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THIS CHAPTER reports on an experimental evaluation of the first­
grade radio mathematics program. During 1976 the first-grade les­
sons were broadcast by the national radio station and were used in 
approximately 50 classrooms, 30 of which served as experimental 
classrooms for the formal evaluation reported here. The experimen­
tal program is fully described in Searle, Friend, and Suppes (1976); 
we present here brief characterizations of both the experimental and 
the traditional instructional programs and then describe the experi­
mental design, sampling procedures, and testing instruments used to 
assess the effectiveness of the programs. Finally, we present the re­
sults. Anticipating this final section, we remark that the first-grade 
radio instructional program has produced levels of student achieve­
ment in mathematics that are higher than those of similar students in 
traditional classrooms and that these gains are statistically significant 
as well as educationally substantive. 

L THE RADIO INSTRUCTIONAL PROGRAM 

The 1976 first-grade instructional program consisted of 150 30-
minute radio lessons and teacher's guides for postbroadcast activities. 
Most lessons were accompanied by student worksheets. 

During project radio lessons the students participated in a variety 
of instructional activities, responding to oral exercises as well as using 
the student worksheets. Other activities such as games, songs, and 
riddles were used to change the pace of lessons. The radio lessons 
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were characterized by a high rate of student responses-four re­
sponses per minute on the average. 

The instructional segments of the radio lesson dealt with different 
mathematical topics and required different types of student re­
sponses. Instructional material took the form of exercises supported 
by minimal amounts of explanation, and during each program the 
children worked from 40 to 50 mathematics exercises. 

The topics of the first-grade curriculum were allocated to five 
major strands-number concepts, addition, subtraction, applications, 
and measurement. Within each strand the topics were subdivided into 
exercise classes, which in turn were used to construct the lesson 
segments that comprised both the radio and postbroadcast portions of 
the mathematics lessons. The full curriculum consisted of 563 exer­
cise classes, from which 1,314 lesson segments were constructed. 

Fifty-four classrooms in the Nicaraguan departments of Masaya, 
Granada, and Carazo were used in the evaluation of the radio instruc­
tional program-30 experimental (radio) classes and 24 control (tra­
ditional) classes. (The selection of these classes is described in a later 
section.) 

First-grade radio lessons (in Spanish) were broadcast each school­
day morning at 9:00 A.M. through the facilities of the national radio 
system, Radiodifusora Nacional. Each lesson occupied approximately 
25 minutes of the 30-minute time slot. The remaining time was filled 
with an introductory announcement, a closing announcement, a 
countdown immediately preceding the lesson, music, and occasional 
short announcements for teachers. The project purchased and dis­
tributed the radios, but schools without electricity were expected to 
supply their own batteries. 

Two major broadcasting difficulties occurred during the year: 
power failures at the radio station and preemption of radio time by 
political events. In addition, errors made by radio engineers resulted 
in the loss of some lesson time. 

Student worksheets and teacher's guides were distributed monthly 
through the office of the School Inspector in each department. 
Teachers obtained their monthly paychecks at these offices and the 
materials were delivered to the office prior to their scheduled visits. 

Each teacher participating in the program attended two 3-hour 
teacher training sessions held before school started in February. 
These sessions were used to discuss the teacher's role during radio 
lessons, the mechanics of material distribution and use, and the rela­
tion of the radio lessons' content to the official mathematics cur­
riculum. Teachers were also given the opportunity to listen to lessons 
and to learn more about the goals of the project. 
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For most experimental classes, contact between project personnel 
and teachers of the experimental classes was strictly regulated and 
kept to a minimum. After the teacher training sessions, all informa­
tion flow between the project and these teachers occurred through 
two channels-the radio and the office of the School Inspector in each 
department. An exception to this procedure was made for eight 
classes that were part of a weekly testing program. These classes were 
visited about every two weeks, at a time other than the mathematics 
period, for the administration of a 20-minute mathematics test. 

Supervision of experimental classes was not undertaken by the 
project. Teachers of experimental classes were supervised by the 
regular school inspectors in the same way as teachers of traditional 
classes. However, departmental school inspectors do not have cars 
and they rarely visit schools. Project personnel made occasional un­
announced visits to schools during broadcast time to observe whether 
the radio lessons were being used by the teachers in experimental 
classes. On the average, three such visits were made to each school 
during the year. 

The project employed one procedure that was meant to be an 
indirect means of supervision. (We do not know whether it was per­
ceived by teachers in this way.) Each month, one segment of a radio 
lesson was identified as a test, and the teachers were asked to return 
the students' worksheets for this lesson to the office of the School 
Inspector. These worksheets were packaged separately and teachers 
were reminded of the tests by radio for several days before they took 
place. A record was kept of the number of worksheets returned each 
month by each teacher; the returned worksheets were examined to 
determine if teachers had graded the papers to evaluate student 
performance as suggested in the teacher's guide. 

We can summarize the description of the radio instructional pro­
gram by listing the components of the experimental treatment. 

1. Radio mathematics lessons, approximately 25 minutes long, broadcast 
once each school day at a fixed time. 

2. Teacher's guides, containing (a) specific tasks for teachers before, dur­
ing, and after the broadcast and (b) a general description of the mate­
rial to be taught in the radio lessons and the material that should be 
taught by the classroom teacher. 

3. Individual student worksheets for most lessons. 

4. Several sets of supplementary materials for use during or after the 
radio lessons (e.g., posters, cardboard rulers). 

5. Tests administered to all students once a month by radio, with answer 
keys in the teacher's guide. 
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6. Two 3-hour teacher training sessions at the beginning of the school 
year. 

7. Occasional and irregular visits of project personnel to schools. 

2. THE TRADITIONAL INSTRUCTIONAL PROGRAM 

The traditional mathematics program in Nicaragua cannot be de­
scribed in as much detail as the experimental program. The official 
curriculum is described in a guide prepared by the Ministry of Educa­
tion. The guide is not supplied free for teachers but can be purchased 
at bookstores in the capital city of Managua. It presents a week-by­
week outline of the topics that teachers are expected to cover, with 
many suggested exercises and practice procedures. No textbooks or 
supplementary materials are provided by school authorities; many 
teachers make or buy their own supplies. About five years ago an AID 
program financed the distribution of mathematics textbooks to 
schools. These books were intended to be used as student workbooks 
but some teachers did not allow students to write in them in order to 
preserve them for later use. They were seen occasionally in class­
rooms by project personnel. 

Information was obtained about the traditional instructional pro­
gram by systematic observations of traditional classrooms in June 
1974 before radio lessons were instituted. Twenty-eight mathematics 
classes were observed-15 in urban schools and 13 in rural schools. 

All the classrooms had chalkboards, but other teaching aids were 
generally absent. Students were using textbooks in only one class­
room. Class size ranged from 18 to 46 students with a mean of 31 and 
a median of30. However, this was the fourth month of school and the 
number of children attending classes when the observations were 
made was approximately two-thirds of the number matriculated. 

In half the classes observed the students were separated into ability 
groups. Eleven of these classes were in rural schools and three were in 
urban schools. The m~ority were at the first-grade level. Most classes 
had two ability groups, but several had either three or four. The 
observers noted that in most of the classrooms with ability groups the 
teachers spent more time with the highest groups than with the 
others. During one particular classroom observation the high-ability 
group received 40 minutes of teacher direction, whereas the low­
ability group received only 5 minutes. 

The content being taught in first grade ranged from counting to 10 
to division. In many of the classrooms the major activity was copying 
computation exercises from the chalkboard and solving them in stu­
dent notebooks. There was little work with concrete materials; al­
though eight classes used materials during the lesson, in three of the 



EVALUATION OF FIRST-GRADE PROGRAM 101 

classes the materials were used by only a few children and in most 
cases they were used for only a short part of the lesson. 

The classroom observations are summarized here to give the 
reader a sense of what happens in traditional classrooms. These 
observations did not form the basis for our characterization of the 
traditional instructional program; the objectives of that program were 
taken to be those published by the Ministry of Public Education. 

3. DESIGN AND SAMPLING PROCEDURES 

The effectiveness of project lessons was assessed using a ran­
domized field experiment (Riecken & Boruch, 1974). Because the 
experimental treatment (the radio instructional program) was ad­
ministered to intact classrooms, the sampling procedures assigned 
classrooms to treatments. 

The population of first-grade classrooms was stratified by depart­
ment and by school location (rural or urban), and equal numbers of 
classes were chosen from each stratum. In each of the three depart­
ments, eight classes were designated as control-four each in urban 
and rural schools; 10 classes were designated as experimental-five 
each in urban and rural schools. The three departments-Masaya, 
Granada, and Carazo-are roughly equal in size; in 1971 the respec­
tive numbers of primary-school students in the departments were 
17,600, 13,500, and 15,400. Approximately 30% of the students in 
each department are in rural schools. 

The strategy was to designate schools randomly as experimental or 
control and then to select classrooms at random within these designa­
tions. This was done to prevent the occurrence of a control and an 
experimental class in the same school with the attendant problems of 
contamination. The initial pool contained all public primary schools 
except those with a 1975 first-grade matriculation of less than 15 
students, those that had previously used the project radio lessons, and 
two schools in Carazo affiliated with a teacher training school. 

The first step in selecting classes was to prepare a list of schools 
with eligible classrooms for each of the six subpopulations formed by 
stratifying by department and location. Then lists of experimental 
and control schools were prepared by random assignment from the 
master list for each subpopulation. Schools were used in the order in 
which they appeared on the prepared list. One school refused to 
participate and was replaced by the next on the list. If a school had 
more than one first-grade section, one section was selected at random 
and assigned to the appropriate treatment. The result was a set of 30 
experimental classrooms and 24 control classrooms. None of the 
teachers of these classes had prior experience with the project lessons 
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and it is unlikely, although not absolutely certain, that any of the 
students did. 

Because the difficulty of randomly assigning units (i.e., subjects, 
classrooms, or other groups) to treatments is often cited as an obstacle 
to using experimental techniques in the field (Boruch, 1975), it seems 
important to discuss our use of this technique. At the outset of our 
work in Nicaragua we alerted all of the education officials with whom 
we worked of our intention to choose experimental and control 
classes at random and very early obtained the permission of the 
Minister of Education to use this procedure. To assure the success of 
the experiment we required that all usage of the experimental lessons 
be with our permission, even in classrooms that were not part of the 
research design. We refused all requests to participate from teachers 
in schools that had been designated as control, even if there were no 
classes from that school in the present control group. Thus, the ease 
with which we were able to impose random assignment can probably 
be attributed to three factors: First, we made our intention known 
from the outset; second, we received official approval and support for 
the policy; and, third, we established clear and consistent procedures, 
implemented from the beginning of our work, for the use of the 
program. 

4. MATHEMATICS ACHIEVEMENT TESTS 

Students in control and experimental classes were administered 
both a pretest and a posttest. The results of these tests were used to 
compare the effectiveness of the radio instructional program with 
that of the mathematics program found in traditional classrooms. 

Pretest 

The pretest was a modified version of the mathematics section of 
the kindergarten-level Test of Basic Experiences (TOBE), published by 
CTB/McGraw-Hill in both English and Spanish. The Spanish version 
of the test was developed for Spanish-speaking students in the United 
States; the modifications made to adapt the test for use in Nicaragua 
are described in Searle et al. (1976). The content of the 28-item test 
includes numeration, fractions, ordinal numbers, geometry, telling 
time, weight, length, size, and other basic concepts. Each item is 
presented orally and the student responds by marking one of four 
pictures displayed in a printed test booklet with one item per page. 

It is not possible to compare performance of Nicaraguan and 
American children on the TOBE test because the test was altered for 
the Nicaraguan administration (and the publisher did not standardize 
the test on a Spanish-speaking population). However, results from an 
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administration of the test in 1975 indicate that several properties of 
the test were similar for the English and Nicaraguan versions. The 
reliabilities were comparable-the KR-20 reliability coefficients were 
.82 and .83 for the Nicaraguan and English versions, respectively. 
The standard error of measurement for the Nicaraguan version was 
1.91, compared with 2.10 for the English version. 

Pasttest 

All project tests, except the TOBE test just described, were de­
veloped by the project, for several reasons. First, there are no stan­
dardized tests in use in Nicaragua and we were unable to find suitable 
versions of achievement tests in Spanish for which data were available 
and which would be appropriate for the Nicaraguan setting. 
Furthermore, it seemed important to have a test designed to assess 
achievement of the objectives of the Nicaraguan curriculum. Such a 
strategy would increase the likelihood of detecting performance dif­
ferences attributable to the teaching method adopted-traditional or 
radio. Finally, it seemed important to adopt a test design that would 
provide information about achievement on each topic in the cur­
riculum in order to investigate not only the overall effectiveness of the 
program, but also its impact on different portions of the curriculum. 
A multiple matrix-sampling design satisfied this requirement 
(Shoemaker, 1973). 

The evolution of the design for the first-grade posttest is described 
in Searle et al. (1976). The test used two types of items, G items that 
were read aloud to an entire class and I items that varied among 
individuals in a classroom. (G is an abbreviation for group, I for 
individual.) The distinction between the item types will be clarified by 
some examples. 

Oral component Written component 

G items 

"What is 2 plus 2?" 
"Circle the number 84." 

I items 

"Find the sum." 

48 84 74 47 

12 
+ 3 or 
2+2= __ or 
21 + 14 = __ 

"Circle the largest number." 2 5 9 or 
21 12 32 or 
79 77 81 
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The matrix-sampling structure of the test, which had four I-item 
forms (1 forms) and four G-item forms (G forms), is shown in 
Figure 1. All I items were tested in every classroom; one-fourth of all 
G items were tested in each classroom. Sixteen different types of test 
papers were assembled-each G form paired with each I form. 
G forms were assigned at random to classrooms, and test papers 
containing the correct G form and one of the I forms were distributed 
at random to students within the classroom. 

The test contained 40 I items and 44 G items. These 84 items were 
used to assess student achievement on approximately 30 instructional 
objectives of the radio curriculum. In addition, they provided infor­
mation about a few topics that were part of the official curriculum but 
were not taught in experimental classrooms. The topics covered by 
the test are discussed in the results section of this chapter. 

Test Administration 

Both the pretest and the posttest were administered by the project 
staff, rather than by the classroom teachers. For greater uniformity of 
administration, the posttest had tape-recorded instructions. All in­
structions for both tests had been checked in pilot tests and modified 
on the basis of classroom trials (in classrooms not otherwise involved 
with the project). Results from earlier administrations of the tests 
showed that students were able to follow the directions for respond­
ing. 

At the beginning of the year, first-grade classrooms were quite 
crowded and the seating arrangements would have made it easy to 
copy. Therefore, test administrators were instructed first to excuse all 
children 6 years of age and under. (These students are not fully 
matriculated; the official school-admission age is 7 years.) Then, chil­
dren were removed at random (by referring to the teacher's class list) 
until the number of students was reduced to the number of seats 
available, leaving an empty space between children who sat on 
benches. At the end of the year, if a room could accommodate all the 
children in the above manner, all were posttested. If not, then the 
names of those who had been pretested were read and those children 
were given priority for taking the posttest; others were chosen at 
random until the room was filled. 

The pretest was administered in the period between February 23 
and March 29, at the beginning of the school year. The posttest was 
administered between October 10 and November 15, at the end of the 
school year. In both cases, the distribution of the testing of experi­
mental and control classes was roughly equal over the entire testing 
period. 
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TEST ITEMS 
I Items G Items 

Class I 

Class 2 

Class 3 

Class 4 

FIGURE 1. Matrix-sampling design of first-grade achievement test. 

5. DATA ANALYSIS 

A combination of analysis strategies was used to understand the 
test data fully. The matrix sampling procedure described above aims 
to achieve inferential validity by randomly assigning units along two 
dimensions-in this case schools and test forms. Thus, urban and 
rural schools were randomly assigned to experimental or control 
conditions and test forms were randomly assigned to classrooms and 
students. Under the assumptions of random assignment, unbiased 
estimates of population test scores can be obtained for the treatment 
and control groups and the scores compared, even though not every 
student answered every test item. 

While the matrix sampling test design was not intended to provide 
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an analysis of individual differences, some assessment of the influence 
of variables such as pretest score and sex on posttest achievement is 
desirable. If, for example, the treatment and control groups did not 
have the same distributions of pretest scores, then the matrix sam­
pling analyses may be subject to dispute. Because characteristics like 
pretest score and sex were not factors in the random assignment of 
individuals for the matrix sampling design, the effects of such charac­
teristics must be taken into account statistically after the data are 
collected. 

Multiple regression was the statistical method used to analyze indi­
vidual differences, with posttest achievement expressed as a linear 
combination of observed factors. At the present time the project's 
data base can be used to identify the following factors. 

1. pretest score 

2. urban or rural 

3. sex 

4. experimental or control 

It would also be desirable to consider additional factors such as age, 
parental income, and number of times previously enrolled in the 
same grade. As more data are received from Nicaragua, these and 
other factors will be considered. 

Finally, posttest item scores were analyzed to determine whether 
the effects of the experimental program varied with content area. It 
was expected that the score differences between experimental and 

TABLE 1 

Number of Students in Different Testing Conditions 
in 1976 First-grade Testing Program 

Experimental Control 
Test period Condition 

N % of total N % of total 

Pretest only 342 49.1 260 46.1 
Pretest Both pretest 

and posttest 354 50.9 304 53.9 

TOTAL 696 100.0 564 100.0 

Posttest only 217 37.8 134 30.4 
Posttest Both pretest 

and posttest 354 62.2 304 69.6 

TOTAL 571 100.0 438 100.0 
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TABLE 2 

Comparison of Pretest Scores for Groups 
in Different Testing Conditions: 1976 Grade 1 

Condition 

All students 
Pretest only 
Both pretest 

and posttest 

Score a 

Experimental 

N Mean SD N 

696 20.92 
342 20.44 

354 21.38 

4.63 564 
5.61 260 

4.18 304 

Control 

Mean SD 

20.28 5.20 
19.99 5.74 

20.53 4.67 

Note. Difference between pretest only and pretest and posttest: 
F = 6.78; df = 1, 1256;p < .01. Difference between experimental and con­
trol groups: F = 4.96; df = 1, 1256; P < .01. 

a Maximum score = 28. 

traditional students would be greater on those topics covered more 
thoroughly by the radio instructional program. 

6. RESULTS 

Sample Sizes for Pretest and Posttest 

The numbers of students taking the pretest and the posttest are 
shown in Table 1. Of those students taking the pretest, only about 
half also took the posttest. Of the children who took the posttest, 
about two-thirds had also taken the pretest. Of those students who did 
not take the pretest, some were present at the beginning of the school 
year but were not pretested because of overcrowded conditions. The 
remainder entered school after the beginning of the year. Unless 
otherwise noted, the analyses reported here use only the students with 
both pretest and posttest scores. 

Pretest Results 

Average pretest scores are presented in Table 2, which compares 
the experimental and control groups. It also compares the pretest­
only groups with the groups that took both the pretest and the 
posttest. (Item scores appear in App. A, Table A.) Approximate 
F -ratio statistics for a two-way analysis of variance were calculated for 
these comparisons by multiplying the variance of the means by the 
harmonic mean number of observations and dividing by a weighted 
average of within-cell variances. These F statistics indicate that stu-
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dents who were not posttested had significantly lower (p < .01) pre­
test scores than students who were present for the posttest, and that 
the experimental group had significantly higher (p < .01) pretest 
scores than the control group. The former difference, while not large, 
is in the direction expected if students with lower ability as measured 
by pretest are more likely to drop out or be absent from school as the 
school year progresses. The difference between the experimental and 
control groups, while statistically significant, is small. 

Matrix-sampling A nalysis of P osttest 

As discussed earlier, the posttest contains two types of items-those 
given to all students in a classroom (G items) and those given to 
subsets of students within a classroom (I items). For purposes of the 
first analysis reported here we consider G and 1 forms as two separate 
tests, each with a matrix-sampling design. Methods described by 
Sirotnik (1974) were used to estimate means and standard errors for 
each test. The mean posttest scores for the experimental and control 
groups are obtained by adding the average scores for each test form, 
while the standard errors are calculated using a weighted average of 
items-by-students interaction variances (i.e., the residual variance 
after main effects of items and students have been removed) across 
the blocks of the matrix-sampling design. 

The estimates in Table 3 show a superiority of the experimental 
group on both tests. For the G test, with 44 items, the means are 33.1 
and 20.7 for experimental and control groups, respectively. For the 
1 test, with 40 items, the respective means are 22.1 and 13.5. 

The assumptions of this analysis are that both items and students 
have been assigned at random to forms. Neither of these conditions is 
exactly met in the present case. In particular, students are assigned to 

TABLE 3 

Matrix-sampling Estimates of 
Posttest Means and Standard Errors 

Test 
forms 

G 
I 

G&I 

Expenmentala Controlb 

Mean SE Mean SE 

33.1 1.0 20.7 1.4 
22.1 1.2 13.5 1.2 
55.2 1.6 34.2 1.8 
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G forms under the obvious restriction of their class membership. 
Thus, the assumption of randomness is relatively weak in the case of 
the G forms, in which all students in the class received the same form. 
Despite the deviations from the assumptions of randomness, the 
matrix-sampling analysis is useful in providing an estimate of the 
average test scores that would be obtained if every student responded 
to all test forms. The precision of an estimated mean can be evaluated 
by considering the estimated mean plus or minus twice its standard 
error. For the estimates of Table 3 the experimental group has scores 
on the order of 11 standard errors higher than the control group for 
the combined G and I forms, indicating a robust favorable effect of 
the experimental treatment on posttest achievement. However, for­
mal tests of statistical significance are reserved for the more detailed 
analyses presented below. 

Regression Analyses of Posttest 

Table 4 gives the distribution of students who took both pretest 
and posttest, classified by test form, urbanlrural classroom, and sex. 
Recall that each student takes a subtest consisting of one G form and 
one I form, and that there are about twice as many urban as rural 
students. The random assignment of schools, classrooms, and test 
forms should give approximately equal numbers of students in the 
"rural" cells and the "urban" cells. The notable exception to this 
desired result is test form G-2 where there are too few rural students 
in the control group. 

Within the matrix-sampling design it is difficult to obtain indi­
vidual posttest scores that permit comparison of all individuals, since 
the distribution of scores for various test forms may vary and no 
individual takes every test form. For the present data the sample sizes 
and number of test forms allow the option of performing separate 
regression analyses for each test form and then comparing regression 
results across test forms to observe consistent effects. 

An alternative approach would be to add dichotomous (i.e., 0 or 1) 
variables to the regression corresponding to the effects of each test 
form. The multiple regression would then use the full data set and 
estimate test-form effects apart from the effects of other factors. 
However, this regression would assume that the distributions of 
scores for the posttest forms differ only in mean and that the effects 
of regression variables are the same for each test form. Because we 
were unwilling to make this assumption, a single regression analysis 
was not undertaken. 

The multiple Rs for each test-form regression indicated a sig­
nificant degree of relationship (p < .001) between posttest achieve­
ment and a linear combination of the identified factors. Multiple Rs 
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TABLE 4 

Distribution of Students with 
Both Pretest and Posttest 

Posttest 
Control Experimental 

form Rural Urban Rural Urban 

G-l 
Male 26 11 17 40 
Female 30 13 17 28 

G-2 
Male 2 45 10 37 
Female 0 43 19 38 

G-3 
Male 21 19 14 44 
Female 14 16 14 25 

G-4 
Male 16 10 19 10 
Female 18 20 12 10 

1-1 
Male 16 20 16 29 
Female 16 28 15 23 

1-2 
Male 17 28 16 34 
Female 21 20 14 24 

1-3 
Male 16 12 11 35 
Female 14 26 18 24 

1-4 
Male 16 25 17 33 
Female 11 18 15 30 

and standard errors of estimation are presented in Table 5. These 
suggest that the separate regressions are comparable, in terms of 
variance accounted for and goodness of fit of the regression plane. 
Regression coefficients and beta weights (i.e., coefficients divided by 
their standard errors of estimation) are given in Tables 6 and 7, and 
beta weights are plotted across test forms in Figure 2. Beta-weight 
values greater than 1.65 may be considered "large" and values greater 
than 2.00 "strong." These results indicate that both treatment and 
pretest scores have strong effects on posttest scores for every test 
form, while the urban/rural variable has a weaker but consistent effect 
and sex has no large or consistent effect. Note that although sig­
nificance tests are reported for each test-form regression, the regres­
sion results are evaluated primarily with regard to the consistency of 
results across regressions. 
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TABLE 5 

Multiple Rs for Regression 
Analysis by Test Form 

Posttest 
form 

G-l 
G-2 
G-3 
G-4 
1-1 
1-2 
1-3 
1-4 

R 

.706 

.610 

.704 

.651 

.656 

.552 

.564 

.714 

TABLE 6 

SE 

2.02 
2.31 
2.24 
2.21 
2.25 
2041 
2.64 
2.32 

Regression Coefficients for G Test Forms 

Form 

G-I 

G-2 

G-3 

Independent 
variables 

Constant 
Pretest 
U rban/rural 
Sex 
Treatment 

Constant 
Pretest 
U rban/rural 
Sex 
Treatment 

Constant 
Pretest 
U rban/rural 
Sex 
Treatment 

Constant 
Pretest 
U rban/rural 
Sex 
Treatment 

* p < .001 

Coefficient 

.993 

.232 
-.036 
-.050 
3.061 

-l.648 
.273 

1.796 
-.353 
3.037 

-1.154 
.283 
.533 

-.375 
3.002 

1.135 
.191 
.658 
.259 

3.192 

Beta 
weIght 

6.51 * 
-.11 
-.16 
9.21 * 

6.84* 
3.65* 

-1.05 
8.51 * 

7.01 * 
lAO 

-l.06 
8.33* 

4.09* 
1.56 
.59 

7.57* 
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TABLE 7 

Regression Coefficients for I Test Forms 

Form 
Independent 

CoefficIent 
Beta 

variable weight 

Constant -3.685 
Pretest .337 8.75*** 

1-1 U rbanlrural .307 .84 
Sex -.351 -.99 
Treatment 1.858 5.23 *** 

Constant -4.265 
Pretest .349 7.82*** 

1-2 U rban/rural .247 .65 
Sex .302 .78 
Treatment 1.078 2.93** 

Constant -2.860 
Pretest .312 6.52*** 

1-3 U rban/rural .524 1.19 
Sex .207 .48 
Treatment 1.726 3.97*** 

Constant -2.885 
Pretest .288 6.58*** 

1-4 U rban/rural .770 2.02* 
Sex -.205 -.56 
Treatment 3.491 

p < .05 

P < .01 
*** P < .001 

To summarize, the following conclusions can be drawn from the 
basic regression analyses: 

1. Students participating in the experimental program score higher on all 
posttest forms than do control students. 

2. Students with higher initial ability (as measured by pretest scores) score 
higher on all posttest forms. 

3. Students in urban classrooms generally score higher on posttest than 
students in rural classrooms. 

4. There are no appreciable differences attributable to sex in posttest 
achievement. 
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FIGURE 2. Regression beta weights plotted across G and I test forms. 

The actual magnitudes of effects can be judged from the values of 
the regression coefficients in Tables 6 and 7. For example, the effect 
of the radio instructional program is to raise posttest scores roughly 
three items for G forms and form 1 -4, almost two items for forms 
I-} and 1-3, and about one item for form 1-2. 

The multiple regressions estimate only linear effects of the factors; 
additional questions concerning possible nonlinear and interactive 
effects were answered by an examination of regression residuals, 
defined as the differences between predicted and observed posttest 
scores. Evidence was sought for nonlinear effects of both pretest 
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TABLE 8 

Mean Regression Residuals for 
Treatment by Urban/Rural Interaction 

Test forms Control Experimental F 

G .283* 
Urban .0949 -.0989 
Rural -.0682 .0520 

I .263* 
Urban -.1000 .1040 
Rural .0719 -.0549 

G&I 
Urban -.0027 .0027 
Rural .0019 -.0015 

* P > .05 

df 

1,654 

1,654 

scores and interactions of treatment with pretest and urban/ruraL 
Treatment-by-urban/rural interaction. Table 8 presents an 

analysis of treatment-by-urban/rural interactions for G and I test 
forms. If there is no interaction, then the expected values of the mean 
residuals are zero and the variance of the mean residuals should be 
predicted by the within-cell variances. An approximateF -ratio statistic 
can be obtained for each table of residuals by calculating the variance 
of the means, multiplying by the harmonic mean number of residuals 
in each cell, and dividing by a weighted average of within-cell var­
iances. This F statistic can be used to judge the magnitude of any 
interactive effect; for the numbers of observations and interaction 
degrees of freedom in Table 8, values of F greater than 3.84 should 
be considered significantly large (p < .05). 

Table 8 shows that the interactions for G and I forms are in oppo­
site directions and neither F statistic is large. These results indicate 
that the experimental program affects posttest achievement equally 
for both urban and rural students. 

Differences within the experimental group. Within the experi­
mental group, classrooms differed with respect to the degree of 
participation in the experimental program. Some classrooms were 
judged by project staff to have used the radio broadcasts less fre­
quently than others. Furthermore, some classrooms were used in the 
weekly testing program. Taking these factors into account, three 
groups were identified as follows: 

1. Low use-irregular use of radio broadcasts and supplementary project 
materials (11 classrooms); 
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2. Regular use-use of radio broadcasts as intended by the project 
( 11 classrooms); 

3. Weekly testing-regular use with supplementary testing (8 classrooms). 

Since the effect of the experimental program was to raise posttest 
scores, it would be expected that regular use would raise scores more 
than irregular use. Also, test-taking experience would be expected to 
improve posttest scores, so that the weekly testing group would be 
expected to do better than the regular use group. 

Table 9 presents mean residuals and approximate F -ratio statistics 
for G and I test forms. For I test forms the mean residuals indicate 
effects in the expected direction, with the weekly-testing group doing 
better than predicted by the regression and the low-use group doing 
worse than predicted, with the regular-use group in between. The 
F statistic for the I test forms is significant (p < .05). For G test forms 
the weekly-testing group does better than predicted, while both the 
low-use and the regular-use groups perform about as predicted. The 
magnitude of the F statistic is not significant here. Note that the 
magnitudes of the mean residuals range from .028 to .446 compared 
with a main effect of treatment on the order of from 1.0 to 3.0 items, 
so that conclusions about the impact of the experimental program are 
not substantially modified by consideration of variations within the 
experimental group. 

TABLE 9 

Mean Regression Residuals for 
Treatment Subgroups 

Test forms 
Mean 

N F df residual 

G 
Low use .089 120 
Regular use .093 132 l.04 2,351 
Weekly testing -.224 102 

I 
Low use .446 120 
Regular use -.149 132 3.48* 2,351 
Weekly testing -.332 102 

G&I 
Low use .267 240 
Regular use -.028 264 
Weekly testing -.278 204 

.. P < .05 
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Item Analysis of Posttest 

We turn now to an examination of performance on the topics that 
comprise the first-grade curriculum. Posttest item scores for experi­
mental and control students are presented in Table B of Appendix A. 
The results are summarized in Table 10. The mean item score for the 
experimental group (65.6%) is approximately 25 percentage points 
higher than the mean score for the control group. These results are 
for all children who were posttested. 

The comparison of scores by topic for experimental and control 
students, presented in Table 11, indicates that the experimental stu­
dents score consistently higher on all topics except geometry. The 
results for three topics require special mention. These three-basic 
concepts, geometry, and multiplication-were not taught by the radio 
lessons. The "basic concepts" topic includes comparisons of size 
(which is taller, shorter, wider, narrower), weight (which is heavier, 
lighter), and so on. The pretest results indicated that entering first­
grade students knew these concepts quite well and therefore further 
practice was not included in the instructional program. Multiplication 
was not taught because the project staff thought the topic too difficult 
for first-grade students. The small amount of geometry required for 
first grade was difficult to teach by radio and was left to the teachers. 

The radio lessons seem to be especially successful with oral 
topics-oral addition, oral subtraction, and oral word problems. For 
these three topics the difference between experimental and control 
groups is greater than 30 percentage points. This result is not surpris­
ing, since the radio instructional program gives heavy emphasis to 
oral presentations, but we feel it is of particular importance in a 
setting, such as rural Nicaragua, where most transactions are oral. 

TABLE 10 

Descriptive Statistics for 1976 First-grade Posttest 

Descriptor Experimental Control 

Number of classes 30 23 
Number of students 571 438 
Number of test Items 84 84 
Mean item score 

(% correct) 65.6 40.6 
Standard devIation 19.9 18.9 
95% confidence 

mterval about 
mean 61.3-70.0 36.5-44.7 



EVALUATION OF FIRST-GRADE PROGRAM 117 

TABLE 11 

Comparison of 1976 First-grade Posttest Scores of 
Experimental and Control Students by Topic 

Number of 
Mean percentage correct 

TOpIC 
Items 

Experimental Control Difference 

Numeration 22 63.2 46.5 16.7 
Fractions 4 78.5 32.5 46.0 
Oral addition 6 73.4 35.8 37.6 
Vertical 

addition 9 61.4 42.8 18.6 
HOrIzontal 

addition 6 62.1 32.5 29.6 
Oral subtraction 4 67.4 28.8 38.6 
Vertical 

subtraction 9 47.0 22.6 24.4 
Horizontal 

subtraction 3 48.8 22.5 26.3 
Money 7 71.6 51.2 20.4 
Time 1 68.1 14.7 53.4 
Length 1 85.4 56.4 29.0 
Oral problems 6 83.7 52.7 31.0 
Basic concepts 3 86.6 64.6 22.0 
Geometry 1 66.5 79.1 -12.6 
Multiplication 2 29.6 27.8 1.8 

7. CONCLUSION 

We summarize here some of the more salient aspects of this study. 
First, the experimental program was implemented without support 
from project staff in Nicaragua beyond the preparation and distribu­
tion of materials. Teachers were unsupervised, although they prob­
ably felt an obligation to use the radio lessons because they had been 
directed to do so by their School Inspectors. Second, the mean post­
test item score for the experimental group was approximately 25 
percentage points higher than the mean item score for the control 
group. This difference was highly significant (P < .001) both before 
and after adjusting the means of the two groups for effects of pretest 
and urban/rural classrooms. Third, regressions of posttest scores on 
several independent variables indicated highly significant effects of 
the treatment variable and pretest score, a significant effect of urbani 
rural classrooms, but no significant effect of the sex of the student. 

Thus, it seems reasonable to conclude that the Radio Mathematics 
Program provides effective instruction in the experimental schools in 
Nicaragua. 
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APPENDIX A 

PRETEST AND POSTTEST SCORES FOR 

EXPERIMENTAL AND CONTROL STUDENTS 

TABLE A 

Performance of Experimental and Control Students 
on TOBE, 1976 Administration 

Item 
Percentage correct 

number 
Item text 

Experimental Control 

1 "Mark the bottle that IS empty" 84.3 72.3 
2 "Mark the square that has the most bottles" 92.7 86.9 
3 "Mark the figure that is pomted" 94.4 91.3 
4 "Mark the straight lme" 86.4 78.9 
5 "Mark the square that has less than 59.3 54.3 

three figures" 
6 "Mark the square that has only round 

thmgs 74.9 70.7 
7 "Mark the figure that has two equal 

parts" 480 45.7 
8 "Mark the cake that has four candles" 93.3 86.7 
9 "Mark the square that has a pair of 

shoes" 81.2 79.4 
10 "Mark the clock that has both hands up" 57.8 55.3 
II "Mark the figure that has corners" 66.4 66.5 
12 "Mark the square that has SIX things" 89.4 87.4 
13 "Mark the one that can carry the most" 79.6 78.9 
14 "Mark the square with the most small 

balls" 83.6 83.7 
15 "Mark the clock WIth the large hand" 92.5 87.2 
16 "Mark the square with the coins that are 47.3 51.8 

equal" 
17 "Mark the number three" 91.4 87.2 
18 "Mark the ruler" 78.9 78.0 
19 "Mark the fruit that is whole" 87.6 86.5 
20 "Mark the square where all the frUIt IS 

the same size" 71.7 76.4 
21 "Mark the square that has six baseballs" 71.7 72.9 
22 "Mark the boy that weIghs the most" 96.6 94.3 
23 "Mark the square that has three balls on 

each Side of the lme" 57.8 59.6 
24 "Mark the second rooster" 48.9 42.9 
25 "Mark the longest rope" 43.4 46.8 
26 "Mark the bIggest com" 92.2 89.2 
27 "Mark the bottle that has the most 

beans" 88.1 85.8 
28 "Mark the fruIt that IS cut m half' 32.8 31.6 
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TABLE B 

Performance of Experimental and Control Students on 
1976 First-grade Achievement Test 

Percentage correct 
Item a Descnption of exercise 

Experimental Control 

I-A 95.6 72.5 CIrcle the figure that has the most 
buttons (8, 12, 10) 

I-B 84.1 67.9 Write the number 42 
l-C 79.6 31.7 Oral subtraction 5-1 
I-D 89.0 79.8 Circle the widest bench (2 choices) 

2-A 83.0 54.1 What number comes after 13 
2-B 86.5 27.6 Circle the fraction one-half 

(1/4, 2/3, 1/2, 1/3) 
2-C 75.2 4l.6 Circle the figure that has fewest 

buttons (10, 12, 8) 
2-D 97.6 340 Oral word problem 5 + 5 

3-A 98.4 78.9 Circle the 50-cent coin 
3-B 81.2 73.1 Circle the thIrd boy (in a line) 
3-C 92.0 64.4 Circle the number eighty-two 

(28, 82, 72, 7) 
3-D 86.6 394 Circle the figure divided into halves 

4-A 88.5 69.7 Oral word problem 8 - 2 
4-B 74.7 29.9 Oral addition 2 + 5 
4-C 90.5 62.4 Count the men without hats 

(3 with, 5 without) 
4-D 78.1 37.2 Oral addition 7 +4 

5-A 68.7 32.1 Circle the figure diVIded into fourths 
5-B 97.1 85.8 Circle the 5-cordoba bill (3 choices) 
5-C 78.1 38.6 Oral word problem 3 +6 
5-D 52.4 30.9 Circle the smallest number (41, 38, 36) 

6-A 91.8 66.1 Oral word problem 6-4 
6-B 52.4 38.8 Write the number that comes before 14 
6-C 95.6 70.3 Circle the 50-cordoba bill 
6-D 79.3 41.5 Oral addinon 30+4 

7-A 69.8 48.6 Write the number that comes after 85 
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(TABLE B, cant) 

Percentage correct 
Item a Description of exerCIse 

ExperImental Control 

7-B 61.8 33.6 5+7 
7-C 70.1 34.7 Oral addItion 23 + 1 
7-D 42.7 34.0 WrIte the number that comes after 59 

8-A 725 53.2 CIrcle the smallest (43, 47, 51) 
8-B 70.0 28.4 Oral addluon 2 + 1 + 3 
8-C 72.3 30.7 CIrcle the figure divided mto thirds 
8-D 48.8 21.3 WrIte the number that comes before 40 

9-A 68.1 43.1 Oral addition 8+7 
9-B 70.0 28.4 Oral subtraction 9-4 
9-C 72.3 267 Write the number that comes before 36 
9-D 48.8 62.8 Circle the word "four" (3 choices) 

IO-A 68.1 14.7 What time does the clock say? (8) 
100B 66.5 79.1 Circle the trIangle (3 choices) 
10-C 58.4 30.7 Write the word "eight" 
100D 85.4 56.4 Measurmg-pencil and cm ruler (8 em) 

ll-A 61.0 32.1 Oral subtracuon 54-1 
ll-B 58.2 38.8 Oral word problem 3 X 3 
ll-C 59.1 23.8 Oral subtraction 45-5 
Il-D 87.8 69.2 Oral word problem 10-6 

12-1 53.7 47.3 Count the balls (32) 
12-Il 614 51.4 Count the balls (24) 
12-1 II 736 594 Count the balls (15) 
12-IV 91.3 72.5 Count the balls (7) 

13-1 36.S 13.4 How much money is shown? 
(50 cents, 10 cents, 5 cents) 

I3-II 462 45.1 How much money IS shown? (25 cents) 
13-111 62 1 29.3 How much money IS shown? 

($5. $1, $1, $1) 
13-IV 64.7 358 How much money IS shown? ($5) 
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(TABLE B, cont.) 

Percentage correct 
Item a Description of exerCIse 

Expenmental Control 

14-1 13.2 18.8 FIll In the mISSIng number 
(4,6, _, 10) 

14-II 17.2 10.8 Fill In the mIssing number 
(5, 10, _, 20) 

14-1 II 59.3 46.2 Fill In the missIng number 
(50, 60, _, 80) 

14-IV 72.0 46.8 Fill In the mIssing number 
(83, 84, _, 86) 

15-1 54.4 65.2 3 
+2 

15-11 68.3 36.0 3+9 

15-111 52.1 58.5 3 
+4 

I5-IV 66.7 33.9 8+0 

16-1 54.4 26.8 8 
-6 

16-11 68.3 43.2 9 
-0 

16-111 52.1 36.8 7-3 

16-IV 66.7 12.8 4-4 

17-1 75.0 59.8 5 
2 

+2 

17-II 42.8 288 64+1 

17-II1 72.1 54.7 6 
+5 

17-IV 72.0 32.1 1+4+3 



EVALUATION OF FIRST-GRADE PROGRAM 123 

(TABLE B, cont.) 

Percentage correct 
Item a DescriptIOn of exerCIse 

Expenmental Control 

18-1 61.8 16 1 25 
+3 

*18-II 27.6 18.0 14-7 

*18-III 7.1 16.0 13 
-9 

18-IV 60.7 30.3 90+5 

19-1 62.5 38.4 16 
+32 

19-11 40.0 20.7 96 
-72 

19-III 47 1 28.3 35 
-13 

19-IV 653 34.9 41 
+36 

*20-1 30 1 26.8 5 

~ 

*20-II 29.0 28.8 4x2 

20-1 II 47.9 12.3 53 
-2 

20-IV 55.3 101 68 
-5 

21-1 500 30.4 56 
-36 

21-II 47.6 34.2 32 
15 

+50 
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(TABLE B, cont.) 

Percentage correct 
Item a Description of exercise 

Experimental Control 

21-111 62.1 23.6 35 
+40 

21-IV 53.3 15.6 67 
-20 

a Starred items were not taught by RMP curnculum. Items labeled A-D are G items, those labeled 
I-IV are I items. 




