lessons would' very likely hear the lessons, thereby
contaminating the treatment. We have some evidence that in later
yearsisome teiachers in control schools used radio lessons (see chap, 8),
but for the most part the distinction wa§ maintained.

School populations were stratified along two dimensions, namely,
proyince and urbanization. ‘The project worked in schools in three
provinces—Masaya, Garazo, and Granada—and recognized two levels
of urbanization—urban and rural. At the outset of project work in an
arei, schoolstwere designated as radio- or control by the following
procedure.

I All schoolsiwith fewer than 15 students in fiest grade were eliminiied

from consideriation.

2. Using the Ministry ol Education designations for urban and varal, lists

ol urban and varal schools were drawn up.
4. Within each list, énch'school was randomly designated (with probability
H) as porentially radioor control,

This designation remained in [orce until 1978, By then, the list of
ricio schools in some strata was depleted. Furthermore, radio classes
with no prior radio expericnce were riceded, Thercfore, the schools
designated as control but not being used for that purpose in 1978
were added o the pool of possible radio schools prior to the further
selection procedures described below.
Selecting classes for summative evaluation. If the curriculum for
a particular grade leyel was to be evaluated during a year, then two
groups of classes, designated experimental and control, were chosen
[rom radio and control schools, respectively, using a random-selection
procedure with three steps.
1. The number ol classes (of he chosen from: cach stratum: was deter-
minecl.
2. Foreach cellin the siratihication (e.g., rural, control schools in Masaya),
i list was prepared of all cligible classtooms,
3o Theappropriate number of classes wits selected at vandom (rom each
list.
At each grade level, equal numbers ol classes were chosen from each
province. For Grades 1 and 2, the ratio ol urban to rural classrooms

* While some students transter [rom one school o another, this does notappear to
happen [requently, No attempt was made to follow the histories of individual children
in this regard.
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was 1215 for Grades 3 and 4 this ratio was 3:5.9 More rural classrooms
were selected at the higher grades to attempt to equalize the sizes of
the populations, since at higher grade leyels, rural classes typically are
smaller than urban classes. In most cases, at least 20, and sometimes as
many as 30, classes were chosen for each treatment, Frequently, fewer:
control classes than experimental classes were tested because we
wanted to estimate the performance of experimental classes with
greater precision than we did performance of: control classes. For
example, the samiple for the summative evaluation of Grade 1 in 1976
consisted of five experimental and four control classes for each of the
six cells formed [rom three provinces and two levels of urbanization
(Masaya-urban, Masaya-rural, etc.), a total of 30 experimental classes
and 24 conurol classes.

The schools in the experimental area are typical of most Nicara-
guan: public schools. Much of Nicaragua is a similar mixture of pro-
vincial towns ol [rom 15,000 (o 80,000 people surrounded by rurg;
areas whose populations live fairly close to the towns, The exceptions
are the capital city of Managua, with 4 population of 500,000, and the
sparsely populated area on the eastern coast, where about 10% of the
population lives. We believe the experimental results obtained in the
three provinees can be generalized 1o all of Nicaragua except (or the
area around Managua and the area on the eastern coast,

Selecting classes for formative evaluation, During the year that
the radio lessons for a grade were being developed, a group of classcs
wis selected 1o provide feedback (o curriculum developers. These
classes, the radio-observed classes, although not selected at random
lorlogistic reasons, were sampledito represent the range of conditions
likely to be found in schools in the rural areas and small towns of
Nicaragua. The children in these classes were given not only pretests
and posttests but were also tested regularly throughout the year, In
addition, the classrooms were obseryed on i regulir basis. This work
is reported in chapter 3 and in Galda and de Quintanilla (1978).

Selecting volunteer classes. Many teachers whose classes had been
selected o participate either as experimental or as observed classes
withted  to continue using the radio lessons. in subsequent years.
Wherever possible, the project cncouraged them o do so and' pro-
vided' the necessary materials, Teachers of other grades in schools
working with the project could also use lessons upon request if ar-
rangements could be made, When resources permitted, the children
in these classes were pretested and postiested, but the results are not
reported here,

YThis chitnge in ratio wis adopted in 1977, The third-gride contyol group, which
wasitested in 1976, contained equal numbers of raral and urban schoaols,
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In the period from 1975 10 1978 the project worked with about 600
radio; classes and 145 control classes, as shown in Table 2. The
number of volunteer classes increased steadily, reaching 213 in 1978.
Experimental Design for Summative Evaluation

The first summative eyvaluations of project lessons were conducted
in 1976 for first grade and in 1977 for second grade. Beginning with

TABLE 2

Distribution of CGlasses Cooperating with Project

Number of Number of radio classes
Grade control
classes Experimental  Observed  Volunteer  Total
1975
1 9 16 11 6 33
1976
| 24 30 11 15 56
2 24 22 5 20 17
3 24 0 0 0 0
1977
2 0 12 0 13 55
3 0 24 12 24 60
4 24 0 0 0 0
1978
1 20 48 0 34 82
2 20 2] 0 88 109
3 0 24 0 58 8§2
4 0 30 11 33 74
ToraAlL 145 257 50 291 598

4 This group of radio classes was not randomly selected.
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third grade, a new strategy was adopted. To eliminate the possibility
that students in control classes had listened. to radio lessons, these
classes were tested in the year prior to lesson production. Th us, the
third-grade control classes were tested in 1976 and fourth-grade
control classes in 1977, In one case, for second grade in 1977, a
postiest-only comparison is presented because pretests were not ad-
ministered, Finally, in 1978, at the third-grade level, only experimen-
tal classes were tested, These students were studied to examine the
eflectof prior radio experience on achievement; a control group was
npL necessary for this purpose.

The four evaluation designs described here are represented in
Figure 6, using the notation ol’ Gampbell and Stanley (1963). Table 3
identifies the design employed in each of the comparisons,

Political Context of the Experiment

The Radio Mathematics Project carried on its work in Nicaragua
from mid-1974 until January 1979, Before and during that period,
significant changes took place in Nicaragua that, beyond question,
influenced the operation of the project. In 1972, Managua, the capital
cty, sulfered a seyere carthquake that destroyed many homes. In
1974, many refugees from Managua were living in Masaya, the town
in which the project had its headquarters, In the following years,
many ol these people moyved buck (o Managua as neyw housing was
built there. We have no data on the extent ol this migration and are
unable to determine whether it had an clfect on the schools with
which the project worked,

Yeary — | Year ¥
Design A Os 04
03 X 0,

Desioen B:

Ou X 04

Design C: 0.
X (04

Design D; Oy X 0,4

Rt Rindom selection of test units,
O; &+ Observation point i,
* & Treatment,

FIGURE 6. Experimental designs used for summative evaluation,
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TABLE 3

Experimental Designs for Comparing Curriculums

Year experimental - Year control

(L group tested (Y) group tested Dcign
1 1976 1976 A
1 1978 1978 A
2 1977 None c
2 1978 1978 A
3 1977 1976 B
3 1978 1976 D
4 1978 1977 B

* See Figure 6 for explanation of “Y*" and design types.

Much more disruptive of project efforts was the revolution, which
took place during most of 1978 (and a good part of 1979, as well),
During the year, fighting shifted from one community to another.
From the project’s point of view, the major effects were closed schools
or, alternatively, shortened school days, and lowered school atten-
dance, because parents were afraid to let their children walk in the
streets. Schools were closed officially only for short periods of time
(two weeks at most). However, lor substantial periods, many of the
schools closed in mid-morning, This meant that fourth-grade stu-
dents were not able to listen at school to the radio mathematics
lessons, which were broadeastat 11500 A, 6. The lessons were broad-
cast almost every day during the year, even when schools were known
o be closed. We do not know how many children listened to lessons at
home, although we know that some did so (see chap. 8).

Although the staff had contingency plans to evacuate, the plans
were never putinto elfect, and data collection continued until close to
the end of the school year. (Posttests were administered two weeks
earlier than they had been scheduled.) As noted in Table 3, Grades 1
and 2 were evaluated for a second time in 1978, allowing a compari-
son of results for years with and for those without political turmoil.
This interesting comparison is reported in a later section.

4. RESULTS

The work reported here addresses the major evaluation
question—Do students using radio lessons perform significantly bet-
ter than students in traditional classrooms on a test of mathematics
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achievement?—as well ay several other questions of interest. Among
these are the following.
— How does performance compare on topies that were taught and on
those that were not taught by radio lessons?
— Does performance of students in urban and rural areas: differ?
— What'is the effect on mathematics achieyement of using radio lessons
for more than one yearz
— Do boys and givls perform differently on mathematics achievement
leslse
— Areachievement gains found [or students ol all ability levels?
— Are higherachieyement levels in mathematics attained at the expense
ol achievement in other school subjects?

Cronbach (1976) and others have argued persuasively that in edu-
cational settings where classes rather than students are assigned at
random to treatments, the analysis of performance data should take
the class as the unit of analysis, The analysis methods described
carlier, designed to handle data from matrix-sa mpling tests (Sirotnik,
1975; Wagner, 1978), allow us to compare performance of experi-
mental and control classes and thus to answer the major evaluation
question we have posed. However, they do not permit calculation of
mean scores forindividual classes (or students) and are therefore not
suitable for examining the other questions of interest. Thus, once we
present the major comparison of postiest scores, we turn to subsidiary
analyses using item scores and estimated student scores.

Comparison of Experimental and Control Groups

Table 4 reports posttest comparisons for four grade levels, apply-
ing the methods of Wagner (1978) and Sirotnik (1975) described
carlier with the classroom as the unit of analysis, The results demon-
strate the superior performance of’ experimental over control classes
for Grades I through 3. Scores for lourth-grade experimental and
control classes are not significantly different, The following sections
explore these results further,

Numbers of Students in Experimental and Control' Grou Ps

Table 5 presents the numbers of students tested for the compari-
sons presented below. In Grades 1 and 2, about 20% fewer children
were posttested than pretested. The decreases for Grades 3 and 4 are
somewhat less, about 10% to 15%. However, the shifting in the popu-
lation tested is much greater than suggested by Table 5. Thus, for
example (see Table 6), of the 2,208 Grade | students who in 1978
took either the pretest or the postiest, 1,013 took the pretest only, 708
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TABLE 4

Comparison of Posttest Scores for’ Experimental
and Control Classrooms

Experimental Control
Gridegpreiny Number ol Mean % g Number of  Meian % sD i
classes correct classes correct
1 1976 30 65.4 3.9 23 38.8 5.4 20.83°
2 1977 40 66. 1 5.5 24 5B.4 6.3 5.13°
3 1977 24 51.7 8.9 24 43.2 6.6 3.76°
| 1978 29 34.7 3.6 19 —33.8 8.7 35

G b= A1
*Year experimental group was tested; see Table 3 for year control group was tested.

TABLE 5

Numbers of Students Tested

Experimental Control"

Grade  Year!
Pretest  Posttest Pretest Posti st

1 1976 696 571 564 434
| 1978 1,108 924 482 362
2 1978 440 344 398 38
3 1977 467 418 546 159
3 1978 420 377 - -

4 1974 486 450 318 283

*Year experimental group was tested; see Table 3 for year control
group was tested.

I'No third-grade control group was tested in 1978,
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ook thie posttest only, and only 577 took both tests, A major reason
for the small proportion taking both tests is that test administrators
were instructed o relieye overcrowding in classrooms (and resultant
copying) by excusing students from tests, The rule followed was (o
limit-the number of students to 30/ in urban classrooms and 20 in rural
classrooms: by systematically excusing every nth child, where n was
chosen o bring the numbers down to the required limit, 1t was
impracticable toidentify (o posttesting those students who had taken
the pretest, so that some children who were pretested may have been
present for the posttest but excused (and similarly for children post-
tested |but not pretested).

Student dropout also accounts for some of the loss of students
between pretest and posttest. Within-year dropout is greater in the
carly grades and decreases thereafter. Countering this trend, some
stadents enter school during the second month, (These trends are
documented in Searle, Sheehan, Gonzilez, & George, 1978; Jamison,
1978 and chaps. 5 and 7 of this volume,)

Table 6 presents separately the pretest scores for students who did
and who did not take the postiest, for several grade leyels, Except for
the first-grade control group, students who did not take the postlest
scored lower on the pretest than those who ook the postiest. Al-
though the attrition appears to have affected the experimental and
control groups slightly differently in Grade 1, these differences do
notaccount for even a small part of the eventual differences found in
Posttestscore between experimental and control groups, as will be
seen later (in Table 9 below),

Comparisons of Treatment sroups Based on Item Scores

Pretest. Tuble 7 presents pretestresults for four grades, displaying
mean item scores for experimental and control groups. The table also
presents the mean difference in item scores, as described carlier, as a
measure of performance difference between treatment groups. Two
different values for N are reported, which needs explanation. Looking
atthe third line, results for Grade 2, 1978, 1'10'is the mean number of
students taking each item in the test, (Recall that each student took
one-fourth of the items.) For the control group, the mean number of
students Gking each item was 99, The N used for testing the sig-
nificance of the difference, reported in the seventh column of the
table, was the number of items in the Lest.

Signihcant differences in pretest between experimental and con-
trol groups occurin three cases—Grade | in 1976 and Grades 3 and 4
in 1978, As we discuss below, the differences for Grades 8 and 4
reflectthe inelusionin the samples of children with previous exposure
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TABLE 6

Estimated Pretest Scores of Students Taking and
of Students Not Taking Posttest

Both pretest

Pretest only
and postiest

Group
N Mean SD N Mean SD
1978 Grade 1
Control 317 79.0 15.9 165 77.2 17.4

Experimental 696 766  17.3 412 802 13,9

1977 Grade 3

Control 164 59.4 109 282  6i.6 10.0

Experimental 154 59.3 10.8 313 61.9 10.3

1978 Grade 4

Control 105 47.1 8.8 213 49.] 8.6

Experimental 2010 49,6 8.0 285  50.6 8.0

to radio. mathematics lessons.® The difference for Grade 1, about .6
items on the 28-item test, has no obvious explanation.

‘The first-grade pretest scores differed substantially for the two
years reported. The mean score forall students in 1976 was 73.7%: in
1978, 78.0%. This difference is staustically significant (¢ = 6.78,
p < .001). The pretest was administered also in 1975 to 800 students
(in classrooms that were not randomly selected); the mean score that
year was 71.9%. Interestingly, there seems to be a trend toward
higher pretest scores in Grade 1, amounting to about 2 percentage
points a year. Whether this can be attributed to the presence ol the
projectin the area (e.g., because children listened to radio programs
at home) or to other factors, we have no way of Knowing,

Posttest. Posttest scores for four grades are presented in Table 8,
The differences between experimental and control groups are sig-
nificantat the .001 level for all comparisons except fourth grade. That
IS, mean item-scores for students in Grades | through 3 studying

*Pretest scores for the subset of students without privrexperience with radio lessons
are comparable to those for control students, Compare Table
Liter),

-

7 with Table 14 (shown
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TABLE 7

Comparison of Pretest ltem Means
lor Experimental and Control Groups

Experimental Control Experimental = Control
srade et e ut
gradelyenr Mean . “"_m Mean | Sear . Mean o
yh o item score, \+  ltem score, N difference !
Y ‘3?— correct : % correct
| 1976 696¢ 74.7 504 724 28 213 37 RS2 7
1 1978 1,139 77.9 481 78.8 28 i - -
A 1978 110 57.1 99 56,5 88 .6 104 b5
3 1977 93 60.9 109 61.1 125 =14 622
3 1978 84 65.5 109 61.1 125 4.4 103 4.77°"
4 1978 12] 51.1 74 47.8 128 3.3 102 3.68*°

* p<.0l,
W P <.001,
“Year experimental group was tested; see Table 3 for year control group was tested.
I Mean number of students who took each item,
* Number ol items in the test,

4 Pretest data for Grade 1) 1978, were not keypunched and were summarized by student, not
item. Thus, we cannot calculate the standard deviation for scores summari-ed by item. (The overall
means are the same lor items and for students,)

©All students wok all items or, the Grade | pretest,

mathematics by radio were higher by from 6.6 to 24.8 percentage
points than scores for control students.

The results presented in Table 8 allow several comparisons be-
tween 1978 and earlier years. Because of the political disturbances, we
expected the posttest scores [or 1978 to be much lower than those for
carlier years, In fact, they are not. The largest mean difference is
4 percentage points, and that was an increase, rather than a decrease
(Grade 1 control). This very surprising result was investigated further
by regression analysis of the data for Grade I. The analysis used
cstimated student scores, rather than item scores, to allow matching of
pretest and posttest scores for individual students, (The regression
analysis also takes into account the difference in pretest scores found
in the 1976 first-grade data.) The results are presented in Table 9.
The regression coefficients for all variables are significantly different
from zero, The amount of posttest-score difference attributable to
YEAR is quite small, an average decrease from 1976 to 1978 of 1.2
items in total posttest score (for an individual student) as compared




TABLE 8

Comparison of Posttest Item Means
for Experimental and Control Groups

Experimental Controlb Experimental — Control
Grade Year® Mean Mean
Mean . eiun | 4 Mean
¢ llem score, item score, N " t
N ¢ difference
% correct % correct

| 1976 142 65.6 109 40.8 84 248 15.0 15.17°

l 1978 231 62.6 %) 44.8 84 17.8 11.6° 14.10°

2 1977 157 65.8 108 59.3 125 6.6 104 7.06*

2 1978 68 66.9 67 56.1 125 10.9 13.6 B8.98°

3 1977 14 52.8 115 43.6 128 9.2 154 6.73°

3 1978 H 53.5 - - 128 98¢ 165 6.74°

4 1978 112 34.5 71 34.1 144 4 9.8 43
* pi<.001,

* Year experimental group was tested; see Table 8 for year control group was tested,
" No third-grade control was tested in 1978.

¢ Mean number of students who took each item,

4 Number of items in the test.

€ Comparison uses earlier control group data.

TABLE Y
Effcct of Operational Year on Impact of Radio Instruction

and Other Variables on Posttest Score:
1976 and 1978, Grade |

Regression results

Independent
variable B )
RADIO 13.80 22.96
PRETEST 1.38 20.25
URBAN 2.H8 4172
YEAR =1]322 2,09
Constant 891
n? A7

Nole, YEAR =0 for 1976, YEAR = | lor 1978, The analysis used estimated
student scores.,
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with @ gain of 13.8 items auributable to the radio-lesson treatment.
Therewas no evidence for a differential effect ol 'YEAR on treatment
groups; in a separate regression, the regression: coefficient for an
interaction term, RADIO x YEAR, was not significantly different
[rom zero,

The posttest results for Grade 4 show no dilference between con-
trol and experimental classes. Grade 4 lessons were developed and
broadeast for the first time during 1978. As mentioned earlier, the
evaluation for this grade level used 2 design in which the control
group was tested in the year prior 10 implementation of the radio
lessons. Even though the political turmoil apparenty did not reduce
testscores in Grades 1 through' 3, the effect on Grade-f remains an
open: question, because fourth-grade classes were particularly dis-
rupted. As noted carlier, the fourth-grade lessons were broadcast at
FL00° A6, which was approximately the time that schools closing
carly dismissed the children,

During 1978 the project conducted an experiment for the World
Bank on the relative effectiveness of radio lessons and textbooks. This
work is reported elsewhere (Jamison, Searle, Galda, & Heyneman,
1980), but we will discuss the test results for fourth-grade classes here
lor the light they shed on the control-experimental comparison.

One plan for exploring (he control-experimental comparison
turther'is 1o use the textbook groupas a surrogate for a control
group, making the assumption that a control group tested in 1978
would have scored no higher than the textbook group. (1l the use of
textbooks was effective in increasing student achievement, this would
reduce the difference between the experimental and the textbook
groupsas compared with an appropriate control: consequently, the
impact of radio lessons on test scores would be underestimated;)" The
textbook experiment was run in the schools that had served as the
1977 control schools, so that students in the textbook group were
quite compavable to those in the control group olithe previous year,
The control and textbook groups had the same scores on the pretest
(17.8% and 47.5% correct, respectively), further substantiating their
comparability. Thus, in several of the analyses that follow, we use the
1978 texthook as a surrogate control group.

Performance on items taught and not taught. Performance differ-
ences between experimental and control groups were explored
further by placing POSLESL items in two groups—items that assess

*The texthook experiment was also condicted with Grade! students in 1978, At
that grade level the dif ference between the controland texthook groups, both tested in
1978, wiis not statistically signilicant, suggesting that' the impact ol textlooks on
achievement in this setting was small.
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performance on concepts and skills taught by the radio programs,
and alliother test items, As the reader will recall, the posttest items
were sclected to represent all the topics included in the official cur-
riculum guide, although not all these topics were taught by the racio
programs. ‘The proportion of topics taught by the radio programs is
very highiin the first two grades but decreases to about half in Grade 4
(see Table 10). The reasons for this decicase are discussed in detail in
chapter 2, Brielly, only a portion of the material was covered, because
both staff members and’ Ministry experts thought that too much
material was included in the Ministry guides for Grades 3 and 4.

As is evidentin ‘Table 10, atall grade levels the experimental group
performs substantially better than the control group on items taught
by the radiolessons. (Note that the textbook group is used as a control
for Grade 4.) For Grades 1 and 2, the experimental group also per-
forms better than the control on items not taught by the radio lessons,
but the difference is smaller than for items that are taught. Two
further points of interest are illustrated in Table 10, First, the control
group never performs better than the experimental group on items
not taught by radio. Thus, it is dilficult to argue that teachers of
control classes are emphasizing different topics than are the radio
lessons. Second, the performance levels in Grades 3 and 4 are very
low for items not taught by radio. Apparently, no one is mastering
these topics, which constitute one-third to one-half of the official
curriculum.

These results help to interpret the score differences found at
different grade levels. One elfect of a larger number of items testing

TABLE 10

Comparison ol Performance of Experimental and Control Groups
on Posttest Items Taught and Not Taught by Radio

Mean percentage correct

% ilems

Grade taght Items taught ltems nct taught
Exp.  Cont. Exp. - Cont. Exp. Cont. Exp. - Cont,
1 89.3 68,60 421 26.6 408 303 10.5
2 93.6 67.6. 56,2 113 58.0°  53.6 4.4
3 73.8 63.9 51.4 12.6 217 246 .1
41 52,1 49.1 418 7.8 186 183 2

* Textbook group used instead of control group,
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topics: that have not been taught (and for which there is little or no
score difference for the two groups) is to decrease the difference
between overall posttest scores for these two groups. Thus, the higher
percentage of items testing topics not taught on the tests for Grades 3
and 4 contributes 1o the smaller differences found between experi-
mental and control groups at these grade levels.

Comparison of Performance in Urban and Rural Schools

Urban-rural differences have been documented in many primary-
school systems, Typically, students in rural schools perform more
poorly than those in urban arcas. The results presented here suggest
that this difference exists in Nicaragua and that, to some extent, the
radio lessons helped rural students overcome this differential in per-
formance,

Table Il presents a comparison of pretest scores (using item
means) of urban and rural students for three calendar: years and four
grade levels. O the 12 comparisons presented, 10 either favor urban
students or show no difference. The two cases in which rural students
score higher than their urban counterparts—1978 experimental stu-
dents in Grades 3 and d—are instructive. In both cases, many of the
students had participated'in the radio lessons in previous years. Thus,
the pretest scores probably reflect achievement levels attained
through prior instruction by radio (discussed below).

Another urban-rural difference emerges from the table that is
difficult to explain, but interesting nonetheless, In Grades 1 and 2,
experimental students in rural areas score higher than control stu-
dents. No comparable difference is found for urban students.

Table 12 compares the posttest scores (using item means) for stu-
dents from urban and rural areas. Control students from rural areas
congistently score lower than those [rom urban areas. For experimen-
tal students, the difference between urban and rural students is much
reduced (and in i few cases reversed). However, as noted above, the
pretest scores for experimental and control groups in the rural area
are not the same, Thus, this difference is difficult to interpret, For
Grade 3, where the pretest scores for experimental and control
groups differ by less than one percentage point for both urban and
rural studenmts, and yural pretest scores are lower, the posttest results
suggest that radio lessons are helping to close the gap between rural
and urban students.

Effect of Prior Radio Expertence

In 1978, the experimental classes at the third- and lourth-grade
levels were chosen to include classes that had participated in radio
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TABLE 11

Comparison of Pretest Scores
for Urban and Rural Students

Urban Rural
Group ) ]
Mean % sD Mean % sD
correct® correct
Grade |
1976 controi 73.9 17.1 70.3 204

1976 experimental 74.8 16.3 74.6 16.8

1978 control 80.3 13.8 75.2 19.5
1978 experimental 78.6 13.8 77.0 19.2
Grade 2
1978 control 59.1 22,1 52.4 25.4

1978 experimental 58.7 19.5 55.3 21.3

Grade 3

1976 control 62.5 23.7 58.5 24.6
1977 experimental 63.7 24.8 57.9 25.7

1878 experimental 64.9 24,1 65.9 23.6

Grade 4
1977 control 48.3 28.3 47.4 27.9
1978 experimental 51.0 28.9 52.4 27.6
1978 textbook 48.9 29,0 45.4 28.5

4 Computed with item means.
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TABLE 12

Comparison of Posttest Scores
for Urban and Rural Students

Urban Rural
LY
e e
Grade |
1976 conurol 44.6 20,9 34.3 2201
1976 experimental 70.9 2152 64.6 21.7
1978 control 49,3 2201 38.3 214
1978 experimental 66,4 20.8 58.0 213
Grade 2
1977 control 62.7 23.6 534 25.0
1977 experimental 66.0 2]1.8 65.3 22.8
1978 control 56.8 20.3 53.2 22.3
1978 experimental 66.5 19.4 67.3 20.5
Grade 3
1976 control 45.6 26.5 41,9 27.2
1977 experimental 544 20.8 52.8 29,1
1978 experimental 53,2 27.9 54.2 20,5
Grade 4
1977 control 35,0 27.5 33.0 26.0
1978 experimental 35.8 28.1 33.3 26.3
1978 texthook 29,2 26,7 31.3 25.6

* Computed with ilem means,
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lessonsin earlienyears. The selections were based on the history of the
class as a whole. This did not guarantee that each child in the class had
taken part in the radio lessons before. On the contrary, because of
dropout and repetition, the classes certainly contained students with
different amounts of experience.

Pretest and posttest scores for classes with different levels of ex-
perience are presented in Table 13. Although the number of classes is
small, the pattern of pretest results is consistent, Classes that have
followed radio lessonz'in carlier years score higher than those that
have not. The differences in postiest scores are small, although the
ranKing within: grades is similar (o that for the pretest.

The effect of prior experience was explored further by regression
analysis with posttest score as the dependent variable and controlling
for pretest score. There are three possible outcomes, If the regression
coelflicient for the variable EXPERIENGCE is not different (rom 72610,
then posttest score is that which is predicted by pretest score alone

TABLE 13

Comparison:nl ‘Test Scores for Clusses
With and Without Prior Radio Experience

Years Pretest Postiest
r.':|lw|1)':.tl.'(rjllt CIY! :::‘::‘l:;‘ SDON ;\::;'::1 :';f, SD

1978 Grade 3

None 8 62,5 5.8 8 52.1 13.7

One 8 67.4 3.8 8 61.6 4.7

Two 7 65.2 5.6 7 54.7 5.5
1978 Grade 4

None H 40.5 4.5 7 3201 5.8

One 11 5l.5 4.6 11 33.6 8.5

Two 5 52.1 6.4 5 328 4.4

Three 6 55.6 1.8 6 37.1 4.7

* Estimated student scores aggregated by class,
" For Grade 3, mean percentage for I items, by class; for Grade 4,
esumated student scores aggregited by class.
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and, thus, classes with high pretest scores maintain their advantage, If
the regression coelficient is greaterithan zero, classes with experience
gain more than predicted by pretest scores alone, I the regression
coeflicient is less than zero, the classes have lost the adyantage they
started the year with. The results, presented in Table 14, suggest that
the classes have at least maintained the advantage of experiernice that
they had at the pretest (since the regression coefficient is not Sig-
nificanuy dilferent from zero).

We conclude from these results, which are only suggestive (because
of'the small number of classes and uncertainty about the histories of
individual children), that students with: prior radio experience have
retained more mathematics [rom previous years than students with-
out prior experience. They maintain this advantage throughout the
year during which both groups listen to radio lessons.

Sex Differences in Mathematics Achievement

Sex differences in mathematics achievement are frequently found
at the clementary-school level. Therefore, it was ol interest to com-
pare the performance of Nicaraguan boys and girls. The results
appear in Table 15, which presents mean estimated test scores,
pooled across treatments. Where there is a performance difference,
boys score higher than girls. The difference is greater at lower grade
levels and on pretests as compared with posttests

Ina regression analysis of the data for Grade 1, we found that sex
was nota significant predictor of posttest score, (That is, the regres-
sion coelhcient for this variable was not different from zero.) Since

TABLE 14
Elfecr ol Experience on Postiest Score
Adjusted for Pretest Score:
Grade 3, 1978

Regression results
Independent

variable

1] !
PRETEST 1.28 440
EXPERIENCE! 1.3 4
Constant S28125
R 54

Y EXPERIENCE = | il class hid prior experience

with vadio lessons,
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TABLE 15

Comparison of Mathematics Achievement Scores of Boys and Girls

Boys Girls
Test und year t
’ Sl e
Grade 1
1976 Pretest 518 77.5 16.1 436 71.8 164 5.40**°
1978 Pretest 1,053 79.7 164 1,023 77.1 16.7 3,68
1976 Posttest 456 574 17.5 426 53.5 18,0 3.26**
1978" Postiest 830 56,4 14.1 869 54.5 14.1  2.78°*
Grade 2
1976 Pretest 358 63.3 10.5 418 60.9 11.3  3.,05°*
1976 Posttest 332 64,2 8.7 380 63.4 9.0 1,20
Grade 3
1977 Pretest 495 61.7 10.5 518 60.3 103 2.14°
1977 Posttest 412 50.0 8.1 465 49.2 87 140
Grade 4
1978 Pretest 567 49.2 8.1 597 49.0 8.1 42
1678 Posttest 493 33.3 9.9 543 33.1 9.4 33
S p <.05.
*op<.01,
*** p <001,

4 Computed with estimated scores.
" Includes textbook group.
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boys and girls do not perform differently when pretest score is con-
trolled for, the difference in posttest scores between boysand girls can
be explained entirely by the differences in pretestscores. A search for
aninteraction between sex and treatment found none; boys and girls
learn equally well from radio lessons.

Relation Between Score Gains and Pretest Score

Radio lessons, because they are broadeast to groups of’ children,
cannot provide individualized instruction. Thus, there is a substantial
sk that even when an instructional program can be shown to bhe
effective—that is, mean achievement scores are raised—the gains will
not be distributed cquitably across students with different entering-
skill levels. We investigated this question by dividing each group of
students into thirds according 1o pretest score and looking at mean
posttest scores [or each of these subgroups, Table 16 shows typical
vesults. For example, Grade 1 students whose pretest score is in the
bottom third of the distribution show a mean posttest score of 55.6%
for experimental students and 88.3% for control students. The dif-
ference between these is 17.3 percentage points. A similar difference
between mean postiest scores is found for students in the middle and
upper thirds of the distribution of pretestscores. Thus, radio lessons
do notappear o serve students of one entering achievement level at
the expense ol others,

TABLE 16

Relationship Between Achievement Gains and Pretest Score

: Mean, percentage correet on postiest
Score range

01 pretest

Experimental Control Difference

1976 Grade |

Bottom third 55.6 38.3 17.3
Middle third 65,6 47.1 18.5
Top third 68,1 53.7 144

1977 Grade 38

Bottom third 46.9 40.8 6.1
Middle third 5h3,2 47.6 5.6
Top third 57.6 53.0 4.6
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Achievement in Other School Subjects

One possible explanation for higher mathematics ichievement
scores in experimental classes is that students are spending more time
learning mathematics and less time on other subjects. If this were
true, achievement levels in otherschool subjects would be expected to
decline. Because no tests are administered regularly to Nicaraguan
stucdents, there were no relevant data available for testing this
hypothesis. Designing a full testing program was beyond our re-
sources; we restricted our effort to one grade leyvel and one subject,
Spanish,

We designed a test covering all of the material in the curriculum
guide for second-grade language arts published by the Ministry of
Public Education, The test was administered to all classes in the 1978
second-grade experimental and' control groups at about the same
time as the mathematics posttests. The results of this test are given in
Table 17. Thereis no difference in performance of experimental and
control groups on the language arts test, while the experimental
group scored about 10 points higher on the mathematics achievement
posttest (see Table 7, shown earlier). This result suggests that, atleast
with this group of students, the higher mathematics achievement
scores were not gained at the expense ol achievement in language

HENEH

5, CONCLUSIONS

The studies reported in this chapter addressed questions about the
clfectiveness of the Radio Mathematics Project lessons at four grade
levels overa period of several years. We summarize here very briefly
the results of these studies.

— Atall grade leyels, students learn the topics taught by the radio lessons

hetter than students learn in wraditional clissrooms, as measured by i
test ol mathematics achievemen. :

TABLE |7

Results of 1978 Second-grade Spinish Fest#

No. ol No. ol Mean %

Group SD
clisses  students correct

Control 20 S8 H.5 272

Experimental 2() A3 h ) 20.5

YO0 Gtems, with each studem aking 30
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— Theredis some evidence that vadio: lessons help rural sindents over-
come the performance delicit they show compared to urban students,

-= Students with radio experience score higher on mathematics ichieyes
ment Lests given at the beginning of the year than do students without
priorexperience, This advantage is maintained during the school yeir,

— Radio mathematics lessons raise the: mathematics achievement scores
ol studentsiwith low entering ability as much as those of students with
high entering ability,

— Students studying mathematics by vadio performas well as traditional
students ona language ants test, indicating that gains in mathematics
achicyement are not obtained at the expense of achievement in lan-
guage arts.

— Boysand givls of cqualability learm equally well from vadio lessons, 1n
the lower primary. grides, boys score higher on tests of mathematics
achievement than do givls: Differences in postiest score are explained
by differences in pretest score,

= sStudents attending: sehool during - time of - political (urmoil show
surprisingly small decreases in mathematics achievement scores, at all
prade leyvels,
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As the last chapter showed, the radio mathematics lessons greatly impiroved the students shills in
mathematics. Although gains in achievement are the central issue here, there are several peripheral
questions that this important outcome brings to mind, If the children learn more mathematics, is it
possible that more of them will be promoted to the next grade? Certainly there are other school
subjects that students must master, so prromotion cannot deprend entirely on mathematics; but even
50, one might expect some increase in'momotion rales due to improved performance in mathematics.
In fact, failure in mathematics is often mentioned as one of the main' causes for repetition.
Attendance and dropout, also, are areas in which one might reasonably expect an improvement. | If
altendance and dropout are in a ny way related to either achievement or interest in school, then
increased achievement and interest in. mathematics due (o imfiroved instruction might have
measurable f)‘]'rr.".'- there, (oo,

P'romation, attendance, and dropout_are complex issues, however, There are many factors
involved beyond simply those of curnculum design, Teachers influence all of these in various ways,
and all teachers are not the same—in age, in experience, or in education. The social milien, both in
the school and in the larger community, may also be a fuctor. Larger classes may not have the same
characteristies as smaller ones, rural schools certainly differ from urban ones, and schools sa
overcrowded they must have morning and_ afternoon shifts are different from schools where
overcrowding is not a problem. And each child is an individual who differs from his companions in
sex, age, and ability, Other factors i the child's life may also play a role, Hou far he needs to travel
toschool, the kind'of work his parents do, and many other characteristics may play a role in
determining hes attendance patterns and his possibilities for frromolion.

Some of these factors apply to classrooms as a whole (leacher characteristics, class size; elc.);
while others apply to the individunl student, which raises considerable theoretical difficulties for the
Matistician who uishes to study their combined effects on such outcomes as frromotion and dropout
and'to sort out: the differential effect of a special freatment; (radio) [rom the background morass.

Orndinanly, statistical analysts of social science data get around the question of such complex
interactions by assigning subjects randomly to experimental and control gron s, 5o that the effects
o background venables are felt equally by both groups, leaving the special treatment effect as the
sole distmgruishing charactenstic,

In the case of the studies we conducted in the school system, however, such a solution was not
feasible. In Nicaragua, classraoms conld be: chosen at random, but because of the established
edueational structure, students could not be assigned randomly to classrooms, The methodology
developed and presented in this chapter was designed specifically to allinw meaningful conclusions
to be drawn about the dif ferential influences of the treatment on the ottcomes in question, given this
limitation,




Chapter 5

EXPLORING THE EFFECTS
OF THE RADIO MATHEMATICS PROJECT
ON SCHOOL-RELATED VARIABLES

EDWARD I, GEORGE

THEPURPOSE OF THIS CHAPTER is to assess the relative effects of the
Radio Mathematics Project lessons on the achievement, attendance,
failure, dropout, and reenrollment of students in the first, second,
and third grades in the context of numerous background variables.
Our analysis derives its initial motivation from Jamison (1978), who
evaluated the determinants of student failure and repetition using the
1975 first-grade daia base of this project. (See chap. 7 for further:
comments by Jamison on the relation between radio lessons and
student achievement and failure.) Recognizing an all-encompassing
predictive recursive relationship among the variables studied, Jami-
son approximated these relationships with a large but unified linear:
predictive model that incorporated’the effect of every variable con-
sidered relevant,! This model was fitted to the data and then used to
compare the overall or average cutcomes (achievement, attendance,
failure, dropout, and reenrollment) for students who did and for
those who did not participate in the radio instructional program.

We are concerned here not so much with predicting how a given
population will fare but, rather, with explaining what part of the
outcome is attributable to the project lessons. We have departed from
Jamison's framework mainly because in such a large *. dr it is ex-
tremely difficult to identify the unique and relative <. - is of any
particular variable,

Simply stated, we will measure the size and direction of the effects
of radio lessons compared to those of other variables, Our basic tools

The author wishes to thank Dean Jamison whose many ideas provided the impetus
lorthis analysis. The work reported liere was undertaken in partunder the auspices of
the World Bank,

"More precisely, Jamison used three linear models and three log-linear models,

141




142 GEORGE

are linear statistical methods, mainly multiple regression with an
emphasis on variance-decomposition interpietation. Using an ap-
proach suggested by Wiley (1976), we attempt to disentangle the
many sources ol yariance in our outcome vasiables, ‘This involves an
analysis-of-covariance type of adjustment for individual-level
background variables, followed by a classroom-level analysis. We have
restricted our search to the linear effects of the variables,?

I. THE DATA

The data base for our analysis consisted of observations from first,
second, and third grade, all collected for the 1976 school year except
for data from third-grade radio classes collected in 1977, A stratified
random-sampling plan was used to collect the data, That 15, a fixed
number of classes was selected randomly from cach of several rep-
resentative strata, These classes were then randomly designated as
experimental (radio) or control. A detailed discussion of this proce-
dureis presented in chapter 4 of this volume. An important point Lo
note here is that the basic sampling unit was the class and not the
student. Thus, the randomization is not likely to eliminate initial
differences between the classes. These class differences were a major
consideration in carrying out the presen analysis,

Table I lists the variables we considered in this analysis and pre-
sents the number of cases for which observations were available, along
with meaus and standard deviations for each grade, For each variable,
the number of observed values (N) in Table 1 is often substantially
smaller than the total number of cases, shown in Table 2. This
missing-value structure leads to large reductions. in sample size in
some of the multiple regression analyses because we require all vari-
able values for every case.

The variables considered here fall into three categories—outcome
viriables, student background variables, and classroom background
variables, The first two sets are defined for individuals, while the last
setis defined for the class as a whole, Jamison (1978) used these same
variables, as they appeared to be the most informative; however, he
treated the classroom variables at the individual level by assigning
their values 1o every individual in each class.

2. PRELIMINARY ANALYSIS
Perusal of the variable means in Table | yields some interesting

Eheellect of avariable Xoon Vs linear il the relationship between X oand ¥ can be
expressed as Y= BX + f(Z), where Blis a constant (often referred (o iy the “ef feet” of X)
and f(Z) does not involve X,




TABLE 1

Variable Definitions :ind Descriptive Statistics

Variable Definition Grade N Mean SD

Outcome variables

POST Student's posttest score 1 882 46.67 14.97
in-mathematics 2 7120 79,69 11,16
5 63.24 10.66

ATTAV  Swudemt's average 1 1,829 15.39 2,43
attendance in days 2 1,224 16,03 1.85
per-month 3 859 15.61 212

FAIL Ll student failed | 1,956 372 484
grade 2 1,257 173 378

3 876 177 382

DROP 1 il student dropped ] 1,829 A4 351
out during school year 2 1,224 .049 216

3 859 050 218

RENRL 1 il student reenrolled ] 1,427 024 266
in subsequent school 2 978 907 .290

yeit 3 618 887 316

Student background variables

MALE 1 for male student, | 2,021 538 A99
0 for female 2 1,296 469 A99
) 963 490 500
AGE Age of student, | 1,950 8.52 1.79
in years 2 1,200 10.04 1.81
3 917 1 11.32 1.0
AGOCC  Lif student's Lamily is | 1,951 306 461
employed in agriculture 2 1,245 257 A37
3 852 275 A47
DIST Distance in kilometers l 1,595 817 1.12
of student from school 2 1,173 913 1.72
4 878 854 1,03
NRPT Number of times student 1 2,021 blb .520
repeated grade 2 1,296 231 569
3 Y64 300 625
PRE Student's pretest score ] 954 20.96 4,61
in mathematics 2 776 5 .61 9.18
) 536 77.36 10.26
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(TABLE 1, cont.)

Viriable Definition Grade N Mean SD

Classroom background variables

RURAL L il class in rural 1 52 A8l 5
school 2 43 bl 505
3 38 657 80
USH 1 iff class in urban 1 52 307 466
school with shifts 2 43 72 489
3 0
UNOSH | if class in urban | 52 211 412
school without shifts 2 49 116 324
3 38 342 480
CLSIZ Student-to-teacher ritio | 52 40,00 11.14
ol classroom 2 43 82.02 1049
) 38 25,49 12.68
RADIO 1l class received | 52 576 498
radio instruction 2 43 A65 {15
3 38 A7 506
TAGE Age of cliss's teacher, 1 52 30.54 10.05
in years 2 43 28.81 14.53
3 38 29,82 12.10
TED Education of class's 1 H2 1096 2,07
teacher, in years 2 13 8.67 5,26
3 38  11.26 2.34
TEXP Teaching experience | 52 9.90 9.30
ol class's teacher, 9 43 10,98 10,60
in years 3 38 1113 8.12

overall grade-to-grade comparisons for some variables, (Unfortu-
nately, the results for the variables PRE and POST—the students’
pretest and posttest scores—are based on different scales across
grades, thereby preventing comparison of the means.)?

Of the outcome variables, average attendance remained relatively
stable from grade to grade. The numbers of students failing the grade
and dropping out during the school year were stable in Grades 2
and 3, while two and three times smaller, respectively, than in

TThese tesuscores are the means of estimated raw scores, as described in chapter 4,
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TABLE 2

Overall Sample:Sizes

: . Number of' classes
Number ol

SHide students 5 (.
Total  Radio.  Control
1 2,021 h2 30 a2
2 1,206 43 20 23
) 63 38 18 20

Grade 1. Reenrollment decreases as grade level increases, though not
markedly, suggesting that between-year dropout tends to increase
with grade level.

Of the student background variables, only the number of times the
student repeated the grade shows substantial variation {rom grade to
grade: Grade 1 is made lup of students with longer repetition his-
tories. Of the class-level variables, RURAL reflects the increased
number of rural classes sampled in higher grades to make up for the
decreasing class sizes in rural schools (see chap. 4). By the third grade,
there are no urban classes that are taught in shifts (USH) in our
sample. Class size (CLSIZ) decreases with increasing grade level.
Teachers are younger (TAGE) and less experienced (TEXP) in the
second grade, though the variability of these factors is also larger
there, Finally, teachers with more experience teach the higher grades.

Table 3 compares the means for the radio and control subsamples
and presents the two-sample ¢ statistic and significance level for test-
ing the hypothesis of equal means in the relevant population, Posttest
scores (POST) were substantially higher in radio classes in all three
grades, Attendance rates (ATTAYV) in radio classes were lower for
Grades 2 and 3. A higher proportion of radio students was failed
(FAIL), although only in the first-grade sample is the difference of
substantial statistical significance. Dropout rates (DROP) were higher
in radio classes for Grades | and 2. Reenrollment rates (RENRL) for
radio students were significantly smaller in Grades 2:and 3. A striking
inconsistency here is that in spite of higher achi¢cvement-test scores,
radio students were more often denied promotion,

If the radio and control classes were of the same makeup at the
outset of the project, as we would like to have achieved with random-
sampling techniques, then the statistical significance of the differences
pointed’ out above would be reasonably conclusive. However, the
significant differences between the subsample means of some of the




TABNLE 8

Radio and Control Subsample Meins and ¢ Statistics

Sulm:mpl:r meinns

Signilicance

Virble:  Grade t e
Control Ridio
Outcome variables
POST | 38.70 hRT =48] 000
2 75.91 81.26 — 10,70 00
R .57 07415 =743 000
ATTAV | 15.37 1540 =20 77
2 16.30 15.75 52l 000
g4 16,01 15.06 0,65 00
FAIL | 347 JJH ~2.53 011
- L1506 Ul -~ .65 100
3 DT L2006 = .84 A58
DROP | 103 168 -3.749 00
2 127 72 =3.067 000
3 56 A2 A6 434
RENRL | AL 425 A1 14
- A28 81 2,45 D19
3 A H25 332 01
Student background viriables
MALE | hiaY 542 -2 671
2 A91 A .68 L9
4 A62 532 =210 32
AGE | 887 3.3 6.H3 00
2 0,849 10,20 =418 02
4 1147 I'l,08 .02 08
AGOCC | 2h 4N =0 00
2 218 Sl —-3.095 00
5] A g8 — (3,28 00
DIST | 741 872 =246 004
2 B0 1 72 =110 271
3 a8 B .H80 =275 Ah5
NRPT | A4 Ah -3.16 002
2 188 252 2,098 003
L) SO0 202 A4 A00
PRE I 20,83 21,07 -.78 35
2 Ha 18 h7.81 ~H.84 000
3 77.84 76,62 1,35 179
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student background variables suggest a different makeup of the radio
and’ control classes. Significant differences appear in the variables
AGE, AGOCC, and NRPT in all three grades and in DIST and PRE
in Grades | and 2, respectively, Thus, adjustments for background
cffects may well bear upon any conclusions about the effect of radio
instruction.

3. ANALYSIS OF VARIANCE

The total variation of all the student-level variables is broken down
into between-class'sind within-class components in an analysis of vari-
ance reported in Table 4.* Sizable F ratios in all but one case (first-
grade MALE) strongly suggest class-level effects, thatis, differences
in class means attributable to more than student-to-student variation.?
We report R? (the ratio of the between-class sum of squares to the
total sum of squares), whichiis a measure of the size or degree of
between-class variation, and the intraclass correlation coefficient,
which is a measure of the proportion of total variance accounted for
by class effects.® The discrepancy between these two measures is that
portion of’ the between-class variation attributable to student-to-
student variation,

For the outcome variables, the inuaclass correlation coefficients
provide an upper bound for the portion of the total variance that
class-level variables might explain. Fer instance, although 34.6% of
the variation in first-grade posttest scores occurs at the class level, at
most 16.4% can effectively be explained or controlled by any set of
our class Lackground variables.

"We measure the total variation of the variable ¥ by the sum of squared deviations
from the grand m v, thatis, 88y, = ¥,(¥y = ¥ )% We partition this into two com-
ponents—the between-cliass sum ol squares, .4'.9;,m.,,,, = ¥ (Y, =Y ) and the within-
class sum of squares, SSuimn = (Y = ¥Yi)2 Notice' SSiou1 = SSheween + SSuihin:
Throughout this chiapter, we have followed the convention that the first subscript
identifies classes, the second subscipt j identifies students within a class, /'is the total
number ol classes, and n, is the number of students in the ith ¢lass, Also we use the "
subscript to denote means, so that ¥, = }_‘__,}',’,fn, and ¥ = ¥,V IN where N = 3 m, is
the ol number ol students,

SUnder the assumption that ow' variables came Trom a normal distribution, every
Forato repor 1ed (except hirst-grade MALE) woulc G stianificant at the 001 level or
smaller. However, in out sinalysis we will use most ol the statistics s indices off

importance rather than for hypothesis testing, thus avoiding the need for distributional
AssuUmptions,

S Each of our variables may be expressed as the sum ol two components,
Yy =G+ ey where the € ure cliss effects and' the ey are  within-class effects, 1f
the €, are considered as random effects, the intraclass correlation coefficient
p = VARCHVAR(Y), where VAR denotes the variance ol the parent populition,
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TABLE 4

Analysis of Variance

Lt . Source of 5 3 o Intraclass
Variable  Grade 20NICE gl DF Mein square F fied e
varition® correlition

Outcome variables

2OST : :: H;’t'] Im[r:[?,j B61 346 164
SLTAY ' :: I.T;:: ”;“;:;“:I’i 36.90 499 481
2 :: |.|:‘.f "’?_il‘;': 36,15 556 589

3 \l: Hj:: '”IIZ}:;']’ 86,57 501 583

RALL I ‘I: |.!l!:.ll-|| 12: 4.85 .15 090
: ,f: u:l" ;I': 328 1000 069

d ": H::; I’jf: 4000 150 108

DROE ! :: 1.7;{':: }":j 0.09 197 174
g \': “:;" :('}ﬁ 201 0M 060

3 \': H:‘ :{T:;‘; 380 185 102

o J "{, ﬁf: {:H’:; 400 153 .106
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(‘TanLe 4, cont.)

Vanable  Grade hm{“f. “I‘ DE - Mean square F
variation?

9 Intracliass
correlation

Student background variables

i i \l: sa?ri ;rla{:::; 279 136 .01
E B 39 398,684 Siegas i
W 736 G7.574
T DU
S | % |,<‘;;-:|‘I. it::: a8°.0200 000
: ‘!\l I‘.."in:: I._]_;:[r; 517 .148 199
: :: .,_f’, ";:) 3.28 116 082
o ! ¥ 2 SO0 015 012 20y
W 1,899 9,497
: :: 1z:§ Foi k000N oo DR 230
: & R R o LS 620 1 R )
ACOCCHEISRE D IOl S Ll w ol o R0
: v ”,:j Sl s 10521 501
; \[: H:Ii: J:::; 23,89 185 468
DIST 1 ‘:: Ir:[a} “I_':‘:_i:;] e
: :: ,,:’: Iii:’: 421 124 006
g \!: H:: if::t; 88200187 100
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(‘TABLE 4, cont.)

Intechiss
correlation

Source ol

Viriable  Grade s
virnton®

DE Mean square F R*

NRPT | B 5l 5.0560 O Gy ST
W 1,960 408 12.53 245 aafl
3 B 42 1184 P0G 51
W 1953 o 9,220 144 123
3 B 37 1.7 144 - X :
W )95 AR 5.07° 169 138

TB= Detween ghiss: W= within class,

Except for ATTAYV, by [ar the greatest proportion of the variance
of the outcome variables lics within classes, The intraclass correlations
are relatvely stable for each variable over grades, so that any obsery-
able trends, such as increasing POST class variation, are probably
unimportant. The variable ATTAV. exhibits the largest degree of
between-class variation, more than 50% in Grades 2 and 3. One ex-
planation for this might be artificially stable attendance data in each
class, causing abnormally small within-class variation.” At the other
extreme, we find little between-class variation in all grades for FAIL,
in Grades 2 and 8 for DROP, and in Grade 3 for RENRL: suggesting
that class characteristics may be ineffective in explaining the variation
of these variables. That POsUest scores vary so much more between
classes than do failure rates is disturbing and suggests that student
achievement in mathematics; as measured by the nosttest score, may
not be a basic criterion for student failure, ‘This observation is borne
outinour later analysis, as well as in chapters 6 and 7 of this volume
and'in Searle, Sheehan, Gonzilez, and George (1978).

In the case of the student background variables, the degree of
between-class: variation is a measure of nonrandom distribution of!
students among classes. Though we again find, as above, that the
largest proportion of variation for most of these variables (all except
AGOCC) is within classes, a substantial portion, of about the same
magnitude as for the outcome variables, lies between classes.

T Klws Galda has pointed out to us that some teacliers may report similar auendance
data for all students in ; class because of the burden of’ Keeping lengthy attendance
records,
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Several questions arise as to the sources of the variation of the
outcome variables. Which of the student background variables help
explain the within-class variation? How much of the between-class
variation of the outcome variables can be explained by the student
background variables and how much by the class background vari-
ables? We attempt to answer these and related questions in the re-
mainder ol this chapter.

4. THE TWO-STAGE ANALYSIS—THE MODELS
‘The basic idea behind our analysis is to express each ol the out-
come variables as a dependent variable in suitable linear models

involving the background variables as independent variables, For
example, one such model is of the form

» o ok ~ il
(1) Y=t \Tﬂ*.\{;w %_y,,{‘,’+e,,-.

where

Yy is an outcome variable,

.\'::-” are student background variables,

zU are class background variables,

t=1,...,1, where [ 1s the number of classes, and

g = 1, o0 g where g is the number of students in the i th class.®

Our models differ fromithe one above mainly in that they do not
treat the class-level variables simultancously with student-level vari-
ables. With an eye towards disentangling the effects of these variables,
we use i separate lineiar model for cach. Proceeding in two stages, we
first perform a student background regression and then a separate
classroom background regression. We believe that the goals of accu-
racy of it and clarity of interpretation are better met using what we
will hereafter refer o as the two-stage analysis,

*Throughout the remainder of this chapter we nse the generic notation ¥ for
outcome variables, X' for student background vaviables, and Z Tor classroom
background variahles,
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The motivation behind this analysis is o disentangle the effects of
the background variables from each other, To begin with, we parti-
tion each observation into its class mean and deviation from the class
mean, thatis, Y =Y, + }’,-J; whereV, = i Yiim, and )’,j- = (Y or
outcome variables and similarly for background variables, We think
ol'Y; and }’,;- as the between-class and within-class components, respec-
tively, ol ¥, We define within-class effects as effects of within-class
components of background variables on the within-class components
ol outcome variables, and between-class effects as effects of between-
class components of background variables on between-class compo-
nents or-means ol outcome variables,® In stage I of our analysis we
measure the within-class effects, and in stage I1, the between-class
clfects. Because the class background variables are constant within
classes, they yield no within-class effects, Hence, they are analyzed
only in stage i,

The general form of our stage-1- models is

(2) Y, =38, X e,
¥

Thesemodels are defined at the individual level and are linear models
in the within-class components ol outcome and student background
variables.!* The reader may recognize this model'as a submodel in'the
more general analysis of covariance model

) r %) 'k
(3) Yy =i + .}_ﬁ,,.\f,’ t €,

which contains the variables in their original form but, instead of an
overall constant term, contains a constant term K for each class. The
A coelficients in this model are precisely the same as in model (2),

Geometrically, the model (3) represents [ parallel regression planes,
corresponding 1o each of the ! =!.sses, with common slope ( By, ... .ﬁp)
andintercepts &, The distance between the regression plane for class m

“Weare making the assumption’that class-level effects are exerted nuinly through
class means. There may be other, more complicaterd |'t-F..-linml|i|:.s. suchas elleets on the

shapes of within-class distributions of the variablis: such ¢ Lationships are much more
difficult 1o specily, and we do not consider them here.

"The natural constant term in model (2)'is lorced 1o be zero, becaiuse we hive
subtracted means out of every virtable in the equation,
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and that for class 1 is | tm — fn |

We estimate the slopes of B; and intercepts wi with ordinary leist-
squares methods and denote the estimates by 3; and g, respectively.!!
‘The intercept estimates in' model (3) may be expressed in the form

(1) =Y = /X
X

which makes it apparent that the g are just the classsmeans of the
outcome variable adjusted for the mean student-backg, - ind charac-
teristics. As part of our stage-1 analysis, we provide graphical com-
parisons of the set ol radio-class & with control-class g to shed some
light on the unbiased effect of radio instruction.

The general form of our stage-11 models is

(5) Y. =pn+ ¥BZY + B (BKGND,) + ¢ .
!

These maodels are defined at the class level and are linear models in
the means or between-class components ol the outcome variables, the
class background variables, and a new variable BRKGND, which is the
adjustment factor used to correct the class means in equation (4)
above, thatis,!'?

(b) BKGNDJ = Yr. 7 }1f T EBR‘\EM '
k

Although the class background variables do not exert within-class
¢lTects, the student background variables may well exert between-
class effects, especially in view of the nonrandom allocation of stu-
dents to classes that we alluded to in the discussion of Tabled. The
direction ol these effects is well summarized by the variable BKGND,
as we believe the student background effects should have the same
direction between classes as they do within classes. We believe that
divect estimation of the the between-class effects by putting the

IEWe place * ™ overd pisiimelter 1o denote ity estimate,

12T he B coellicients in equation'(6) refer o those'in equation (1), not o those in
maotlel (5).
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between-class components or means of: the student background vari-
ables into model (5) is seriously biased by ourinability to specify all of
the nonstudent sources of: between-class variation, For this reason, we
cleat 1o use BKGND as o proxy for student background effects. A
furtheradvantage of using BKGND is (hat we enliarge the context in
which we evaluate the class-level effects while retaining the simplicity
necessary for a clear analysis.

In the analysis of variance in the last section, we broke down the
total variation ol the outcome variables into the within-class variation
andthe between-class variation, The within-class variation results
from the variation of the within-class component of the outcome
variable, the dependent variablein model (2): the between-class varia-
tion (except for sample size Factors) results (rom the variation of the
between-class component of the outcome variable, the dependent
variable in model (5). Thus, in the stage-1 models we can assess the
impact of the student background variables on the basis ol their
power to explain the within-class variation of the outcome variable,
and in the stage-11 models we can assess the impact of the class
background variables on the basis of their power to explain the
between-class variation, How we make these assessments is discussed
in the next section.

We use a forward selection, stepwise inclusion, least-squares re-
gression procedure (or fiing all of our models, thereby including
only those variables that explainasizable portion of the variation on
the step they enter (see Draper & Smith, 1966, P 169). We do not
force all the variables into the cquation butinstead let the data tell us
which ones should be there, In effect, we derive smaller and simpler
models, which are easier to understand, For instance, the interpreta-
tion ol the regression coelficients as elfeets of the independent vari-
ables velies on the idea that these variables exert their clfects while the
other variables in the cquation are controlled for, that is, held con-
stantIn reality, (the degree to which itis feasible to control for these
othervariables depends on the extent ol intercorrelation. With fewer
variables in the model, the correlation structure is not only more
transparentbut often less restrictive as woll. Furthermore, with fewer
sources ol variation, there is loss conlounding of ¢ffects, thereby
making evaluations clearer, We also avoid overfitting, a phenomenon
which, by incorporating idiosyncracies of the data into the model,
mikes extrapolation of the results 1o similar populations suspect.
These advantages of using a small set of independent variables are
obtained with only slightly less power than would be obtained with a
full model.
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5. PRESENTATION OF THE TWO-STAGE ANALYSES

We present in this section in five tables the results of the/two-stage
analysis for cach of the outcome variables. The formats of these tables
are identical. We present first the fits of the stage-1 model and then
those of the stage-11 model in all grades.

For each model we list the relevant portion of the variation of the
outcome variable in the regression sample that the model aims to
explain. For the stage-1. models, this portion is the within-class varia-
tion, and'in the stage-11 models it is the between-class variation,1?

Asia measure of the magnitude of the joint effect of the indepen-
dent variables in our models, we present in the column labeled EXPL
the values of R* for each of our regression models. This R2 is the
proportion of reduction of within-class variation in stage-1 models or
reduction of between-class variation in stage-11 models obtained by
using the regression line as a mean,

Next, we listin the order of entry the independent variables in-
cluded in the particular regression. This order was determined by the
forward-selection, stepwise-regression procedure, where at each step,
the independent variable with the largest partial correlation (in abso-
lute value) with the outcome variable among those variables not yetin
the equation is entered. No more variables are entered when the
largest remaining partial correlation is not significantly different from
zero

The square of the partial correlation is just the proportion ol the
remaining variation that an independent variable would explain if it
entered the regression on that step. Thus, our stepwise procedure
selects variables on' the basis of their explanatory power at that step.
Unfortunately, this explanatory power depends very much on the
order of entry when intercorrelations a mong the variables are pres-
ent. However, how variables exert their predictive power in the final
model does not depend on the order of entry, Therefore, we have
elected to present two other measures of the explanatory power of
cach ol the independent variables. The first measure, which we de-
note as initial power, is simply the proportion of the total variation that

W dgain remind the reader thine becinse o the missing-valtie strueture, we e
lorced to nse smaller dat sets for fiting the linear models, so that our estimates of
between-cliss variation in ‘Tables 5through O (presented Literin this section) e ApLto
differ sonewhat from the values (or B2 presented in Tible .

W ser the signiliciance level at .05 here.
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the variable explains by iiself, that is, R if it entered the regression
model first, It is the square of the simple Pearson correlation
coelficient of the variable RADIO with the class means of the outcome
variable. This measure of power is clear and simple, butit fails to take
Into account the potential confounding effect of the other variables.
The second measure, which we denote as adjusted power, is the pro-
portion of the total variation, or R, that the variable would explain if
it had entered the regression equation last, after all the other varia bles
in the model were forced in, This quantityis also sometimes known as
the square of the part correlation. This measure takes into account
the potential effect of the other variables but does not tell us how the
interrelations of the effects act o exert their power. However, the
disparity between these two measures can provide some insight into
how nonuniquely the variable exerts its effect in: the full model.

For cichiindependent variable in the [ull model we present the
least squares estimate of the partal regression coefficient B), together
with the stundard ervor of the estimate (STD ERR A) and the partial
/o statistic for testing the hypothesis that the partial regression
coelficient in the whole model is zero. We regard the £ statistic as a
general measure of relative importance and significance of fit of the
B coclficientin the model, rather v an treat it in the strict probabilistic
sense. We should also point out that sizable £ values will not neces-
siarily imply strong explianatory power, as can be seen from the other
Statstics in the tables.

Wealso present in this section, for each outcome variable across all
grades, the graphical plots of the class means adjusted for the
background variables—the least squares estimates & defined in equa-
tion (4), We plot the values corresponding to radio and control classes
separittely to see the potential effects of radio lessons on the distribu-
tion of adjusted class means., The reader will notice that we have
pliced asterisks next to some of the points in the plots, These points
correspond toat least one intercept estimate based on less than five
observations due to the missing-value structure, Because these values
are such imprecise estimates, we dropped them from further analysis
in Stage [ Though we do present these estimates in our plots, the
readeris adyised (o be skepticil of these values,

Standardized Posttest and Pretest Resulls

Because we are interested in grade-to-grade comparisons of our
results, we have replaced the variables POST and PRE by their stan-
dardized scores SPOST and SPRE.' In this way the scales along

A Ssundardized score }’,: ol ¥y is obtained as Vi = (¥ = Y S where ¥ s the over-
all meaniand S is the standard deviation.
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which these variables are measured will haye a generalizable meaning,
~Allof our other variables are measured by the same scale over grades,
making further standardization unnecessary. Notice that this stan-
dardization affects only 8 and STD ERR £ in the regressions, The
variance-explanatory measures are unchanged.

Fosttest

‘Table 5 presents the results of the two-stage analysis of the stan-
dardized posttest score (SPOST). In stage 1, SPRE exhibits by far the
most explanatory power of the student background variables across
all three grades. By itself; it explains about 80% of the within-class
variation of SPOST in Grades 1 and 3 and more than43% in Grade 2.
Of the other student background yariables, only AGE in Grade 1 had
enough additional predictive power: after SPRE to enter the model,
By itself, AGE explains 6% of the within-class variation of SPOST,
although after adjustment for SPRE it explains only 1%. Similarly,
after adjustment for AGE, the explanatory power of SPRE is reduced
from 28.2% 1o 23.2%, although both of these adjustments (which are

TABLE 5
Two-stage Analysis ol SPOST

Grade. A EXPL Viriable: (UL Adjusted sy erg g
Aaton: power power

Stage |

| 607 202 SPRE 282 232 A46 0333 180,00

AGE 060 A0 60 L2138 7.88

7 S727 433 SPRE 133 03 06015 0309 435.01

J 703 M SPRE J(H A 524 0413 165,67
Stage 11

1 A93°.720° RADIO 504 .h25 941 1037 8240

BKGND 182 097 065 0165 15,28

RURAL .04 0270 =207 1019 CHE!

2 273 719 BKGND .797 339 110 0179 37.84

RADIO A10 022 205 1306 2416

3 207 846 RADIO A6 68 B4 JH3 60,92

BKGND 376 J68 4l 0203 17.88

CLSIZ 01 055 A1 0042 717

*The variation for Stage ©is the within-cliss variation: for Stage 11, the between-cliss variation,
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consistent with our observation of' a simple correlation between SPRE
and AGE in Grade 1 of 303) do notaffect the dominance of SPRE. It
is interesting that even with the addition of AGE to the stage-I model,
less of the within-class variation is explained in Grade 1 than with just
SPRE in tlic higher grades (.292 versus .433 and .304). This suggests
that the within-class variation of postiest scores is less predictable or
more unstable in Grade I,

The coefficient estimates B for SPRE. which are precise in all
grades according 10 the relatively small standard errors, suggest that
We can expect changes of 446, .645, and .524 standard deviations in
posttest score in Grades 1,2, and 3, respectively, with a change of one
standard deviation in pretest score. (In Grade 1, we must control for
AGE.) The variable AGE in Grade 1, when controlling for SPRE,
predicts a .06 change in SPOST with cach increasing year of age,
though' this coefficient is not as significant.

The plots of the stage-1 SPOST adjusted class means in Figure 1
pointup some clear differences between radio and control classes, In
Grade I, we see that radio classes score almost uniformly higher on
the posttest. In later grades, the effect of radio is not so sharp, In
Grade 2, there are five control classes scoring as high as the radio
classes, once, in fact, scoring higher than all classes. And in Grade 3,
although radio classes appearto score higher, the two groups overlap
quite a bit. However, in all three grades, if we ignore the most
extreme and the poorly estimated (%) classes, the radio scores are
uniformly higher, This is important, since we expect that classes that
dre not at the extremes make up the bulk of the population.

Consistent with these observations, the stage-11 analysis indicated
that the variables RADIO and BKGND share the strongest predictive
power of SPOST across all grades. The effect of RADIO was visible in
Figure I; the effect of BKGND is mainly the strong SPRE effect
manifesting itself in the between-class variation, In all three cases,
RADIO by itself explains a very large proportion of the class-level
variation ol posttest score, 59.4% in Grade 1, 41% in Grade 2, and
44.6% in Grade 3. These percentages are extraordinarily large in
view ol the intraclass correlations for POST in Table 4., It was pointed
out earlier that only about half of the POST between-class variation
could be attributed to class-level effects.

The effect of the variable BKGND, by itself, is less than that of:
RADIO in Grades 1 and 3, where it explains 18.2% and 37.6%, re-
spectively, of the variance. But in Grade 9, it explains an overwhelm-
ing 72.7% by itself. However, the explanatory powers of RADIO and
BKGND are severely decreased in the model for Grade 2 after ad-
Justment for cach other, due to a high correlation (.613)—an unfor-
tunate randomization outcome in the sample, Because of the results
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in the other grades, itscems reasonable o believe that the effect of
RADIO alone in Grade 2 iy not spurious, thitis, due to i confounded
BKGND cffect, but rathes: that the increased power of BRGND is due
to an added RADIO effect.

In‘addition to BKGND and RADIO, the variables RURAL in
Grade 'l and CLSIZ in Grade 3 entered the class-level regression
models on the' last step to explain additional variations of 2.7% and
5:8%, respeenvely. Though their power is substantially smaller: than
that of BKGND 0y RADIO; it is interesting to note that they both gain
importance after adjustment in.the -models for the other variables.
‘Thus their effects vely on controlling for RADIO and BKGND.,

According to our B estimates, controlling for the other variables in
the models, we expectin radio classes increases of 914, 110, and .814
i the standard deviations of posttest scores in Grades 1, 2, and 3,
respectively. These coellicient estimates are very significant in
Grades 1'and 3, but not in Grade 2. Because of the the large correla-
tion between RADIO and BKGND in Grade 2, the effective increase
in posttest score due to radio is probably much larger. Again control-
ling for the other varviables, rural classes tend to decrease the posttest
score by 207 standard deviation in Grade 1, and inereasing class size
lends to increase postiest score at the rate of 011 standard deviation
per additional studentin Grade 3, Due to a strong negative correla-
tion between CLSIZ and RURAL in Grade 8 (—.637), this class size
elfect may be partially a rural effeet,

Attendance

Table 6 presents the results of the two-stage analysis ol average
studentattendance in days per months attended (ATTAV), Perhaps
whatis most striking in the stage-I analysis is the relative ineffective-
ness ol the student background variables (o explain the within-class
variation. As was pointed outin the discussion of Table 4, the propor-
tion ol within-class variation of ATTAV is very much smaller than
that of iny of the other background variables. (It is even smaller in
Grades I and 3 of the regression sample.) That this might have been
caused by artificial means, like the teacher's data-collection habits,
could well account for the low variance-explanatory power of’ the
student variables.

Althoughitheir predictive power is weak, the effects of the student
background variables are consistent. The variable SPRE enters the
models on the second step in all three grades, DIST appears in
Grades 1 and 2, and AGE appears in Grades 2 and 3. The variables
MALE and NRPT appear only once—MALE in Grade 2 and NRPT
in Grade 3. Except for AGE and NRPT in Grade 3, which by them-
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TABLE 6
T'wo-stage Analysis of ATTAV

fari- i juste e bt
Grade e ar CEXDIL Variable sl Sadinsted i il o R g ik
aton® |}()\\'l'|' I)(J\\\'('l'
Stage |
| W87 .0130 DIST 008 W08 =197 0330 | 534
SPRE 005 005 A4 0606 857
2 78 979 MALE 008 012 =972 0001 755
SPRE 005 000 033 0540 6.0
AGE 005 009  ~072 0308 554
DIST 003 A0 65 377 3.00
3 471 057 AGE A0 A0 =, 103 281 13.52
SPRE. 008 008 100 03990 3,68
NRPT 021 008 —165 0895 330
Stage 11
| 613 H5 RURAL 812 242 —1795 4710 1452
RADIO 070 76 449 A684 4.55
BKGND 117 081 8245 36763 503
TED 012 045 Q980 Lnsd 265
90 599 14 RURAL 302 365 ~1.801 3366 14.93
RADIO 044 012 —78% 8494 .58
3620 I8 RADIO 118 018 —.808 5079 .00

* Thevariauon lor Stage Lis the within-class variation” 1, ¥ Stiage 11, the between-class virriation.

selves explain 4% and 2.1% of the within-class variation of ATTAYV,
no other variable accounts on its own for more than 1%.

In Grade I, the explanatory power of the variables remains the
same when they are entered on the last step, suggesting that SPRE
and DIST exert relatively independent effects. In Grade 2, the
explanatory power of every variable increases when entered on the
last step, su;,gml:ng that the variables are exerting compensatory
effects. This is consistent with the Inlluwmg significant!® sample corre-
lations among the student variables in Grade 2—SPRE with MALE at
108, SPRE with AGE at .222, and AGE with DIST at .110. In the

M We agiain use saustical signibicance, here at the (01 level under the stindard
normality assumptions, as an index ol importinge.
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model for Grade 3, the correlation between AGE and NRPT is . |74,
suggesting that these may act as proxies for one another in exerting
their effects, This claim is supported by the fact that the explanatory
power for each decreases when it enters the model. last.

The SPRE regression coefficient estimates suggest an increase of
between .1 and .133 in average attendance with an increase of one
standard deviation in pretest score. Increasing distance from school
predicts lower average attendance in Grade 1 but (counterintuitively)
higher average attendance in Grade 2. We are somewhat skeptical of
the result for Grade 2 because the three other student variables in the
equittion can influence the effect through correlation, The AGE
coefficient estimates indicite that increasing age decreases average
attendance, We ave more confident of the effect in Grade 3 hecause B
1S more significant and there are fewer variables in the regression,
Finally, males in Grade 2 and students with a greater history ol
repetition in Grade 3 have lower attendance averages. We remind the
reader that the interpretations given above of the regression
coelficients require that we control for the other variables in the
equation, thatis, that we vary one independent variable while holding
all the others constant. As the intercorrelations and dependencies of
the effects in the model increase, this interpretation becomes less
realistic, In Grade !, however, our interpretation seems safe. In the
other grades, especially Grade 2, we must be very cautious,

Figure 2, the plots of the adjusted means, indicates. that radio
classes have generally higher attendance rates only in Grade 1. In-
deed, in Grade |, the radio attendance averages are more consistent
(the data points are less spread out) and tend to be larger, In Grade 2,
the radio classes fall into two groups, one with attendance rates in the
neighborhood of the average control-class attendance rate and one
somewhat lower. In Grade 3, although the lowest and highest atten-
dance rates are displayed by control and radio classes, respectively,
the general trend is apparently towards lower attendance rates in
radio classes. 1 is interesting 1o note that attendance rates seem Lo
have a much broader range in Grade 1 than in Grades 2 or 3, as is
indicated by the different scales.

The stage-I1 analysis bears out quite clearly the direction of the
effects of radio on class atendance averages that were observed in
Figure 2. However, the variable RADIO is not as powerful here as it
Wis in explaining posttest variation, Indeed, by itself, RADIO ex-
plains 7%, 4.8%, and | 1.8% of the within-class variation in Grades 1,
2, and 3, respectively, Its final effect increases slightly with the intro-
duction of other variables in' the mode! for Grade I, although it
decreases markedly in the model for Grade 2 with the introduction of
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RURAL: The regression coefficient estimates suggest a difference of!
999, =.733, and —.893 in average daysittended per month between
radio and control classes when the other variables can be effectively
controlled for,

The variable RURAL has a much larger elfect on ATTAV than
does RADIO in Grades 1 and 2, where RURAL enters the models
first to explain more than 30% of the class-level variance in both cases.
Even when it enters the model last, its explanatory power is much
greater than that of the other variables. The coefficient estimates are
very significant and indicate that class attendance rates in rural classes
are, on the average, smaller by 1.795 and 1.301 days in Grades |
and 2; respectively—again, controlling for the other factors.

In the model for Grade 1, we notice that the variable BKGND, in
this case a linear combination of class averages of DIST and SPRE, is
more powerful than RADIO, explaining 11.7% of the class-level
variation by itsell’ and 8.4% after adjusting for all the other variables.
We note thatalthough BKGND is correlated with ATTAV at —.258 in
Grade 3, its absence in the model is probably due to a correlation with
RADIO of .319. The danger of this omission is twofold. Not only do
we miss the potential effect of BKGND, but we also become uncertiin
about the observed effect of RADIO, in that it may well be acting as a
proxy for other effects.

Finally, TED (the teacher's education) also enters the model for
Grade | to explain 4.5% of the variation when it enters. This is
substantially more than the 1.2% it would explain by itself, so we
cannot be sure what part of jts effect is really due to the education of
the teacher,

Failure

Table 7 presents the results of the two-stage analysis of the indi-
cator variable of whether or not a student failed the final exams
(FAIL). In contrast to ATTAY, the bulk of the variation of FAIL lies
within classes, suggesting stable failure rates across classes. A decision
mechanism consistent with this observation would be for the teacher
simply to rank the studenis in cach class and then fail a fixed percent-
age rather than try o base the failure decision on some absolute
criteria (see chap. 6). Looked at in this way, the stage-1 models predict
how the students are ranked within classes,

Ofall ourstudent-level variables, pretest score is the most powerful
predictor of failure. In all grade models, its variance-explanatory
power dominates that of the other variables both before and after
adjustment for other variables, By itself, it seems to exert its strongest
effect in the first grade. where it explains 12% of the within-class
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TABLE 7
Two-stage Analysis ol FAIL

Viui- EXIL . Variable Initinl - Adjusted A

Grade ' e STD ERRB K
dlont illl\\t‘! |)i]\\'L‘I

Stagre |

| 884 132 SPRE 120 08 -, 156 158 97.51
MALE A0l 007 076 AART 6.99
AGE 034 IH -, 022 101 4,82
A HHE8 066 SPRE A4 AHY =097 0174 3122
AGOCC A10 014 =153 )22 8.01
MALE A0 07 67 028 4,21
DIST 605 2045 =12 0076 2.63
3 H10 008 SPRE GH 071 = (04 0162 35,496
AGE D2y 024 028 D085 11.24
DIST 007 004 022 A58 2712

Stige 11

| 17 215 BKGND (125 b 025 A136 B.72

RURAL 067 HILES A8 L0420 H24
2 12 Q48 RURAL (LR 8 —007 AH67 4,45
3 160 J42 RADIO 112 42 076 RS 3.06

T e vananon for Stage 1is the within-class viriationg for Stge L the betweenschiss viariion,

variation. In Grades 2 and 3 it explains 4.4% and 6.8%, respectively.
These levels of explanatory power are not altered very much after the
entry of other variables, so that we may attribute the effect essentially
to pretest score. In all cases, very significant negative B estimates
indicate that lower pretest scores predict a higher tendency to fail, as
we would expect.!?

IEWe have used a linear model o predict Guluve,. Unfortnately, our predicted
values for this model will nothe 0,1 viriables. Weanterpret the predicted values here as
measures of tendency to Fail. Inithis context, only thie sign ol the regression coelficients
is clearly meaninglul. An alternitive madel for the stage-1 resulis would be a logistic
maodel, which for this situation is highly interpreable. Unfortunately, the overall
variance-decomposition interpretations are then not clear. The lincar model, we be-
lieve, is an‘adequate approximition to the logistic modelin our samples, where the fits
are not very precises In this wiy, we can use the logistic interpretation of predicting
tendency to: fail and still adhere 1o our fundimental viriance-decomposition
techniques. These same comments hold true for the DROP and RENRL stage-l
anaiyses presented below,
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In terms of power, AGE is the next most important predictor of’
failure, appearing in the models for Grades 1 and 3. By iself] it
explains 3.7% and 2.3% of the variation in Grades 1 and 3, respec-
tively. In Grade 1, a negative 8 estimate suggests. that younger chil-
dren are more likely to fail, whereas in Grade 3 the direction is
reversed—increasing age predicts a higher tendency to fail. In
Grade 3, the explanatory power of AGE is relatively stable, but in
Grade 1, where itis correlated with pretest score at 326, its adjusted
power diminishes.

Lesser effects are also exerted hy the variable MALE in Grades |
and 2, by DIST in Grades 2 and 3, and by AGOCC in Grade 2, The
small'and increasing power of the variable MALE after adjustment
suggests that its clfect is compensatory and probably unimportant.
The elfect of DIST is more stable, yet poorly estimated B coefficients
add uncertainty even 1o the direction ol its clfects, especially in light
ol the veversal in the sign of A from Grade 2 (o Grade 3. The power of
AGOCC is not only stable but also a little larger than these, between

oand LAG%. B is significant and indicates that in Grade 2 students
from an agricultural Family are less likely o fail.

Turning 1o the plots of the adjusted means in Figure 3, the only
clear location-shift effect is in Grade 2, where the radio group of
classes appears to have higher adjusted failure rates. However, even
here we should note that it is two or three radio classes with high
Lailure rates that suggest the shift. In Grade I, the radio group seems
only to be less spread out; most of the classes with extreme failure
rates belong to the control group. In Grade 8, the trend seems to
favor control classes with slightly lower failure rates,

In-the stage-1T models, we find RADIO only in the model for
Grade 3, where it is alone and explains 14.2% ol the class-level vari-
ation of FAIL, B indicates that we expect 7.6% more failures in radio
classes. In Grade 2, we find that RURAL alone overwhelms the power
ol any other variable by explaining 14.8% ol the variation. Its esti-
mated effect suggests that rural classes have 9.7% fewer [ailures. In
the model for Grade 1 we find BKGND and RURAL explaining
12.5% and 6.7% of the variation by themselves, and both increasing
slightly in power after adjustment for each other, Here, the BKGND
B suggests that the classes in the simple that have higher pretest
scores and older children have lower failure rates, Inlcrcmingl)'. the
RURAL £ suggests higher lailure rates in rural classes, a reversal
from Grade 2. Although BKGND and RURAL are cach weiker in
Grade I than is RURAL in Grade 2 or RADIO 1 Grade 3, they are
Jointly more powerful in explaining the class-level variation of FAIL,
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Itis important to consider that the overall power of these class vari-
ables is somewhat diminished by the low percentages of between-class
variation in FAIL, which ranges from 11% to 16%,

Dropout

Table 8 presents the results of the two-stage analysis of the indi-
cator variable of whether or not a student dropped out during the
school year (DROP), As with the variable FAIL, the bulk of the
variation of DROP lies within classes, However, a teacher-controlled
mechanism here canpor control the real dropout rate, since during
the year dropout is not a teacher-made decision. An examination of
the class-level data revealed that a dropout rate of zero was reported
in 39%, 55%, and 70% of the classes in Grades 1, 2, and 3, respec-
tively. Intuitively, these percentages seem surprisingly large, giving
rise to the suspicion ‘hat the teachers did not accurately record the
attendance data from which dropout rates were constructed, How-
ever, because teachers are bound by law to record accurate registry
figures, we have kept these classes in our analysis. Unl‘ormnﬂlely, this

TABLE 8
T'wo-stage Analysis of DROP

Grade ™ EXPL - vagighle il Adted =y ERR A
HISHTT |m\\'c| |)n\\'l‘|
Stage |
| S5 011 NRPT 008 08 —. (16 0118 1531
MALE 03 L03 34 W11 +4.96
o RUIH 000
3 S 041 AGE O AH4 025 0400 36,90
Stage 11
| A07 231 RURAL 139 201 A7 0432 11.65
CLSI1Z 018 069 A04 0019 398
TEXP A1 A0 003 0022 2,52
2 A 000
4 360 0000

Note, Nolinear model wis found to fit the dita 1 easonably in Gride 2 of Stage Land in Grades 2
antl 3 ol Stage 11 In these caves we repon 000 tor EXPL an nothing else.

HThevariation for Scage 1 s the within-class variation; for Stage 1 the between-cliass variation,
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unusual distribution of dropouts makes it difficult to detect effects
with our linear models. Finally, except in Grade I, far more of the
classes with a dropout rate of zero were control classes, introducing
the possibility of bias against radio.

The stage-1 models are weak, although large within-class variation
somewhal inflates their effect. The model for Grade I explained
1.1%, and for Grade 3, 4.4%. Of the variables in Grade 2, we could
not find any linear model with a reasonable fit,

In Grade 1, the variables NRPT and MALE entered the model to
explain .8% and .3%, respectively, of the within-class variation both
before and after adjustment, The stability of their power and the
significance of the coefficient estimates lead us to trust their effects,
despite their weak power. Interestingly, students in Grade 1 with
higher repetition rates tend to drop out less, supporting the
hypothesis that many students expect to repeat before they advance
(see Searle etal.; 1978). Male students in Grade 1 appear to have
higher dropout rates. In Grade 3, AGE is the only variable in the
model. It explains 4.4% of the within-class variation—more than any
other student variable in any grade. A very significant 8 indicates that
increasing age predicts a higher tendency to drop out,

Because of the weak power of the stage-1 models, the plots of the
adjusted means in Figure 4 are very close to the plots of the unad-
justed class means in Grades 1 and 3 and are just the class means in
Grade 2. Across all grades, it appears that of the classes with high
dropout rates, most were radio classes. The clustering appearances in
Grades I and 3 are probably due to the unusual distribution of the
class averages.

As was the stage-1 analysis, the stage-11 analysis was plagued by the
weak explanatory power of the models. In fact, only in Grade 1 were
we able to find a linear model that could be fitted with reasonable
precision. The model for Grade 1 does explain a reasonable 23.4% of
the variation, although this amount is somewhat diminished in overall
importance because of the low percentage, 19.7%, of between-class
variation, The variables RURAL, CLSIZ, and TEXP all entered the
model for Grade 1, with RURAL by far the most powerful. All vari-
ables increaved in power after adjustment, suggesting that their ef-
fects depend on controlling for each other. The coefficient estimates,
of which only that for RURAL is very significant, suggest that rural
classes, larger classes, and classes with more experienced teachers
have higher dropout rates, We should remark that the variables most
highly correlated with DROP in the other grades were TED in
Grade 2 at 247 and CLSIZ in Grade 3 at .221, Although we do not
present them in linear models, the respective explanatory powers of
TED and CLSIZ in those grades are estimated at .061 and ,049.
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Reenrollment

Table 9 presents the results of the two-stage analysis of the indi-
cator variable of whether or not a student reenrolled in the following
school year (RENRL). The reenrollment data suffer from the same
bimodality effect as the dropout data do. Inspection of the class
means revealed that 54%, 60%, and 32% of the classes in Grades 1, 2,
and 3 reported: perfect reenrollments. The possibility: of negligent
collection of data seems large here in view of the difficulties surround-
ing keeping track of the students after the school year. Unfortunately,
there appeared to be no unbiased way of removing any of these
perfect reenrollment classes.

Although the stage-1 models are uniformly weak, the consistent
entry of AGE as the most powerful explanatory variable is revealing.
It gains power as we go from Grade 1 to Grade 3, correspondingly
explaining 1%, 3.8%, and 4.1% of the within-class variance by itself.
The coefficient estimates indicate that increasing age predicts a lower
tendency to reenroll, and that this effect is more pronounced in
Grades 2 and 3. The variable SPRE enters the model for Grade 2 as
weil, suggesting that higher pretest scores predict reenrollment. It is
interesting to note that both AGE and SPRE gain predictive power

TABLE 9
Two-stage Analysis of RENRL

Grade: VI CEXPL  Vapiable MRl Adjusted =y G gl g
aton® power  power

Stage |

| 701 010 AGE 010 010 =015 L0040 13.84

2 714 .6  AGE 038 43 — .15 L0070 24.60

SPRE 003 008 026 0123 4.54

3 A2 .41 AGE 041 M1 —.036 0071 25.15
Stage 11

1 299 092 USH 092 002 0094 .H36 4.64

b 286 220 BKGND 290 220 2,165 7995 7.33

3 158 373 BKGND .179 221 1.961 7208 740

RADIO 152 A% —. 110 0548 6.52

* The variation for Stage | is the within-class variation; for Stage 11, the between-class variation.
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after adjusting for each other, presumably correcting for those older
students with higher pretest scores.

The most revealing quality of the plots of the adjusted means in
Figure 5 is the consistent presence of classes with very low reenroll-
ment rates. Only in Grade 3 do the radio classes appear to have a
tendency towards lower reenrollment rates, However, we should add
here that all of the classes in Grade 3 reporting perfect reenrollment
were in the control group.

In the stage-11 analysis, we note the appearance ol BKGND in the
models for Grades 2 and 3. It has the largest class-level explanatory
power. indicating thatin these grades the student background charac-
teristics, notably age, play an important part in explaining the be-
tween-class variation. The effect of BKGND is positive in both cases,
suggesting that the direction is consistent with the effect found in the
stage-I analysis. ‘The variable USH makes ifs first appearance in the
RENRL model for Grade 1 as the only variable with reasonable class-
level explanatory power, Its effect seems to be that urban classes with
shifts have higher reenrollment rates. This finding is consistent with
the hypothesis that urban snift classes exist where there is a high
demand for schooling. Finally, RADIO makes its only appearance in
the model for Grade 3, explaining 15.5% of the variation by itself and
then increasing in power after adjustment for BKGND, Its estimated
effect is negative—that is, radio classes tend 1o have lower reenroll-
ment rates—although this observation is somewhat mitigated by the
peculiar data distributions mentioned in connection with the intercept
plots above.

6. CONCLUSIONS

Important Explanatory Variables

Table 10 summarizes the background variables that entered the
particular models considered in the two-stage analysis. An asterisk
indicates those cases in which a variable entered a model, We now
examine cach background variable to see where it effectively pre-
dicted outcome variables. Although some variables with reasonable
power are bound to be left out here simply because of their correla-
tions with other variables, we believe that this pattern is not wide-
spread and does not systematically eliminate any one variable. In the
case of RADIO this is borne out, as we see in the followng subsection.

‘The most consistent predictors of within-class variation were PRE
and AGE. The variable PRE was a very powerful predictor of POST
and FAIL, which are outcome variables measuring student perfor-
mance. It was somewhat important in ATTAV and, for Grade 2 of
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TABLE 10

The Models® in Which Background Variables Appeared

POST ATTAV FAIL DROP RENRL

Viariable  Total

PRE 10 * * F 8 % % & x @ -~
MALE 4 » I B

AGE 9 x s e s + LR T
AGOCC | .

DIST 4 " g

NRPT 2 » .

Classroom background variables

RURAL 6 . * L . » -

USH | v
UNOSH 0

RADIO R L T R T » *
CLSIZ ) .

TAGE ()

TED 1 s

TEXP 1 .

BKGND 7 SRR S IR S s L

“The models are for Grades 1, 2, and 3.

RENRL, in outcome variables measuring demand for schooling.
Thus, students with higher pretest scores have higher posttest scores,
are less likely to fail, have slightly better attendance, and, in Grade 2,
are slightly more prone to reenroll.

The variable AGE found its way into at lea it one grade-model for
every outcome variable. We observed that older students have higher
posttest scores in Grade 1 and lower attendance in Grades 2 and 3,

’

A
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are less likely to fail in Grade | but more likely to fail in Grade 3, are
more likely to drop outin Grade 3, and are less likely to reenroll in all
grades. The explanatory power was about the same in all the models
AGE entered.

The less consistent background variables—MALE, DIST, NRPT,
and AGOCC—found their way only into regression models for
ATTAV, FAIL, and Grade 1 of DROP, The general directions of their
effects are as follows: Boys have lower attendance in Grade 2, are
more likely to fail in Grades 1 and 2, and are more likely to drop out
in Grade 1; students who live farther away attend fewer days in
Grade I but more in Grade 2 and are less likely to fail in Grade 2 but
more likely in Grade 3; students with higher repetition rates have
lower attendance in Grade 3 and are less likely to drop out in
Grade I; and, finally, students from' agricultural families are less
likely to fail in Grade 2.

By far the most consistent class-level explanatory variables were
RADIO, BKGND, and RURAL—in that order. As we describe in
more detail below, RADIO had a small effect only in Grades 1 and 2
on FAIL and RENRL and in all grades on DROP. The the variable
that measured the effect of the nonrandom allocation of students to
classes on class-level variation, BKGND, found its way into all POST
regressions, Grade 1 of ATTAV and FAIL, and Grades 2 and 3 of
RENRL. In those cases, its direction was positive, implying that the
within-class effects of the stage-1 models were exerting similar effects
at the class level.

RURAL exerted its effect most consistently in Grade 1, entering all
models there but RENRL, In Grade 2, it continued to be important in
ATTAV and FAIL, and then ceased to have any effect in Grade 3. In
general, we found that rural classes had lower posttest scores in
Grade 1, lower attendance rates in Grades 1 and 2, higher failure
rates in Grade 1 but lower rates in Grade 2, and higher dropout rates
in Grade 1.

The observed effects of the other class-level variables were as
follows; Larger classes had slightly higher posttest scores in Grade 3
and slightly higher dropout rates in Grade 1, teachers with more
education had slightly higher attendance in their classes in Grade 1,
teachers with more experience had slightly higher dropout rates in
Grade 1, and urban shift schools had higher reenrollment in Grade 1.
The variables UNOSH and TAGE entered none of the models.

The Explanatory Power of Radio

As we have have seen, RADIO does not appear in some of the
stage-11 models. Furthermore, even in those models in which it does
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appear, we often suspect that RADIO is acting as a proxy for variables
not in the model. Therefore, in Table 11, we have presented the
imitialand adjusted power measures of RADIO for every outcome
variable in every grade. The adjusted power estimate here is based on a
full model; that is, it is the proportion of within-class variation that
RADIO explains after adjusting for all the class-level variables we
haye defined, including BKGND, We also include a third measure
that we denote as % adjusted power, which is the proportion of remain-
ing within-class variation that RADIO explains after adjusting for all
the class-level variables. Itis just the square of the partial correlation,
This measure scales the second measure up, so that it has a range
between 0 and 1. In a way, this is a more Judicious measure; other-
wise, different powerful variables can force the effect of: RADIO to be
small regardless of correlation,

The strongest potential effect by far of RADIO was in explaining
POST variation. As was pointed out in the POST analysis, the low
adjusted power in Grade 2 is probably due to an unfortunate correla-
tion with BKGND. The next most powerful influence of RADIO was

TABLE 11
The Explanatory Power of RADIO

i (T A
VArAD IOt Crndl e lllll.l o Adjusted % adjusted
power power power
POST | AH4 1202 509
2 10 049 035
3 <6 sl 22 YRR
ATTAV | D70 054 A01
2 (=).MY (=)072 120
3 (= )18 ( =).038 50
FAIL | D03 (= ).004 06
2 (HO 005 007
3 A2 127 159
DROP | 6 002 003
2 052 JA20 018
3 010 A20) 031
RENRL | (= ).005 (=).0la5 018
2 (= ).000 01 001
3 (= ) 1520 0( =162 256

Note. The symbol { = ) is placed in front of the powers in those
situations where the direction of the effect was negitive,
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observed in ATTAYV, FAIL, and RENRL only in Grade 3, where the
effect was reasonably stable before and after adjustment. RADIO
exerted modest effects on ATTAV and DROP in Grades | and 2 and
on FAIL in Grade 2. Of these cases, only in ATTAYV. did the power of
RADIO increase after adjustment, and it was only here that the
RADIO variables entered our models, In all the other cases, RADIO
exerted minute effects and, indeed, entered none of the correspond-
ing models.

In conclusion, radio lessons have a strong effect on posttest score,
but a relatively weak effect on all the other outcome variables. These
other outcome variables may well be beyond the influence of the
method of instructional presentation of a single school subject. The
decision to fail a student is the decision of the teacher based not only
on student achievement (in many subjects) but on other factors as
well, as discussed in chapter 6. Attendance, dropout, and reenroll-
ment decisions also involve other factors such as family needs. (The
slightly more powerful effect of radio in Grade 3 may be evidence
that these external fictors play a weaker role in higher grades.) We
believe, therelore, that the merits of radio instruction should be
Judged by its effect on the variable that most directly measures its
influence, namely, posttest score. Improvement in the quality of in-
struction in school is an outcome that is widely believed to be socially
desirable in itsell, Radio mathematics lessons make a clear contribu-
tion Lo this goal.
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In Nicaraguta, whether or not a child i fromoted at the end of the school year is entirely in the
purview of the teacher. Although the child's achievement level at the end of theyear s certainly one
o the factors that influence the teacher's decisions, it was shown in the last chapter that interven-
lons that clearly inerease the child's achievement do not necessarily increase his chances for
fromotion. What, then, are the factors that the teacher takes into account in deciding which
children ta promote? This question is addressed in this chapter, whick presents the resulls of a novel
and informative investigation into the determinants of teachers' pass-fail decisions,




Chapter 6

TEACHERS’ PROMOTION DECISIONS
IN NICARAGUAN FIRST THROUGH
FOURTH GRADES

KLAUS GALDA AND JOSE GONZALEZ

Tue Rapio Marnesmatics Project has for the last several years
been investigating teaching in Nicaraguan primary-school classrooms.
Although the emphasis of the project has been on the development of
an instructional program, many kinds ol data about the students,
teachers, and Nicaraguan school system have been collected. Re-
cently, an elfort has been made 1o understand the dynamics of educa-
tional wastage, that is, the patterns of promotion, repetition, and
dropout among primary-school children (see Searle, Sheehan, Gon-
zilez, & George, 1978; Jamison, 1978; and chaps. 5 and 7 in this
volume),

‘The Nicaraguan school system's promotion policy is summarized
by Searie etal. (1978). The Ministry ol Education requires that chil-
dren attend two-thirds of the school year. If a child meets the atten-
ditnce requirement, a teacher must base his or her pass-fail decision on
class work and linal exam’nation results. In other words,

romotion from one aiiade to the next, although guided by regulations

ol : : \ 5 yreg
promulgated by the Ministry oft Education, ultimately vests with the class-
room teacher. (pp. 22:1-225)

Theretore, two determinants of educational wastage are the strategies
used by classroom teachers in making promotion (pass-fail) decisions
and the teachier and student characteristics influencing these deci-
sions.

In principle, Nicaraguan primary-school teachers base their pro-
motion decisions on attendance and achievement. Searle et al. conclude
however, that these are not the only characteristics influencing
teachers' promotion decisions in Nicaraguan first-grade classes, They
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found that, in addition 1o achievement, a studen's age was strongly
related o promotion. Older first-grade students were more likely to
be promoted than otherwise comparable younger Sfrst-grade stu-
dents, Also, rural fitst-grade students were less likely (o be promoted
than similar: urban/ first-grade students, Commenting on the latter
linding; Searle ¢t ¢l concluded that rural teachers tend 1o fail more
students than their/urban colleagues (p. 245). Finally, they found that,
contrary 1o the dfficial regulations, a poor attendance record “does
ot make promotion impossible™ (. 244),

This chapter reports on a follow-up investigation ol the promotion
practces described by Searle et al. Specilically, by surveying first-
through fourth-grade teachers, this investigation attempts to describe
more completely the student and teacher characteristics influencing
pass-Lail decisions.

The work reported in this chapier extends previous work in three
Wilys:

I More grade levels are included,

2. teachersave specitically asked about their promotion policics and prac-

tices, and

Sooteachers are asked to make o pass-Lail decision [or cach ol o set of!
hypothedcal students presented o them,

In particular, first- through tourth-grade teachers were invited 16
respond to i pair of survey instruments—a questionnaire and a et ol
three lists ol hypothetical students. In this manner we hoped to
describe the elfects of student characteristics other than attendance
and achicyement on the promotion decisions ol Nicaraguan class-
room teachers, the effects of teacher characteristics on promotion
practices, and the stability ol these effects in different contexts, that is,
m different grades and regions,

I. THE SURVEY INSTRUMENTS

[wo survey instruments. were used in the promotion practices
study: i five-part questionnaire and a set of three lists of hypothetical
students. Both instruments were presented 1o the teachers in a single
package of materials and ata single session. The live-part question-
naire preceded the three lists of hypothetical students.

The Questionnaire

The full text of the questionnaire i presented in Appendix A,
Part A ol the questionnaire collected demographic data from each
teacher: grade, region, sex, age, years of education, teaching experi-
ence, et Parts B through D asked the teachers about their final-
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examination policy, their promotion criteria, the Ministry of' Educa-
tion promotion: requirements, and' the influence of attendance on
their promotion  decisions. Part E asked them to provide  recent
promotion, dropout, and repetition data from their school records.

Hypothetical Class Registers

The first list of hypothetical students was in the form of a class
register. The teachers were told  that these students represented the
marginal students in the class and were asked to recommend promot-
ing (passing) or failing each of the students.

As aresultof the previously cited work on educational wastage, we
were interested in the effect of five student variables on teachers'
pass-fail decisions: the student's sex (SSEX), age (SAGE), repetition
history (REP), attendance (ATT), and achievement (ACH) record.
‘The range of values for each of these variables and their definitions
are shown in Table 1, These variables were used as follows to gener-
ate the first list of hypothetical students.

L Allol the possible combinations of the variable vilues were generated,

This resulted ' in 270 (2x5x3x3X%3) student cases.

2. Impossible or unrealistic cases were eliminated. Asa result, nine com-
binations ol SAGE iind REP (i.c., young repeaters and old nonrepeit-
ers) were eliminated,

do Al cases ol high auendance and achievement (i.c., ATT = 2 and
ACH = 2) were eliminated. [t was assumed thatall the teaghers would
pass students with these characteristics regardless ol the values ol the
othervariables. Ninety-=six ol the 270 ([2X5x3x3x3] — [2x9%9] —
[2X6%1]) possible combinations remained alter steps 2 and 3.

4. To make the number ol hypothetical students more manageable, hall

ol the older repeating students were eliminated. Seventy-two (96 —
12X[2X3%8] = 96=24 = 72) hypothetical students remained.

-~ Lwenty-Tour ol the 72 hypothetical students were randomly selected
(without replacement) for each class register. (Each teacher was given a
unigue cliss register;,)

=i

The basic list of 72 hypothetical students and their respective
characteristics was exactly the same [or each of the lour grades except
that each student's age was adjusted accordingly. For example, a
student might appear on the class registers presented to teachers in
cach of the four grades with exactly the same characteristics except
that his age is 8 years old in first grade, 9 in second grade, 10 in third
grade, and 11 in fourth grade. The distribution of variable values
appearing ai all the class registers is also presented in Table 1.

The instructions for the hypothetical class register gave only mini-
mal guidelines to the teachers about making their pass-fail decisions.
(See translation in Appendix A.) The Ministry regulations were not
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TABLE |

Dehinitions and Distribution of® Variables
. Describing Hypothetical Students

Distribution of’

b S Definition y
5 variable values
Virlnle ol value ; e
in class registers
SSEX 0 = female 489
1 = male Al

SAGE 0= basic age
(i.e., minimum age

for the grade; 221

1 = one year older 41

2 = wwo years older A4

3 = three years older 14

4'= four years older .109

REP 0 = nonrepeater 442
1 = one-time repeiter 220

2 = 1wo-time repeater 338

ATT 0 = low attendance

(90 days/year) 364
I = middle attendance

(120 days/year) .385
2. = high attendance

(170 days/year) 251

ACH () = low achievement

(7.20 average) 364
I = middle achievement

(7.50 average) A77
2 = high achievement

(7.80 average) .25Y4

given. However. the teachers were told that a school year consisted of
180 school days.

Student achievement information was provided to the teachers by
final grades in mathematics, language, science, and social studies, The
student achievement variable (ACH) used in the analysis below is
determined by the researchers from these grades and is merely a
convenient way of assigning a general achievement level to each
student. It was not explicitly given to the teachers.

Initially, a final grade corresponding to the student’s achieyement
level was going to be assigned to each subject matter; 7,20, 7,50, and
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8.00 for ACH =0, 1, and 2, respectively. However, Nicaraguan
teachers working with the project suggested that this was too artificial
and many teachers might, to appear consistent, feel bound to uni-
formly pass or fail all students at a given level.! Instead, 10 different
combinations of grades were generated for each achievement leye!
under the restriction that the average grade of each combination
would be the same for each achievement level; 7.20 for ACH = 0,
7.50 for ACH = 1, and 8.00 for ACH = 2. Each student was ran-
domly assigned one of these 10 grade combinations corresponding to
his or her randomly assigned achievement level, (It is assumed that
teachers place equal weight on the four subjects. Future analyses of’
the promotion data will investigate the validity of this assumption.)

In summary, the hypothetical class registers of 24 students pre-
sented to teachers were designed to be as realistic as possible, present-
ing cases in a format that the teacher was likely to encounter in the
classroom. Part of a hypothetical class register presented to a first-
grade teacher is shown in Figure 1. (Note that the sex of the student is
not stated explicitly but is implicit in the name.)

Forced-choice Stud=nt Lists

To maximize the plausibility of the lists of hypothetical students in
the class registers, not all possible combinations of SAGE and REP
wereincluded. (Of course, this is also the case in an actual classroom.)
In order Lo disentangle the relative effects of a student's age and

Fi1rRsT GRADE

Final grades

N \pe Repeti- f::l:'n Pass/
4 2B ior "€ Mathe- Lan- Sci- Social fail
(days)| e 5
matics guage ence studies
Inés Il 2tmes 120 7.20 7.20 7.30 7.10 —

Clarisa 7 None 170 740 750 7.80 730
Napoleon 7 None 120 8.00 8,00 7.90 8.100
Sergio 9 2umes 120 7.80 740 7.60 720
. Claudio 8 1tme 120 7.100 7.00 7.30 7.40 ___

O S N

FIGURE 1. Part ol a hypothetical class register presented to a first-grade
teacher,

! Nicaraguan teachers consider 7.50 a [ailing grade and 7,51 a passing grade.
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repetition history, two additional lists of students were presented o
the teachers. The students in these lists varied only with regard to
their sex (again, not explicitly stated, but implied in the name of the
student); age, and repetition history. All of these students were mid-
dle achievers with identical final grades and middle attendance rec-
ords. The repetition history was not given as the number of’ repeti-
tions, as belore, but simply by stating whether the student was a
tepeater or not. Teachers were asked to pass exactly half of the
students in cach listand fail the other half. All the teachers responded
to the same lists except that the ages were once again different for
cach grade (i.e., in cach successive grade the “same” studenr was one
year older).

Table 2 presents the first list of six students and. their characteris-
tics. ‘These students are paired, with each pair diffeing by only one
characteristic. Thus the first two students differ: only in age, as do the
thivd and fourth. (Recall that the value of zero forage here appears to
the teacheras the minimum legal age for that grade: the value of two
15 two years older than the minimum legal age.) The first and third
students differ only in sex, as do the second and fourth and also the
hfth and sixth. The second and fifth differ only in repetition history,
as do the fourth and sixth,

Originally, each teacher was to be presented with a list of these
pairs and forced to choose between the two students. It was decided

TAbLE 2

Sex, Age, and Repetition History
ol Students in Forced-choice Situation

Name ol gy - Repetition
student RC3 Age history
Aldo Mile 0 No
Miteo Male 2 No
Norma Female 0 No
Alba Eemale P No
Roger Male 2 Yes
Mirna Female 2 Yes

*Years older than basic ape,
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that this approach was notsubtle enough. Some teachers might con-
sider it insulting to be torced to choose, for example, between two
students who are identical in all respects except for sex, Even at best,
the situation is ratherartificial. However, it was hoped that presenting
a list of six students and asking teachers to pass exactly three, posed
the problem in a more reasonable way: /

The third and final list consisted of two students who were identical
in all respects except that one was an older nonrepeater (Pablo) and
the othera younger repeater (Raual). Both of these students were male
with middle attendance and'achievement records! By forcing teachers
Lo pass.one of these students and fail the other we hoped to differen-
tiate between the relative effects of age and repetition, which are
gencerally seen as one compound effect.

2. DESCRIPTION Of THE TEACHER SAMPLE

‘The teachers participating in the survey were chosen from lists of
teachers who had previously worked with the Radio Mathematics
Project. All taught onc of the fivst four grades. Some had worked with
radio; others were in project control groups. These teachers had
originally been chosen to participate in the radio or control group by
random sampling suratified by political department and urbanization
(Searle, Matthews, Suppes, & Friend, 1978). All the teachers in a
given group (e.g., the 1977 third-grade radio group) wereinyited to
attend a three-hour session 1o respond to the questionnaive and
hypothetical'student lists, One hundred twenty teachers were invited
Lo participate, of whom 96 vespended. The total number of participat-
ing teachers, by grade and region, is presented in Table 3. Some
teachers completed the questionnaire and hypothetical student lists at
group sessions; others completed them at home and delivered them
to the project office. Teachers were paid §7, about one day’s salary,
for participating in the study.

Descriptive statistics for the teachers completing the suryey: in-
struments are presented in Table 4. In summany, the typical respon-
dent was a female teacher (88% lemale vs. 22% male), approximately
32 years of age (1the median age is 28), with 12 years of education
(through high school or normal school in the Nicaraguan educational
system) and 11 years of teaching experience.

Regional (urban/vural) and grade differences in the teacher sample
are presented in Table 5. With respect to grade, the sample of
teachers may be divided into two groups: Teachers in the lower
grades (i.e., first and second grade) are older (especially in second

. grade), less educated, and more experienced than teachers in the




TABLE 3
Nimber of Teachers Responding
to Questionnaive by Grade and Region

s
Crade/ Number of
region teachers
Fivse 34

Rural 15
Urban 19
Second 22
Ruyal 7
Urban 15
Third 15
Rural 9
Urbian 6
Fourth b
Ruril 11
Urhin 14
ToraL 96
Rural @42
Urhin 54
TABLE A

Characteristics ol Teachers
Responding to Questionnaire

I {.'1I{.'h(l'l Range Mean .'at;n‘ni;’n'tl
characteristic deviation
Sex (SEX) O(F) = 1(M) 22 2
Age (AGE),
in years 18- 65 41,9 9.9
Education (TED),
n years 5-17 12,2 2.6
Teaching experience
(TEXP), in years 1 - 48 10.8 9.4
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TABLE 5

Characteristics of Teachers
Responding to Questionnaire
by Grade and Region

Teacher Mean
chavacteristic/. ————————— Total
grade Rural  Urban
Sex .33 18 122
First 33 1 .21
Second 29 07 14
Third A4 A7 .33
Fourth 27 21 .24
Age 31,5 323 319
First 32.2 30.5 31.3
Second 45,3 39,1 48.0
Third 31.8 30.5 31.8
Fourth 28.3 28.4 28.9
Education 11.7 12.6 122
Eirst 10.2 12,4 114
Second 12,7 11,7 12.0
Third 12.6 14.0 143:1
Fourth 1215 133 14.0

Teaching

experience 9.9 11.6 10.8
First 11.9 11.9 1159
Second 11,1 16.1 14.5
Third 10.0 10,7 10,3
Fourth 6.2 7.0 6.6

upper grades (i.e., third and fourth grades). There is a larger per-
centage of female teachers in the lower grades. With respect to re-
gion, urban and rural teachers are approximately the same age, while
rural teachers are slightly less educated and experienced than urban
teachers. Again, both rural and urban teachers are predominantly
female, but more so in the urban areas. Similar differences between
lower- and upper-grade teachers are present within each region;
similar regional differences exist within each group of grades.




188 GALDA AND GONZALEZ
3. QUESTIONNAIRE RESULTS

In this section we summarize the responses made by teachers to a
small subsample of the questionnaire items, These items are con-
cerned with' the relation between final exeminations (as a proxy for
achievement), attendance, and' pass-fail decisions: other promotion
criteria used by teachers; and their awareness and enforcement ol the
otficial Ministry ol Education promotion regulations.

Final Examinations and Promotion

The teachers responding to the questionnaire use similar proce-
dures with regard to administering final examinations, In summary,
almostall of the teachers give self-prepared final examinations in each
of the four basic subject areas: mathematics, language, natural sci-
cnee, and social studies. (Agriculture is also tested by about half the
teachers.) These final examinations are usually given on different
days. A student may 1ake a make-up examination if he orshe is absent
onone ol these days. However, the absence must be Justified (e.g., by
iliness).

About 569 of the teachers surveyed said they required a student to
pass all of the final examinations; 28% required a student to pass
three out of lour, while 16% were more lenient, Lower-grade and
rural teachers require fewer final examinations. However, almost all
teachers allow a student who [ails one or more of the final examina-
tonsto take a make-up examination and to be promoted if he passes
it. Less than 20% would pass a student who fails the make-u p exami-
nation.

Despite the apparent strictness expressed by a majority of the
teachers with regard (o final examinations and promotion, most also
agree thatitis possible for a student to be promoted without taking
the final examinations. However, only half report ever having done
$0. According tomost of the written comments, absence from the final
examinations must be excused and the student must have otherwise
good achievement (as measured by monthly tests, homework, ele.)
and attendance. Another method mentioned for promoting a student
who did not take the final examinations is to secure the permission of
the school principal,

Altendance and Promotion

As is the case with final examinations, there is general agreement
among the teachers surveyed regarding the importance of regular
school atiendance. Almost all of the teachers think it is important to
take attendance every day and report doing so. Furthermore, regular
attendance is considered a requirement for promotion. However,
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only slightly more than half of the teachers report that they have a
specific minimum attendance requirement. In addition, 70% of the
teachers (and significantly more male than female teachers—p < .05)
think that it is possible for a student with irregular attendance to be
promoted; 75% of the teachers have promoted at least one student
with good achievement and poor attendance. Hence, unlike achieve-
ment on the final examinations, attendance seems to be a flexible and
subjective promotion requirement.

Other Promotion Criteria

Teachers were also asked to list the criteria, in addition to perfor-
mance on final examinations (i.e., achievement) and attendance, that
they use to make pass-fail decisions. One-third of the teachers listed
classroom behavior and participation. Age was listed by only 10% of
the teachers.

Toinvestigate the relative importance of these promotion criteria,
each teacher was asked to list in order of importance all the factors
thatinfluence his or her pass-fail decisions. Each factor was assigned a
number of points according toits place on the list; first in importance
received five points, second four points, third three points, fourth two
points, and less than fourth one point. According to the teachers
surveyed, the four most influential promotion criteria and their total
points are:

Total
FFactor points
Achievement 402
Conduct
and behavior 248
Effort and
participation 229
Attendance 141

Achievement was listed as an/influential factor by 90% of the teachers,
whereas attendance was listed by only half of the teachers.

Ministry of Education Promotion Requirements

One of the purposes of the questionnaire was to judge the teachers'
awareness of the official Ministry of Education promotion regula-
tons. The teachers were specifically asked to list these regulations.
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TABLE 6

Ministry of Education Promotion Regulations
as Reported by Teachers

Number (%)

Type of regulation x
Yl 8 ol teachers

Neitherachievement

nor attendance 20 (2:2)
Auendance only 35 (3.2)
Achievement only 51 (54.8)

Achievement and

attendance 29 (31.2)
Achievement,

attendance, and , ;. 8 (8.6)

ToraL 96.(100.0)

Theirresponses [all into five groups, shown in Table 6. A majority of
the teachers listed achievement but not attendance. The next iargest
group of teachers listed both an achievement and attendance re-
quirement, closely approaching the correct Ministry of Education
promotion regulations. However, the diversity of specific achieve-
ment and attendance requirements listed was quite marked, ranging
from “a majority of classes passed” to “all classes passed,” and from
“70% attendance' to “100% attendance.” Strictly speaking, therefore,
few of the teachers know the Ministry regulations. In addition, it is
again apparent that the vast majority of teachers emphasize achieve-
ment over attendance despite the official parity of these criteria.

In summary, the teachers responding to the questionnaire view
achievement as more important than attendance, have more specific
criteriarelating achievement to promotion than attendance to promo-
tion, and, finally, report applying the achievement criteria more con-
sistently and objectively. Very few of the teachers can report correctly
the Ministry of' Education promotion regulations.

4, STUDENT CGHARACTERISTICS
AND TEACHERS' PASS DECISIONS

The percentages of pass recommendations made by all the
teachers for each of the student characteristics in the hypothetical
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class register are presented in Table 7. (For convenience, in the dis-
cussion that follows, pass recommendations will be called pass deci-
sions.) Almost 40% of the decisions made were pass decisions.® In
general, relatively more pass decisions were made for older, repeating
(especially multiple repeaters), and higherachievem<nt students. The
sex of the student is generally unrelated to pass-fail decisions. The
percentages of pass decisions made for low- and middle-attendence

TABLE 7
Percentage ol Teachers' Pass Decisions
for Hypothetical Students
by Student Characteristics

Student To pass
charicteristic decisions

Sex

Female 39.3

Miile 47.8
Age

Bisic age 34.1

One year older 35.5

Two years older 47.0

Three years older 11.6

Four years older 48.1
Repetition

Nonrepeater 34.3

One-time repeiter 364

Two-time repeater 5.5
Attendance

Low attendince 42.1

Middle attendance 474

High atendance 19.9
Achievement

Low achievement 8.1

Middle achievement 28.4

High achievement 96,3

Toral 48.6

*The hypothetical class register is not intended 1o represent a real class, as we are
primarily interested in the marginal students. Therefore, this result should not be
interpreted to mean that 40% of the students would pass in a'real class.
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students are larger than that for students witl; high attendance rec-
ords. “This is an artificial result due to the exclusion of high-
achievement students with high attendance records from (he
hypothetical class registers presented to the veachers. The effect of
attendance within the low- and middle-achievement groups of stu-
dents is discussed below:.

For convenience, the original student variables may be grouped
and redefined. The results presented in ‘Table 7 indicate that (he
elfect of student age on promotion is constant for older students, In
effect, student age is acting as a dichotomous variable: students LWo or
more years older than basic age are promoted more often than stu-
dents ol basic age or one year alder than basic age. The repetition
history and attendance variables may also be dichotomized according
Lo whethera student is a repeater or meets the Ministry of Education
minimum attendance requirement. Thus, the new: student variables
are as [ollows;

Student
variable Delinition
NSAGE 0if SAGE = () or |
l'il SAGE =9, 3 oy 4
NREP 01 REP. = ()
I'if REP = | or 2
NATT 00 ATT =0

o

LI ATT = 1 op 2

The percentages of pass decisions made by all teachers for the
redefined student variables aye presented in ‘Table 8. In general,
significantly more pass decisions (£ <.001) are made for older and
repeating students (regardless of their achievement level).

The dilferential effect of attendance and cach of the other student
variables within each achievement group is also presented in Table 8,
Attendanceis directly related (o the percentage of pass decisions for
ciach ol the achievement groups. A student is more likely 1o be pro-
moted if" he or she meets (he Ministry's minimum attendance re-
quirement. However, the unaggregated data (not presented here)
show that the influence of attendance is less once the student has met
the: minimum awendance requirement; there is relatively little in-
crease in the percentage of pass decisions [rom ATT. = ltoATT = 2
cempared o that from ATT = 0 to ATT = | in either the low- or
middle-achievement groups. In summary, attendance beyond the
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T'ABLE 8

Percentage of Teachers' Pass Decisions
by Student Characteristics and Achievement Level

%! pass decisions

Student

A, Achievement level
chitriicteristic

Total
Low Middle High
Sex
Female 8.0 304 96.7 39.3
Male H.l 20,2 95.9 37.8
Age
Yaung 4.0 23.3 95.5 35.0
Old 16.0°** 384" 979 455"
Repetition
Nonrepeater 3.5 20.5 95,3 34.3
Repeater: 65" 84.6°°°  97.1 41,9
Attendance
Not eligible 4.6 249 94,2 42,1
Eligible 97" 30.0 08.3° 36.5
Fomal 8.1 2844 96,4 38.6
H < .05,
e <=0l
op< 001,

minimum requirement will not substantially increase a student’s
chances of promotion.

The same relations found between a student's sex, age, repetition
history, and teacher promotion decision for all the students are pres-
ent in each of the achievement groups. A student's sex makes essen-
tially no difference in his or her chances of being passed in any of the
three achievement groups. Significantly more pass decisions
(p <.001)are made for older and repeating students in both the low-
and middle-achievement groups. Although the effects of these vari-
ables on the percentage of pass decisions fon high-achievement stu-
dents are not statistically significant, significantly more pass decisions
(p <.05) are made for high-achievement students meeting the
minimum attendance requirement. However, since practically all of
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these students are passed regardless of their other characteristics, the
statistical significance of additional attendance is not interesting,
The statistical significance of any of the differences in the Jow and
high achievement groups is an artifact of the extremely small vari-
ances (.074 and .036, respectively) of the percentages of pass deci-
sicns for these groups compared to that for the middle-achievement
fitoup of students (.203), The small variances'in the percentages of
pass decisions [or these groups of students are indicative of the extent
to which teachers agree to fail low-achievement and pass high-
achieyement students. Consequently, the discussion that follows will
concentrate on the marginal (i.e., middle-achievement) students,

The Relationships Between Student Characteristics,
Grade, Region, and Teachers' Pass Decisions

Table 9 presents the percentages of ]pass decisions made for mar-
ginal students for the four student variables—sex, age, repetition, and
attendance—by teachers in each group of grades and each region, In
general, significantly more upper-grade (p <.05)andrural (p < .01)
teachers make pass decisions regardless of: the student characteristics.
Consistent with previous findings, a student's sex is not significantly
related to his or her chances of being promoted by teachers in either
gieuap of grades or region. In contrast, significantly more pass deci-
sions are made for older and repeating students by teachers in both
lower (p < .01) and upper (/4 <.001) grades, and rural (p <.001)
and urban (f <.05 and p < .01 for older and repeating students,
respectively) regions. It seems that a student's age is particularly
important to upper-grade and rural teachers,

Relative Effects of a Student's Sex, A ge, and Repetition

We turn now to an examination of responses to the forced-choice
lists. The results presented in Tables 10 and 11 include only those
teachers who followed the instructions for the forced-choice lists of
students by passing exactly half of them and failing the other half.
Only 75 of the 96 teachers followed the instructions for the second list
of'six students, whereas 85 followed the instructions for the final pair
of students. Some teachers failed all of these students, Apparently
some of the teachers did not reacdl (or understand) the instructions for
this section; others seemed to understand but chose not to follow
them,

Table 10 indicates that other things being equal for these six mar-
ginal students, sex has no statistically significant effect, Thus. there is
little difference between the percentages of teachers passing Aldo and
Norma, Mateo and Alba, or Roger and Mirna.
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TABLE 9

Percentage of Pass Decisions by Student Characteristic,
Grade, and Region for Marginal? Students

% pass decisions

Student

et Grade Region
characteristic

Lower Upper Rural Urban

Student's sex

Female 27.3 34.9 35.5 26.5
Male 23.8 30.3 32.0 22,0

Student's age

Young 21.3 26.3 26.0 21,2

Old 331708 458" 49.2°* 30.2°
Repetition

Nonrepeater 18.5 23.5 24,2 17.8

Repeater: 30.9°° 40,67 414" 20.4°*
Auendance

Not eligible 24.8 25.0 26.9 23,2

Eligible 25.9 364° 37.82 24,7

TorAL 2515 32.7 33.8 24.3

Note. Significant lower-upper differences: TOTAL (p <.05); Older
(p =.05); Repeatern (p < .05)1 Eligible { ¢ < .01). Significant rural-urban dif-
ferences: TOTAL (f <.,01); Female {p = .05); Male (p <.05); Older
{p <.01) Repeater (p < ,01); Eligible (p < .001).

"ACH = 1.

' P < .05,
top<a0l

*top < 001,

Age does indeed make a great difference (other things being
equal). Older students are significantly more likely (p <.001) to be
passed than younger students. This effect is seen by comparing the
percentages of teachers passing Aldo and Mateo, and also Norma and
Alba,

Repetition also makes a significant difference, as can be seen by
comparing Mateo and Réger (p <.05) and also Alba and Mirna
(p <.01). As noted both here and above, and in Searle, Sheehan,
Gonzilez, and George (1978), teachers tend to pass older students
more than younger students and to pass repeaters more than non-
repeaters.
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TABLE 10

Percentage ol Pass Decisions
for Students in Forced-choice Situation

B m e A e B
Aldo Male 1} No 20.0
Mateo Mile 2 No H7.9
Norma Female 0 No 213
Alba Female 2 No H2.0
Roger Male 2 Yes 74.7
Mirna Female 2 Yes 76.0

Years older than bisic age,

TABLE 11

Percentage ol Pass Decisions lor
Old Nonrepeater Versus Young Repeater

Student % pass decisions

Ol nonrepeater
(Pabla) 67.9

Young repeater
(Rauil) 32,1

The relative effects of age and repetition are directly compared by
the second forced-choice list (see Table 11). In general, the effect of
age is significantly greater (p < .001) than that of repetition. In this
forced-choice situation, about two-thirds of the teachers passed the
older nonrepeater and only one-third passed the younger repeater,
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Relative Effects of Student's Sex, Age, and Repelition
in Different Grades and Regtons

Tables 12 and 13 present the results of the forced-choice lists by
grade and region. In general, the same relative effects of sex, age, and
repetition are found in each group of grades and in each region.
There are no significant differences in the percentages of pass deci-
sions made by teachers in either group of grades or in either region
for male and female students. All of the differences in the percent-
ages of pass decisions for older students are significant (p <.05). As
was found with the hypothetical class registers, student age appears to
be a more important factor in the rural areas.

There are no significant differences in the percentages of pass
decisions with respect to repetition in the lower grades, However,
significantly more pass decisions are made for repeaters in both rural
(p < .05) and urban (p < .05 for female repeaters) regions, and in
upper grades (< .01). Repetition, therefore, is of primary concern
to upper-grade teachers, Finally, there are no statistically significant
differences between groups ol grades or between regions.

IFABLE 12

Percentage ol Pass Decisions by Grade and Region
for Students in Forced-choice Situation

o pass decisions

Nume of e A Rv|‘n-Ii|iun Grade Region
history

student
Lower Upper Rural Urban
(N=42) (N =33) (N =35) (N=40)

Aldo Male 0 No 23.8 15.2 17.1 22.5
Miteo  Male 9 No 61,9 ilih 57.1 57.5
Norma  Female 0 Nn 24.8 18.2 17.1 25.0
Alba Femile 2 No 5.8 48.5 54.3 50.0
Roger  Male 2 Yes 9.0 B1.8 80.0 70.0
Mirna  Female 2 Yes 69.0 84,8 77.1 75.0

! Years older than basic age.
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TABLE 13

Percentage of Pass Decisions by Grade and Region
lor Old Nonrepeater Versus Young Repeater

% pass decisions

Student Grade Region

Lower Upper Rural Urban
(N =48) (N =136) (N =138) (N =40)

Old nonrepeater
(Pablo) 72.9 61,1 711 65.2

Young repeiter
(Ranl) 27.1 38.9 289 34 .8

Table 13 indicates that the primacy of age over repetition is pres-
entin both groups of grades (/ <.001 in lower and p < .05 in upper
grades) and in both regions (p <.001 in yvural and p < .01 in urban
areas),

A Partial Ovdering of Student Characteristics

A substantial majority (85%) of the teachers questioned reported
that there is an upper limit to the number of students who may be
promoted in their school or classroom. This percentage of teachers is
shightly higher in the rural regions and lower grades.

Robinson (1977) and Jamison (1978) argue that the lack of places
in grades higher than the first, resulting in de [acto promotion quotas,
may cause teachers to fail students. Consequently, a student’s relative
rather than absolute achievement level, for example, becomes a de-
termining factor in his or her promotion ( Jamison, 1978, p. 212).
Similarly, a student's age as such does not influence a teacher’s pro-
motion decision. Ageisaninfluential factor onlyif the studentis older or
younger than the majority of the students in the class.

One possible model of a teacher's promotion decision is the filling
of‘a quota (rom a rank-ordered list of students. The list is produced
by ordering students by sex, age, repetition history, attendance rec-
ord, and achievement level (in our hypothetical list—the actual class-
room situation may involve other variables). Once the students are
ordered (from 1 to n for a classroom with n students) and the
maximum number (i) of students to be promoted is known, it is
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asily determined which students will be: promoted (students
throughi).?

This. promotion decision process can be represented by a decision
tree that orders student characteristics according to how teachers use
them to distinguish among students. A variable's power to distinguish
among students may be measured by the range of the percentages of
the teacher's pass decisions it ;Jrodu(.c i the greatest range indicates
the greatest distinguishing effect of that variable at that point in the
teacher's decision process. For eﬂn:np]e. as shown in Table 14, at the
outset the range {or achievement is much larger than for other vari-
ables, soitis used first. After the first student variable has entered into
the decision process, the percentage ranges for other variables are
recalculated given the values ol the hrst variable. In this manner, the
differental effects ol the subsequent student variables on md:\'ldtmi
values ol 'the fivst may be assessed. For example, it may be that a
student's sex is more important in passing an older middle-
achievement student than a younger student with comparable
achievement.

Table 14 presents the step-by-step results of such a procedure.
Achievement, as expected, is the first student characteristic to enter
into a teacher's promotion decision. As has been noted above, almost
all the teachers failed low-achievement students and passed high-
achievement students, These two types of student, will go at the
bottom and’ top, respectively, of the promotion list. The greatest
differenual effect of the other student variables will occur for the
middle or marginal group ol students, 'I'hcre!'m‘c, only middle-
achievement students are considered in steps 2 to 4 of Table 14,

In our model, age is the second characteristic to be considered by a
teacher deciding to pass or fail a marginal student; it is chosen be-
cause the range, 15,1, is larger than (or other variables. The ranges
for step 3 of the promotion decision process indicate that a student's
repetiion history is the third characteristic to be considered in the
promotion decisions for young middle-achievement students. How-
ever, because of the limitations imposed by our construction of the
class lists on the values of NREP for certain values of NSAGE (see
p. 181), all older middle-achievers have the same repetition history.
That is, an older student’s repetition history is constant (in our list)
and cannot, therefore, affect a teacher's pass-fail decision for these
students, [t will not be included in the promotion decision model [or

* We do not suggest that the teacher consciously organizes promotion decisions in
this wity, butitis an interesting way to view the process and see the relative importance
ol each ol ‘our variables,



http:oftleponoin.1M

TABLE 14

Distinguishing Power of Student Variables
inTeacher Promotion Decisions

Step in
decision
Process

Studlent Ringe in percentage
variable  of weachers: pass decisions

Step |
ACH 88.2
NATT 5.6
NREP 7.6
NSAGE 10,5
SSEX 1.5
Step 2
ACH = |
NATT 2.l
NREP 4.1
NSAGE 15,1
SSEX 442
Step 3
ACH = |
NSAGE = ()
NATT 4.2
NREP H,2
SSEX 5.1
NSAGE = |
NATT 7.1
NREP (no range)
SSEX 8
Step -
ACH = |
NSAGE = ()
NREP = ()
NATT 1.8
SSEX 5.8
NREP = |
NATT 6.2
SSEX 4.2
NSAGE = |
NATT = 0
NREP (no range)
SSEX ]
NATT = |
NREP (no range)
SSEX 1.9

Y Range = G pPASS max = % PASS i,
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older students, Thus, an older student's attendance record is the third
ariable to enter into a teacher's promotion decision.

Sex is the fourth student characteristic to enter into a teacher's
promotion: decision for young nonrepealers, and attendance is the
fourth' characteristic entering into pass-fail decisions for young re-
peaters, By elimination, the fourth and final characteristic to affect a
teacher’s promotion decision for older students, regardless of atten-
dance record, is the sex of the student.

The promotion decision tree resulting [rom our analysis, pre-
sented in Figure 2, produces 14 unique grouns of students—low
achievers, highachievers, and 12 groups of middla achievers grouped
and ordered according to their remaining characteristics. In order to
test the descriptive power of the decision tree model, the Pearson
product-moment correlation (r ) was calculated for each classroom
between the actual promotion decisions and the promotion decisions
assigned to each student by the decision tree.

(low)

Fail  |eegt——— Achievement _ﬂ%

Pass

(marginal)

Age
(younger) {older)

¥ '

Repetition Attendance

(no) (low) ! (high)

Sex Attendance Sex

e

(female), (male)

(low ) | (high)

—

female) | { male)

Attendance

|

(low) (high) (female) (male)

FIGURE 2. Decision tree used in teachers' promotion decisions.
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The following procedure was used to analyze the fit of the promo-
tion decision-tree model to actual teacher decisions:

1. Students in each of 30 randomly sefected classrooms (i.e., all the pro-
motion decisions made by 30 randomly selected teachers) were rank
ordered according to the promotion tree,

2. Each classroom was assigned 2 quota (7 ) of students that could be

- promoted. For'our purposes the quota for each clissroom was tuken (o
be the number of' students actually promoted by the teacher,

30 All students with o ranking less than or equal 1o the quoti were
promoted; all swrdents with a ranking greater than the quota were
failed.

1. Pearson product-moment corvelations were calculated for each class-
room between the actual promotion decisions and the promotion deci-
sions: predicted by the decision tree,

The mean correlation between the actual promotion decisions and
predicted promotion decisions is .75, with the actual correlations
ranging from .16 to 1.00. (A correlation of 1,00 was obtained for 11 of'
the 30 classrooms.) The decision tree correctly predicted 100% of the
promotion decisions for high achievers, 93% for low achievers, and
77% for middle achievers in the 30 randomly selected classrooms,
These measures indicate that our promotion decision tree is a rela-
tively good predictor of teacher promotion practices. In addition, it
indicates that, as for achievement and age, a student’s characteristics
relative to those of the other students in a classroom (rather than his
characteristics considered in isolation) play a determining role in his
or her promotion or failure.

Student Characteristics and
Individual Teachers' Promotion Strategies

Anotherinteresting way to look at these data is not in terms of what
happens to types of students, but from the point of view of the
individual teacher. The promotion strategies of individual teachers,
defined with respect to student characteristics, were identified by
inspecting each class register, These strategies were classified into
cight categories, listed below with the number of teachers in each
category. Unless otherwise noted, the teachers in each category pass
allhigh-achievement students,

Number of

Strategy teachers
1. Pass exactly the
high-achievement students, 26
2. Same as 1, with one exception. 16
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3. Also pass all middle-achieyement
students who do well in
mathematics or language, 11

4.  Pass older middle-achievement
students who do well in
mathematics or language. 6

5.  Pass all older students. 3
0. Pass only high-achievement

students who attend at
least two-thirds of the

time. 2

7. Other identifiable strategy. 10
8. No identifiable strategy. 22
Toral 96

[tseems reasonable to assume thatif a teacherappears to be following
an obvious strategy and deviates for only one student (out of 24), this
represents an error, ‘This assumption was used in classifying some of
the teacher strategies.

Almost 45% of the teachers pass high-achievement students exclu-
sively and disregard all other student variables. Another 10% of the
teachers also promote all middle-achievement students who pass
either mathematics or language (or both). Thus, more than half of the
teachers appear to take only achievement into account,

Note that only two of the 96 teachers appear to adhere strictly to
the official guidelines by passing only high-achievement students who
attend at least 120 days. Approximately one-third of the teachers
appear to take some combination of the student variables into ac-
count, However, in these cases, either an idiosyncratic strategy or no
obvious strategy at all is exhibited by the teachers. Some teachers in
the latter category promoted students in a haphazard or sometimes
obviously inconsistent way.

5. TEACHER CHARACTERISTICS AND PASS DECISIONS

In order to facilitate a discussion of the relationships between
teacher characteristics and pass decisions, the teacher's age, educa-
tion, and experience variables (i.c., AGE, TED, and TEXP) are
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grouped and redefined. The new variables, NTAGE, NTED, and
NTEXP, are dichotomous and reflect whether the teacher’s age, edu-
cation, o1 experience is greater or lexs than (or equal to) the median
value for the totals, mple of teachers. Thus, the new variables are
defined as follows:

Variable Median New variable
AGE 28 NTAGE = 0 i[ AGE < 28
NTAGE =1 il AGE > 928

TED 12 NTED = 0 if TED < 12
NTED = | if TED > 12

TEXP 3 NTEXP = () if TEXP < 8
NTEXP = | il TEXP > §

The percentages of pass decisions for all the students: of the
hypothetical class registers for each of the new teacher variables are
presentedin Table 15. For all the students, relatively more of the pass
decisions are made by older, more educated, and more experienced
teachers, None of these differences is statistically significant for the
total group of hypothetical students, However, a significantly larger
percentage of pass decisions (f <.01) was made by male than by
female teachers.

Teacher Characteristics, Student A chievement,
and Teacher Promotion Decisions

Table 15 also presents the percentages ol pass decisions by teacher
characteristics and student achievement level, There are no statisu-
cally significant differences in the percentages ol pass decisions made
by teachers with respect to any of the teacher variables for the low-
achieyement hypothetical students. This is not surprising since, as was
noted above, almost all of the teachers agree that these students
should be failed regardless of their other characteristics. The relation-
shipsfound between teacher characteristics (except for age) and pass
decisions for the total group ol students are also found for low-
achievement students,

Similarly, the relationships found between teacher characteristics
and pass decisions for high-achievement students are similar Lo those
exhibited for the total group of students regardless of achievement
level. Significantly larger percentages ol pass decisions were made by
male (p <.001) and older (p<.01) teachers. The statistical sig-
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TABLE 1b

Percentage ol Pass Decisions by Teacher Characteristic
and by Achievement Level of: Hypothetical Students

% pass decisions

Teacher

i Achievement level
{.'IH! ricierisic

Total
Low Middle High
Sex
Female 7.7 24.8 95.3 36.9
Male 9.5 41.0°° 100,0°* 44.9°
Ape
= 28 H.2 27.0 93.8 36.9
> 28 7.9 29,6 98.5° 40,1
Educition
= 12 7.6 244 05.5 37.2
> 12 8.8 32.0 97.0 40,1
Teaching
experience
= 8 7.1 275 94.6 37.2
> 8 9.5 28.9 0984 40,3
*p=al.
* p=.001,

nificance of these differences, however, is once again anartifact of the
small variance caused by a general agreement among the teachers to
promote these students, These results should, therefore, be inter-
preted cautiously,

‘The middle-achievement (or marginal) hypothetical students are
the most interesting case because of the amount of teacher disagree-
ment over their promotion. One would expect variables other than
ACH to enterinto the pass-fail decisions for these students. The same
general promotion trends found for all the students are exhibited by
the teachers for middle-achievement students: The percentage of
pass decisions made by male teachers, however, is significantly larger:
(p~-.)01) than that for female teachers.

Teacher Characteristics, Grade, Region,
and Teachers' Pass Decisions

‘The percentages of teachers' pass decisions in different grades and
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regions for each value of the teacher variables are presented for the
total group and for the marginal hypothetical students in Tables 16
and 17, Table 16 indicates that upper-grade teachers (except male
teachers) generally make a larger percentage of pass decisions for the
total group of students, significantly so (p <.05) for female and
experienced teachers. Similarly, rural teachers (except female and
older teachers) generally make a larger percentage of pass decisions
lor the total group of students, significantly so (p < .05) for: younger
and more educated teachers. Table 17 indicates that these same pat-
terns are found in teachers! pass decisions for marginal students,
In summary, the same tendencies founcd tor the total sample of
teachers with respect (o teacher characteristics are found within each
group ol grades and within each region. In other words, regardless of
the context in which a teacher makes a promotion decision, older,

TABLE 16

Percentage ol Pass Decisions by Teacher Characteristic,
Grade, and Region for All Hypothetical Students

o pass decisions

Teacher

chitvacteristic i Region
Lowey Upper Rural Urban

Sex

Femile 44,7 40,2 36,8 37.0

Male 6,5 415:2 46,4 °" 41.0
Age

= 2N 35.0 39,2 39.8 339

> 98 38.6 12.5 10,0 40.1°*
Education

=19 36.0 49,5 37.3

LF- e
~1 ~1
S

= |2 384 11.8 SRR

Teaching

experience
= § 35.5 39.1 39.5 J48
> 8 38.1 44.6 10,7 40.1

Note. Significant lower-upper differences: Rural (p<.01); Female
(p = 05) Experience > R (p < .05). Significant rural-urban differences:
Upper (p = .05); Age = 28 (f < 05); Education > 12 (p < .05),

= p<i05,
=01,

fo= 001,
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more educated, more experienced, and male teachers make relatively
more pass decisions. In addition, although not presented here, the
same general tendencies that are found for the entire population of
teachers are found in each group of grades within each region. There
are no significant differences from the tendencies found for the
entire sample of teachers, presented in Table 15: Relatively more pass
decisions are made by male (except in the urban upper grades), older
(exceptin the rural upper grades), more educated (exceptin the rural
lower and urban upper grades), and more experienced teachers. The
stability of the general promotion tendencies found for the entire
group ol teachers in each grade-region grouping is remarkable.

TABLE 17

Percentage ol Pass Decisions by Teacher Characteristic,
Grade, and Region for Marginal® Hypothetical Students

G pass decisions

! _l_'f""_l'h'_“'_'_ - Grade Region
chiricteristic
Lower Upper Rural Urbin
Sex
Female 2920 20,2 2743 234
Male A0.7°°° 43.0¢ 3710 30,9
Ape
= 28 27.0 27.1 33.8 20.6
= 24,0 30.7° 3405 26.7

Education

=12 287 26.0 30.9 17.8
> 12 28.7 35.9 37.9 29.1°*

Teaching
experience

= 8 2747 274 33.5 219
> 8 22,0 44.7°° 344 25.7

Nate. Signilicant lower-upper dilferences; Female (p < .05); Older
(p = 01); More experienced (p < ,001), Significant rural-urban differences:
Male (p <.05); Younger (p < \01); Less educated (< .01); Less experienced
(p<.01)

“ACH = 1.
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Interaction of Teacher Characteristics
and Student Characteristics

A teacher’s sex has been found to be significantly related to the
percentage of pass decisions made {or all the hypothetical students
appearing in the class registers. Besides achievement, a student's age
and repetition history were also found to be significantly related to the
percentage of pass decisions (i.e., the probability that the student will
be promoted). Table 18 presents the percentage of pass decisions
made f(or the three student variables—sex, age, and repetiion—by
female and male teachers, respectively.

Consistent with previous findings, a student's sex is not sig-
nificantly related to his or her chances of: being promoted by either
male or female teachers. However, there is a significant tendency
(f <.05) lor male teachers to make relatively more pass decisions for:
male students than female teachers make. In addition, significantly
larger percentages of pass decisions are made by female and male
teachers for older (/< .001 and P < .05, respectively) and repeating
(= .001) students. Both female and male teachers tend to favor
older and repeating students in their promotion decisions, male

FABLE 18

Percentage of Pass Decisions by Stident Chiraateristic
and Teacher's Sex

Yo pass decisions

Student ————
chiavacteristic Female Male
teachers teachers

Student's sex

Female 380 445

Male 35.4 45,1
Student’s age

Young RH M 38.3

Old 4 G0 58.4°*
Repetition

Nonrepeater 33.9 36.1

Repeater 39.3° 52105

Note, Signiheant male teacher-lemale teacher dilferences: Male students
(= 05); Old students (p = 001); Repeaters (i< ,001),

*p =05,

*p< 001,
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teachers significantly more so (p <.001) than their female col-
leagues.

Teacher Respanses lo Questionnaire Items
and Pass Decisions

In general, no significant relationships between teacher responses
to questionnaire items and the percentage ol pass decisions for the
marginal or all the hypothetical students were found. For example,
approximately the same percentage of pass decisions was made by
teachers whosaid they had promoted students in the past who did not
mect promotion requirements and by teachers who said they did not
promote suchstudents. Similarly, approximately the same percentage
of pass decisions was made by teachers who listed both attendance and
achievement requirements (i.e., “know" the Ministry regulations) as
by teiachers who did not, Finally, although more pass decisions were
made for low-attendance and low-achievement students by teachers
who did not list attendance or achievement as important factors in
theiv promotion decisions, these differences are not significant, In
addition, these trends are reversed for middle- and high-achievement
students. In summary, responses to Key questionnaire items con-
cerned with past promotion behavior and promotion criteria are not
reliable predictors ol pass-fail decisions on the hypothetical class reg-
isters. There is essentially no difference between the percentage of
pass decisions macle by teachers who responded affirmatively and
negatively to these questionnaire items,

6. CONCLUSIONS

The survey ol promotion pactices indicates that student achieve-
ment is the primary factor in'the promotion decisions of Nicaraguan
hrst- through fourth-grade teachers, Teachers appear to have specific
and objective criteria relating achievement, as reflected by final
examinalions, Lo promotion. Atendance "l'cquircnlcms," however,
are flexible and subjectively applied.

Theattendance and achievement criteria of individual teachers are
formulated in relative ignorance of' (or ignoring) the official Ministry
of Education promotion regulations. Indeed, only two of the 96
teachers surveyed applied the Ministry of Education promotion regu-
lations to students presented in the hypothetical class register. In both
the questionnaire and the hypothetical class lists, teachers emphasize
achievement over attendance in opposition to their official parity in
the Ministry regulations.
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In general, low-achievement students are failed and high-
achievement swudents are promoted. More complex decision process-
es occur in the case of marginal students. Apart from achievement, a
student’s age is the only student characteristic that significantly
influences the teachers' promotion decisions for marginal students.
Older students are promoted significantly more often than younger
students. In this respect the findings of Searle, Sheehan, Gonzilez,
and George (1978) with data from actual classes are verified using
hypothetical student lists. In addition, the effect of age on teachers'
promotion decisions was found to be significantly greater than that of’
repetition, The results of the hypothetical class lists v.ith res pectto age
are in opposition to what the teachers report on the questionnaire:
Only 10% of the teachers listed the studeni's age as a significant
influence on their promotion decisions. In this respect, teachers may
be unaware of the influence of a student’s age on their promotion
decisions,

The teacher'sisex is significantly related to pass-fail decisions. Male
teachers make relatiyely more pass decisions than female teachers.
More specifically, male teachers make significantly more pass deci-
sions for-male, older, and repeating students than do their female
colleagues, In general, therefore, male teachers are less strictin their
promotion practices. Finally, though statistically insignificant, the
older, more educated, and more experienced teachers tend (o make
relatively more pass decisions than younger, less educated, and less
experienced teachers,

in general, the context in which a promotion decision is made is
directly related 1o the outcome of the decision, The promotion prac-
tices survey considered four contexts (i.e., lower and upper grades,
and rural and urban regions) and the effect of two sets of variables
(Le., student and teachen characteristics) within these contexts on
pass-Tail decisions. In summary, relatively more pass decisions are
made in upper grades and in rural regions. The former finding may
be explained by the relatively larger number ol spaces in upper-grade
classrooms due to greater wastage in the lower grades. In other
words, the failure rate ol lower grades is caused by fewer actual places
in the next grade, not necessavily poorachievement on the part of the
student. The availability of relatively fewer places in the next grade
requires (either de facto or de jure) the lower-grade teacher to fail
relatively more students than his or her upper-grade colleague.

Some student viriables interact with context variables (grade and
region) in their effects on teachers' promotion decisions. For exam-
ple; the elfect of student age is different in urban and rural regions.
‘The selective promotion of older students was found to be a more
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markedly upper-grade and rural phenomenon. In contrast, the ef-
fects of teacher characteristics on' pass-fail decisions are remarkably
stable in different contexts.

The suryey of promotion practices has provided us with a more
complete description of the dynamics underlying teachers’ pass-fail
decisions. It has resultediin a description of the promotion decision
process characterized by a complex interaction of'student, teacher,
and contextual variables., Additional investigations should be under-
taken to further describe and explain the interactive effects of stu-
dent, teacher, and contextual variables on teacher pass-fail decisions,
to reyeal the effects of achievement'in specific subject matters on
pass-fail decisions, andito verify these findings in larger contexts.
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APPENDIX A

Teachers' Promotion Practices Sunvey

Introduction
Dear teacher:

As you know, the Radio Mathematics Project has been operating an
experimental program with the technical assistance of Stanford Uni-
versity, Our experimental work is extremely important to educational
rescarch. One of Stanford’s interests has been (o understand the
problems of the educational system in Nicaragua,

With your cooperation, investigators at Stanford University would
like to collectinformation about the criteria teachers use to promote a
student, student repetition, and dropout. For these reasons we ask
vou Lo read each question of the attached survey carelully and write as
clear and honest an answer as possible.

[t goes without saying that the information you give us will go
direculy to Stanlord and will remain strictly confidential,

We thank you for your cooperation.

The Radio Mathematics Project

A. GENERAL INFORMATION

o AV T

2 B

J3a. Years of education:
Primary:
Secondary: __
Superior;
O t]1o 7

b. Where did you receive your teacher training?
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c. Explain: Did you graduater N
“empivico™

Are von an

da. Years of teaching experience:

b, Type ot school vou wach at:

Urban U .

Rural X .. e e e

o Why are vou teaching m this schoal?

d. Do vau enjov vour works

¢. Do vou dike vonr present position?

B. FINAL EXAMINATIONS

Lo Have vou given hnal examinations 10 vour students in the
pasty Honoto why not?

2. Did vou write the final examinations by vourselts If not, ex-
plion where vou obrained vour final examinations, and who
wrote the fial examinations vou gine,

Ao hnwhat <ubjeas did vou give final examinations? (List the
subjects.)

PAD empinieo™ m Nicaraguais a noncertifnated 1echer.
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4. Do you give the same final examinations every year?

5. Do you change the final examinations in all subjects? If so,
how often do you change them and in what subjects?

6. Are the final examinations of all subjects given the same day?

~3

If a student is absent the day of the final examimaiions, can he
take them another dav? Explain,

8. s it possible for a student to be promoted without taking the
hnal examinations? Explain.

9. Have you ever promoted a student who did not take the final
examinations?

C. PROMOTION CRITERIA

L. I a student does not take the final examin:zttions what can he
do to be promoted?

2a. In how many subject arcas do you give final examinations?
b. How many of them does a student have to pass to be promot-
ed to the next grade?
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3. Do students who fail the final examinations have an opportu-
nity to take them aguin?

4. 1f so, when can @ student take the final examinations again?

5a. Are students who pass the make-up examinations promoted?

b. Can students who fail the make-up examinations be promot-
ed?

6. Besides the results of the final examinations, what other fac-
tors do vou consider in promoting or failing a studenmz

7a. Do vou consider the amount or quality of a student’s class-
room participation in deciding to promote or fail that stu-
dentz

b. Do you consider a student's conduct in deciding to promote
or fail that student?

8. Do you consider a student’s homework in deciding to pro-
mote or fail that student?

b. Do you grade the different activities of a studentz Explain.
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9. List in the order of importance all the factors that influence
vour decision to promote or fail a student.

10a. Have vou ever promoted a student who failed 1o meet the
requirements for promotion? E splain.

b. Have you ever been forced to fuil g student who met the
requirements for promotion® E xplain,

L. Can vou give some examples of factors that have forced you to
promote i student who failed to meet the requirements for
promotion?

T e e

2. Are you the only one responsible for making pass-fail deci-
sions?

13. Has the school director or some other individual helped you
mike pass-fail decisionss 1f S0, give some examples,

T T e e e e e —

4. What does the Ministry of Education recuire of a student for
You to promote himz:

T T T T T

I15. Do you think that the majority of teachers abide by these
requirements?
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16. Does your school director have any additional promotion re-
quirements?

D. ATTENDANCE

L. s regular attendance a requirement for promotion?

2. Is it possible for a student with irregular attendance 1o be
promoted? Explain,

3. Have vou ever promoted students with excellent achievemnent
but poor attendance?

[

Do you have a mimimum attendance requirement for promo-
tonz I so, whao is itz

5. Have vou ever promoted students who did not meet this
minimum attendance requirement? It so, why?

7. Do you think it is important to take auendance every day?
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8. What do you do on days when there is no regular class? (For
example, rain, field trips, disturbances, etc.)
4. Mark everyone present,
b. Mark everyone absent. —
¢. Not take attendance,
d. Other. (Explain,)

9. Which Ministry of Public Education attendance requirements
for promotion are used in your school? List them,

10. Do you think that these Ministry of Education requirements
are adequate? Explain.

I'l. Do you think that a rural primary-school graduate is as well
prepared as an urban primary-school graduate? (Please ex-
plain your answer, preferably based on your experience.)

E. APPROXIMATE DATA FROM
YOUR TEACHING EXPERIENCE

L. Please fill in the following tables with the information it asks. If
possible, consult your 1976 and 1977 class records. I you no
longer have these records, make an approximation,

4. Number of students in each of the grades you taughtin 1976.

Grade I Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
'romoted s — e —

Failed =t il e sl S e -

Dropped out SO, — S
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b. Number of students in cach of the grades you taught in 1977,
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6

Promoted —

Failed — -

Dropped out —

¢. What is the approximate number of students in each grade
you are teaching in 1978 who will be promoted, failed, or
drop out: (Fill in the following table.)
Grade I Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
Promoted
Failed
Dropped out — e el
2. Is there a maximum number of students who may be promot-
ed in your school? If so, how many students may bhe promoted
in cach grade?

3. How many students per class in each grade can be accepted in
your school?
Number of  Number of students
sections per section
Grade | —
Grade 2
Grade 3 -
Grade 4
Grade 5 S

Grade 6

4. Inyour school what s the main reason why students drop out?

ba. Do good students drop out?
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b. Why do vou think the good studens drop out?

6a. In what months of the vear do most of the dropouts occur?

b. For cach of these months give the reasons vou think the
number ol dropouts increases.

7a. What percentage of the students who are absent for several
months at a tme return o school the same vears

b. What percentage of the students who drop out return 1o
school the next vear?

8. What percentage of the children who drop out never return to
school?

9. What percentage of the good students who drop out return to
school?

0. What percentage of the students in your school transfer to
other schools?
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On the following pages you will find a class register. It consists of
part of a list of children in a class—a class consisting of fictitious
students. Assume that the grades given for these 24 children are the
final mean grades resulting from the bimonthly and final examina-
tions [or each subject, Also assume that, for now, you have no other
information about these students on which to base a pass-fail decision,

Assume thatin each case the children will not have an opportunity.
to take a make-up examination.

We would like you to recommend whether each student should be
promoted or failed by marking pass or fail in the corresponding boxes
of’the last column; it does not necessarily have to be a decision, only a
recommendation,

Ltis important that you realize that the final grades in each subject
are written out to two decimal places and that the second decimal may
be rounded off; as such, the final grade in cach case is an approxima-
tion, For example, in the subjects where a student has a final grade of
7.50, thatis an approximate mean grade. Do not interpret this grade
as if" the student only needs one hundreth of a point to pass the
subject.

In the atendimee column, assume that the maximum number of
class days inia school year is 180.

(Part ol a sample class list)

11 rRD GRADE

Aln- o
Final grades
: Hinee
{ Repeti- H:
Nine Aue tiltnnl (cdays '—— ]i.l\,;,
) . L L il
pel Mathe-  Lan-  Sci-  Social ;
year) nitics  goage  ence  studies
1. Mg 120 20mes 120) 740 7.50 TR0 .80 '
2, Samuel 1) No) 120 8.20 7.00  7.00  B.00 _
(ele.)

2400 Manlde 10) NO a1 §.00 200 7.90 8.10 s
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With the same promotion criteria you used for the students on the
previous pages. we would like you look at the list of students on the
next page. Which of the first six students would you recommend for
promotion? Select three of these students to be promoted and write
the word promoted in the last column, Far the other three students
write failed.

Choose one of the last two students, Pablo and Rail, to be pro-
motcd, using the same criteria as before, and fail the other student,

THIRD GRADE

Atten- T
b Final grades
; Repeti- e Pass/
Name Age e (cdays fail
per  Mathe-  Lan-  Sci-  Social I
year) matics  guage  ence  studies
1. Aldo 9 No 120 7.40 7 OOREZT4 () 7 () [—
2. Miteo I No 120 740 7.60 740 760
3. Norma 9 No 120 740 7,600 740 7.60 —
4. Alba 11 No 120 740 7.60 740 7.60
5. Roger 11 Yes 120 7440 7.60 740  7.60
6. Mirna 11 Yes 120 740 .60 740  7.60

Reasons:
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IS Final grades

- dance ey
9 ~ Repeti- y Pass/
Name Age o (days il

per Mathe-  Lan-  Sci- Social

year)  'matics | guage ' ence studies
1. Pablo 12 No 120 740 760 740 760
2. Raul 10 Yes 120 740 7.60 740  7.60 @

Reasons:




The elegant and well-fitting models discussed in the last chapler are quite consistent with the
hypothess that Nicaraguan teachers use an impilicit quola system in making pass-fail decisions,
From those models we could infer that the Jactor given the most weight by teachers is achievement,
it that theiy concern is with relative achievement rather than achievement in absol ule terms, Thus,
any whlervention, such as radiv, that u nf)'r;rm{y increases achievement would have no impact on
teachers' pass-fail decisions,

This dmprr'r presents a substantiation of the same J:ypn.’hr.\r's' but uses a mmpfr!r{v different
kind 'of analysis of an independent’ data buse,
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Chapter 7

RADIO EDUCATION
AND STUDENT FAILURE IN NICARAGUA:
A FURTHER NOTE

DEAN T. JAMISON
The World Bank

PEDAGOGICAL INTERVENTIONS, such as the Radio Mathematics
Project in Nicaragua,' can be expected to affect not only students'’
learning, but also their attitudes, their propensity to be promoted
from grade to grade, and even, perhaps, their propensity to remain in
school. In an earlier paper (Jamison, 1978), I observed that few
evaluations of pedagogical interventions have addressed these non-
learning outcomes, ahd, in the context of a broader assessment of the
impact of the project, I reported on its effect on student failure
propensity. Using data from the preliminary implementation of the
radio mathematics lessons at the first-grade level in 1975, 1 concluded
that

In large part because of their improved mathematics competence, stu-
dents exposed to radio lessons were considerably less likely to fail first
grade than were controls. The estimated probability of failure for students

The author is indebted to Edward 1. George and Barbara Searle for valuable
conversations concerning this note and to George for his assistance with the statistical
analyses, The work reported here was undertaken in part under the auspices of World
Bank research project RPO671-54, “The Economics ol Educational Radio." The views
expressed hereare those of the author and do not necessarily reflect those of the World
Bank or any other organization,

! See Searle, Friend, and Suppes (1976) for a description of the Radio Mathematics
Project and of the methods of curriculum design and lesson preparation that were
central in its implementation,
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exposed to radio was .33; the estimated probability for control students
wits . 45.% (p. 219)

My purpose in this further note on the project’s impact on student
failure in Nicaraguais to examine whether the findings from the 1975
first-grade data hold for later years and other grades. This brief note
makes no attempt, however, to examine the entire range of factors
influencing student performance, failure, attendance rates, and the
like; rather, I -focus on the specific question of how exposure to radio
affects propensity for failure. .

Other chapters in this volume report comprehensively on the ef-
fect of the radio mathematics lessons on'student learning (Searle
& Galda, 1980) and on other variables, including failure propensity
(George, 1980), The analysis presented here differs from that of
George in thatit decomposes the effect of the radio lessons on failure
propensity into, first, an indirect effect through its influence on
achievement and, second, a direct effect. This decomposition is essen-
tial, as we shall see, to an understanding of the mechanisms of the
influence of the radio lessons on failure.

I. THE DATA AND THE PROBLEM

The data we usc are from the summative evatuation of the Radio
Mathematics Project that was undertaken by Stanford University's
Institute for Mathematical Studies in the Social Sciences (1Ms55). The
chapters in this volume by Searle and Galda (1980) and George (1980)
describe the procedures for treatment assignment and data collection
in detail. To highlight the main point of this note, we deal only with
the variables central to understanding the radio mathematics lessons'
impact on failure propensity; Table | lists and defines these variables
and gives their means and standard deviations. Data are available for
Grades 1 and 2 for the 1976 school year and for Grade 8 for the 1977
school year, For eyaluation, schools were randomly assigned to re-
ceive radio lessons or not for the first- and thi rd-grade studies, but not
for the second grade.? At each grade level, the students following the

*Searle, Sheehan, Gonzdlez, and George (1978) provide 4 more detailed description
ofithe patterns of student failure and repetition in Nicaraguan schools and of some of
the factors influencing those patterns. Galda and Gonzilez (1980), in a chapter in this
volume, provide mare descriptive information on the factors influencing teachers'
decisions concerning student promotion. Haddad (1979) reviews the literature on the
consequences of different promotion practices, and UNESCO(1980) provides an up-
to-date account of the extent of student failures (and dropouts) in 40 countries of
Africa, 24 countries of Latin America, and 33 countries of. Asia and Oceania.

* The sequence for production and evaluation of the radio mathematics materials at
the first-grade level was that the curriculum was developed and pretested in 1975 in a
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TABLE ']
Overall Sample Statistics of POST, PRE, and RADIO

Variable Definition Grade N Mean SD
PRE Mathematics pretest 1 954 20,96 4,61
score 2 776 54.61 9.18
) 536 77.36 10.26
RADIO | if student is 1 2,021 624 484
in radio class, 2 1,296 462 499
0 otherwise 3 965 599 491
POST Mathematics postiest 1 882  46.67 14,97
score 2 712 79.69 11.16
~) 558 63.24 10.66
FAIL 1l student fails, 1 1,956 372 484
0 otherwise 2 1,257 173 378
3 876 A77 382

radio lessons were receiving the broadcasts for the first time in the
year of the study.

Table 2 compares the mean values of the variables PRE, POST,
and FAIL for the radio and control groups.* The highly significant
difference between pretest scores for the radio and control groupsin
the second grade underscores the nonrandom nature of the trea:
ment assignment at that grade level; the near equality of pretest
scores for Grades 1 and 3 suggests that the randomization was fairly
good at those grade levels. Two other points emerge clearly from
Table 2. The first is that radio students perform much better on the
posttest, as has consistently been found in project evaluations. The
second is that the failure rites are virtually identical for the two
groups. Since there was random assignment of schools to the radio
treatment at the first- and third-grade leyels, it seems reasonable to

group of schools to which there was (nonrandomly) assigned a comparison group of’
schools; in 1976 the revised curriculum materials were evaluated with a random
assignment of schools to the radio condition. Thus, the 1975 first-grade study of failure
reported in Jamison (1978) was based on a nonrandom comparison in the curriculum
development year; the 1976 first-grade study, reported here, is based on random
assignment and the revised curriculum. Curriculums at the second- and third-grade
levels were not revised, but by 1977, when the third-grade curriculum was being
developed, there was randont assignment of schools to the radio condition even in the
development year,

! This analysis is based on the subsample of the data, described in Table 2, for which
there were no missing values for PRE, POST, FAIL, and RADIO.
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TABLE 2

Mean Values of POST, FAIL, and PRE
in Radio and Conurol Groups

Variable Grade N Control  Radio (L]

PRE | 615 20.76 21,26 =142
2 606  52.15 57.80 =797
3 400 77.86 77.23 .61
POST l 615  39.44 53.38 —13.28
2 606 76.70 83.91 —8.48
4 400 61.28 68.15 —6.64
FAIL 1 615 282 224 23
2 606 .136 131 A8
3 400 106 .079 91

* This is the t statistic for testing the significance of the difference in
means between the control and radio groups.

conclude that radio has no net influence on failure rates. This con-
tradicts my findings from the 1975 first-grade data. It also poses the
problem of why, when radio is having the strong effect that it does on
achievement, radio has no apparent effect on failure rates,

There are at least three plausible explanations for why radio im-
proves the posttest score without reducing failure rates:

I, The performance of students in mathematics, as measured by, the
evaluation posttest (the results of which the teachers did not know), is
unimportant in influenciiig the teachers' decisions to il i child or not,

2. Exposure 1o the radio mathematics lessons has the effect of improving
student performance in mathematics only at the cost of hurting it in
other subjects (c.g., by reducing the time or attention paid the other
subjects). In this line of thinking, increases in [ailure rate from reduced
perforiance in other subjects would offset reductions from improved
performance in mathematics.

d. Either explicitly or implicitly, teachers have in mind an “appropriate!
[ailure rate for any given grade level, 1f the performince ol all students
goes up, teachers simply raise their cutof [ poimt for failure to maintain
approximately the same failure percentage,

* Even with the 1975 fiust-grade data, the fuilure rate for the radio students (46%)
wats_ higher than for the controls (44%). The multivariate analysis ol failure determi-
nints corrected far the fact thatin the 1975 nonrandomized study the radio group had
systematically more of the various characteristics increasing failure probability; after
correction, it was found that radio had a net negative effect on failure propensity.
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Unfortunately, the project lacked resources to gather data on stu-
dent performance in subjects other than mathematics; so assessing the
second hypothesis is difficult. However, the first-grade failure rates
reported in Table 2 had become available by late 1977 and suggested
the importance of testing for adverse effects of radio mathematics
lessons on other subjects; and in 1978 a limited effort was made to
address this issue, The project lessons were being evaluated at four
grade leyels in that year, and for second graders the evaluation
included administration of a Spanish test. Searle and Galda (1980,
Table 17) report the results of this test and conclude that there was no
difference between the performance of the radio and that of the
control groups. Though this limited testing is scarcely definitive, it
does suggest that the second hypothesis is an inadequate explanation
of why radio does not reduce failure rates, The next section looks
further at the determinants of failure to assist in judging between the
first and third hypotheses.

2. DETERMINANTS OF FAILURE

I radio does not reduce failure rates because the performance of
students on the mathematics posttest measures nothing relevant to
the teachers' failure decisions (the first hypothesis), then the regres-
sions predicting failure propensity should show no significant effect
of either radio or the posttest score. If, on the other hand, higher
posttest scores result in lower failure probabilities, then the effect of
radio in the failure regression must be to increase failure probability.in
order for the net effect of radio to be near zero after allowing for its
failure-reducing effect (through the posttest score). This would be
consistent with either the second or the third hypothesis. It is for this
reason that it is important to decompose the effect of radio into its
indirect effect through posttest score and its direct (or other) effects;
Figure Lillustrates the highly simplified model that we use to do this,
The experimental (i.e., random treatment assignment) nature of the
data for Grades | and 3 legitimates this simplification. So, too, does
the fact that George's (1980) a nalysis using a broad range of covariates
yields results close to these where specifications overlap.

Tables 3 and 4 present the main empirical findings; Table 3 shows
the determinants of posttest score, and Table4 shows the logit
analysis of the determinants of failure propensity. In order to facili-
tate comparisons across grade levels, the pre- and posttest scores have
been standardized to have a mean of zero and a standard deyiation of
one at each grade level; these standardized variables are labeled SPRE
and SPOST.
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FIGURE 1. Simplified model of the determinants of student failure,

TABLE 3

Regression Determinants
of Posttest Scores

Independent Crade

variables | 9 3

RADIO .88 24 .68
(14.9) (4.0) (8.9)

SPRE 50 .66 .60
(16.0)  (22.5)  (15.7)

Constant —.46 08 —.21

R? A5 51 44

N 615 606 400

Note. The regressions reported are ordinary least
squares estimates of linear specifications in which the
dependent variable, SPOST, is the standardized post-
test score. The ¢ statistic for each regression coefficient
is reported in parentheses beneath it
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TABLE 4

Regression Determinants of End-of-year Failure

Grade
l11dc[?endcnt 1 9 3
viiriables
A B A B A B
RADIO —.044 1.46 —.036 609 =319 —.07
(—.226) (5.19) (—.15) (2.22) (=.892) (=.179)
SPRE -.281 —,088 —-.317
(=2.19) (—.492) (—=1.44)
SPOST —1.54 —-.818 —.449
(=9.05) (—4.48) (=1.96)
Constant -1.20 -2.47 —1.85 —-2.36 —2.13 -2.37
x? of
estimate .05 173.7 .02 47.97 .82 16.65
N 615 615 606 606 400 400

Note. The regressions reported are maximum likelihood estmates of a logit specification in
which the dependent variable, FAIL, takes the value 1 if the student fails at year-end and the
value 0if he or she passes. The asymptotic t value for each regression coefficient, a measure of its
statistical ‘significance, is reported in parentheses beneath the coefficient.

Table 3 shows more clearly than does Table 2 the strong impact of
the radio mathematics lessons on student achievement. The effect is
weakest at Grade 2, but radio students still do almost a quarter of a
standard deviation better; in Grades | and 3, the improvements are
.88 and .68 standard deviations, respectively. Searle and Galda (1980)
and George (1980) treat these matters in far more detail.

Table 4 reports the determinants of end-of-year failure. For each
grade level it shows (in the columns labeled ‘A’) the effect of radio
alone on failure propensity; in the ‘B’ columns it shows the effect of.
radio and posttest, controlling for pretest. The radio coefficients in
the ‘A’ columns show that the failure rates are about the same in both
radio and control schools; in the ‘B! columns, the radio coefficients are
larger than in the ‘A’ columns, and, for Grades 1 and 2, they are
positive and statistically significant. For all three grades the coefficient
on SPOST is negative and statistically significant, though the effect is
substantially larger for Grades 1 and 2; thus, higher levels of mathe-
matics performance, as measured by the posttest, do reduce (and
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rather strongly) the likelihood that the student will be failed, These
coefficients provide firm evidence against our first hypothesis as an
explanation for the small nec effect of radio on student failure, and,
since radio students did as well on the second-grade Spanish test as
did controls, it seems improbable that the second hypothesis is cor-
rect. The third hypothesis, however, is plausible; When students’
matliematics performance improved from exposure to radio, their
teachers set higher standards, and this resulted in little net change in
the failure rate.

‘Table 5 shows results of calculations of the total (direct and indi-
rect) effect of radio on failure probability using the estimated equa-
tions reported in the 'B' columns of Tables 3 and 4. These estimated
failure rates control for possible preexisting differences between
radio and control groups and thus provide a superior estimate of the
true effect. While at each grade level the failure rates reported in
Table 2 favor the radio groups (though by only a small and statisti-
cally insignificant amount), the estimated failure rates in Table 5 all
fayor the control groups. Again, however, the differences are very
small—leading consistently to the conclusion that radio affects failure
rates only negligibly, My earlicr findings—that the radio mathematics
lessons reduced failure rates at the first-grade level in the first year of
the project—thus fails to conform to the pattern of results reported
here. Possibly the teachers of the first-grade radio students in 1975
were atypical in being less inclined than the average to maintain a
constant [ailure rate when mathematics performance of their students
was improving,

TABLE 5
Effects of Radio
on Faillure Propensity

Failure probability

Grade Without With
radio radio

| 186 A494

P4 Lt 13

3 {78 097

Note. "This table shows the esti-
mated expected value of the failure
probability under the assumption
that pretest scores are distributed in
the population as a whole in the
same wiy as they arein this sample,
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3. CONCLUSIONS

This note has addressed the question of why the Radio Mathemat-
ics' Project, despite its strongly favorable effect on student learning,
has no apparent effect on the high failure rates in Nicaraguan
elementary schools. The note examined three possible explanations
for this phenomenon;

. ‘The mathematics performance of individual students has little
influence on teachers' decisions concerning whether the students are
promoted.

2. Exposure to radio mathematics lessons has the effect of improving the
mathematics performance of students bnly at the cost of reducing their
performance in other subjects.

3. Teachers haye in mind an “appropriate" failure rate, for each class as a
whole, thatis relatively uninfluenced by the average performance of
the class,

The eyidence reported here strongly repudiates the first explanation;
and evidence reported elsewhere in this volume goes against the
second explanation, which was in any case implausible. We can con-
clude, therefore, that when students’ mathematics performance im-
proved from exposure to Radio Mathematics Project lessons, their
teachers set higher standards and this resulted in little net change in
the failure rate.
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From the beginning of the project, the radio mathematics lessons were seen as a vehicle for
reaching the students in their schools, not in their homes, The lessons were intended to be taken
sequientially, under the supervision of a classroom teacher who could work with the radio teacher to
present.a complete, well-rounded’ program of mathematics instruction within a formal school
setting, The needs of a casual listeni ng awdience outside the schools, with diverse backgrounds and
fewer incentives to follmw the complele course of instruction, were initially not addressed.

Asitime went on, however, we became r'mwa_\'inga’_v aware that the lessons were altracting an
out-of-school audience. We received several lefters Jrom hausewives who enclosed workpapers they
had completed during the radio broadeasts, We heard rumors of a local vendor who daily gathered
together all children tn his neighborhood who were not in school to listen to the mathematics
programs on his small radio receiver, One teacher told us that all of her students’ parents listened to
the radio. programs at home,

This kind of evidence promped us to make some alterations in our lesson Sormat in Grades 3
and 4 (see chap. 2) to accommodate the out-of=school audience, even though we still had no good
idea of the exient of that audience or whether they were regular or casual listeners,

This chapter reports the results of a small survey of that unanticipated but welcome home
audience.




Chapter 8

SURVEY OF THE HOME LISTENING AUDIENCE
OF THE RADIO MATHEMATICS PROJECT

MARVIN SABALLOS, KLAUS GALDA,
AND! JOSE GONZALEZ

‘THIS CHAPTER presents the results of an informal inyestigation into
the size and other characteristics of the home listening audience of the
Nicaragua Radio Mathematics Project. The study was prompted, first,
by the many letters received from students in nonparticipating
schools and from individuals who, on thein own initiative, follow the
lessons and, second, by the results of a listener survey. that showed
Radiodifusora Nacional among the top 10 radio stations for three
programs: a folk mnsic program, a question and answer show! and
the Radio Mathematics Project lessons. The survey, conducted hy a
private consulting firm, KGNSULTEG, between February 20 and
March 12, 1978, was one in a series that provides regularinformation
to radio stations about their audiences in the capital city of Managua.

These two kinds of evidence about informal listeni ng motivated.
the administrators of the project to investigate the size of the home
listening audience and to compare the numbers of listeners in rural
and urban communities, in lower and middle class areas, and in
communities in which experimental schools were and were not lo-
cated. The study did not use rigorous suryey methods and should be
interpreted in the light of the following design limitations:

I. "The geographical areas sampled were not randomly chosen;

2, The homes within eich neighborhood were not randomly sampled;

3. The interviewers were not trained in inlcr\'ic\'\'ing techniques.

In the following sections we discuss some special characteristics of
the radio lessons that might affect home listening and then we turn to
a description of the suryey and the results.
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I. THE RADIO MATHEMATICS LESSONS

‘The radio mathematics lessons for first and second grades were
designed solely for formal, in-school use, Consequently, these lessons
are not entirely appropriate for informal use by a home listening
audience. For example, first-grade radio lessons require students to
use worksheets; the parts of the lesson that refer to exercises or
pictures printed on the worksheet would be of little use to the listener:
who does not have a worksheet in hand,! Although they do not
require worksheets, second-grade lessons frequently refer to exercises
and drawings put on the chalkboard by the teacher prior to the radio
broadcast; these exercises and drawings are copied from a teacher's
guide that the project supplies only to experimental schools, so here
again, a home listening audience would haye difficulty following parts
ol the lessons. During the course ofits work the project strategy about
lesson use shifted, Thus, while school children remain the major
targetaudience for the program, the radio lessons for third grade and
fourth grade were designed to be self-contained, so that both class-
room students and other listeners could use the lessons without sup-
porting materials.

During the period of the survey, August 1978, lessons for all four
grades were broadcast every weekday morning according to the fol-
lowing schedule: Grade 1 at 9:00, Grade 2 at 8:30, Grade 3 at 10:30,
and Grade 4 acv 11:00.

2. SAMPLING PROCEDURES

The survey was conducted in communitics in three departments
(provinces) of Nicaragua—Masaya, Granada, and Managua—that
were chosen because of theiy accessibility and the project staff's famil-
iarity with them. A different type of comparison was made in each
department, In Masaya a comparisou was made of communities in
which there is an experimental school and those in which the school
did not use radio lessons; all of these communities are rural and lower
class, Also in Granada communities with and without experimental
schools were compared, but these communities were all urban and
mixed middle and lower class. In Managua, where there are no
communities with experimental schools, the com parison was between
middle class and lower class neighborhoods.

! Worksheets will be used less frequently in future first-grade radio lessons; see
Suppes, Searle, and Friend, 1978, p. 32,
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Forithe study, a community (on neighborhood) was defined as the
group of homes around a school. The cominunities were chosen in a
two-step process. First, a nonexhaustive list of eligible communities

/as- made, using school names to identify the communities, For
example, the Masaya list consisted of rural schools in lower class areas
of Masaya including both those that did and those that did not use
radio lessons. Then, two or three communities were taken at random
from each list to form the appropriate subsample.

Table 1 summarizes the characteristics of the six subsamples and
shows the number of homes surveyed. The table introduces a
mnemonic device for identifying subsamples that will be used in
presenting results, For example, the first subsample, labeled R-L-R, is
rural (R), lower class (L), and around a school that uses radio lessons
(R). In'the remaining labels, U stands for urban, X for mixed middle
and lower class, M for middle class, and N for communities with
schools that do not use radio.

Because Managua was not part of the project experimental area, its
communities are identified as nonradio; however, the survey showed
that some Managua schools do in fact use the radio mathematics
lessons.

‘The number of homes surveyed in each community depended
primarily on practical considerations. Since a fixed period of time was
allotted for visiting cach community, more homes were sampled in

TABLE |

Number and Characteristics ol Households Surveyed

Characteristics

—— Number (%)

Subsample

Department Location SES n::::{::;‘:” ofihouseholds
R-1.-R Misayi i Rural Low Radio 71 (14.9)
R-1.-N Masaya Rural Low Nonradio 32 (6.7)
U-X-R G Urban Middle/low  Radio 62 (13.0)
U-X-N Granacla Urban Middle/low  Nonradio 48 (10.1)
LI-M-N Minagua Urbian Midcdle Nonradio 77 (16.2)

Minagua Urban Low Nonradio 186 (39.1)

476 (100,0)
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densely populated areas than elsewhere. Two interviewers were as-
signed to each community. They started their sampling with homes
near the local school. A home was sampled if, in the opinion of the
interviewer, there was at least one resident at home capable of re-
sponding to the questions on the survey instrument,

3. THE SURVEY INSTRUMENT

The survey instrument was an open-ended questionnaire with 13
items (see Appendix A), designed to do the following.

I.- Determine whether any residents listened to radio lessons at home orat
school. (Questions 1, 2, 8, and 10)

2. Determine how many individuals, and of what age and sex, listened (o
radio lessons. (Questions 1, 2, 3, and 11)

3. Check the reliability of the responses by asking for details about lesson
presentation, grade of the lesson, and time and day of the transmission,
‘This also served 1o differentiate between the project's lessons and those
of another radio pregram. (Questions 4, 5, 6, and 7)

4. Verily by means of the grade and name of the school which schools

were actually listening to the project's radio lessons, (Questions 12 and

13)

Determine the socioeconomic status of the home sampled, (Observa-

tion)

=

4. RESULTS

Responses 1o questionnaire items allowed classification of house-
holds into six categories, five of which indicate some degree of listen-
ing to mathematics programs, (Mathematics lessons are also broadcast
as part ol an adult education program sponsored by the Catholic
Church.) The categories are defined as follows.

Category Definition
Yes, [requently. Houscholds in which individuals
listen to radio lessons every weekday
or several days of the week,
Yes, sometimes, Households in which individuals
listen 1o radio lessons in a fortuitous
or haphazard fashion.

Yes, in the past. Houscholds in which individuals
have listened to radio lessons in the past,
but no longer do so.
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Yes, only in school. Households ‘with children who listen
10 radio lessons at school, but not at
home.

Yes, another program, Households in which individuals
listen to a different radio mathematics
program,

No; we do not listen.  Households in which no one listens
cither to the Radio Mathematics Project
or to any other instructional radio
program with mathematics lessons.

Table 2 indicates that of the 476 households sampled; 42% have
occupants who listen or have listened in the past to radio lessons from
one source or another. Close to hall ol these households (20% of the
total sample) listen frequently to the Radio Mathematics Project les-
sons. Note that of the total sample, 35% listen frequently or some-
times and of those falling in one of the five “Yes" categories, 82%
listen (requently or sometimes. A breakdown of the “frequent” listen-
ers indicates that 54 of the 93 households (568%) listen to radio math-
ematics lessons five days a week. The remaining 39 households listen
regularly but not every day.

TABLE 2

Listening Categories by Subsimple

Number (%) ol households

Category

Subsample

: : ; Total

Ire- Some-  Inthe  Only in Another Do not

quently  times past school  program  listen
R-1.-R 27 (38) 7010y  4{) 20 0 () 32 (15) 71
R-L-N 9 (28) 1 (3) 0(0) 0(0) 1 (3) 21 (66) 32
U-N-R FECES)Y 17(07) 00 0:(0) 17 (2) 33 (54) 62
U-X-N 8(17) 7(15)  0(0) 0.(0) 1 (2) 32 (66) 48
U-M-N d.4) 4 (5) 00 0 (0) 2 (3) 68 (88) 77
U-L-N 35(19) 35(19)  2(1) 5(3) 18 (10) 91 (48) 186

Torar  93(20) 71(15) 5(1) 7(1) 28 (5) 277 (58) 476
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In Table 8 (and subsequently) the data are collapsed into three
categories. Houscholds that responded "Yes, frequently” are called
the regular audience. Households that have at one time or another
listened to instructional radio (all other "Yes" responses) are called the
casual audience. The remaining households are called nonlisteners.

The results presented in Table 3 allow the pairwise comparisons
implicit in the initial design. In rural; lower class communities, the
total listening population is 20% 'greater in communities in which
there are experimental schools; this difference is evenly divided be-
tween the regular and the casual audience. In the urban, mixed
middle and lower class communities, the presence of an experimental
school appears to have increased only the casual audience, In the
urban, nonradio neighborhoods of’ Managua, listening is about four
times as likely in lower class households as in middle class households.

The largest regular audience (38%) is found in rural, lower class
communities surrounding experimental schools. This group contains
the community of Los Pocitos, whose primary school has worked with
the project for four years and whose teacher is an enthusiastic support-
er of project lessons. Firteen ol the 20 homes surveyed in Los Pocitos
listen to radio mathematics lessons frequently,

The lowest percentage of regular listeners ‘was found in the middle
class, urban neighborhoods of’ Managua, while lower class Managua
neighborhoods showed the highest percentage of casual listeners,

TABLE 8

Listening Patterns in Conmmunity Subsamples

Percentage of households

Subsample

Regular Casual Non-

audience audience listeners
R-L.-R 8.0 16.9 45.1
R-L-N 28.1 6.3 65.6
LI-X-R 17.7 20.0 53.2
L-X-N 16,7 16.7 66,7
U-M-N 3.9 7.8 848.3
U-L-N 18.8 212 48.9
ToTal 19.5 22.3 58.2
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In Table 4, comparisons for the dimensions of interest are pre-
sented for pooled data, The results suggest that regular listeners are
more likely to be found in rural rather than urban communities, in
lower class rather than middle class communities, and in communities
in which there is a school that uses the radio programs for instruction,
The results also suggest that when rural people listen they are more
likely to listen regularly, but when urban people listen they are more
likely to listen irregularly.

Respondents were asked what the grade level was of the lessons
they listened to. This information was of interest because of the
difficulty of completely understanding first- and second-grade lessons
without having worksheets or teacher's guides. Of the 93 households
that listened regularly, 29% listened to first-grade lessons, 26% to
second grade, 39% to third grade, 29% to fourth grade, and 6% could
not identify the grade level. (The percentages sum to more than 100
because some households listened to more than one grade.) Thus, a
surprisingly large number of households listened to lessons that had
not been written with a home audience in mind.,

The questionnaire item about the presence of children in the
household who listened to radio lessons in school uncovered the fact
that one school'in Granada designated by the project as a control
school was using radio lessons and that approximately 3% of the 186
households surveyed in the middle class, urban neighborhoods of

TABLE 4

Variation in Listening Patterns
by Community Characteristic

Percentage of househaolds

Characteristic Reyular Casual Non-

audience  audience  listeners

Location

Rural 35.0 14.6 51.5

Lirban 15.3 24.7 60.0
SES

Low 24.0 25.6 19.8

Mid/low 17.3 23.6 50.1

Mid 3.9 7.8 88.3

Radio/nonradio
Radio 28.6 29,5 48.9
Nonradio 16.0 22,2 61.8
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Managua had children who listened to lessons at school. On further
inquiry it was found that these children attend two private schools and
two public schools.

5. CONCLUSIONS

‘This informal investigation of home listening provides support for
the great educational potential of radio in Nicaragua. In summary,
37% of the households suryeyed reported listening (at some tinie) to
the Radio Mathematics Project lessons. This is a sizable audience for
an educational radio program, and its size is particularly surprising in
view of the fact that the project does not advertise its lessons and uses
a station with a generally small listening audience.

Almost half the households listening to radio lessons do so regu-
larly, with the majority of these households listening every day of the
week, Although the remaining households do not listen regularly,
almost all are familiar enough with the programito be able to identify
the grade levels of the lessons they listen to.

‘The study found that rural and lower class households are more
likely to listen regularly than urban and middle class households and
that, at least in rural areas, the presence of a school using the radio
lessons stimulates listening. The experience in Los Pocitos suggests
that a local teacher can have a significant influence on the listening
pattern in the community the school serves.

Evaluation studies (Searle, Matthews, Suppes, & Friend, 1978)
have shown that the Radio Mathematics Project lessons significantly
raise the achievement levels of the school children using the program,
The effectiveness of the lessons for the home audience has not yet
been demonstrated, but the popularity of the program suggests that
the lessons could serve to reach the large rural, lower class adult
population: that has not in the past received an adequate primary
education,
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APPENDIX A

Home Listening:Audience Survey

Community: i L e e 1S S R,
City: SATOE AT S RS
Location: ’ VL e U T o

I Have you heard the mathematics classes that are broadeast over:
the radio? (1€ yes, go to question 2; il no, go (o question 3.)

2. What other persons in the home listen to the Radio Mathematics
Project? (Continue with question 4.)

Children Men Women

(0=15 years old) (older than I5)  (older than 15)

3. Is there any person in the home who listens to the Radio
Mathematics Project lessons? (I no, go to question 10} if yes,
continue with question 4.)

Children Men Women
(0=15 years old)  (older than 15)  (older than 15)




246

6.

~1

10.
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On what station?

At what time do you listens

To what grades do vou listen?

On what days do vou listen?

What problems have you had with the lessons of the Radio

Mathematies Project?

What do you like about the lessons of the
Project?

Rachio Mathematics

' school, do some of the children in your

home listen 1o the

L1ssons o1 the Radio Mathematics Project? (If no, finish the inter-

view; if yes, continue with question 11))
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11, How many of the children?

12, In what grade(s)?

130 What is the name ol the school?

Observations;
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