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FOR WORD
 

Developing countries around the world face common 
critical educptional problems: .shortages of schools, 
trained teachers, and administrators', as well as 
irrelevant or nonexistent textbooks and instructional 
materials. Significant percentages of the school-age 
population either do not enter school or having entered, 
drop out before obtaining basic reading, language, and 
computational skills. The severity of these conditions 
obviously varies froi country to country, but in all 
instances the educational opportunity of those children in
 
the remote countryside is less than those in the major 
urban areas.
 

The Foreign Assistance Act oi the United States, as 
amended in 1973, directed the Agency for International 
Development (AID) to focus its program on the "poor
majority" in the least developed countries. Although a 
significant portion of the world's poor surround major 
urban centers, the majority live in more remote areas in 
which essential social services often do not reach.
 
Consequently, in conjunction with developing countries, 
AID has been exploring the potential uses of educational
 
technology to provide for those people more and better 
educat!.onal opportunities.
 

Because of its inherent low cost and already
 
pervasive presence in the developing world, radio appears
 
promising as a medium of tnstruction. Radio programs can
 
be heard in the most remote regions of developing
 
countries. However, relatively little is known about its
 
instructional effectiveness when compared with research on
 
other means of instruction.
 

The work of Stanford University and the Nicaraguan
 
Hinistry of Public Education reported in this volume 
constitutes one of AID's largest and most important 
educational research efforts. This project is designed to 
answer some key questions about the most efficient and 
effective methods for developing and improving 
instructional radio programs based upon learner 
performance. The content of this project is restricted to 
mathematics. The results, however, will be explored in 
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further projects for applicability to other subject matter 
areas in the formal school setting and for out-of-school 
learning as vell. 

The major intent of this report is to share 
information early In the life of the project with those 
interested in educational development. Comments, 
suggestions, and criticisms are invited and velcome. The 
more that information can be shared now, the more likely 
it will be that the results of this project will make a 
solid contribution to the further development of radio as 
a means of delivering instruction. 

David H. Sprague 
Education Technology Officer
 
Bureau for Technical Assistance
 
Agency for International Development 
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CHAPTER I. 

HISTORY AND DESCRIPTION OF-THE.PROJECT 

,.Over.:the past two decades, the field of instructional
 

technology has grown -to include sophisticated uses of
 

programmed learning, color television, and computers, and
 

yet the instructional use of radio, an economical and
 

easily available medium, remains relatively unexplored.
 

Radio has been used for instruction since the early 1920s
 

and has found increasing use in developing countries.
 

Nevertheless, a recent survey of experimental and
 

empirical studies of the effectiveness of teaching by
 

radio (Jamison, Suppes, & Wells, 1974) found few studies
 

in which radio carried the major burden of instruction ane
 

none that examined the relation of curriculum structure r)
 

student achievement.
 
This volume reports on the first experimental year of
 

a research project designed to investigate, in a detailed
 
to teach mathematics
and,,systematic way, the use of radio 


in'the primary-school classrooms of a developing country.
 

Extensive collection of student response data, along with
 

an explicit model for curriculum development, makes
 

possible the type of study previously absent from the
 

research literature. 
In July 1973 the United States Agency for 

International Development (AID) contracted with the
 

Institute for Mathematical Studies in the Social Sciences
 

(IMSSS) at Stanford University to carry out a two-stage
 

project. During the first stage, which occupied the first
 

funding year, members of the Institute staff visited
 

several developing countries, whose governments had
 

expressed an interest in teaching by radio, and selected
 

from among them a suitable project site. The second stage
 

of the project, undertaken in conjunction with the
 

1tinistry of Education of Nicaragua, is devoted to the
 

evaluation of the radio instructional
development and 
system. At present, the Radio Mathematics P 

operates with financial support from both AID and the 

Government of Nicaragua. 
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Nicaragua was selected as the project site from among 
twelve prospective countries: four in Asia, two in 
Africa, and six in Latin America. In making the choice, 
we eliminated from consideration those countries in which' 
primary-grade students are not taught in their 'native 
language and those countries that are already using radio 
for in-school instracrion. We gave favorable 
consideration to countries that agreed to support the 
Project with local facilities and personnel. The site 
visits and country uelection process are described, in 
Searle (1974). 

The research aims of the Project can be broadly 
characterized in terms of educational achievement, the 
economics of radio as an instructional medium, and the 
generalizability of the results to other settings. 
Although we present here some results related to economics 
and generalizability, the bulk of our work to date 
concerns methods of organizing curriculum and structuring 
lessons to exploit the unique characteristics of'radio as 
an instructional medium. Because the radio lessons carry 
the major burden of instruction in the classroom, 
attention to the details of curriculum design is crucial 
to the program's success.
 

Research Context of the Study
 

.ir strong concern with instructional effectiveness 
is probably the chief difference between our Stanfordproject and most of the projects elsewhere that have used 
radio in the classroom. The intent-of-many'radio programs 
about mathematics has been to illustrate,the applicability 
of mathematics to everyday life or to present enjoyable 
stories with mathematical content that the writers hope 
will stimulate the students' interest. 

The closest parallel to our efforts is the TV program 
Sesame Street (Lesser, 1974), which has adopted specific 
instructional goals that are incorporated into lively and 
entertaining hour-long programs. However, Sesame Street 
differs from our programs in three important ways. First, 
of course, is the availability of the visual component 
provided by TV. Second, since Sesame Street is not 

2
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typically shown in schools, it.must capture its audience
 
&nd therefore must employ sophisticated techniques for
 
attracting the attention of media-saturated children. The
 
children we work with have no choice about listening to 
our program but, on the other hand, have probably rarely 
heard a radio program written for children. Thus, 
although we want programs to be enjoyable for the 
children, we do not have 
the same requirements for
 
attention-getting. The third, and perhaps most important,
 
difference between Sesame Street and our project is our
 
goal of providing sequential instruction. Sesame Street
 
programs are written so that a child can understand each 
segment without having seen previous segments. In
 
contrast, we are designing an instructional program in 
which earlier lessons are prerequisites for later ones.
 

Systematic instruction by radio is found most often 
outside the United States. McAnany (1973), in a survey of 
worldwide uses of radio in national development, lists 
twenty countries that use radio for formal instruction. 
There are undoubtedly more countries than have been 
reported in the literature (e.g., a school broadcasting 
program we visited in Swaziland is not on the list). 
McAnany notes that the most common technique is to select 
a few school subjects for radio instruction, as in 
Thailand (Schramm, 1967), where music, social studies, and 
English were taught, or as in the Sudan (Phillips, 1964), 
where radio was used to teach Arabic, tribal history, and 
social manners. Mathematics is rarely included in this
 
list. As McAnany points out, there has been relatively 
little work in curriculum development.
 

There is a continuum of egperience in
 
instructional radio from the relatively
 
unsophisticated programming of the Tarahumara 
project where the content for the broadcasts was
 
simply read out of a common textbook (Schmelkes,
 
1973) to Brazilian programs using carefully
 
developed curriculum, daily practice, and
 
carefully evaluated feedback (NASA, 1972). Most
 
instructional radio projects, however, have
 
fallen at the relatively unsophisticated end of
 
the continuum. (P. 8)
 

3 
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Chu and Schramm(1967), .in a reviewJ.of' the 
effectiveness of instructional television, numbered the 

principal, conclusions of their survey., Three,, that 'are 
relevant to instructional radio are.
 

53.t 	Given favorable conditions, pupils/ can 
learn from any instructional media that 
are now available. 

58. 	 The use of visual images will improve 
learuing of manual tasks, as well as 
other learning where visual images can 
facilitate the association process. 
Otherwise, visual images may cause 
distraction and interfere with learning. 

60. Student response is effectively 
controlled by programmed methods,
 
regardless of the instructional medium.
 

Chu and Schramm's study has recently been updated 
and, in an introductory essay, M. C. Stanford (1975) 
contributes four more generalizations about instructional 
radio (IR).
 

IR 1. 	Given favorable conditions, pupils can
 
learn, effectively from instructional
 
radio. 

IR 2. Instructional radio is ;probably more 
effective than other nonaural media for
 
instruction of certain topics,
 
particularly music and foreign
 
languages.
 

IR 3. There is no apparent difference . in
 
instructional radio as an aural medium 
.as compared to print media in effecting. 
attitude change. 

IR 4. In developing nations, the most 
frequent apparent successful use of 
instructional radio is in conjunction 
with' 	other media or interpersonal
 
communication campaigns. 

With regard to IR 1, Stanford remarks, that "unfortunately 

little 	 can be said about precisely what the 'favorable 

4 
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conditions' ,are." About the studies he cites he says, 
"All, of these :studies were conducted more than fifteen 
years ago and are disparate in rigor, program topics, and 
the. level of communication environment which existed at, 
the, time and place of the studies. Nevertheless, the 
consistency of the results favors the conclusion" (p. iv).
 
Jamison et al. (1974), in their review, reach a similar
 
conclusion and suggest that "due to the limited number and
 
scope of good evaluations now available, and to the 
potential economic significance of instructional radio for
 
developing countries, much more research--both survey and 
experimental-is highly desirable" (p. 34). It is to this
 
end that the present study is being conducted.
 

Work of IMSSS
 

Since, its inception in 1959, the Institute for 
Mathematical Studies in the Social Sciences has been 
active in the field of mathematics education at the 
primary-school level. Early programs explored the 
teaching of geometry and logic to older elementary-school 
students (Hawley & Suppes, 1959; Suppes & Hill, 1962). In
 
1959, the Sets and Numbers project was initiated and
 
resulted in the, publication of a text series for
 
elementary-school mathematics which, in revised form,
 
remains in use. Another program investigated the
 
possibilities of broadening and enriching mathematics
 
instruction for gifted students (Suppes & Hansen, 1965;
 
Suppes & Ihrke, 1967).
 

In 1963, the Institute turned its attention to the
 
use of computers in education (Suppes, 1972). The first
 
operational.instructional program (in mathematical logic),
 
was used in schools starting in 1964. Drill-and-practice
 
arithmetic lessons were initiated in 1964, and the first
 
relatively large-scale operation at a remote location
 
began in 1965. During the 1966-67 school year the program
 
reached 1,500 California students. In subsequent years
 
enrollment continued to expand, reaching 4,353 students in
 
California, Iowa, Kentucky, and Mississippi by May 1968. 
A complete -revision of the mathematics curriculum for 
Grades I through 6 was accomplished during the 1969-70 
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school year, using a strand structure for organizing the
 

curriculum. The strands drill-and-practice arithmetic 
program is described in Suppes, Searle, and Lorton (1976).
 

In the summer of 1964, IMSSS was granted a contract 
by the United States Office of Education to establish a 
computer-based instructional laboratory at a public 
elementary school for the purpose of investigating
 
computer-assisted instruction over an extended perioi. of 
time. 

The Brentwood Laboratory, funded by this grant, was
 
used to teach mathematics and reading to elementary-school
 

children and to collect data on their learning behavior.
 
lathematics. curriculum materials for the first and second 
grades were developed, providing individualized
 
instruction in a rich environment that included a computer
 
tprminal (equipped with audio and a cathode-ray tube) and
 
facilities for individual slide presentations. A full 
description of this work appears in Suppes and Morningstar
 
(1972). 

The use of computer-assisted instructional programs
 
has allowed the collection of a large body of performance 
data on mathematics learning (Suppes, 1974; Suppes, 
Jerman, & Brian, 1968; Suppes & Morningstar, 1972; Suppes 

et al., 1976). The analysis of these data, as well as the 
experience gained in the construction and presentation of 
mathematics lessons. in several modalities, has provided a 
firm foundation for the research in mathematics 
instruction by radio that we revort here.
 

Description of the Project 

'The Radio, Mathematics Project assumes responsibility 
for all of, the mathematics instruction received by 

,children:,in the experimental classrooms. No other 
mathematics curriculum is-presented. 

During 1975, a daily, Project lesson was presented by 
'tape recorder in first-grade classrooms. The recorded 
portion of the lesson, approximately 25 minutes in' length, 
was followed by. approximately 20 minutes -of 
teacher-directed activities, for which instructions were 
provided in a. Project-.developed, teacher's guide. :-No 
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textbooks were Atsed and printed material was limited to a 
one-page worksheet for each , child each day. All 
instruction, including the radio lesson, was given in
 
Spanish. (The recorded portion of the lesson, although
 
presented by tape recorder, is referred to throughout this
 
book as the radio lesson.)
 

During the radio lesson, children were asked to
 
respond orally, physically, and in writing. Oral
 
responses included singing and giving answers to
 
arithmetic exercises and other questions asked by radio 
characters. Physical responses included moves in simple 
games, work with concrete materials, and finger counting 
in arithmetic exercises. Written responses were almost
 
all on the worksheet. They included drawing as well as
 
writing the answer to printed and oral exercises. The
 
response rate was kept high--approximately 40 to 60
 
responses during a radio lesson--to engage the interest of
 
the-children and to facilitate their learning.
 

The Project provided direction to teachers by means 
of a guide that accompanied each lesson. The teacher 
played a limited role during the broadcast portion of the 
lesson, mostly helping slower children with written work. 
After the broadcast she presented the remainder of the 
Project lesson. Teacher-training sessions, before and
 
during, the school year, helped orient teachers to their
 
newinstructional role.
 

Overview of the Book
 

Project activities directed toward the production of
 
radio 'lessons began in the spring of 1974 with an,
 
experiment conducted in California. Five lessons' (in
 
English) were produced and tested in several kindergarten
 
and first-grade classes near Stanford University. That 
work, described in Chapter 2, laid the groundwork for all
 
further lesson development. 

A second series of pilot lessons, prepared and given 
in Nicaragua during the fall of 1974, provided a further 
test of the basic lesson design adopted by the Project. 
Preparation of these lessons also provided training and 
experience for the staff. This work is discussed in 
Chapter 3.
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A'third major. activity of 1974 was the-preparation 
and administration of an achievement test for first-grade 
students at the end of the school year. Chapter 4
 
describes the test and what we learned about the
 
capabilities of Nicaraguan children.
 

The remainder of the book describes the work 
conducted during 1975. Chapter 5 discusses the structure 
of the curriculum. Chapter 6 examines the instructional
 
methods and principles that guided the work of the
 
Project. Building on these presentations, Chapter 7
 
describes the design of radio lessons. The practical 
aspects of the implementation of the Project in the 
Nicaraguan setting are the subject of Chapter 8. Finally,
 
the results of the first experimental year are:presented
 
in Chapter 9.
 

We chose to present the work of the first 
experimental year, rather than wait foe publication of 
final reoults, because we fit that a report of our early 
work will prove of interest to the research community 
concerned with the use of technology for instruction. We 
also believe that a record of the evolutionary changes the 
project undergoes over the years will provide a useful 
research record. For that reason we plan to follow this 
volume with another at the completion of each experimental 
year. This seems to us a fruitful way to show the 
development of methods and procedures, as well as results. 

8. 
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CALIFORNIA PILOT RADIO LESSONS 

During the period before the Project began operations 
.overseas, we conducted a field trial of radio mathematics 
lessons in a California elementary school. Our
 
preliminary conception of a suitable lesson structure was
 
untested, and we felt that we could learn much from a 
trial in an American setting. The projected lesson design 
called for the. presentation of several topics during each 
lesson, a high rate of response from the students, and the
 

use 	 of a printed page both as an answer sheet and as a 
source of visual displays.
 

The major questions addressed by the study were:
 

1. 	Can children keep pace with frequent changes of
 
topics?
 

2. 	Will children respond appropriately aloud? On
 
the 	worksheet? 

3. 	Are children attentive to the instructional
 
portions of the radio lesson? To the
 
entertainment portions of the lesson?
 

4. 	What should the classroom teacher do during the
 
lesson?
 

5. 	What can we learn about. response times and the
 
relative difficulties of exercise types,
 
stimulus formats, and response modes?
 

6. 	What problems will we encounter?
 

The 	 field trial used five lessons presented by tape 
recorder to two kindergarten and two first-grade classes
 
in 	 a middle-income school near Stanford University.
 
Lesson production and administration were handled by
 
several research aides who were trained by a Project staff
 
member.
 

The lessons provided the first trial of the segmented
 
lesson structure that we have subsequently adopted. Each
 

The 	 authors thank Jane Sachar' and Barbara Parness for 

their work on this chapter.
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orInstructional on 
mathematics topics embedded in stories. Several stories 
used characters familiar to the children; others used 

student, 

lesson contained material five six 

characters we invented. During the lesson each 
following recorded directions, responded orally or on a 

worksheet. In each classroom, two research aides 

administered a lesson, one proctoring, the other 
based on
observing. The results presented here are 


classroom observations and student response data.
 

Lesson Structure and Content
 

The basic instructional unit in a lesson is the 

segment, a set of exercises (usually five) on *a single 
topic. Five or six segments were used to construct each 

lesson. The segments dealt with seven different types of 

mathematical exercises: dictation, counting pictures,
 

counting sounds, successors, memory, greater and less 
than, and story problems. Segment descriptions are shown
 

in Table 2-1.
 
The dictation exercises asked the student to write 

one or more numbers read aloud. Counting-pictures
 
elements an
exercises asked students to count the in 


entire set or In a specified subset. As an example of the
 

latter case, several houses were displayed, some of which
 

had chimneys. Students were asked to count the houses 
with chimneys.. The stimulus for successor exercises was 

oral ("What comes next? 1, 2, 3, 4, ... ") or printed 

(1 2 3 4 ). Later exercises shortened the printed 
stimulus to 4 _. Memory exercises were presented in 

the context of a story. A number was mentioned and after 
intervening dialogue the students were asked to write the 

number. The greater-or-less-than exercises asked the
 

students to choose the largest of a set of numbers given 
orally or in writing. The order of presentation of
 

segments in the lessons is shown in Table 2-2. For
 

every exercise set, the students were given the answer to 

the first one or two exercises, usually by having the 
proctor write the answer on the chalkboard.
 

Student worksheets accompanied each lesson. Although
 

there were variations from day to day, the worksheets 
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Table 2-1 

Content of Lesson Segments
 

"Description
Segment Number of; 

identifier Task Limits exerjcses 

Dictation
 

Dl One number I tos 5 
D2 One number 5 to 9 5 
D3 One number two digits 5 
04 Three numbers 1 to 9 5 

Counting pictures
 

CPI Count set set < 5 5 
CP2 Count subset set < 7, 

subset < 5 S 
CP3 Count subset set < 14,
 

subset < 10 5
 

Counting sounds
 

CSI umnic set of sounds 2 to 4 8 
CS2 Count animal sounds I to 4 5 
CS3 Count animal sounds 1 to 4 5 
CS4 Count claps I to 4 5 
CS5 Count doR barks 2 to 5 

Successors
 

SI Next in oral sequence 3 to 7 5 
S2 Next in oral sequence 4 to 8. 5 
S3 Next in vritten sequence 4 to 8 5 
84 Next written number 4 to 8 5 
S5 "What comes after X" 4 to 8 5
56 "What comes after X" 8 to 15 5. 

Hemory 

Hi One number to's 5 
H2 One number I to s , 5 
H3 Two numbers 2 to 8 5 
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(Table 2-1. cont.)
 

Description
 
of
sexmest .maber 


Task Limits eercisesidentifier 

Creator and loe than 

CLI Two numbers I to 9 S 
51CL2 Two embers I to 9 

CL3 Three numbers I to 9 5 

Story problems
 

"I Subtraction Minuend 4 S S 

512 ultiplication Product - 12 1 
1--8P3 Division Dividend -15 

Table 2-2 

Order of Segments in each Lesson 

Lesson Segments 

i D SI $2 "I CPI 

2 M2 D2 CSi SF1 S3 

3 D3 CP2 CLI C52 CS3 S 

4 D4 CS4 55 CU? M) SP2 

5 CP3 S6 CBS CL3 SP3 
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adhered to a basic format, illustrated in Figure 2-1 and 
Figure 2-2. Figure 2-L shows the front of the 
workaheet, which has one column for each segment requiring 
written responses. Each column contains five answer 
blanks, labeled vertically A through E. A picture of a 
familiar object was drawn at the top of each column and 
the recorded voice referred to the picture when explaining 
to the children where to write their answers. Exercises 
that incorporated visual stimuli were printed on the back 
of the worksheet. A counting-pictures exercise is 
illustrated in Figure 2-2. 

We were interested in finding out whether students 
could follow complex instructions, so in some lessons we 
asked them to respond to one set of exercises on the front
 
of the worksheet, to another set on the back, and then to 
a later set again on the front. In each case the 
recording instructed them when to turn over the worksheet. 

The time allowed for responding varied from one
 
second, for some oral responses, to fifteen seconds, for 
some counting exercises. In general, we allotted six 
seconds for writing a single-digit number and eight
 
seconds for writing a two-digit number. For counting 
exercises students were given 6 + n seconds to respond, 
where n is the number of objects to be counted. 

The mathematical content of the lessons was at a 
beginning first-grade level. Thus, because lessons were 
given near the erd of the school year, the material was 
easy for average first-grade students and difficult for 
average kindergarten students. We expected the lessons to
 
be difficult for the kindergarten children; we used the 
kindergartners as experimental subjects because we thought 
American first-grade children might be more sophisticated 
than their Nicaraguan counterparts, and their performance
would not give us a realistic view of the difficulties we 
might encounter. The kindergarten children did, indeed, 
experience difficulty with the mechanics of handling the 
worksheet. The students In one class were quite 
frustrated, and at the request of the teacher we dropped 
the class after three lessons. We were unable to analyze
 
the worksheet data for kindergarten classes and therefore 
present only observational data for these classes. 
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Lesson Administration
 

w classes
Tvo kindergarten and two first-grade 

were administeredparticipated in the study. The lessons 

in Hay 1974. Both first-,grade classes .completed the
 

lessons in one week. One kindergarten class received five
 

a of a half; the otherlessons over period a week and 
Each lesson had tworeceived three lessons in a week. 

20 minutes, and
parts: a recorded portion, lasting 15 or 

asked to
 a follow-up portion, during which children were 


complete exercises on the worksheet.
 
During the first lesson the proctor worked sample, 

exercises at the chalkboard. However, we found that the, 

did not watch him. The proctors themselves
children 

observe the
suggested that they walk around the room, 


children, and help with individual problems as they arose.
 

At the end of each lesson the proctor completed a
 

questionnaire, recording his activities and his perception 

of the children's responses to the lesson as a whole and 

to its various parts. 
The second lesson administrator used an observation 

rate each segment of the lesson on several
matrix to 

measures including the attentiveness of students, the
 

adequacy of time allowed for answering, the adequacy of 

instructions, and the appropriateness of students'
 

response behavior.
 

Results
 

The study showed that we could use a segmented lesson
 
we could ask
structure and a student worksheet and that 


for many student responses during' the course of a lesson. 

Kindergarten and first-grade children reacted differently 
to the lessons, and these differences identified for.us
 

require particular
aspects of lesson design that would 

instructions to
attention, especially the worksheet and 


the students.
 

Classroom Observations
 

The observations reported here'are summaries from the 

observation matrices completed by observers during each 
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lesson., No formal rating scale rather,
was used; the
 
matrix format simply solicited from the observer a comment
 
for each measure for each lesson segment. In reporting
the results, we separate comments for kindergarten and 
first-grade classes where this seems appropriate.

Worksheet format--kindergarten. At the beginning of 
a lesson most children were able to find the proper answer 
blank. However, as a lesson progressed, many children 
wrote the answers to an exercise set in the wrong column 
of the worksheet. Once a child 
lost track of the
 
progression of answer blanks on the worksheet, he wrote 
his answers in an increasingly haphazard order, ultimately

using any empty space. When asked to turn the worksheet
 
over, the kindergartners often had difficulty finding the
 
proper answer blank on the reverse side. Dictation
 
exercises caused the most confusion, possibly because
 
students were frequently instructed to write more than one
 
number in a single blank. 
 Memory exercises and story

problems also caused difficulty; in these exercise sets,

items were interspersed throughout the dialogue rather
 
than presented successively.


A few kindergarten children wrote successive answers
horizontally, either all in one blank or one answer in 
each column. Some of the children who adhered to the 
vertical format of the answer sheet wrote two-digit 
responses vertically, for example writing 12 with the I 
above the 2. 

Worksheet format--first grade. Except for a few 
cases, these children had no trouble coping with the 
vertical format of the worksheet or with turning the sheet 
over for another set of exercises. However, one observer 
noted that some children turned their worksheets over 
immediately after completing the first side, and so were 
confused when the radio subsequently instructed them to do
 
this. The children did have some difficulty when asked to

write more than one number in an answer blank as in the 
dictation exercises. Also, directions for moving from one 
completed column to the top of the next were not explicit
enough, and some children had trouble finding the proper 
column. 

Response time--kindergarten. Observers agreed .that
for every type of -mathematical exercise, with 'Ithe 
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exception of successor exercises, the response time
 
allowed was too short for kindergarten children. In some
 
cases, children were instructed to complete the last set 
of exercises after the tape had stopped and turn in their 
worksheets when they were finished. This caused much 
confusion because no timb limit for completion was set and 
the procedure for termination was uncertain.
 

Response time--first grade. Observers agreed that an
 
adequate amount of time (often more than needed) was
 
allotted for children to respond. The counting sounds 
exercise set was the only one cited as progressing too 
quickly for the children to follow. The first graders 
showed the same confusion with the postbroadcast exercises 
as did the kindergartners. 

Sample exercises--kindergarten. Sufficient sample 
exercises were provided for most exercise sets. The 
dictation, successors, greater-and-less-than,' and 
story-problem exercise sets were occasionally cited as 
having too few examples. A problem arose with the
 
follow-the-leader section of the counting-sounds exercise
 
set because the directions did not state explicitly that 
the children were to mimic not only the sound, but also 
the number of times it was produced. Consequently,
 
children often repeated one sound over and over, missing
 
the next sound presented.
 

Sample exercises--first rade. Observers agreed that
 
a sufficient number of sample exercises were presented to
 
the children and that, in fact, any more would have been 
boring. However, presentation of sample exercises did not
 
always ensure that students understood the directions. 
For the greater-and-less-than exercises some children
 
wrote all the numbers presented rather than just the
 
largest of the set. Many children did not understand the
 
directions for the dictation and memory exercises of 
Lesson 5 which asked that they write more than one answer 
per answer blank. In these cases the proctor had to 
clarify the instructions. 

Oral responding--kindergarten. Host children
 
responded orally when asked to. In fact, the kindergarten
 
children responded aloud when they were not supposed to 
during the presentation of every type of exercise, most 
noticeably during successors and memory exercises. 
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Perhaps they did this because the exercises were posed as 
questions, and the recording encouraged them to respond to
 
questions.
 

Oral responding--first grade. First-grade children 
answered aloud when asked to. Occasionally one or two 
children spoke out of turn; usually they remained quiet 
when asked to do so. Several observers noted that when 
children spoke they were often counting to themselves as 
they attempted to answer an exercise. 

Writing on worksheet--kindergarten and first grade.
 
The children doodled, scribbled, and drew pictures on
 
their worksheets continually during lesson
 
administrations. They also traced over the letters and
 
answer blanks. During the memory exercises some children
 
wrote down numbers before being asked to do so.
 

Attentiveness--kindergarten and first grade. 
Observers noted that lessons that opened with long 
introductions or dialogue were the least successful in 
holding attention throughout. In general, children were
 
restless during the presentation of exercise sets that 
required listening to dialogue, such as the memory 
exercises or story problems. However, they were attentive 
during mathematics exercises. 

Observers agreed that the most enjoyable exercises
 
were counting sounds and counting pictures, both of which
 
were characterized by many opportunities to respond, and
 
in the first case also by amusing animal sounds. Another
 
general observation was that the children were tired and
 
restless by the end of each lesson.
 

Analysis of Worksheet Data
 

The 25 lesson segments that required written 
responses were sorted into 18 cells on the basis of 
differences in either question or answer format. Table 
2-3 shows the segments comprising each cell, the formlof 
the stimulus (written or oral), and the number of items in 
the cell. Mean proportion correct for each cell is also 
shown. Comparisons between individual cells and groups of 
cells constituted the basis of the statistical analysis. 

We studied the following variables as they affected
 
student performance: linguistic format of the question,
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Table 2-3. 

Cells for Data Analysls 

Ihean 
Cl Form of Number proportion 

aumber Segments stimulus of items correct. 

1 HI,142 Oral 10 .935 

2 H3 Oral -5 -.482 

3 DI, D2., D3 Oral 15 .993 

4 D4 oral 5 .855 

5 SPI Oral 5 .947 

6 SO. oral 1 ;841 

7 . SP3 Oral" I1 .114 

8 GLI Oral 5 .971 

9 L oral, 5 .955 

10 GL3 " Oral." .921 
11 CS29, CS3," r Oral-; 20 .847 

CS4., CBS, 

12 S2 Oral 5 .945 

13 -S3 Written 51, .947 

i4 54 Written 5 .846 

15 S5 ' Oral 5 .968 

1,-16 s6 Oral 5 , 860 

.1 CIWritten, 5- 970 
18 CP2, CP3 -Wrlt"en, io .975 

2U 
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complexity of the question, mode of sensory presentation 
(visual and auditory stimuli together as compared with'an
 
auditory stimulus alone), amount of supporting material 
presented with the exercise, numerical value of the answer
 
required, number of answers required per problem, and type
 
of reinforcement given.
 

The analysis is based on the proportions of each item
 
answered correctly by the first-grade children. The
 
analysis of variance assumes homogeneity of variance. 
Because the variance of a proportion is a function of the 
mean and hence not constant, we utilized a 
variance-stabilizing transformation (Anscombe, L948): 

p' - arcsin {sqrt [(r + 3/8)/(n + 3/4)1} 

where r is the number of students answering the item 
correctly, and n is total number of students. All 
tables present the untransformed value for proportion
 
correct, but the statistical analyses, the t-test and the
 
analysis of variance, used p'.
 

Items in three cells--Cells 8, 9, and 10--asked the 
children to find the largest of a set of-numbers, phrasing 
the question differently for each exercise set. The­
language used was: 

Cell 8 "Write the larger" (two numbersY 
Cell 9 "Which is more?" (two numbers) 
Cell 10 "Write the largest" (three numbers). 

A :one-way analysis of variance was used to compare the 
effect of these phrasing differences. The value obtained
 
for F wast 3.078 (df = 2,12, p < .1); thus, the ihrasing
 
used& in these greater-and-less-than items appears to have
 
at least some affect on student performance. 

To determine whether exercises with three numbers 
were more difficult than exercises with two numbers, Cell 
10 was compared with Cells 8 and 9 using a one-sided 
t-test. In this comparison t - 2.298 (df - 13, 
p < .025), which indicates that it was significantly more 
difficult for the children to select the largest of three
 
numbers than the larger of two numbers.
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Counting exercises used two different .- stimulus 

types:,.- oral -(counting sounds, Cell 1) and visual 

(counting pictures, Cells 17 and 18). The Value of t­
< .005).for this comparison was 4.772 (df 33, p 

Performance on counting exercises with a visual stimulus 
better than that on similar exerciseswas significantly 

with an auditory stimulus.
 
Four of the cells (Cells 12-15) contained successor
 

one another in two
exercises. These cells differed from 


respects: the mode of exercise presentation (auditory
 

stimulus versus combined visual and auditory stimuli) and
 

the amount of input to the problem (a sequence of numbers
 

versus a single number). The distribution of these
 

among cells and the mean proportioncharacteristics 
thecorrect are shown in Table 2-4. Table 2-5 shows 

results of a 2 x 2 analysis of variance. The F value for 

the mode-of-presentation effect was 29.548, which is 

highly significant (p < .001). The F value for the 

effect of question type was 6.968 (p < .025). Hence, 

both main effects appear to affect performance 

The F value for the interaction of thesesignificantly. 

two effects is 30.839 (p < .001), indicating that the
 

main effects were not additive. The cell means (see Table
 

2-4) are the same for both presentation modes for 
sequence was given.exercises in which an entire number 

In contrast, the difference between cell means for the two 

modes of presentation was large when the exercises 

presented only one number.
 
We can suggest a possible explanation for this
 

finding. The instructions for exercises in Cell 14 were 

given only once, at the beginning of the segment. If the
 

children were not paying attention or did not understand
 
how to
the instructions, they would have t.-ouble knowing 

answer a problem whose sole input was the visual stimulus 

4 __. However, the oral counterpart of this question 

comes after 4?" so that, in effect, theasked, "What 
instructions were repeated for each exercise. This 

conclusion is supported by a comparison of response rates. 

All students responded to the; entire orally presented 
segment (Cell 15), whereas 10 percent;'did not respond to 

the comparable question type with visuali stimulus only 

(Cell 14).
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Table 2-4 

Nean of Proportion of Correct Responses

for Suceessor Fxercises
 

Question type
 

Mode of
 
presentation Sequence Single number
 

Auditory only .945 (Cell 12) .968 (Cell 15)
 

Auditory and
 
visual .947 (Cell 13) .846 (Cell 14)
 

Table 2-5
 

Analysis of VarianceTable
 
for Cells 12, 13, 14, and 15
 

Source SS df MS F 

Ilan' 134.298 1""134.298 

Questtoiotype 
'(sequenceversus 
,,slngle number) .054 1 .054 6.968 

Mode of presentatian
(auditory vs. 
auditory nnd +visual). .229 1 . 12929.548 
Interaction .239 1 .239 30.839 

Error .124 -'16 .,0081"
 

Total 134.944 20 -6.747
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Items in Cell 16 were identical in format to those in 
Cell 15 but differed in the magnitude of the answers 
required: V'e mean value of the answers to items in Cell 
15 was 6.0, that for items in Cell 16 was 11.4. These two 
cells were compared using a one-sided t-test. The value 

of t obtained was 1.794 (df - 8, p < .10). While 

these results are not highly significant, we should point 

out that the variance of Cell 16 was largely due to one 
exercise, which required a response of 15, while the 

answers to the other exercises were all less than or equal 
to 12; the proportion correct was .512. 

To examine the effects of particular numbers as 
answers independent of the question posed, the lessons 
were designed so that the "answer keys" for several 
segments were identical. In particular, there were five 
such sets of parallel segments, as shown in Table 2-6. 
Performance on most segments was too high for us to study 
the effects of individual answers. As shown in the table, 
performance decreased throughout some segments but not 
throughout others. Performance levels for the items in S4
 

are consistently lower than for the other segments. It 
appears that differences on parallel segments are 
influenced more by the type of question asked than by the 
particular value of the answer required. 

Two types of exercises, memory and dictation, 
required the children to remember and write one or more 
numbers. Dictation exercises asked for an immediate 
response; memory exercises asked for a delayed response. 
The appropriate segments (Table 2-7) were compared using 
a 2 x 2 analysis of variance with unequal cell size, shown 
in Table 2-8. The F value indicating the effect of 

number of answers was 70.42 (p < .001) and for the main 
effect of segment type was 33.66 (p < .001). There was 

also a highly significant interaction effect, as indicated 
by an F value of 7.617 (df - 1,31, p < .01). Thus, as 
one might expect, the difficulty of the memory task is 
more sensitive to the interval before response when there
 
are more numbers to remember.
 

In analyzing performance on the counting-pictures 
segments, we compared counting an entire set to counting a 
subset with a specified characteristic. We compared 
performance on Cells 17 and 18 using a one-sided t-test 
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.Correct 

Set aemr 

5 

7 

4 
8 

6 


2 3 
2 

4 
1 
3 


3 4 
2 
3 

1 

5 


4 7 
6 

9 
5 

8 


7 
8 

4 
6 
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Table 2-6 

Parallel Segments 

ean 

S2 


.957 


.915 

'.957 

.957 

.936 


CPI 

1.000 
.979 

.979 

.915 
.979 


mI 


.979 


.936 


.979 


.915 


.894 


D2 


1.000 

1.000 

1.000 

.978 

.978 


CLI 


.958 


.979 


.979 


.938 

1.00 

25 

proportion correct 

by seguent 

S3 


.933 


.956 


.933 


.956 


.956 


CP2 

.958 

.979 


.979 

1.000 
1.000 


H2
 

.978
 

.889 

.956
 

.889
 

.933
 

D3
 

1.000
 
1.000
 
1.000
 
1.000
 
1.000
 

GL2
 

Ply7
 
.932
 
.977
 
.909
 
.977 

S4 S5 

.896 1.000 

.854 .977 

.833 .955 

.833 .955 

.813 .955 

CS4 

1.000 
1.000 

.909 

.932 

.932 
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Table 2-7
 

Proportion of Correct IceposeH in
 
Nemory and Dictation Exercise
 

Quest ion type
 
Number of answers
 

Dictation
required per problem "eory 


.935 (Cell 1) .993 (Cell 3)
 

more than 1 .482 (Cell 2) .855 (Cel4 

to Items.
 

b. 
15 Items. 

c
 
5 itm. 


Table 2-8 

Analysis of liarlasce Table 
for Cells 1, 2, 3, ad 4 

-- F -Source SS df HS 

mean 227.446 1 227.446 

2.285 33."47Segment type 2.285 1 

Number of ropoena 
required per problem 4.780 1 4.780 70.428 

.517 1 .517 7.617Interaction 


. . ..Error 2.104 31 
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and found t - .325 (df - 13). Thus, these children did 
not find counting the number of objects with a specified 
characteristic more difficult than counting the whole set.
 

Lessons were designed so that students received one 
of four types of reinforcement: correct answer presented 
Iwediately after the exercise, correct answer presented 
after a pause, correct answer presented for all items in a
 
segment after the entire segment had been presented, or no 
presentation of results. The distribution of items among 
these four types of reinforcement is shown in Table 2-9. 
together with the proportion correct, P(C), the proportion

of no response, P(NA), and the proportion of correct 
answers given that the child responded, P(CIA).
 

One might expect that children who were told the 
correct answers would make sure their papers showed that 
answer. However, the proportion of correct responses was
 
not consistently 1.0 for items that were reinforced. For 
all but seven of these items, the proportion that gave no 
answer was 0. Titus, giving reinforcement apparently 
reduces the likelihood that students will leave the space 
blank. However, there does not appear to be a 
relationship between performance aid type of 
reinforcement, nor between performance and position of an 
Item within a segment (i.e., position A, B, C, D, or E). 

Conclusion
 

This study produced many findings that were of help 
in developing radio lessons in Nicaragua. Wie found that 
the basic lesson structure we had designed worked well. 
Children did not seem confused by changes in topics and,
 
for the most part, were able to keep pace with the
 
frequent requests for responses.
 

We used identifiers at the head of the columns to 
help children find the correct answer blank on the
 
worksheet. Nevertheless, many children were confused, and
 
when the younger ones got lost they did not find their 
places again. Thus, the use of a single identifier was 
not adequate, and we clearly needed to develop a better 
identiLfication system and to take more care in teaching 
children how to use the worksheet.
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Table 2-9
 

Proprtion Correct on Four Types of Reinforced Items 

Seauent Item P(C) P(NA) P(CIA)
 

After a pause
 

DI A .957 .021 .978 
D1 B .979 .000 .979 
D2 A 1.000 .000 1.000 
D3 A 1.000 .000 1.000 
D4 ;A .955 .000 .955 
1 . A .979 .000 .979­

02 A .978 .022 1.000 
M2,- B .889 .022 .909 
2- *C .956 .000 .956 

R21 D .889 .022 .909 
k2 N .933 .022 .955 
31, A .796 .000 .796 

S2 A .957 .000 .957 
82 D .957 .000 .957 
85 A 1.000 .000 1.'000 
CS' -A .938 .000 .938 
C2 B .896, .000 .896 
CS3CLI AA .854.95 4 .021.000 .872.958 

GL2 A .977 .000 .977 
CPI A 1.000 .00 1.,000 

'lumediately 

83 A .933 .000 .933 
56 
86 

A 
B 

.977 

.907 
.000 
.000 

.977 

.907 
$6 C .930 .000 .930 

S6 . 
§.977 
.512 

.000 

.023 
.977 
.5214 

After a segment 

eGL! A ;958 .000 .958 
GLI 3 .979 .000 .979 
GLI C .979 .000 .979. 
GLI D .. 938 .000 .938 
GLI 3 1.000 .000 1.000 

-None 

All otb8r Items
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There were several places in the lessons where the 
instructions were inadequate, where children did not
 
understand what they were supposed to write. Also, asking
 
children to write more than one answer on one blank was
 
very confusing. It was clear that we needed to establish
 
some conventions (e.g., one answer on a blank) and
 
formulate instructions to the children more precisely.
 

In general the instructional portions of the lessons 
were more engaging than we had expected and the 
entertainment portions less so. The stories seemed 
particularly uninteresting to the children. We thought 
this was because the stories had been written without 
assistance from a professional writer (this work was done 
before a writer joined our staff). We assumed that the 
children in Nicaragua would enjoy the stories in 
professionally written scripts more. We were wrong; our 
later work substantiated the finding that children enjoy 
the mathematics portions of the lessons more than the 
stories. Thus, in this regard, as in others, we found the 
Nicaraguan children much like the American children, as we 
will discuss further in later chapters. However, because 
of the limited scope of this pilot testing work, and 
because of the incomparability of the students, we 
reinvestigated many of the same questions in the
 
Nicaraguan setting.
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CHAPTER ,.3 

NICARAGUA PILOT RADIO LESSONS
 

The preliminary experimentation with radio lessons in

California was followed by a similar effort in Nicaragua.
The study addressed many of the same operational questions
 
we had investigated earlier. In addition, classroom
 
teachers were asked to participate both during and after 
the taped lessons. Two lessons were written and tested in
 
three classrooms. They were then completely rewritten and
 
four more lessons were produced to create the set of six
 
pilot lessons described here. These lessons were given in
 
six first-grade classrooms during November 1974, close to
 
the end of the academic year.
 

The lessons were constructed using a variety of
 
topics. One topic was new to the children and was
 
presented in a sequence of lesson segments distributed 
among several lessons. The other topics covered material
 
that we expected would be familiar to the children.
 

Several types of responses (oral, written, physical,

manipulation of materials) were used to find out what the
 
children were able to do, what types of instructions were
 
needed, and how much time to allow for responses. We
 
again experimented with reinforcement by providing answers
 
to some questions after the students had responded.


Some portions of the lessons were designed to be 
handled entirely by the teachers in order to assess the 
effectiveness of our instructions to teachers. We also
 
asked the teachers to provide motivation for the lessons 
(before presentation) and to assist during the broadcast 
by encouraging the children to respond orally and by 
cdisplaying a sample worksheet.
 

We used stories with action and adventure, augmented
 
by many sound effects, which we thought would capture the
 
attention of the children. The same skeleton cast 
of
 
professional actors was used throughout the six 
lessons
 
and additional characters were brought in as needed.
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Lesson Structure ':and Content
 

The six lessons contained 48 segments, of which 39 
were presented during and 9 after the broadcast. Segments 
were chosen from five topics: numeration (NUM), 
applications (APL), geometry (GEO), basic concepts (BAS), 
and addition (ADD), as shown in Table 3-1. Basic 
concepts exercises were nonmathematical and taught 
students to use the worksheet. Numeration segments asked 
students to play a number game, count aloud, count sounds, 
write numbers from dictation, and give successorp. 
Applications exercises covered measurement with a ruler, 
days of the week, and money, while geometry segments 
centered around comparing lengths of lines. Addition 
segments contained oral arithmetic exercises (exercises 
presented orally with no supporting visual stimulus). The
 
content of each segment is indicated in Table A of
 
Appendix A.
 

Response Mode.
 

In each lesson approximately half the segments 
required written responses, except for the first lesson, 
which had only one such segment. The remaining segments 
required oral or physical responses. Oral responses
 
included constructed responses to arithmetic exercises
 
(What is 2 plus 3? What number comes after 17?), 
responses to mathematical questions phrased as choices 
(Which is longer, a broom or a pencil? Which is worth 
more, a 5-cent coin or a 10-cent coin?), responses to 
general-interest or organizational questions (Children, 
are you ready?), and recitation (rote counting, naming 
days of the week). Some written responses were 
,onstructed (Write the answer: How much 
is 5 + 2?), some were multiple choice (Circle the empty 

alass), and some were drawn (Draw a line longer than the
 
one shown on the worksheet).
 

Most physical responses occurred during the "mando 
hando" game--mando means I command in Spanish--in which 
ahildren followed the instructions of a leader (clap your 
hands, raise two fingers). In addition to worksheets and 
pencils, the only waterials used were cardboard rulers 
provided by the project. 
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Table 3-1 

xuxbsr~of Pilot-lesson SeRments by Topic and Lemmons 

Lesson 

Topic 1 2 3 4 5. 6 Total, 

Nuurtion , 6 4 5 .3. 2 1 21 

Applications 1', 2. 1 2 4. 4 14 

Geometry 1 0 0 1 2 0 4" 

Basic concepts 0 2 1 1 0 0 4' 

Addition 0 0. 0 0 3 2 5 

Total 8 8 8 8 9 7 48
 

Each lesson was accompanied by a student worksheet. 
The front of the worksheet for Lesson 4 is shown in Figure 
3-1 and the reverse side in Figure 3-2, which together 
illustrate the worksheet format used for all the lessons. 
The format of the worksheet is similar to that of the 
California pilot lessons, but lines have *been ,drawn i
 

between the columns. Most segments that required written,.,
 
responses contained five exercises. '
 

Results'
 

In general, the children responded actively.and with 
apparent enjoyment ard gave oral responses readily.' They
 
seemed to' havd- little difficulty, with',-,the.'mathematical
 

material we presented but they were, not always able to
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Nomb -e Nirnero _______ 

aa 

bb 

/ 0 

'-0C 

e fle e 

Figure 3-1. Student worksheet for Nicaragua pilot lesson, 
side I (reduced size). 



centetvs 	 centinetros 

f,,
 

______centknetros	 50 

centineo 	 0 

Figure 3-2. 	 Student worksheet for Nicaragua pilot lesson,
 
side 2 (reduced size).
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find the appropriate place on the worksheet to write their 
answers. 

.We expected the children to be reticent and asked the 
teachers to encourage speaking aloud. We were apparently 
mistaken; the children did not need. encouragement, and 
watching the teacher seemed to be distracting. The 
children spoke at every opportunity and, unexpectedly,
 
answered rhetorical questions. Because we failed to leave
 

time for these responses, parts of the program were
 

drowned out.
 
From our experience in California we anticipated that
 

the children would have difficulty in following oral
 

instructions. We took care to write clear and explicit
 
instructions and were more successful than with 
the
 

California lessons. The children followed the
 
instructions well, experiencing difficulty only when the
 
instructions were ambiguous or the content too difficult.
 
In an attempt to increase clarity we used frequent
 
repetition, which we found rarely helped and often
 
appeared to confuse the children. Occasionally an
 
unexpected noise drowned out an essential word. This
 

caused problems only when children were working
 
individually on worksheets, suggesting that it would be
 
useful to repeat key words or phrases in instructions for
 
written work. In one lesson we used a "cartoon" voice to 
give exercises. Few students understood the voice.
 

In marked contrast to their attentiveness to
 
instructions, the children were often restless and
 
apparently uninterested during the presentation of
 
stories. In this they were much like the California
 
children. We talked with some of the Nicaraguan children
 
after the lessons, and their responses indicated that they
 
did not follow the plots. Although the stories were
 
certainly better written and more exciting (by adult
 
standards) than the ones we used in California, they were
 
apparently too complicated for the children to follow.
 

The children had more difficulty using the worksheets
 
than we had anticipated. Several different types of
 

worksheet exercises are illustrated in Figure 3-1. For
 

the exercises in column 1, the instructions mentioned the
 
object displayed, and each rectangle in the column
 
contained a different object. When the students were
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asked to circle the largest nail, they were able to find 
the correct :place for answering without using either the 
identifier at the top of the column (the horse) or the
 
identifier in the rectangle (the "a"). The exercises in 
column 3 were designed to test how well students could 
follow the progression within a column. Thus, each
 

display was the same, but the instructions differed. The
 
children were asked to locate the letter "a" and in that
 

rectangle circle the pail. They were then instructed to
 
find the "b" and in that rectangle circle the glass with
 
water, and so on, down the column. Some children circled
 

more than one object in a single row, suggesting that they
 

did not always move to the next rectangle.
 
We used letter identifiers on the worksheet because
 

the lessons were designed for -,Zudents nearing the end of 
first grade. We were aware that lessons for beginning
 
first graders would need another type of identifier. It
 

was also clear from the pilot test results that, although
 

these worksheets were better than those we used in
 

California, we needed a still better scheme for telling
 

students where on the worksheet to mark their answers.
 

We experimented with the amount of time allowed for
 

various types of responses, and found the following times
 

to be adequate.
 

Oral response to a question that does
 
not require mental calculation 2 sec.
 

Counting one to five bottle tops 5 sec.
 

Circling one choice among two or
 
three pictures 5 seco.
 

Writing a;one-digit number 8 sec.
 

Drating one to three circles 12 sec.
 

In several segments we tried to supply reinforcement 
were
by announcing the correct answer after the children 

given time to write a response. We told the children to
 

cross out an answer they wanted to change and write the 
correct answer beside it. Some children seemed to prefer 
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erasing their answers, using a wet finger if necessary. 
Ohersdid riot understand the procedure at all. 
I I Teachers seemed to be receptive to the program. Some 
teachers, who apparently thought the children would have 
difficulty listening to and obeying recorded instructions,
 
repeated many of the questions, thereby shortening the 
time allowed for the children to respond. We had
 
encouraged teachers to play an active role during the 
taped lesson but, after some experience, we concluded that
 
this was unnecessary and sometimes disadvantageous.
 

For the first version of the first two lessons we 
wrote lengthy and detailed teacher's guides, describing 
the purpose of the lesson, the mathematical content, and
 
the postbroadcast ac-ivities. The teachers found these
 
confusing and a much briefer guide format was used for the
 
six pilot lessons. The short guide described only the 
postbroadcast activities and the materials the teacher 
needed to provide for the lesson. We considered including 
a lesson script in the guide, but decided against it since 
teachers preferred shorter guides and did not need to know 
the content of the recorded lesson prior to hearing it 
with the children. 

Performance Data
 

Completed worksheets were collected for all lessons, 
and the response data were analyzed. During the lessons 
we made no attempt to inhibit cooperative answering, or 
"copying', or other forms of help, either from the teacher
 
or from students. The performance scores were inflated 
because of copying, but there still remained considerable 
variation in scores.
 

The number of students taking each lesson ranged from
 
155 to 186. The mean percentage correct for segments 
requiring written responses is shown in Table 3-2. (The
 
identifier 1.1-4 is for Lesson 1, Segment 4). The
 
performance level fell below 70 percent correct for only
 
two segments (L2-7 and L5-9), suggesting that the
 
exercises were not difficult for the children (although
 
the contamination by copying makes it impossible to regard
 
scores as accurate measures of difficulty).
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Table 3-2 

Perfommce on Pilot iamea. Segments 

Le on and luau percentage standard 

segumnt Topic a correct deviation 

L1-4 NlO 169 88.8 3.2 

L2-4 AS 174 75.0 25.3
 
L2-5 NW 174 80.1 3.2
 
L2-7 BAS 174 66.9 4.5
 

a 
L2-8 P AP. 174 71.0 4.5 

L3-4 US 166 71.5 10.0
 
L3-6 MO1 186 73.2 3.2
 
L3-7 GEO 186 8.0 6.4
 
L3-8 P AlL 186 78;3 5.5
 

L4-2 CEO 173 94.5 4.5
 
L4-4 Nu 173 70.1 8.4
 
L4-S US 173 83.9 4.5
 
L4-6 CEO 173 83.7 .0
 
L4-7 P APL 173 88.3 5.5 

LS-4 AFL 155 85.5 55
 
LS-7 ADD .s 78.8 84. 
L54 P APL 155 80.6 7.7 
L5-9 P AIP. 155 49.1 4.5 

L6-3 ADD 174 83.8 3.2 
174 16.4L6-4 AlL 76.9 


L6-6 Aft 174 83.5 7M7
 
L6-7 P AP. 174 914 .0
 

prieaeted after the taped lemon (postbroadc*it)"" means 
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Evidence of learning appears when we examine scores 
for three sepents, not previously taught, that present 
the same task. Fxerclses in Segments 1.2-8, 03-8, and 1.4-7 
asked students to measure pictures of objects (whLch 
varied in length from 3 to 10 centimeters). As seen In 
Table 3-2, the percentage correct increased from 71.0 to
 
88.3.
 

Although the overall performance level was quite 
high, there was substantial variation for lessons aind 

classes. Table 3-3 presents the mean percentage correct 
for each lesson for the six classes. Class 4 performed 
well consistently, while Class 2 performed poorly for the 
entire set of lessons. Other classes showed occasional 
high or low scores. This variability is not unexpected 
but presents problems when trying to establish tnh 
appropriate level of difficulty for lessons and exercises.
 

Conclusion
 

Preparation of the pilot lessons gave the staff son 
opportunity to work out many of the procedures that would 
be necessary for producing lessons on a tight schedule. 
The results led us to the following general conclusicns 
about the design and use of radio lessons. 

I. 	 Children are most attentive to radio lessons 
when they are responding actively. 

2. 	 Actively responding to mathematical ixerc.ses 
is more engaging for first-grade children than
 

passively luotennin to stories.
 
3. 	 MIetorical questions are answered by the 

childre;, such questions should be used only 
sparingly 4nd tine nust be allowed for 
responses. 

4. 	 Children listen to instructions and, in erst 
cases, repetition is not needed. 

5. 	Children can learn new topics from the radio 
lessons. 
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Table 3-3
 

Heam Ferfonewace on Pilot Leuos by Cle.
 

fterastage correct per leso0 

1CsI 2 3 4 5 6 Hon 

1 9.2 80.0 73.2 92.7 60.9 88.7 80.5 

2 78.0 . 61.4 651 58.0 62.3 653. 

3 83.3 80.7 59.9 91.3 51.1 36.4 U. 

4 li0.0 65.2 90.7 92.0 85.2 94.6 91.3 

S 92.0 54.4 798 89.8 70.3 ".o 7807 

6 87.6 73.9 74.8 79.1 75.0 79.3 "7.3 

_73.8 78. 5.0 





CHAPTER, 4 

NiCARAGIA FIRST-GRADE ACHiE NT TEST 

An important initial step in the design of curriculum
 
material for the first grade was collecting information 
about performance levels of students in the traditional 
mathematics program. We needed to know both what teachers
 
were supposed to be teaching (as specified in the 
curriculum guide) and what students were actually learning
 
(as observed in responses to test items). We were also 
interested in the range of performance differences between
 
classes and between rural and urban schools.
 

In order to use a test to assess the degree to which 
curricular objectives are being met, the items comprising
 
the test must be a representative sample of the item 
domain, the set of all possible items that can be derived
 
from the objectives. The achievement test administered In
 
1974 was designed in this way.
 

We used a multiple matrix-sampling design, in which 
each item is given to a subset of the students and each
 
student takes a subset of the itens. With this design we
 
obtained responses to a large number of items and thus got
 
more information than we would have obtained from a design
 
in which each student answers each item.
 

The initial step in constructing the test was to
 
define the test domain, the groups of exercises to be 
tested. Over 500 types of exercises were identified. The 
test content was determined by sampling from among these 
exercise types and assigning them to test forms. The 
final result, described below, was a test that provided 
information about the degree to which curricular­
objectives were being met in traditional classrooms in 
Nicaragua. A pilot test was developed and given to 
approximately 90 students in two classrooms. After
 
modification, the test was administered to students In 44
 
classrooms. The remainder of this chapter describes the
 
development of the test and the results obtained.
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Definition of the Test Domain
 

In constructing the test domain, the mathematics
 

curriculum was divided into strands, and each strand was
 

further divided into equivalence classes, that is, sets of
 

items that have structural features in common. Each
 

equivalence class is defined explicitly in terms of item
 
the
characteristics such as the arithmetic operation, 


exercise format (for presentation and for response), the
 

size of the numbers, and so on. The equivalence class
 
the domain into mutually exclusivestructure partitions 

and exhausting sets of exercise types. Because the
 

structural features chosen to characterize exercises are 

related to level of difficulty, each equivalence class is 

relatively homogeneous with respect to difficulty level,
 

and the classes within a strand span the range from easy
 

to hard. (Suppes, Searle & Lorton (1976) discuss the use
 

of equivalence classes for describing curriculum.)
 
Two sources of information about the first-grade
 

mathematics curriculum were used to choose the strands and
 

the equivalence classes: the curriculum guide prepared by
 

the Ministry of Education (a summary of which appears in 

Figure 4-1), and our observations of the topics teachers 

were presenting in the classroom. We found some teachers 
presenting exercises from the second-grade curriculum--for
 

example, addition exercises with carrying, and addition
 
wanted to
and subtraction of fractions. Because we 

investigate the full range of achievement of first-grade 

children in traditional classrooms, we extended the test 

domain beyond the topics specified by the Ministry guides 

for first grade to such second-grade topics as those 

mentioned above.
 
The strands in the test domain are listed in Table
 

4-1. Numeration topics include counting to 100, reading
 

and writing integers and simple fractions, place value,
 

size comparisons for both integers and fractions, and the
 

uee of ordinal numbers up to 'tenth'. As mentioned above,
 

the addition and subtraction strands were extended to
 

include problems with carrying and borrowing and addition
 

and subtraction of fractions. As shown in Figure 4-1, the
 

linistry considers multiplication and division to be
 

first-grade topice. 
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First UAnit: Basic Concepto (2 weeks)
 

size, height, position, width, quantity, weight
 

Second-Unit: Sets (4weeks)
 

set, element ,comparing setej'equality,'inequality
 

Third.Unit: Systems ,of Counting (8 weeks).
 

counting upto:99, ordInal., place value
 

Fourth Unit: Addition and Subtraction (4weeks)
 

addition and subtraction as inverse operations, sums,
 
differences to 18, addition and subtraction of 2-digit
 
numbers without carrying or borrowing
 

Fifth Unit: Multiplication and Division-l(3 weeks)
 

readiness work, multiplication combinationsoup to 27,
 
division with dividends up to 15, divisors of 2 to 5
 

Sixth Unit: Common Fractions (2 weeks)
 

h&lves, thlirds, and fourths
 

Seventh Unit: Money (2 ":ks)
 

monetary unit--el cordoba, 5, 10, 25, 50-,centavo coins,
 

Eighth Uhit: Measures (5 weeks) 

pa and dozens 

knih Unit: Gomeitry 

point, line, plane, curved-and,straight, liiesaanglesj 
fi res vith 3, 4, moresides. 

Figure 4-1; 	 Nicaraguan first 3rade curricuii: conden ed 
vir4&n of o6uineiI prepareid b 6We.Niiiutry'of 
Publi-Education. 
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Tablo 4-1 

StrandsDitrilbution of. quivaleace. Cliiig Amon 
in T ITtDomain and Test 

N"mbar of clase 

Teat Proposed Actual 
Strand dmain,;- pilot test p.lot test 

Imaegaion215 35 21 

Addition 113 19 17 

Subtraction, 71 16 16 

Hditi lcation 4S 10 9 

Diison11 '5 5 

Geometry 26 5 2 

Applications 70, 20 10 

Total 554 110 60 

Geometry includes 'readiness' topics such as the 
concepts of shape, similarity, position, and length. The 

applications strand covers money, linear measure, pairs 

and dozens, time, and word problems. The item domain 
consisted of 554 equivalence classes distributed among 
strands as shown in Table 4-1. 
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Structure of the Test 

The pilot test and the final test had the same 
structure except for number of items. Both tests had 
three parts, none of them overlapping. Part A was 
prepared in one form and was given in all classrooms. 
Part B was prepared in five forms and all students in a 
classroom received the same B form. Part C was prepared 
in five forms, and these were assigned randomly to 
students within each class, so that in each classroom 
roughly equal numbers of students worked on each C part. 
Each student received a single test booklet, which
 
included the appropriate combinations of all three parts.
 

Test items were of two types. For some items, part
 
or all of the content of the exercise was presented
 
orally. For others, only the instructions were presented
 
orally, the exercise itself was printed. For the first
 
type of item, all students in a classroom must receive the
 
same item. Thus, such items could not be included in Part
 
C of the test. For items of the second type the test 
administrator read instructions that could apply to
 
exercises with different content, for example, Circle the
 
greatest number, where each student has a printed list of 
several numerals that need not be the same from one 
student to the next. These items could appear on all 
parts of the test. Because some items were unsuitable for 
use in Part C, it was not possible to assign items 
randomly to test parts. 

In the pilot test, each form of each part contained 
10 items. Thus, there were 10 Part-A items, 50 Part-B 
items, and 50 Part-C items--a total of 110 items. To 
obtain these items it was necessary to sample 110 
equivalence classes from the test domain. These classes 
were distributed among strands as shown in Table 4-1 in 
the column labeled "Proposed Pilot Test." The proportion 
of classes for each strand roughly corresponded to that of 
the test domain as a whole. 

Results of the Pilot Test
 

Pilot testing was conducted in October 1974. Atial 
run of the entire test as described here wioiil hve 
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test.
required five classrooms, one for each B form of the 


However, time did not permit such'extensive testing, and 
eight forms--Partonly two classrooms were tested. Thus, 

A, two forms of Part B, and all five forms of Part C--were 

tested. The 10 different test booklets used contained 80 
as shown in the column
items, distributed among strands 


4-1. Each test
labeled "Actual Pilot Test" of Table 

10 from each part. Table
booklet contained 30 items, 


4-2 shows the number of students who took each of the 

eight forms and the resulting mean scores. Data for 

individual items are presented in Table B of Appendix A. 

Table 4-2 

Performance on kIaht,Sbtests of Pilot Test
 

a 

Part, orm n mean score 

A 1 91 5.8 

5 1 41 4.4 

3 2 50 6.1 

C 1 17 2.3 

C 2 i8 2M0 

C 3 i,6 2.1 

C 4 20 23 

C 5 itS ­

Niki~i. s 10; 
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Table 4-3
 

Distribution of Item Scores for Pilot Teat
 

Percentage Percentage 

.correct Frequency correct Frequency 

0 6 45A1-50o 5 

1 - 5 3 50.1 -55 3 

5.1 - 10 7 55.1 - 60 3 

10.1 - 15 6 60.1 - 65 3 

15.1 - 20 5 65.1 - 70 3 

20.1 - 25 11 70.1 - 75 1
 

25.1- 30 5 75.1 -80 2 

30.1 - 35 2 80.1 - 85 1 

35.1 - 40 5 85.1 - 90 2 

40.1 - 45 4 90.1 - 95 3 

As shown in Table 4-3, item scores ranged from 0 to 
94.5 percent correct, with a mean of 34.6 percent correct
 
and a standard deviation of 26.4. The median score was 
27.8 percent correct. Table 4-4 presents the mean
 

percentage correct and the range of scores for items from 
each strand. Results are shown separately for integers
 

and fractions because error rates for these are markedly
 

different. The scores suggest that few curricular goals
 

were being met satisfactorily in these two classrooms. To
 

give the reader a sense of the performance levels
 

observed, Table 4-5 displays all of the items in
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Table 4~4 

oProportionCorrect on Pilot Test by Strnd 

miber of Mean percint Rmixe of 

d ..... itm c rrect. percentii 

inieiiii 19 55.2 S.6 - 94.5 

raction 2 37.6 17.1 - 58;0 

Totl 21 53;6 5.6 - 94;5 

intiuira 13 426 5;6 ­ 70;0 

Frctions 4 2;8 0 - 5.6 

Total 17 33.2 - 70.0 

Subtraiont 

xiiieii 12 27.o 5.o - 52.7 

Fractions 4 4.2 0 - 11.8 

Totl 16 0 52.7al3 -

Multiplicaition 9 21A4 5.6,- 38.9 

Division 510.8 0 -2.
 

68.2 44.4 - 92.0 

ldOic0tion " U .0" ......... 5.0 +i
103610 
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Pilot Ta emOrdere.,dby Diificulty 
fro' P4dliionf litioies Strand 

PercentieS
 

Iten correct 

2+1 - 70.0 

3+2 m 66.7 

24 
21 

+ 41 58.2 

6 + 10 -55.5 

5 +9 -54.9 

2 
0 

+ 3 50.0 

16o
 
+ 530 50.0 

"$ovmuch is 
13 plus 4?" 43.9 

20 + 7 - 35.3 

0 
23.5 

36 
+,55 22-.2 

60 + - 16.7 

'4 
+6 5.6 
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equivalence classes from the addition strand (using 

integers), with the associated percentage correct. The 

item shown in quotation marks was given orally. 
Administration of the pilot test revealed several 

shortcomings in the testing procedures. There was much 
cooperative answering, especially where students sat at 
tables or long desks. Some test questions were worded in 
such a way that students answered orally instead of in 
writing. Administration of the pilot test took about an 
hour, much longer than we expected. 

On the basis of the pilot testing experience, the 
guide for administering the test was revised to include 
special instructions about rearranging seating patterns to
 

decrease cooperative answering, and the length of the test 
was shortened from 30 to 21 items by reducing to 7 the 
number of items from each part. As shown in Table 4-6 
the topics of addition of fractions, subtraction of
 

fractions, and division were entirely eliminated from the 
test domain. Small changes made in the distribution of 
items are shown in the table. The total number of 
equivalence classes sampled in the final test was 77. The
 
test items are shown in Appendix B.
 

Selection of the Classrooms to Be Tested
 

A list was made of all first-grade classrooms,
 
stratified by region (urban, municipal, rural). A 
classroom was considered eligible for selection if there 
were 15 or more first-grade children matriculated. From 
each stratum 10 classes were chosen. The classroom 
selection was random, with the restriction that, for urban 
and rural schools, once a clarsroom was chosen, all 
further classes from that school were eliminated from the 
eligible lists. The restriction was not applied to the
 

municipal stratum, which had only 8 schools.
 
In addition to the 30 randomly chosen classes, 14 

were tested for special reasons. Six classes had already 
taken some experimental radio lessons, and we were 
interested in how these classes handled the test. The 18 
teachers who were scheduled to use radio lessons in 1975 
had already been chosen, and we wanted data on how their 
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Tail.4-6 

Copriio. of Content of Pilot and Final 
Aclieveunt Tests 

Strand 

Nuimetion 

Integers 

Fractions 


Total 


Addition
 

Integera 


Fractions 


total 

Sbtraction
 

antesera 


Factiion 


Total 

Multiplication 

Apic
sations 


Nuber of items
 

Pilot test Final test
 

19 24 

2 5 

21 29 

13 1i 

4 0 

07 0 

12 1I
 

4 0
 

16 12
 

9 4 

i. 1..:
6,
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students perforswd. FIie of tho 10 teachers taught 
classes that Md btlon se?.cted fit the randors assiltnmt. 
and Civo care tAut~ht clsti thi~t It~d already used radio 
Iesolt. 1ho clasogs of Cho raniln~ tvltht tachars; In 
the IM1 Stcwt. wre 41%0 tostcd. brinttir the total of 
classes thAt wore ftot rdmly' %arc to 1--these eight
antd the fAI f~iio n 411sit. 1.S.4II iSttsdots wrV 
tested. 

rAch of Cow 10 tomsllerA' ovv~o 4t randfom &as 
notified of Cho Cam In jAdv"Ce by 3 lotter frOW4 the 
School Int*pvctor 0( towe th- rtawat oi 'itasYa to the school 
diroctor. Thir rteotiinitw 14 tcarbrrit wre told Aboot the 
test bv *t4ti nets'e Ulho wire in contct with then 
regardifn o~or pJIClsi oi thr IrO.1ret. All teAchorg w're 
assured that tow trot vould bewo'd nt to ovaloAte then 
Of their *90dVOnts but rcs.tilt VvnC10 "lP41t #adto urkl 
evaluate tha Project 4irtivitivo. 

.Urst Au nitrAt ion 

tests WMr 44n1ittljt-ed by t.Wn StAW scsbers. One 
read the iolitre~stioti Uilt VItP other ta4pod the testing 
"$osin wid 4rtt4 -ska n~'nltor. w~hile tho childrern wre 
befanl teste thc cv4rher 'vsi 404,t4 to fill out a short 
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difficulties vith the test situation, it is important to 
note that for 4 of the 77 exaecis the percentage correct 
was over 90. Thus, for at least *oem exercises, almost 
all of the children were able to respond correctly. 

The examiners neted that the six c1As4s thct had 
Just taken the experinental radio lessons seemed to find 
the test situation lrnfx confusing. The format for the 
test was quite sinilar to that used for worksheos during 
the lessons, and the exaIners felt that the radto lessons 
had provided some training in the.skills needed to respond 
successfully dur ing thm test. 

Test Results 

Data for indivIdual tcems are presented in Tale C of 
Appendix A. The mean number correct for each part of the 
test is shot in Table A-? (the data are for: 1.241 
students froo 44 classov). The -•a'ous parts of the test 
were not designed to be of equal difIticuLty, and threfore 
scores on different parts cannot 4e &ptcted to be 
comparable. 

Test administrators noted that, uhen, r.hey had the 
opportunity to do so, the children of ,n copied Anavehrs 
from one another. The structure of the ceust Wlowd us to 
obtain evidence about the extent of caporative answerink.. 
Each test booklet u~s organized %o that quentions i, ,. 6. 
13, 14, 17, and 18 were from Part A- questions 3, 4, 7, 8, 
11. 12, And 21 ware frim Part "; ond questions 5. 9, 10, 
15, 16, 19, and 20 were fron Part C. The oxai ,or led the 
children through the first I questcnes on zhe test, so 
that 411 children worked on the sane questioh at the sane 
tine. For example, for question S (Part C). children uere 
cold: Read the numbers carefull. Urite the numbers that, 
are missing. The child had printed in his test booklet
 
one of five exercises, dependInt an which C torn he had.
 

A child wlho copied an answer fron his nealhbor ran 
the risk of copying a correct (or incorrect) answer for an 
exercise different frem the one printed in his rest 
booklet. t seems reasonable to conclude that a chL!cI 
copied fro a nearby paper when his response Is the 
correct answer to the corresponding exercise from a 
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Table 4-? 

rerformace on FJevee Subtuuts of Ful Test 

a Standard 
Part- Iorm 1 noa" score deviation 

A 1 1241 4.51 1.98 

S I 246 4.07 1.53 

1 2 265 4.40 1.54 

a 3 223 4.45 1.50 

5 4 240 3.95 1.56 

J 5 267 3.70 1.93 

C I 248 2.79 2.15 

C 2 255 2.37 1.86 

C 3 243 1.92 1.58 

C 4 246 3.5 2.14 

C 5 249 2.09 1.67 

Malnum Wore. 7.
 

different form. The cmplexity of the questions supports 
this conclusion. For question S the number of children 
wdho apparently copied is show in Table 4-8. The 

the diagonal show the number of students ubonumbers along 

gave the correct ansuor to the exercise they wore Riven.
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Table 4-8 

Number of Students Involved In Cooperative AasewrinX 
on Question P 

Form for which atudent's responen 
was the correct answr
 

Form. student 
Ansered I 2 3 A S 

I 104 4 3 3 5 

2 9 A? 2 I 7 

3 4 I 4O 7 I 

A A 4 2 122 6 

5 9 S 0 3 52 

Note. About 250 children took each test form.
 

a 
Question 5: "lead the numbers carefully. Write the 

nunbers that are ainsing." 

Form Is & f 2O --, .- Form A: 77 7 -

Form 21 _A6. FormS 

Form3 -_: [ _ -. 

Ne numbers off the diagonal show the number the Rave the 
orrect answer for an exercise on a different form. For 
jstion 5, 80 chLildreon (approximately 9 percent of the 
umber who responded incorrectly) gave the correct answor 
m an exercise from a different form. 
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Performance on test Items sumarized by strand is 
shown In Table 4-9. The percentage correct for the five 
geometry readiness items ranges from 73.0 to 98.9. (Two 
of these items are shown in Table 4-10.) The high scores 
for these items indicate that students were able to 
understand directions and respond correctly when they knew 
the answer. 

Table 4-9 

Proportion Correct on Final Test by Strand 

Nmber Iaan percent Standard 

Strand of Items correct deviation 

Numeration 

Integers 24 56.6 23.1 

Fractions 5 58.6 20.8 

Total 29 57.0 22.4 

Addition II 45.4 15.0 

Subtraction 12 32.i 13.9 

fliltiplication 4 33.3 9.2 

Ceometry S 89.4 11.1 

Applications 16 40.2 21.2 

The range of performance for all strands is shown in 
Table 4-10. The performance level was quite low for 
addition and subtraction items; no more than two-thirds of 
the students responded correctly to the easiest items. 
Approximately 44 percent of the students responded 
correctly to the easiest multiplication exercise.
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Table 4-10 

items with Highest and Lowt Percent Correct on Final 
Achievement Test by Strand 

Higlheat Lowest 

Percent Percent 
Strand correct Item correct Item 

Numeration 91.46 "Write the 16.46 "Write the 
number 7." nuamber that 

are missing."
12 " L4 

Addition 67.71 	 "How much in 11.76 38
 
5 plus I?" +5$
 

Subtraction 60.00 	 "flow much is 7.62 42 
6 minus 3?" -

Hultiplication 43.62 	 2 x S - - 25.00 9 x'I 0 

Geometry 98.87 	 "Circle the 73.03 "Circle the 
longest glase that 
ladder." to on the 
(3choices) right." 

Applications 71.30 	 "Manuel had 2.89 "Write the
 
4 buttons to hour the
 
play with. clock says."
 
Playint with (10130)
 
another boy

he lost 3.
 
Write the
 
number of
 
buttons he
 
has left."
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Items from the applications strand included word 
problems presented in both oral and written forms. The 
oral exercises required a free-format response; the 
written exercises were In multiple-choice format. Word 
problems (customarily presented in written form) are 
considered very difficult for young children. We have 
long suspected, however, that children would find such 
problems easier if they were presented orally. (For some 
positive experimental results on the reasoning abilities 
of young children when probiems are given orally, see 
Suppes, 1965.) The resuilts shown in Table 4-11 support 
this supposition. The percentage correct ranged from 49.6 
to 71.3 for five word problems presented orally. (Note 
that 71.3 percent is higher than the performance on any of 
the computation items--see Table 4-10.) On the other 
hand, performance on written word problems ranged from 5.4 
to 40.2 percent corr,.ct. Since those exercises were 
presented with thre': answer choices. the expected 
percentage correct by chance is 33.3; thus, for four of 
the five problems, performance id close to the chance 
level. 

Examination of Student Errors
 

An examination of the types of errors made by 
students on the achievement test provides information that 
can contribute to the design of radio lessons. It is 
important to identify those aspects of the curriculum that 
children are not mastering and to take particular care in 
teaching them by radio. We found that students had more 
difZiculty with conceptual, as compared to computational, 
aspects of the curriculum.
 

Students often added the numbers presented in an 
exercise, instead of subtracting or multiplying as 
appropriate. The frequency of these errors is shown for 
nine subtraction exercises in Table 4-12 and for four 
multiplication exercises In Table 4-13. For the exercise 
5 - 3, 27 percent of the errors were of this type, and 
for the exercise 5 x 1 (written vertically) the 
response 6 was almost as frequent as the correct response 
S. These results suggest that many students have failed 
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performane on Vord Problems 

Usquired percent 
arithmetic correct 

..rOal.free response 

3 + 2 65.9 

3 +2+2, 70.2 

4 - 3 71.3 

2 x 4 - 49.6 

6/2 - 5Z.4 

Written, uLtiple choice 

5 - 3 a 31.1 

6+1 36.1 

5+ _.6 5.4 

4 + 2 - 40.2 

3 +-3,-.... 35.7 

No"e Standard 

eian deviation 

oral 61.9 10.2 

Written 29.7 14.0
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Table 4-12
 

Frquscy of, Use of VronR Arithmetic Operation: 
Addition Instead of Subtraction
 

Number of students 

SubtractinR Addlnat 
.ee Taking Item correctly (correctly) 

Oral 

6- 3 265 159 9
 

28-. .. 240 104 9
 

Written
 

5 - 3 * 1,241 616 169
 

6 - 3 - 239 60 30
 

13 - 8 - 255 72 10
 

72 - I - 246 78 19
 

10
 
-7 249 54 30
 

90
 
245 63 27
 

-,21 243 87 29
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Table 4-13 

Orequesnc of Use of Wong Arithmetic Operation: 
Addition Instead of Hltiplication 

Number of students
 

Written Hultiplying Adding 
item Taking item correctly (correctly) 

2 x __ 243 106 35 

5 
x1 249 96 72 

9 x 10 __ 248 62 23 

32 
33 267 70 25 

to master the conceptual task of identifying the correct 
operation. The prevalent practice in the Hasaya 
classrooms of limiting instruction to one arithmetic 
operation at a time probably contributes to the students' 
difficulty. 

Students seem to have less difficulty identifying the 
operation when exercises are presented orally. One 
exercise, 6 - 3, was presented both orally and in 
written form. The percentage correct for oral 
presentation was 60, compared with 25 for written 
presentation, and the use of the wrong operation was three 
times as frequent for the latter. The frequency of using
the wrong operation was also very low for word problems 
presented orally. For the subtraction exercise 4 - 3 in 
story context, 159 of 223 responses were correct and only 
two students answered 7. For the multiplication 
exercise 2 x 4 in story context, 119 of 240 responses 
were correct, and one student responded with 6. 
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The most frequent error for operations with zero was 

to respond with the number zero. For the 

exercise 3 + 0, of 246 children, 103 answered 3, 34 

answered 0. Similarly, for 6 - 0, 88 of 248 children 

answered correctly, 43 responded with 0. For these
 

exercises there were, respectively, 25 and 24 different
 

incorrect answers but, except for the response already
 

noted (0), all occurred with a frequency of less than five
 

percent. The number of students not answering was 54 for 
the first exercise and 44 for the second exercise. 

When writing two-digit numerals, first-grade children 

In the United States often reverse the digits. The same 
is true of our sample of Nicaraguan first graders. When 
asked to write 15, 83 percent of the children responded 
correctly; writing 51 for 15 accounted for 10 of the 38 
errors. Similarly, writing 35 for 53 accotmted for 11 of 

89 errors. 
Students perfoired poorly on the task Write the 

number that comes before X. For three exercises in whlch 
X was a two-digit number, percentagu correct ranged from 
28 to 41. From 15 to 23 percent of the students gave the
 

successor rather than the predecessor of the number. In 
contrast, 79 percent of the students correctly gave the 
successor to 29, and only I percent responded incorrectly 
with the predecessor. 

Comparison of Students from Different Regions
 

An important aspect of our testing program was to 
compare the performance of students from urban, municipal, 
and rural schools. For this purpose we obtained for each 

student an estimated score for the 77 items of the entire 

test, The method used was adapted from that of Kleinke 
(1972), and a full description appears in Appendix C. In 

brief, the estimated score is obtained by adding together 
the scores for a student on the parts of the test he took,
 

the mean scores (for all students) on the parts of the 
test that he did not take, and an adjustment for the 
student based on the difference between his own scores and
 

the mean scores on the parts of the test he took. Tho 
maximum possible estimated score is 77, the total number 
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of exercises tested. The mean estimated score for all 
(1,241) students was 37.1; mean scores for classes ranged 
from 23.5 to 47.2. Scores for all classes are presented 
In Table D, Appendix A. 

Means and standard deviations of estimated scores for 

different student groups are shown in Table 4-14. There 
was a difference in test scores for classes in different 

localities and, as one might expect, the moan scora for 
urban students was highest, that for rural students 
lowest. Statistical tests, however, shoved these 
differences to be nonsignificant, which was somewhat 

surprising In view of the strongly held popular opinion 
that rural children, especially in developing countries, 
are educationally disadvantaged.
 

Table 4-I4 

Sumnary Statistics Using Total Scores 
estimated by letanke Procedure 

Standard 
Student group n men duviation 

12.76
44 classes 1,241 37.10 

6 radio classes 157 40.13 1.2.34 

l0 urban classes 301 37.24 12.47 

10 muuicipal classes 310 36.42 13.00 

12.70
10 rural classes 263 34.24 


Total 30 classes 874 36.05 12.77 
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We 	 noted that there was a difference in aga between 
urban and rural students, with rtral students buing on the
 

average .3 year older (8.5 vs. 8.2). Since older students
 
have an advantage, It may be that this effect partly
 

cancels out the (assumed) disadvantage of a rural
 
environment. That in, it may be that there is a true and 
significant difference between c0ildren of the same apes 
in rural and urban environments. 

An alternate hypothesis that we were unable to test 
is that a smaller proportion of school-aRe children are in 

school in rural areas and that the school population 
contains a higher proporLio, of more able children than is
 
true of the urban areas. Of course, t.e possibility
 
remains chat in the NicaraRua setting, the characteristic 
differences between rural and urban students are smaller 
in size than in ocher locations. This remains an 

Important issue for further investiration. 
Ve mentioned earlier the observation of cost 

administrators chat children uwo had participated in the 
pilot test of the radlo lessons soeed to have less 
difficulty with the cost. As seen in Table 4-14, these 
classes attained the highest mean test score. This may 
reflect their nonrandom selection or may result from the 
tost-taking practice afforded by the radio lessons.
 

Conclusion
 

The results of the administration of the mathematics 
achievement test suggest the follevLnR gneral conclusions 
about first-grade students in the Department of Masya in 
Nicaragua. 

I. 	 tost children, even though unfamiliar with the 
testing situation, are able to respond to test 
exercises. 

2. 	 Test results are contaminated by cooperative 
answar ng. 

3. 	 Children perform wall on items that test 
general knowledge. 

4. 	 Children perform poorly on most items that are 
characteristic of the formal athematics 
curriculum. 
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5. 	 The conceptual asects of the curriculum cause 
the children more difficulty than the
 
computational aspects.
 

6. 	Exercises presented orally are easier for 
children than comparable exercises presented in
 
writing.


7. 	 Children perform better on arithmetic items 
presented as word problems than on those
 
presented formally.
 

8. 	There is little difference In performance 
between children from urban, municipal, and 
rural schools. 
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CCIAPUL$ 

Curriculum structure is the foundation upon t*hzh an 
Instructional progra ts built. In constructiln a 
program, the lesson developer ost specify tho topics to 
be presented and the compatencles students are expected to 
gain. lowver, a listing of topics or conpeconcles Is not 
a sufficient base on s-uch to organile An Instructional 
program. it is ccesoary to Analyst further the structure 
of the subject matter to exspae the underlying 
dependencies and inwrraintionshipa And to build, fron 
these, appropriate strategies for instrixtion. 

CJrriculta davelopaemt projects differ quite 
substantially In the dagreo to ieich structure is made 
explicit and is Incorpor;ited into lesson dosIRn. The 
Radio HAthena4tlcs Project has, from the outset, been 
coaitmted to the careful articulation of structure, and 
the Project's progteos in Khim,direction during the first 
experimental "ar is dcnmcmteO In this chapter. After a 
brief Oiscussion of the vource of the curriculum content, 
we turn to an exAmination of the basic curriculum 
structure adopted by the Project and then describe how 
that Curriculum organINation tos translated Into 
Instructional nnterlal. The C"aptor concludes Vith 
discussion of a model of design for radio lessons that 
synthesizes the work of this first experimental year. 

Curriculum Content
 

Project lessons are based on the mathematics
 
curriculum specified by the 81caraotuan Ministry of 
Education. A thorough revision of the primary mathematics 
curriculum was completed in 1973 under the direction of 
Mrs. Vitalia Vroooan, the Uicarallunn director of the 
project. An abbreviated version of the revised
 
first-Srade curriculum outline was presented in Chapter 4 
as Figure A-1. The list of topics Is that of a typlcl

°'modern natheatics program. Except for the inclusion of 
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formal work on multiplication and division, it closely 
resembles outlines prepared in the United States. It Is 
also very siailar to o.tlines w have examined from other 
developing countries, which illustrates the uniform 
character of priaary-schaal mathanatica curriculums 
throughout the world. 

There are several reasons (or adoptinn thi Hicaraguan 
curriculu* an the basis for project leSIns. First, the 
curricultm is fully satisfactory as a basis for the radio 
lessons. Second. the Hiniscry has expended much effort in 
the last several years in revisinn the curriculum and 
retraininn teachers. Ue felt that teachers would be loe 
resistant to a chnnge in the presentation node of lessons 
if there ware not a sioultaneois change in the curriculum. 
Finally. uping the sani curriculum in both experimental 
and control clasues simplified evaluation of the radio 
'Casons.
 

Some 0;4nage in emphasis and Some reorstanization of 
the Nicaraguan curriculum proved necessary in structuring 
the radio lessons. As shown in Figure 4-1. each topic in 
the icarangun curriculum is allotted a specific period 
for instruction. Teachers customarily follow those 
guidelines and present all instruction on a topic in a 
single block of tine. Necause of the denonstrated 
superiority of distributed practice we chose not to follow 
this procedure, but instead to distribute instruction on 
each topic throughout the school year. Wie further chose 
to decrease the eaphasis on formal instruction about sots; 
we used sOt concepts only as aids in teaching other 
topics, for example, algorithms for addition and 
subtraction. 

Strands Structure
 

A strand structure that assigns each major topic to a 
strand is the basis on which the Project's first-grade 
curriculum ts organized. In prcvious work, the Institute 
has used thin structure for organizing curriculum for 
computer-assisted instructional programs in mathematics 
(Suppes at. al, 1976) and reading (Atkinson, 1968;
 
Fletcher 6 Atkinson. 1972). and this form of organization
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is videly used for elementary-school curriculum in the 
United States. In the Nicaraguan work, six basic strands 
were defined: basic concepts (SAS). numeration (Mi), 
addition (ADD), subtraction (SUB), applications (API). and
 
measurement (MV.A). 

For each strand a set of curriculum objectives was 
formulated that defined the expected performance of a 
student who was considered to have successfully completed 
the first-grnde instructional program. The curriculum 
objectives are presented In Ap.endix n.
 

Two types of objectives for the strands wre 
idertified, minimal and advanced. Those labels do not 

reflect an Assessent of the importance of an objective. 
Rather, they are an estimate of the performance levels 
expected at the end of the first grade: higher (75 to 85 
percent correct) for the minimal objectives and lover (50 

to 75 percent correct) for the advanced. The mathematics 

curriculum, of course, builds cumulatively, and advanced 
objectives for first grade may become minimal objectives 
for second grade. 

The objectives defined for each strand specify a 
terminal performance level and are not suitable for
 

directly specifying curriculum content. For this purpose
 

a further subdivision o( content is required. An exercise 
class, the appropriate unit of structure, is a set of 
exercises that Is homogeneous with regard to the salient 
instructional purpose and can be defined in terms of 
structural features of the exercises. In Chapter 4 we 
described the use of equivalence classes of exercises to 

construct a test. FIquivalence classes differ from 

exercise classed described here only in that the former 
partition the curriculum into disjoint sets of
 

exercises--an exercise appears in only one equivalence 
class. In contrast, exercise classes may overlap. 

Frequently, a new class is defined by extending the limits
 

of a class so that similar exercises using larger numbers
 

are included. (This point is Illustrated by the NUN 

classes described in a subsequent section.)
 
The set of nested exercise classes defined for a 

curriculum objective reflect the teaching strategy that 
has been adopted for the attainment of that objective. 
Often, classes are defined for a task that is not a 
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coponent of the termins objective but represents an 
intermediate stop in icquiring the skill specified by the 
objective. 

We have thus far Identified three levels of 
and thecurriculum structure: the strand, the objective, 

exercise class. One further level is required for the 
construction of lessons--0hle lson m . A lesson 

sagment contains a small set of exemplars of the exercise 

type defined by the exercise class, exactly the sot that 
vill he included in one lesson. Consider. for example, 

the exercise class: All sumn from 0 to I,. presented 
orally. A lesson segment obtained from this class might 
include the exercises two lus one, one lu thre, and 
one Plus zero. This distinction between exercise classes 

and lesson segments is further illustrated in the 
discussion of lesson construction that follows. 

Instructional Content of Lessons
 

During the year, we used two methods for assigning 
lesson segments to lessons. The first method yielded to 
the second at Lesson 16. (The second method, in turn. 
yielded to a further modification for the work in 1976.)
 

First Scheme
 

In the first scheme, subject matter was allotted to 
lessons in two stages. First, for each strand, 
Instructional material was organized into groups of 
related objectives. For each of the subtopics formed this
 
way, a list was made of the appropriate items of 
Instructional content. The 150 lessons comprising the 
instructional year were divided into 10 blocks of 15 
lessons each, and each item of content Was allotted a 
position in the year by assigning it to one of the 10 
blocks. 

In doing this, the curriculum developer kept In mind 
the relationships between different topics and different 
strands, and juggled assignments so that prerequisites 
were satisfied. The procedure did not use exercise 
classes, but larger aggregates of material.
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The second stage in allotting subject matter to 
lessons occurred after this initial assignment. The 

aggregates wve divided into exercise classes, which were 

than assigned to specific lessons within a block of 15 
lessons. 

A specific example will clarify this process--va 

shall use the numeration strand. The objectives for 

numeration were aggregated into I1 major 

subtopics: counting by rote, read ing and writing 
and lens,
numerals, successors, cnunting, greater 

completing sequences, predecessors, place valuO, 

fractions, ordinals, and number words. Table 5-1 

displays the range of instruction for enct of these 
subtopics for two blocks of lessons, I to 15 and 76 to 90 
(the absence of an entry in the table indicates that the 

subject was not taught during that block of lessons.) 
Within each block of 15 lessons, teaching material 

wan broken down more finely into exercise classes. For 

tht, block formed by !esnons I to 15. the following four 

classes were defined for courting-by-rote exercises: 

HUM 1: Rote counting from I to 5
 

NW1 8: Rote counting from I to 10
 

NUM 17: Rote counting from I to 13
 
NIh 26: Rote counting from I to 15.
 

Note that each class extends the counting task to larger 
numbers, always beginning at 1. The exercise classes wore 

then used to construct lesson segments. Almost all 

classes wore tined to construct more than one lesson 
I. 3. 4.segment. NHLl I appeared four times, in Lessons 

and 5; HU 8 appeared seven times, twice in Lassons 6 and 

8 and once in Lessons 7, 9. and 10; M41 17 appeared three 

times, in Lessons 11, 12, and 131 and, in this first block 

of 15 lessons we are considering. NUM 26 appeared in 
Lessons 14 and 15. 

defined for a single objectiveThe exercise classes 
have a natural hierarchical relationship; the relationship 

between classes defined for different objectives and 
the curriculum
different strands must be made explicit in 

at lesson construction we
design. In this first effort 
for thesehad no systematic method codifying 
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Tiachinj 	Topics 
LessOns 

Subtopic 

iot. countig 


Reading and writinR 

numerale 


Succussors 


Counting 


Greater and leas 

Ccpltinj sequencem 

Predecessors 


ilace value 


Table 5-1 

from the Numeratio strand for 
I to IS and 76 to 90 

Lesson 

Ito 1S 

1-15 

read I-7 
write I-5 

I-, oral 

I-?, oral 
1-4, multipl, 

choice 


F~ct~ons2/2,3. 


Ordinals
 

Numbr words 

74
 

content
 

76 to 90 

by 2s 

50100 

1-48, written
 

1-50. written
 
by 1O's. written
 
proupiAR in 10"8
 

0-49
 

by I's.to SO
 
by 10's to 100 

-


1O, 20 ....90
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Interrolatlonships, and they ware accow.odated in an 
Informal way during the assignment of exercise clauses to 
blocks of lessons. Atter approximately two-thirds of the 
year had elapsed we refined our methods to Incorporate 
these relationships explicitly. 

Second Scheme 

In the second scheme, a single plan was made for all 
of the material that remained to be covered in Lessons 116 
to 150. For each major topic, all of the remaining 
exercise classes were defined and a graph was drawn 
representing the partial ordering implied by the 
prerequisite relationships between classes. Host of these 
graphs are too large to be shown effectively here; we use 
the graph for fractions as an illuntration (Figure 5-1). 
The graph has been drawn to show lesson-segment 
descriptions rather than exercise cOassse, so that it 
reflects curriculum decLsions about the number of 
repetitions needed for each class. The exercise classes 
referred to on the graph nre described In Table 5-2. 

The graph Incorporates information about several 
variables that have not yet been mentioned. The graph 
differentiates between written and oral responses by using 
rectangles for the former and circles for the latter. 
Segments appropriate for teacher presentation are labeled 
It (for maestro), and these appropriate as transition 
segments (started by radio, finished by teacher) are 
labeled i/It; the unlabeled ones are to be presented by 
radio. We found that a pictorial representation of the 
type illustrated in Figure 5-1 greatly aided the 
allocation of segments to lessons by making explicit the 
prerequisite relationships between exercise classes. 

The 1975 First-trade Curriculum
 

For the mathematics lessons produced in 1975, the 
curriculum consisted of six strands encompassing 40 
objectives. To reach those objectives, 563 exercise 
classes wore defined, which in turn were used to construct
 
L,314 lesson segments. In addition to segments used to 
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Table 5-2 

berelse Classes for Fractions Strand,
 
Lessons 116 to IO
 

Class Number of 
identifier Description emeont* 

F-I Coloring part o figure. 
lit, 11), 11, 213, 314 

I 

F-2 Selecting figure divided into 
specified parts. 112. 113. 1/4 

3 

F-) Copying numerals, 1/2. 1/3,
2/3. 214. 314 

1/4. 2 

F-4 Word problems, comparison of 2 
sizes 

F-S Selecting fraction that represents I 

shaded part of figure 

P-6 Writing fractions to dictation 2 

F-7 Writing fraction that represents I 
shaded part of figure 

F-S Coloring cart of figure, 2 
1/2, 113, 0l4, 2/3. 3/4 

F-9 Writing fraction that represents 1 
shaded part of figure 

teach material, the lessons contained test sepents.
 
Called embedded tests, these segments were designed to 

the progress of students through the curriculum.measure 
Teat Items were selected In a systematic way to sample 
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performance of previously taught items, and a toot segment 
was presented every fifth lesson.
 

The allocation of lesson segments among strands, in
 
blocks of 15 lessons, is shown in Table 5-3. For
 
bookkeeping purposes, test segments were collected into a
 
strand called TST. Fasic-concepts segments were used
 
almost exclusively in the first block of lessons to help 
teach the children how to use the worksheet. Approximately
 
half of the segments were from the NUI strand, reflecting 
the importance of this topic in first grade. Another 10 
percent of the curriculum was devoted to applications; 
this topic was stressed throughout the year.
 

The number of segments per lesson rose steadily
during the year, averaging 7 in the earliest lessons and 
more than 10 at the end of the year. The increase was the 
result of several factors, which are discussed more fully 
in later chapters. Briefly, the most important are 
these: Program length was increased by several minutes, 
the children became more competent, and more instructional 
time was available when the entertainment portions of the 
lessons were curtailed. 

A lesson outline for each of the 150 lessons is shown 
in Appendix E. The segment descriptions presented there 
will give the interested reader information about the pace 
at which each topic was developed, the allocation of time 
among subtopics, and the prerequisite relationships that 
we assumed to exist between classes of exercises.
 

In this first year of development, all initial 
curriculum decisions were based on the experience and 
Intuition of the Project staff, and revision decisions 
were based on relatively informal methods of obtaLninA 
information about the suitability ol the lessons under 
development. It is a major aim of the Project for the 
second year's work to increase the precision and 
sophistication of the data-collection procedures and the 
methods for making curriculum decisLonc. 
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Table 5-3 

Distribution of First-grade Lesson Seimis Among Strands
 

NInber of soemets
 
Lesson
 
block SIAS NU AFL ADO SUB 14A TST Total 

l-iS 19 64 S 2 110 

16-30 86 6 21 2 Its 

31-45 2 72 17 26 3 120 

4640 78 21 30 6 3 138 

61-75 78 3 27 20 3 131 

76-90 66 12 15 35 3 131 

91-lOS 69 15 26 16 2 3 131 

106-120 49 lI 46 26 4 2 138 

121-135 26 7 69 51 6 159 

136-150 5 32 42 35 160 

Total 2 1 659, i,2-, 304,..19...-12,J9. 1,333.... 

Model for Curriculum DOSikn and Revision 

To further conceptualize curriculum development and 
revision we adopted the following model. This model view
 

lesson development as based on a group of factors treated
 

at increasing levels of apecificity, each of which can be
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parameterized. The initial curriculum design entails 
choosing the initial values for the parmaters; the 
revision cask is -to choose tdach parameter values should 
be changed and then to obtain nev values. The model has 
four 	levels:
 

1. Curriculum structure, 
2. Lesson fornat, 
3. Sement content, 
4. Single exercise. 

In the first level-curriculun structure-the most 
Importiont parameters (same of 
discusaed In this chapter) are: 

Ailch hive already bum 

(a) 	the set (f strands defined (scope of topics 
Inc lded), 

(b) 	the set of objectives formulated for each 
strand, 

(c) 	the exercise classes defin, or each 
objective, 

(d) 	the prerequisite relationships between 
oxercit classes, 

(e) 	the time to begin teaching eaqch objective, 
(C) 	the nAount of review work required for each 

objective In order to maintain adequate 
performance levels, 

(i) 	the aount of teachinn tinc required (or 
each objective, and 

(h the importance of each obj-ective in 
relation to the total proira=. 

The curriculum outline displayed in Appendix F and the 
curriculum objectives presented in Appendix I) provide 
values for each of these parameters, either explicitly or 
Implicitly. In order to i,-,performance data to ravise 
curriculum, each of the parametar values aunt be ade 
explicit. 

Ue have already discussed several of thes 
parameters--the selection of strands (based on the 
Hinistry of Vducation curriculum), the definition of 
curriculum objectives and exercise classes, and the 
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prerequisito relationships between elapses. t.* have not. 
yet discussed quantifying the anotmr. of teaching and 
review or assessingt the InportAnce of (1tjJctives. 

Either elapsed time or the onnt-ar of exercises 
devoted to a topic can be ooed as a measure of teaching 
and review. In our prelininary wort with thin oodal, we 
have used the number of exercisoa or, as in Tablet 5-3, the 
number of segnents to neonsre the portin of the 
currlculum alloted to An objective. 

The issue of the ImportAnce of an objective ti 
conplex, And adopting neasure of importance requires 
choosing between competing Assumption* and ambiguities.
 
10avarthaless, because Assuptslons tbout :Pportasce tuldo
 

all curriculum development. it In valuable to atteapt to 
quantify these jugnaents. First we must rsk, inportant 
for t4tat? Are wv Interestud In teralnol performance, or 
is the objective in question Inportant because it serves 
as a prerequisite for later instruction. And th.at should 
be the Inplications of asisigninit vazue or 16eight to an 
objective? t1ow should the Inportance of an objective 
relate to the namtnt of tine spent teaching It, and how do 
Importance and difflculty interact In assinnents of tine 
to teachinst and review? In the year boot *Ahich wo are 
reporting we had oniy beltun to c Inslder these Ilsues. 

in 1976, the Project stafl began wirk in a 
quantitative oethod for deciding how to Allocate review 
exercises to different topics throorhoutt th. .nstructional 

year. The nodel incc;iorates aensures of isportAnct?, 
difficulty, and teAchiug time, and aibxions tvxercines to 
objectives so ap to axinse the predicted tscore an g 
year-end test of the curriculum objectives. AlthouKh this 
work Is still in its early stairos, it has already 
challenged some of the saumptions we. and other, 
curriculum developers customarily make About the changes 
in skill level that take place durinft teachin. Ie 
anticlpato reporting on this uork in detail in nor next 
volume. 

We turn now to the second level of our model, lsson 
formt. Some of the parameters that deocribe the format 
of a VInQlO le#n are: 

(a) the total number of seismets In a lesson,
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b) the allocation of these segments to the 
radio and postbroadcast portions of the 
lesson, 

(c) the variety of topics and response types 
assigned within a lesson,
 

(d) the length of individual segments, and
 
(e) the ordering of segments within a lesson.
 

Because of time and money constraints it is not possible
for us to 
perform systematic experimental investigations

of the effect of variations in these parameters. A 
typical experiment might be to test, for a given body of 
content and for a specified period of time, whether 
children learn more by being presented eight short
 
segments a or long Theday four ones. number of such 
questions that could be investigated is overwhelming and,

if past experimentation is a useful guide, we would not 
often find large differences. Furthermore, without
 
further research we would not know to %Mat extent a 
performance difference would generalize to other content. 
We have chosen not to undertake investigations of this 
sort. Our stance, with regard to lesson format, has been
 
to develop guidelines for acceptable ranges of parameter
values and to rely most heavily on observations of the 
children's behavior, than measuresrather on of 
performance, for making changes in parrmeter values. 
For
 
example, the decision to place those segments that require

the use of concrete materials at the beginning of the 
radio lesson and those that require the use of the 
worksheet at the end of the lesson was made in this way.

A few parameters describe the third level of the
 
model, segment content. These include the number of
 
exercises, the similavity between exercises (the same type
 
or mixed), and the level of detail of" the directions and 
instructions given. 

Finally, at the fourth level--exercises--the 
parameters of interest are the time allowed for response,
the type of reinforcement given, and the amount of 
information presented visually and orally. 
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Conclusion
 

During the first year the Project staff collected 
both performance and observation data to guide the 
development and the revision of curriculum. Although we 
have presented a model with four. levels, we have 
concentrated our most systematic efforts at the top level,
 
that of curriculum structure. We think that decisions
 
regarding what topics are to be taught, how they are to be
 
taught, and how the available instructional time is to be
 
allocated between teaching new topics and maintaining
 
those already taught are likely to have the greatest
 
impact on how much children learn. There is a serious
 
lack of systematic methods for making such decisions--for
 
any type of instruction. We decided that investigation of
 
such queetions regarding radio instruction should take 
priority over the systematic investigation of other 
aspects of the model. 
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CHAPTER 6
 

INSTRUCTIONAL METHODS AND PRINCIPLES
 

The form taken by an instructional program, reflects 
both the underlying curriculum structure and the 
instructional methods adopted. This chapter, discusses 
instructional methodology and the application of
 
psychological principles of instruction to lesson design. 
In the course of the discussion, we review some of the
 
research literature that bears on the design of effective 
instruction and consider how these results can be 
implemented in a program that uses radio as the medium for 
delivering instruction. 

Our work in this area is highly sensitive to the 
information we gain from classroom observations and the 
collection of performance data. During 1975, experimental
 
classrooms were observed daily, and, at the end of each
 
lesson, student worksheets were collected and the
 
responses analyzed. Near the end of the year a program of
 
weekly tests was initiated, providing a further source of
 
performance data. In this chapter we report informally 
some of the results of this work as documentation for the
 
chqnges in instructional procedures that occurred during 
the year.
 

Instructional Methodology
 

The teaching methodology of the Project is based on 
wnac we consider to be pound pedagogy as well as on the 
particular constraints uf presentation by radio. The 
method might be described as that of learning by example. 
Development of a concept or an algorithm proceeds through 
a sequence of exercises and directed activities. The 
exercises and activities serve as examples leading to a 
generalization. This approach to teaching is not new. It 
goes back at least to the work of the nineteenth-century 
British mathematician, Augustus de Morgan, who was very
 
much concerned with different methods of teaching. He was
 
especially critical of the formal methods of- verbal,
 
definition prominent in his century (de Morgan, 1830).
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An illustration of learning by -example is the
 
introductory work on addition. The concept of addition 
and an algorithm for determining a sum are developed by 
exercises that require physical activities and concrete 
representation. For example, in the particular exercise 
3 + 2, the children are instructed to hold up three 
fingers on one hand and two fingers on the other hand, and 
then to count the number of fingers held up in all. In 
other exercises, they might be asked to draw three balls 
on one line, then to draw two balls on another line, and,
 
again, to tell how many balls there are altogether.
 

The important methodological point here is that words
 
are used only for the relevant essentials; the
 
mathematical rationalization for addition is implicit in 
the procedure. The process itself is a concrete instance 
of the counting algorithm for addition. Therefore a
 
verbal explanation of the working rule is not needed,
 
either prior to application of the algorithm or as a
 
subsequent rationalization. Similarly, technical terms
 
are not required to explain that the mathematical
 
justification is the dnion of two sets. The separation of
 
the two hands and the separation of the two sets of balls 
ensures that the essential idea of joining the two sets 
and counting all the objects is clear. Tho physical 
activity displays the concept and provides the algorithm 

From such specific examples, limited to small
 
numbers, the procedure itself is generalized, and the next
 
step is the application of this generalized process to
 
larger numbers. The test of understanding, then, is not
 
the ability to express the process verbally but the
 
ability to apply the generalization to other numbers.
 

At the same time, through multiple examples, 
practice, and reinforcement, the children begin to 
associate a single number (the sum) with an expression 
such as "cuatro mas dos" (four plus two) that represents 
the pair of numbers to be added. This builds a mental 
association, in this case between a number pair and its 
sum. 

Thus the initial experiences, which concretely
 
develop the concept and algorithmic process of addition,'
 
lead to two interrelated outcomes--the generalized process
 
applicable to any two numbers and the mental association 
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of a number asthe..sumof a.pair of numbers. *,The emphasis 
on mental arithmetic recognizes ' the need eventually to 
attain rapid mental facility in computation, but the 
process for determining a sum by joining two sets and 
counting is established firmly by the many exercises 
requiring this procedure. A facility with computation and
 
an understanding of the underlying concepts are twin goals

of 'our teaching method. (These goals are obviously
 
interdependent and many exercises combine both aspects.)

Children are asked to first decide their answer mentally,
then "think of" the particular sum, and finally use the 
algorithmic process (with objects or drawings) to verify
their answers. Review and maintenance of all steps and 
skills are systematically incorporated throughout the 
program. 

We should make clear that we perceive the 
understanding of principles and the learning of algorithms

to be different, even if related in complex ways. An 
algorithm is a mechanical procedure that can be followed
 
by someone who does not understand what he is doing. It
 
should be taught directly. Other topics that contribute to

understanding why the algorithm works will aid in the 
retention--even in the initial acquisition--of the skill
 
but cannot be expected to substitute for direct teaching
of the algorithm itself. (Some of the subtle problems in
 
characterizing what we mean by understanding, especially 
in the case of learning mathematical concepts, are 
discussed in Suppes, 1965.) On rare occasions bright
children, after learning the appropriate principles, can 
develop their own algorithms for some process. This is 
exciting when it happens but ordinarily leads to 
inefficient or incomplete algorithms and cannot be counted 
on as a method for teaching skills.
 

There are special factors associated with the use of 
radio for instruction that strongly influence the
 
selection of method. With the use of radio there is a 
danger of providing wordy explanations. We avoid this by

using physical activities, such as working with materials 
or drawing pictures, to support the development of 
concepts. Since: the first step in learning from Project
lessons is to follow directions, this skill must be 
carefully developed. Furthermore, the directions
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presented by the'-radio must .be clear, 'unambiguous, andat 
a, level :ofIomplexityi appropriate to-the audience. We 
have put nuch effort into 'writin'g;good directions and this 
work is reported 'in Chapter 7. 

Instructional Principles
 

Aural Learning
 

Studies on the effectiveness of instruction that uses
 
the aural mode, rather than the visual, are of clear
 
relevance to the issue of teaching by radio.
 
Unfortunately, such studies are relatively sparse in the
 
research literature. McGoech and Irion (1952) summarized
 
several studies that compared rates of learning by
 
auditory and visual modalities and concluded that
 
"'auditory presentation is often more effective than visual
 
for relatively young children and that it tends to become 
less effective as the age of the subject increases" (p. 
482). Budoft and Quinlan (1964) used a paired-associate
 
task and found that word pairs presented aurally to 
second-grade children were learned more quickly than those
 
presented visually. Perelle (1975) e"nerimented with a 
learning task in a typical classroom setting, t_,ing 
second-grade students, and found the same superiority of 
the auditory presentation mode. These studies support the
 
proposition that young children can learn about as well
 
aurally as visually.
 

Oral Group Responses
 

Project radio lessons ask for two types of student 
responses, oral and written. In the context of radio 
lessons, oral responses are group responses, in contrast 
to written responses, which are individual. We have found 
in the psychological literature no research studies that 
examine the effect of oral group responses on learning in 
young children. Our own observations increasing~y 
persuade us that group responding is an effective 
instructional tool and one that is enjoyed by the 
children. 
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We use oral group responses in at. least two ways. 
When new material is introduced, we ask the children to 
respond aloud, expecting that those who know the answer 
will cue the others. Observations in the classroom verify 
that this does happen. We also use oral responses for 
practicing exercises the children are expected to 
memorize, thus providing fast-paced drill that is 
independent of the children's writing skills. Our 
experience suggests that the potentialities of oral group 
responding as a learning experience have been overlooked 
in the research literature and that the area deserves 
further study. 

Response Rate
 

Instruction has been shown to be more effective when
 
children respond actively. This principle has received 
substantial support in the research literature (see Suppes
 
& Ginsberg, 1962, for example) and is widely implemented
 
in modern instructional programs.
 

Project lessons are designed to elicit a high level 
of activity from the students. Two quantities serve as
 
guidelines: Each radio lesson should require at least 50
 

responses, and no more than 60 seconds should elapse
 
without a student response.
 

Although we began the year committed to a high level
 

of student activity, we moved cautiously at first.' We 
were concerned that lessons paced too fast would frustrate
 
and confuse the children. We increased the pace only when
 

classroom observations indicated that the children were 
following easily. Our initial caution proved excessive; 
the children were able to cope with, in fact seemed to 
enjoy, a much faster pace than we had anticipated.. After 
the initial trial period, lessons were designed to require.
 

an average of two to three responses per minute.,
 

Maintenance of Attention
 

'Maintaining the children's attention is,'of course, a
 
Our initial plan
 

prerequisite of effective radio 
lessons. 


was to ;use otories to engage :the children, and embed
 

mathematical workiin :the",stories. in orderj ,to." maintain:
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in:thisinterest.. The pilot' , tests- of lessons designed 
way, described in Chapters 2 and3, convinced us that'the 

mathematical activities are intrinsically interesting to 
the children and do not need story support, so long as the,
 

children are asked to respond frequently. Thus, our view
 

of. the role and importance of stories has changed;
 
markedly.
 

For approximately the last third of the school year
 
we redesigned the lessons to eliminate stories from the
 

entertainment portions. Instead we used short interludes 
of, songs, games, jokes, poems, and physical activities to 

provide a change of pace from mathematical activities.
 

One result was to increase the time spent on mathematics
 

without decreasing student interest in the programs, an 

obvious advantage. Our current view is that stories are
 

useful for presenting mathematical material in a realistic
 

setting but, at least for young children in the classroom,
 

are not needed for maintaining the interest level.
 

Reinforcement
 

Telling children the correct answer has been shown to
 

facilitate learning in many settings (Stolurow, 1961).
 

Similar results have been obtained for adults in highly
 

controlled experimental situations by Bower (1962) and­

others. We have experimented with various methods of
 
inreinforcement. In the pilot tests conducted 

California, we found that few children changed their 
written answers, or even appeared to listen, when the 

radio lesson provided the correct answer several seconds 

after an exercise was presented. Although first-grade 

children seemed to be familiar with the procedure for 
checking a group of written answers, this is nut a useful
 
procedure to use with oral exercises, since the children 
do not remember the exercise itself.
 

In almost all studies of reinforcement that use young 

children and instructional materials, stimulus 
presentation is visual and the stimulus remains in view 
while the reinforcement is presented. (In this context, 

reinforcement refers to presentation of the correct 

answer, 4not to affective. support.) There are .fewert 
studies -of the use of reinforcement where the stimulus, 
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presentation is auditory,'without visual support, -and no 
sure' guidelines from, the experimental,literature for'the 

-
use of reinforcement with radio instruction.., '",. 

During 1975, we used two types of :reinforcement for 
exercises presented; orally--giving the .correct 'answer 
followed by a repetition, of "the exercise. statement, .or 
giving only the correct answer. 

Full reinforcement:
 

Radio: "How much is 2 plus, 3.plus 1?"
 
Children respond.
 
Radio: "Yes, 6 is the.sum of 2 plus 3.plus I."
 

Answer-only reinforcement:
 

Radio: "How much, is 25 minus -1?" 

Children respond.. -
Radio: "Yes, 24."
 

The first method allows the child who has responded
 
incorrectly to rethink the problem or at least to have
 
clearly in mind the exercise to which he gave the wrong 
answer. The second method signals. the child that he 
answered incorrectly but, unless he remembers the 
exercise, he has no opportunity to learn from his mistake. 
Although the first method gives more information, it is 
time-consuming and, if most of the children are responding 
correctly, redundant as well. We favor using the first 
method if the exercise is one that we expect the children 
to memorize eventually. In this case we reinforce 2 + 3 
with a repetition, of 'the stimulus. We do not ordinarily 
use exercise repetition with a question such as "Which is
 
longer, a broom .or a worm?" However, when. giving quick 
drill on basic,' combinations (How much is 2 + 3? 4 +J?
 
6 + 2? .... ), for example, -we, do .not repeat each 

the rapid-fire
exercise, because this tends to break 

rhythm of the presentation and also because .. the first 
:statement .of an exercise is so close in time that few 
students, will have forgotten it. In subsequent work-we 
have used a chorus of children's voices, rather than an 

or the
adult charactei, to give either the correct answer 

answer with .stimulus repetition.
 

91 



THE RADIOM ATHEATICS :PROJECT'.) 

Without instruction, children do-not know, how to use 
their knowledge of the correct answer .to make corrections. 
Thus, we cannot asLue that a child will change a written 
wrong answer when given the correct answer (if this is 
what we want him to do), without teaching him how to do 
so. In our work with the first. grade, we were reluctant
 
to- spend radio time teaching children how to't correct
 
written 	work, and we left that task to teachers. Instead, 
we first asked children 'to respond orally, then we gave
 
the correct answer, and only after that did we ask for a
 
written 	 response. The' following is 'a sample dialogue of 
such an 	exercise.
 

Oral reinforcement before the exercise is written:
 

Radio: "Think quietly, how much is 8 minus, 5?" 
(Pause - 8 seconds).' 

Radio: "Tellme, how much is 8, minus' 5?" 
Children respond.
 
Radio: 	 "Yes, 3. Now writ* the answer on the 

dotted line." 

:This method of reinforcement makes it highly probable that
 
no child will write an incorrect response. An examination
 
of the worksheet 'data for this exercise indicated that 
three students (of 209) wrote 13, the sum of the two 
numbers, and there were five other miscellaneous errors.
 
Thus, even. telling children the correct answer does not 
prevent errors, although, of course, the probability of a 
correct response is high. 

Concrete Materials
 

There' is almost universal agreement today that 
children in early primary. grades should use concrete 
materials while studying mathematics. However, Nicaraguan 
schools have no' money available for the purchase of
 
materials, nor even any central method for distributing 
materials that mightbe obtained free. Thus, each teacher 
is individually responsible for their provision, and their
 
use is somewhAt limited. = 
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A number of problems arise when children are asked to 
handle objects during 'aradio lesson. The objects may be
 
dropped, misplaced, argued over, or even thrown around the
 
room. The teacher may fail to distribute the materials or
 
may hand out the 'wrong quantity, in which case the
 
children are unable to follow the directions given by the
 
radio. The fast pace of the radio lessons makes it
 
difficult for teachers to cope with such problems during
 
the lesson. Furthermore, because of the great variability
 
in the physical adeptness of young children, it is
 
difficult for the lesson developer to estimate the
 
appropriate amount of time to allow for using materials.
 
The physical conditions under which the children work are
 
often less than adequate. Frequently, desks slope or have
 
very small working areas. Both these aspects, adeptness
 
and working space, must be attended to in designing
 
activities with materials, and only classroom observations
 
can provide the appropriate guidelines.
 

We have found that, as both the children and the 
lesson developers ,gain experience, many of the obstacles 
to the use of materials during the radio lessons are 
overcome. Most of them are entirely avoided when children
 
,.use their fingers as concrete materials and we do this
 
whenever possible.


Concrete materials are much easier to use during the 
postbroadcast segment of the lesson than during the radio 
lesson because the.flexibility of the classroom situation 
permits the teacher to cope with difficulties that arise­
.We' regularly encourage teachers to. provide concrete 
experiences 'for students and we present suggestions for
 
these activities in the teacher's guide,
 

'MixedDrills
 

-'The. research literature on the effect of practice on 
learning cupporks the propositionthat skills need to be
 
.practi'ced regularly,to be maintained and that distributed
 
practice is superior to massed practice (Undirwood, 1961).
 
hus,;a given kmount of practice is more.valuable wheo it
 
occurs in ',short, frequent sessions than in longer, less
 
frequent sessions.''In a classic-paper that summarized 48
 
unpublished'studies, Wilson (1925)-concluded that drill
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should have the following :attributes, in order .to be 

effective: 

I.-It should be on the entire process.
 
2. 	It should come frequently and in small amounts.
 

3. 	Each unit should be a mixed drill.
 
4. 	It should have a time limit.
 
5. 	Examples in a unit drill should be presented in
 

order of difficulty.
 
6. 	It should include verbal problems.
 
7. 	It should facilitate diagnosis.
 

With these experimental results in mind, we developed a
 

lesson structure that incorporates several different
 

topics in each lesson, as well as providing different
 

types of activities and different modes of responding.
 

(The structure of the lessons is described more fully in
 

Chapter 7.) Each new topic, soon after it is introduced,
 

is practiced in short exercise sets mixed with examples of
 

related topics previously introduced. This serves both as
 

a review of the older topics and as practice for the
 

children in differentiating related concepts and words.
 

For example, soon after the concept less is introduced it
 

is practiced in mixed drill with exercises on greater.
 

Much of addition and subtraction is practiced in mixed
 

drills.
 

Differential Learning Rates
 

Radio instruction, in its usual implementation, is
 

group paced and provides the same instructional messages
 

to all children. We do not know what advantages or
 

disadvantages this method holds for teaching children.
 
It is well known that children learn at different
 

how to structure
:rates, but it is not at p1l clear 

learning programs to accommodate this fact. Schoen (1976)
 
recently surveyed the results of nearly 100 studies of the
 

effectiveness of self-paced mathematics programs.
 

Thirty-six of these studies compared achievement levels of
 

elementary-school children in individually paced programs
 

with that of children in traditional group-paced programs.
 

In these studies all students (or classes) were randomly
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assigned to treatments, and standardized tests were used 
to measure student achievement. Schoen reports that, lof 
the 18 comparisons made for Grades K through 4,, five 
favored the individually paced program, five favored the 
group-paced program, and eight showed no significant
 
difference between the two. Such results fail to
 
demonstrate the superiority of either individual pacing or
 
the traditional instructional organization. However, the
 
studies cited by Schoen are probably not directly relevant
 
to assessing whether the group pacing of radio instruction
 
is detrimental to students, because teachers in
 
group-paced classrooms do not usually treat all children
 
alike. We can find no experimental results that indicate
 
how much this more subjective type of individual attention
 
contributes to student learning.
 

The r-tential defect of group-paced radio lessons is
 
that they may move too quickly for some children and too
 
slowly for others. It seems likely that any attempt to
 
compensate for one of these difficulties will aggravate
 
the other. Thus, extra review material ftor slow students
 
might well prove boring for the fast students, making them
 
less attentive to the lessons as a whole, while more
 
difficult material chosen to challenge the fast students
 
may confuse and alienate the slow students, who then give
 
up listening.
 

In our experience thus far we have encountered
 
surprisingly few difficulties with group-paced lessons. 
The lessons do move too quickly for some children, and we 
encourage teachers to give extra attention to this group 
during the lesson. However, the segmented structure of 
the lesson ensures that no difficult set of exercises will 
continue for long. Thus, for most of the slow children, 
the discouraging experience rarely lasts long. We have 
only occasionally observed behavior that would suggest 
that bright children are bored. This may be attributable 
to the novelty of radio lessons. However, we have found 
in our work with other mathematics programs that young 
American children do not object to exercises that are easy 
for them (for supporting data on the drill performance of 
gifted students, see Suppes & Ihrke, 1967) and the bright 
Nicaraguan children seem to be responding in the same way.
And, as we remarked earlier, the fast pace and segmental 
structure of the lessons militates against restlessness.
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At the end of first grade we experimented in several 
lessons with radio-directed activities for two different 
groups of students in the same classroom. We asked the
 
teachers to divide the class into a fast group named 
Eagles and a slow group named Tigers. Then, starting with
 
physical activities and progressing in subsequent lessons 
to mathematics exercises, we assigned different tasks to 
the Tigers and the Eagles. In the earlier lessons we 
asked the two groups to respond alternately; later they 
were asked to do different things at the same time. For 
all lessons, the instructions for one group were given by 
a female voice, for the other by a male voice. One of the 
more complex activities used, for both groups, the same 
display on the worksheet. The following is an example of 
the worksheet display.
 

24 90 49 40
 

Tigers were asked to circle the largest number and Eagles 
were asked to circle the number 24. The instruction to 
e&ch group was given only once and the entire presentation 
took 41 seconds. The children followed this complex
instruction surprisingly well. For five exercises of this 
type the overall error rate was .1; the proportion of 
children in either group giving the correct response for 
the other group was .03.
 

The work with grcups conducted during 1975 convinces
 
us that we can successfully differentiate practice for two
 
groups of students during the radio broadcast. However,
 
there are many problems associated with this technique.

One of the difficulties we encountered was the disparity 
in sizes of the two groups. We offered little guidance to
 
the teachers in assigning children to the two teams. Some
 
teachers put into the Tigers group only those children
 
that they predicted would be first-grade failures.
 
Consequently, in those classrooms the Tigers were a much 
smaller group, which caused a noticeable difference in at
 
least the volume of oral responses. This was unfortunate,
 
since it was the slower Tigers who would prc ably have
 
benefited most from the greater peer-group support.

However, if we were to encourage the teachers to assign 
approximately half cf the class to each group, there would 
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be :far less homogeneity among groups. from different
 
classrooms and we would be once again faced with:.the'
 
difficulty we were trying to circumvent, that is, :the
 
spread of ability within the listening group.
 

Conclusion
 

This chapter has examined the instructional method
 
used by the Project and the ways in which we have
 
implemented principles of effective instruction. The
 
following principles have guided our work.
 

1. Instruction is more effective when children 
respond actively.
 

2. 	 Reinforcement (knowledge of results) 
increases the rate of learning. 

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

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

5. 	Children learn at different rates; 
instruction for each child should be 
tailored to his learning rate. 

The Project lessons -alled for a high response rate
 
and increased in pace throughout the year. We
 
experimented with various methods for giving students
 
correct answers and, as the year progressed, we increased
 
the proportion of exercises for which reinforcement was
 
given. We found ways of using concrete materials during
 
the radio lesson and developed a lesson structure that
 
provided a high degree of mixed drill. Finally, we
 
experimented with a method for providing differentiated
 
instruction within the context of a radio lesson. It is
 
clear to us that radio can be used as an effective
 
instructional tool and, while some of the principles we
 
have discussed are more difficult to implement than
 
others, the lesson design we have adopted can be defended
 
on theoretical as well as practical grounds.
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CHAPTER 71 

RADIO..LESSON.DESIGN
 

A daily mathematics lesson in a Nicaraguan primary 
school lasts one hour. Project lessons occupy the full 
hour, using the first half hour for the radio lesson and 
the last half for activities directed by the teacher. The
 
two portions of the lesson are usually connected by a
 
transition segment, which is a set of exercises introduced
 
by the radio program and completed by the children after
 
the program terminates. The mathematical content of the
 
full hour is specified by the Project; the postbroadcast
 
portion is presented to teachers as a list of suggested
 
activities contained in a teacher's guide. Teachers are
 
free to use the guide as they choose, and we do not assume
 
that children will have studied the material assigned to 
the postbroadcast portion of the lessons. 

In this chapter we examine in detail how the 
curriculum structure described in Chapter 6 is translated 
into radio lessons. A typical lesson, Lesson 96, will be 
discussed to illustrate the lesson format that was used 
during 1975. Appendix F presents in full the materials
 
associated with Lesson 96, including an outline, a script,
 
notes to the script writer, and a teacher's guide.
 

Lesson Organization and Structure
 

Project radio lessons are composed of instructional
 
segments and entertainment segments, and these are clearly
 
distinguished from one another during preparation of the
 
lesson. (The distinction may not be as sharp for the
 
listener: "Entertainment" segments sometimes have
 
mathematical content and "instructional" segments are
 
sometimes entertaining to listen to.)
 

Instructional Segments
 

iWe described in Chapter,6 the preparation of lesson
 
segments as units of curriculum structure. .,Each segment
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consists of a set of exercises whose mode of presentation 
is specified by the curriculum developer. In constructing 
a lesson, the curriculum developer selects an appropriate 
set of segments for the radio and postbroadcast portions 
of the lesson. The constraints on this process include 
maintaining the proper prerequisite relationships between 
segments, assigning segments to the radio and 
postbroadcast portions of the lesson, providing variety in 
exercise presentation, student response format, and 
worksheet use, and ensuring that each part of the lesson 
fits into its allotted time.
 

In Chapter 6 we discussed the issue of placing lesson
 
segments in the proper instructional order; this is the
 
most important criterion for assigning segments to
 
lessons. There are also constraints on the placement of
 
segments defined for a single class of exercises. The
 
first segments defined for should
a class be presented
 
near each other in time (usually in successive lessons) to
 
give students an adequate opportunity to learn the new
 
skill. Thereafter, practice should be more widely spaced.
 

With the exception of a few topics that required
 
extensive use of materials, for example, measurement, all
 
initial teaching was placed 
in the radio portion of the
 
lesson. Thereafter, practice was assigned to either part. 
Most frequently, oral drill was given by the radio and 
sets of ten or more written exercises were reserved for 
the postbroadcast portion of the lesson.
 

Modes of exercise presentation. Exercise
 
presentation varied along several dimensions. Exercises
 
were presented (a) as computation exercises without
 
contextual support or as story problems, (b) with or
 
without accompanying visual support, and (c) in
 
multiple-choice or free-response format. The first of the
 
follcwing examples is in multiple-choice format, the 
second is a computation exercise eliciting a free 
response, and the third is a story problem eliciting a 
free response. 

1. Which is greater, four or seven?
 
2. What is 5 plus 10?
 
3., Juan earned 5 centavos yesterday and.10 centavos
 

today. How much did he earn altogether?,", 
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Each of the'above exercises-might be accompanied by 
an illustration on the student worksheet.; Furthermore,
all of the exercise types mentioned above might'require
either a written or an oral response. The Project

followed the practice of presenting all exercises orally
during the broadcast portion of the lesson. 
The exercise
 
was read aloud even when it was printed on the worksheet
 
and the student was asked to write the answer. Often, the
 
children were 
asked to give an oral response before
 
writing the answer.
 

Types of student responses. As we have discussed
 
earlier, maintaining a high rate of student response is a
 
central feature of the lessons designed by the Project.

The radio lessons elicit several types of oral responses

from children. Although the radio cannot actually respond
 
to children in a classroom, it is possible to 
structure

dialogue so that children's oral responses can be
 
anticipated. In this way a type of interaction between a
 
radio character and the children can 
be established that
 
engages their attention. Oral responses include such
 
"conversations" between the children and radio characters,

answers 
to mathematics exercises, recitation--counting by 
rote or reciting the days of the week--and singing. 

We often found it useful to ask children to- delay
answering aloud, typically by asking them to think about 
an exercise, pausing, and then asking for 
the answer. We
 
call this a deferred response. We used the deferred 
response to give all the children an opportunity to think 
of an answer without interruption by the students who were
 
able to respond quickly. The decision to use it depended
partly on the content of the exercise and partly on its
position in an instructional sequence. For example, we 
expected first-grade students to memorize the basic 
addition combinations (sums of two one-digit addends) and
 
in these exercises we started with deferred responses to

allow the children time' to count on their fingers.
Eventually, we moved to quick oral drill, expecting them 
to answer immediately from memory. (For: an experimental
study of such exercises and the kind of theory that will 
help explain the transition* from countin to memorizine. 
see 'Suppes & Groen, 1967..)
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For the first-grade lessons .produced,. ihn ?975,all 
written responses called for during. the lessons were made 
on the student worksheet. Students.. responded to 
multiple-choice exercises by marking the correct choice; 
for free-response exercises they wrote numerals or words 
or drew pictures.
 

Physical activity is another type of response that. 
the radio characters asked of the children. Children were 
asked to hold up fingers, handle materials, or point to 
pictures or numbers on the worksheet. At least once 
during each radio lesson the. children played a game that 
required gross motor activity. Such games were severely 
limited by the crowded conditions that exist in many
 
classrooms but the children enjoyed them, and accommodated
 
themselves well to the space limitations.
 

Entertainment Segments
 

Project lessons included a variety of segment types 
that were designed to entertain. We. found certain types 
of segments more successful than others, as judged by 
observers in the classrooms. . Early in the. year the 
lessons used stories, usually consisting of i series of 
episodes presented between instructional segments.
 
Classroom observers felt that children did not follow the
 
plots from one episode to the next; consequently, the
 
stories were simplified. However, even these simpler 
stories did not appear to engage the attention of the
 
children. Therefore, starting with Lesson 95, stories
 
were eliminated completely.
 

Other types of entertainment were more successful. 
We used songs, poems, riddles, and games. Many of the 
songs were about mathematics. Lyrics were written by 
staff members who then turned them over to Nicaraguan 
musicians to set to music and record. Lyrics for songs
,were printed in the teacher's guides and teachers often 
helped children learn the words.
 

In early programs we used verbal transitions from one 
activity to another. For. example, two characters might 
discuss what the next activity would be. These seemed 
repetitious so we reduced the number of verbal transitions 
and used sound transitionc instead, which were often, but 
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not always, music. Sound effects such as chimes were also
 
used
 

The Lesson Outline
 

The *decisions about the mathematical content of a
 
lesson were.recorded in a lesson outline that served as a
 

guide for all further work on the lesson. An English
 
,translation of the outline for Lesson 96 is shown in
 
Figure 7-1. Host lessons had an accompanying set of
 
notes for script writers; the notes for Lesson 96 are
 
shown in Figure 7-2.
 

The outline gave the following information, in
 
columns starting from the left: segment number, strand
 
and class identification number, mode of presentation,
 
column of the worksheet occupied by the segment, type of
 
response, and exercises to be used. The last column also
 
contained a three- or four-word description of the topic. 
When the curriculum developer felt it was necessary, the 
exact text for an exercise type was included in the 
outline (see Segment 5 in Figure 7-1) or in the notes to 
the script writer (see note for Segment 4 in Figure 7-2).
 

Some aspects of the lesson were not included in the
 
outline because they were general procedures known to the 
script writers. These included the general rule of
 
reading all exercises aloud, using standard instructions
 
regarding the worksheet, providing reinforcement for all
 

- except test exercises, and allotting time for individual
 

exercises. In general, two seconds were allowed for an
 

oral response when students were expected to respond from
 

memory or when only one computation was involved (see
 

Segment 3 in Figure 7-1); eight seconds were allowed for
 
writing a single numeral; seven seconds for circling a
 

multiple-choice response, and so on. The response times
 
were shown on the outline only in special cases.
 

Preparation of a Radio Script
 

A lesson script was prepared in several stages." The
 

instructional, material for. each segment was written
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Lesson 96; Version 1; First Grade;.Prepared 

Materials: 'To 96 ume cards vith nueas rn0 

1975 

to10 

.September7, 

Segment 

1 

Strand and 
number 

A"D 62.1 

-=.; 

Presentation. 

-Radio 

. -

Part, of 
W1 

Type of: 
response' 

Oral 

" " 

.-

Oral addition,- a 

-1+ 2 +4, 2 +3-'r5+ ' ".~4 + 3 !'-

Tileand/or example 

+ b +"c < 12, delayed "oairespoIse; 

+ 1,-4T1 +2, 5+*2+1, 3 + 3 +4,"" : " " - -'. " .. 

-

2 . UM 221.1 :'Radio oral Rote'counting by 2's from 2 toj50"oral response- -

3 

5 

SUB 

N 

SUB 

37.2 

216.2 

38.1 

Radio 

Radio 

Radio 

1 

2 

-

Oral, 

Oral 
1-2 

Oral 
_U--

Oral subtraction, ab - 1; 32 a- 1, 25 - 1,1 1, 
- 47-1, 14-i1, 28-1, 20-1 36-1 

.UMReading numerals, 0 - 2. 79,, 99, , 10077;
oral and multiple choice response. 

Horizontal subtractiona -b <9; ".wunc is eight" 

'minus five? (pause): Write the-asveron.the dotted line." 
Written response 

H 

n" 

w6 TST Radio 
-

3& 4, See 
notes 

Test PC! 

7 NHUM228.1 
ADD .3 

" -Teacher 
'Teacher 

5 
6 &7 

AUM . 
UM 

Predecessors, 2 to 12, written response 
Horizontal addition,O<-a b< 9, itte reonse 

919UM223.0 Teacher-Ooral 
with 
cards 

Reading numerals 0 .100on cards; oral response 

Figure 7-1. Outline for Lesson 96 (translated). 
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Notia.Ge Sript
t ritersd,
 

Lesson 96'
 

Segment 4. 	"Find the lag with the ineapple. Inthat bo p.ut 
your, fingerunder the number+79, (P e T ellhow is '79' vritten? (Pue Ys, 7iswritten 
with a 7 and a9. Nov circle the' 79. 

" Segment 5. 	Givenfor the first time. Read the comp e e 
exercise; then solve it. 

Segment 6. 	"Count the balls 'and rite the number
 
below." ~12 sec)
 

"Da -line around the circle that' 
divided into' fourthai."i (see) 

"Circle the 	number 39." (7iec)
 

"write on the line he missing,number." "( sec)
 

' 
"Circle the 	number 90." (7 sec)
 

"Wrtethenumber that follows oht (
one." 


.Crl'th e largest'number."("Sc'Crce'h 	 'ase'".+:"(2
ec)
 

r"Think-how much is,five :minus' fou ? 
Write 'the answer. .02-sec) 

"write the number that goes before
 
,that one." oesebeoe
 

"Write the answer. to seven minusthree." - 1 ee 

Figure 7-,2. Notes to, script, vriter for Lesson,96 (tranilated)-. 
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separately, although the !dialogue for., each' segment used 
the same established radio characters,"Carlos, Lulu, and
 
Lobo. The entertainment segments were also prepared 
separately. Finally, all the segments were incorporated 
into a single script, with music or dialogue providing the 

transition from one segment, to another. Instructional 
segments were usually presented in the order in which they 

appeared in the, outline; occasionally the script 
department suggested a change in the order. 

Guidelines for Writing Instruction.
 

From the experience of the first year, the Project 
staff formulated a set of guidelines for radio 
presentation of instructional material. 

1. It is not necessary to repeat oral exercises. We 

found that children are able to respond with only a single 
presentation of an exercise, and repeating instructions 
seems to teach the child that he does not have to listen 
the first time.
 

2. When presenting exercises orally, it is 
preferable to give the general direction first, the
 
numbers last. For example, we say, "How much is one plus
 
two plus four," not, "One plus two plus four is how much." 

3. When children recite--numbers, days of the week, 
and so on--it is necessary to establish a rhythm for them. 
It is also important to tell them clearly where to start. 
We have taught the children to wait for the radio to tell 
them when to start, and we establish the .rhythm with drum 
beats or beating sticks.
 

4. Children must be told not only when to start an 
activity, but when to stop. They do not automatically sit 
down after being asked to stand up, or put down their 
pencils when they complete an exercise. If we do not 
e xplicitly indicate the end of an activity the children 

seem to wait for something more to happen. 
'5. Children' should' not be misled _into ithinking they 

know the task you are presenting. (If they think they 
know the task, they will do it.) If you want them to 
circle the cat, do not say, "Look for the horse; next to
 
the horse is a cat; circle the cat." They will circle the
 
horse.
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6. :Children should ,bekept active.. We,• t rY.: not, to
let more than 60 seconds ,go by without asking: them.; todo 
something. 

7. Instructions should, be phrased in the, most 
straightforward manner possible with simple -words and 
short, syntactically simple sentences. However, given a
 
choice between a shorter sentence and simpler syntax,'one
 
should choose the simpler syntax. The type of syntactic

complexity that causes the most trouble is modifying
phrases. The instruction "Count the ducks that are in the

water" is difficult because of the phrase "in the water." 
If this were a very new task for the children, we would
 
write the instruction in three sentences:
 

Look at the ducks.
 
Some of them are in the water.
 
Count the ducks that are in the water.
 

If the children were more experienced, we would use one 
sentence to' focus attention on the ducks and a second to
give the instruction to count the appropriate subset. 

8. Instructions can be shortened as children become
 
familiar with them. For example, at first used the
we 

phrase encerrar en un circulo (enclose in a circle). By
-Lesson 96 (Segment 4) this has become encierren (circle).


9. Strict vocabulary control is not necessary

because the language is verbal, not written. It is
 
acceptable to use words that may be unfamiliar to some 
children, provided the child need not understand the word 
to follow the instruction. Consider an instance in which 
the accompanying worksheet section has oneonly figure.
If we give the instruction "Look at the square. It is
 
divided into four parts" there is only one thing for the 
child to look at, so the word square need not be 
understood. Our rule of thumb is that use of a word we 

' 


have 'not taught the children is permissible if 
"thing-a-ma-Jig" can substitutedbe for it and the 
instruction remains understandable. 

10. Instructions may differ ifor oral and written
 
responses. When asking for oral responses, one can ask 
more difficult questions and make the 
instructions more 
concise. For a good oral response, only one-third of the 
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children need be able to respond (and hence to understand 
the instruction). At first only the better students give 
the answer, but they serve as a model for the other 
students who learn by this means what is expected of them. 
Instructions for written responses must be directed 
towards the slowest children in the class so that they 
understand the directions, even if they are not able to 
respond correctly.
 

11. There should be no background sound during the 
presentation of directions or exercises and silence should 
be maintained while children are given time to respond. 

Instructions for Using the Worksheet
 

The combination of an unambiguous labeling system and
 
clear directions enables young children to keep their
 
place on a complicated worksheet. We used a
 
double-identifier system, illustrated in Figure 7-3 and 
Figure 7-4, to identify each location on the worksheet. 
All rectangles in a column have the same outer identifier 
(a flag, box, or kite); each rectangle within the column 
has a unique inner identifier (pineapple, ball, etc.). 
During the early lessons when we were teaching children to 
use the identifier system, we never repeated any inner 
identifier on a page. By the 96th lesson, the system was 
sufficiently familiar that one ice-cream cone in a box and 
another in a kite caused no confusion. 

During several 
spent teaching the 

of the earliest lessons, 
children the names of 

time 
all 

was 
the 

identifiers to be used throughout the year. When the 
identifiers were familiar, the children were taught to-use 
their fingers to point to the appropriate identifier. By 
the second half of the year the instructions for using the
 
worksheet were much abbreviated. 

This system for identifying and locating portions of 
the worksheet proved successful and allowed the use of up
 
to 30 exercises on one side of a worksheet. With older 
children who could tolerate smaller print, we could
 
probably increase the density of exercises even further.
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85-61 79 8-5.... 

Numeroo0 04 T®oo 

Fi6 899 7658 9-8=.... 
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S89 78-100 97r 
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109860, 

Figure 7-3. Student 

8.6=.... 

worksheet for Lesson 

,08010 
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-Figu re7-4. Student worksheer for Lesson 96 , smide 2-(riduiced 
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Characteristics of Lesson 96
 

Lesson 96 exemplifies the lesson format that evolved 
.,as a result of the experimentation carried on during the
.,first year. Summary statistics describing the radio 
.portion of Lesson 96 are presented in Table 7-1. The 
shortest segment in the lesson was the 25-second counting
exercise. The longest segment contained 10 exercises and 
lasted almost four minutes. For some segments the number 
of responses was 
because children 

greater than the 
answered first 

number 
orally 

of exercises, 
and then in 

writing. 

Table 7-1 

Suary Statistics for Instructional Portion.of Lessog 96, 

Time for 
Total timo pauses
 

Setment Number of Number 'of 
number -exercises responses scn.
se. 6C.e
 

166 
 3 4.5 A 2
 
2 1 1* 0 25
 

3 8 1 30 0 16' 

4 5 10!r 3 13 0 48 

1 5 0 13 59 - ','.31. 

610 0 3 11 1 '29 

Total 35 45, 15 22.5 5 6 

'Ill : 
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The distribution of responses among types (oral, 
written, physical) for the entire lesson is shown in Table
 
7-2. The children were asked to respond 50 times during 
the broadcast and to work 17 exercises on the worksheet 
during the postbroadcast period. Of the 67 responses, 62
 
were oral or written answers to mathematics exercises. In
 
this lesson as in most, oral responses were predominant
 
during the broadcast portion. The number of coded
 
physical activities is small. However, there are some
 
actions each child is asked to perform that are not
 
counted as responses, for example, moving his fingers to a
 
new place on the worksheet, picking up a pencil, or
 
turning over the worksheet. Although these are both too
 
frequent and individually too insignificant to code, they
 
contribute to the activity level of the children. Each of
 
the separate types of activity in the game--sawing,
 
hammering, and so on--is considered a single response.
 

A characterization of some linguistic aspects of the 
script for Lesson 96 is presented in Table 7-3. (The 
analysis was performed, of course, on the Spanish script.)
 
Utterances were divided into two types--those directed to
 
the children and those directed to other radio characters.
 
Utterances directed to the children always asked for a
 
response from the children. In Lesson 96 the only
 
dialogue between radio characters occurred in the joke;
 
the poems were also coded as not directed to children. As
 
shown in the table, approximately 85 percent of the
 
utterances were directed to the children.
 

Table 7-3 shows other characteristics of the language
 
used in the lessons. Sentence length averaged less than
 
seven words for both types of utterances, a reflection of
 
the principle mentioned earlier of favoring short, simple
 
sentences. There was much redundancy in the words
 
directed to the children* the 918 words were repetitions
 
of 169 different words.
 

Conclusion
 

During the year the lessons adhered to the basic
'4euig nthat had been developed for" the California and
 
Nicaragua pilot tests, but methods for implementing this
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Table 7-2 

;Frequency-of Response Types inLesson 96.. 

,--Number of LResponses . 

Written 
Segment Physical Oral -Total 

Multiple
choice Constructed 

Activity directed by radio 

2 1 1 

3 8 8 

4 5 5 10 

5 5 5 10 

6; - 4: 6' 10 

Songx 

Can4 4. 

Subtotal " 26 9 11 50 

Activity directed by .teacher 

7 9 9 

8 8 V 

Subtotal 17 17 

Total', 26 9 28 67 
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Table"7-3
 

Linguistic Characteristics of Script.for Lesson .96
 

Directed to -,Directed toio -

Characteristic children 'other characteri . Total-

Number of words ''918 140" 1,067 

Number of different' 169 71' 
words 

Number of sentences. .' 140 23 '163." 

Words'per sentenc e '  6.6 : 65 '66 

lesign were extended and refined with experience. We 

found it more productive to write instructional and
 

entertainment segments separately and then integrate them 

into a final script. The lesson outline was developed to 

provide a channel of communication between the curriculum 
the script writers, to facilitate thedevelopers and 

faithful translation of the instructional message into a 
the experience of therecorded form. And, finally, from 

year came a set of guidelines for writing instructional 
we feel are applicable to instructionalmaterial that 

programs with differing subject matter or content.
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,CHAPTER 8 

OPERATION OF THE PROJECT 

In this chapter we discuss. several aspects of the 
operation of the Project. We first describe the lodale of
 
the 1975 work and then turn to the role of the teacher, 
the classroom visitation program, and the testing program.
 
We end with a discussion of the Project's relationships
 
with school personnel.
 

Educational Settina of the Project
 

During 1975 the Project worked in the Department of
 
Masaya, which is approximately 30 kilometers southeast of 
Managua, the capital of Nicaragua. The department has an 
area of about 543 square kilometers and is the smallest of
 
the 16 departments in the country. Approximately 30,000
 
of the population of 94,000 live in the city of asaya, 
the capital of the department.
 

There are approximately 100 public primary schools in 
the department, with about 170 first-grade classes. The 
Ministry of Education characterizes schools as urban if 
they are located within the boundaries of a 
municipality--otherwise as rural. A comparison of several 
indices of urbanization for the 10 municipalities in the 
Department of Masaya is shown in Table 8-1. Two townst 
Masaya and Hasatepe, stand apart from the others on almost 
all of the indices: they have larger populations and more 
paved streets, movie theaters, banks, and telephones than 
any of the other towns. Visits to the towns supported the 
conclusion suggested by the data in Table 8-1, namely, 
that Masaya and Hasatepe are far more urban than the other 
towns. For work during 1975 the schools were stratified 
into three levels: Schools in Hasaya and Masatepe were 
called urban; those in the other eight towns, municipal; 
and the remainder, rural.
 

The distribution of students among grades for the 
Department of Hsaya for 1974 is,' shown in Table 8-2. 
Approximately 37 percent of the -students were in first 
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Table 8-2.
 

Number of Pupils per Grade"
 
Department of Massya i, 197_4 

Grade 'Urban, Rural Totai' 

1 4,357" 2,825 7,182 

2 2,502 '1,256* 3758
 

3 2,201 832 3,033
 

4 .1741 550 2',291
 

5 5,3381,697
359 


6 :1;72 _258 1,'430.
 

Total 13,11 6,080 19,391
 

grade (this figure .rises to T46 percent for rural
 

students),. The age distribution for first-grade students
 
. 


in 30 classes -is -shown ,'in Table 8-3. The mean: age for
 

urban students is-8.2-years that: for rural,"students 8.5
 

years.
 

:Role of Teachers
 

Teachers."were asked to .play substantially different
 

roles during the -,two:-,portions. of the daily mathematics
 
lesson. For portion the teachers were asked
-theradio 


'
 only ,.to"supply .the 'appropriate materials and play -the 

taped lesson. No special prebroadcast. activities were 
planned,"nor were 'teachers given a script for the radio. 
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'Table 8-3
 

Age Distribution .of First-grade Students

Test :Population ... . i, 
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lesson. The lesson wasdesigned to be self-contained; it 
'was,'not-necessary for teachers to 'prepare' children to 
listen :or to be familiar in detail with the contents of 
the lesson. After some experience we decided that the 
most effective role for the teacher during the radio 
lesson was in helping the slowest children with written 
work.,' 

During the postbroadcast portion of the lesson the 
teacher was asked to present the material in the teacher's 
guide,"modifying it in any way she chose. The guides were 
relatively brief, usually one or two pages. (A sample, 
the guide for Lesson 96, 'can be found in" Appendix F.) 
Often the guide suggested that the teacher supply simple 
materials for students to use; objects for counting, cards 
with numbers printed on them, objects to use for buying 
and selling ,games. Occasionally supplementary materials 
were provided, such as play money or cardboard rulers. 

Selection of Teachers
 

During October and November of 1974, 18 first-grade 
teachers were selected, from a list prepared by the Office 
of the School Inspector of teachers who were expected to 
teach first grade in 1975. The teachers came, in roughly 
equal numbers, from rural, urban, and municipal schools. 
All the schools were accessible year-round and within a 
40-minute drive from the Project office. 

The choice of teachers was made at the end of the 
1974 school year, because we wanted ' to collect 
achievement-test data on students in the classrooms of 
these teachers before the introduction of radio lessons. 
During the latter half of 1974 staff members visited many 
first-grade classrooms andwe used these observations, as 
well as the recommendations from the School Inspector, to 
select teachers of varying abilities. Before school 
started in February one teacher moved out of the district 
and another declined to participate because she was 
pregnant. A third teacher moved to a school where she 
taught in tre same classroom with another first-grade 
teacher. These two teachers participated in the program, 
working as a team during the mathematics lesson. Thus, 
the' 1974 experimental population consisted of 17 teachers 
and 16 classrooms. 
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,Traini. of Teachers-''
 

Participating teachers met weekly for the first month
 
of -the -school year and approximately once every six weeks

thereafter,, for a total of eight 
 teacher-training

sessions. 
 The initial set of training sessions had
 
several general objectives: to acquaint teachers with the
 purposes of the lessons, to 
help them become oriented to
 
their new teaching role, to allow the staff and 
teachers
 
to become acquainted, and to explain logistical aspects of
 
the lessons, such as distribution and collection 
of

materials and classroomthe observation schedule. The 
sessions also helped teachersthe prepare to teach the

first 15 
lessons without the help of the radio. These
%readiness' lessons were 
designed 
to teach the children
 
how to use the worksheet, to familiarize them with the
vocabulary and response modes that the radio lessons would
 
use, and to introduce some basic mathematical concepts.


Training sessions were held at the Project office 
after school and lasted from two to three hours. On the 
average, about of 17
12 the teachers attended each

session, along with 
the staff members (usually four) who

had participated in planning the session and shared the
task of running it. Using an open dialogue between all 
the, participants, we designed the sessions to give the
teachers the opportunity to express themselves 
 as

naturally and spontaneously as possible. Several
 
principles guided the planning of the sessions: 
materials
 
presented should be directly related to the needs of the 
teachers, teachers should be active participants in their
 
own learning experience, they should have experience with

the materials they were to teach, and they should feel 
part of the process of lesson development.


Teachers participated in differentmany activities. 
During the first sessions they played the role of students
 
for a radio lesson and worked with the materials prepared

for the "readiness' lessons. They also developed lesson 
plans for the 
 the first 15 lessons and designed a

worksheet to help them become familiar with its structure
 
and use. By the third session, the emphasis shifted back
 
to the use of radio lessons, and the teachers spent time 
further, defining their new role and their specific
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responsibilities before, during, and after the radio
 
lesson. In some of the later sessions, the following
 
specific problem areas were examined in more
 
detail: classroom management concerns, such as efficient
 
ways of distributing materials; methods for working with 
children of different ability levels, especially those 
having the most difficulty keeping up with lessons; and 
the use of materials--why the use of materials is 
important in teaching basic mathematical concepts, what 
kinds of materials to use, and how to use them to meet 
specific curricular objectives.
 

Part of each training session was devoted to
 
discussing logistical concerns: when materials would be 
distributed and collected, how children were to number 
their worksheets (and the importance of having the correct 
student number on each sheet), and when classes would be 
tested or observed. Teachers were also given practice in
 
using the tape recorder, especially in adjusting sound 
levels (which they tended to set too high).
 

For us, one of the most valuable aspects of the 
teacher-training sessions was the opportunity to obtain 
from teachers information about how lessons were going in 
their classes. The staff attempted to maintain good 
relationships with the teachers, not only to help ensure 
their cooperation, but also to encourage them to express 
their opinions openly and honestly. As the year 
progressed, they felt increasingly free to criticize our 
work and gave us much useful information as a result. 

Classroom Visitation
 

We used a regular schedule of classroom observations 
to obtain information about the reception of lessons by 
students and teachers. Of the 16 experimental classrooms,
 
staff members observed the mathematics lesson daily in six
 
classes, and once a week in five others. The remaining 
five classes were not observed at all. We chose to 
maintain only limited contact with one group of classes in
 
order to find out what types of problems aroea, how well 
the teacher was able to cope with them, and whether such
 
classes used the recorded lessons as regularly as those
 

122
 



OPERATION OF THE PROJECT
 

that were observed. Teachers of these unobserved classes 
had the opportunity to talk with a staff member once each 
week when materials were delivered and collected.
 

Observation Hethod
 

The Project method for observing classes became more
 
systematic as the year progressed. During the first three
 
weeks we wanted to know how teachers taught Project 
materials without support from radio lessons, and we
 
designed an observation form for this purpose. The form
 
was quite simple, providing for a running account of what
 
happencd in the classroom.
 

When the radio lessons began, we devised a form that
 
identified each part of the lesson and asked the observer
 
to comment on the following items for each segment of the
 
lesson: whether directicns given by the radio were
 
understood by the children, what proportion of the
 
children participated in each activity, whether the
 
observer thought the children found the exercises easy or
 
hard, whether the children followed the worksheet, how the
 
classroom teacher and children handled concrete materials,
 
whether the mathematical content seemed easy or hard, and
 
whether the teacher 'ollowed the instructions in the
 
teacher's guide.
 

Using this form, the observers were able to provide
 
considerable qualitative information that was quite useful
 
to curriculum specialists and script writers. However, 
the form did not provide quantitative data that would 
allow comparisons between lessons or of one part of a 
lesson with another. About a month after radio lessons 
began, the observation form was revised to incorporate 
numerical ratings, on a scale of I to 10, for several 
aspects of the lesson, including the degree of interest 
displayed by the children, the percentage of the children 
participating, the percentage of participating children 
that were working independently, and how well the children 
appear to understand the material being presented. 
Observers were also asked to respond to questions posed by 
script writers or curriculum developers about particular 
segments or exercises. The observation form for each 
day's lesson was prepared in advance with each lesson 
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segment identified in such a way that the observer could 
recognize when it started and with the special questions 
typed on the form. Each day when they returned from the 
classrooms, observers met briefly, compared notes, and 
gave the observation forms to a staff member who prepared 
a summary for the day's lesson.
 

The staff maintained a training program for 
observers. Pairs of observers visited the same class, and 
the two observation sheets were used during training 
sessions to clarify and make more reliable the use of the 
rating scales. Each observer participated regularly in 
this exercise. 

Lessons Without Project Supervision
 

Shortly after the beginning of the school year the 
opportunity arose to work with classrooms in the
 
neighboring Department of Granada. We decided to use
 
these classrooms to test utilization of the program
 
without any direct supervision from the Project staff. We
 
arranged for the School Inspector of Granada to choose six
 
classrooms, gave her some guidance about teacher training,
 
and each week delivered materials to her office. She
 
distributed the materials to the teachers and at the same 
time collected completed worksheets, which she returned to 
us. Staff members did not meet directly with the Granada 
teachers until the end of the school year. The Granada 
lessons started about two months after the beginning of 
the school year so the three weeks of 'readiness' lessons 
were eliminated and some of the early radio lessons were 
deleted to bring the Granada classes closer to the
 
schedule followed by the Hasaya classes. Once they had 
almost caught up, the Granada classes remained one week 
behind the Hasaya classes. This was done to allow extra 
time for materials to be delivered. 

Testing Program
 

The children from the 16 experimental classrooms were 
pretested In Harch 1975. In April, pretests were 
administered in nine traditional classrooms that had been 
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chosen at andom from the list of classrooms taught by
teachers whose classes had been posttested the previous
November. Thus, all of the children who were pretested 
were taught by teachers whose students had been tested the
 
previous year. Because the Granada classes began lessons 
so late in the year, it was decided not to pretest them.
 

All students in the 16 experimental classrooms, the
 
nine traditional classrooms, and the six Granada
 
classrooms were poettested in November 1975. The tests 
used, and the results, are described in Chapter 9.
 

Relationships with School Personnel
 

The Project staff attempted to maintain contact with 
other people in the school district who were concerned 
with or interested in our work. The Inspector provided us 
with letters of introduction and asked all school 
directors and teachers to cooperate with us. The 
directors of the schools we worked with were informed of 
all changes that affected their schools. We also sent out
 
an information bulletin to all teachers in the department 
to tell them about Project activities.
 

In our contacts with teachers of experimental classes
 
we stressed that classroom observations and the tLsting
 
program were not designed to evaluate either teachers or 
individual students but were for the purpose of improving
the instructional program. Staff members did not make 
evaluative comments to the teachers, except occasionally
 
to give praise. The teachers received no reports from us
 
on how students performed, but we discussed with them ways
 
they could use the student worksheets to evaluate student
 
performance. 

The Project also maintained a close relationship with
 
the Mirilstry of Education. Two Nicaraguan advisory
 
committees were formed, with members drawn from the 
Ministry, other school districts, and the universities. 
One committee functioned in a general advisory capacity,
examining all our activities, visiting radio classes, and 
assessing the suitability of the instructional program for
 
its Nicaraguan audience. The second committee a
had 

narrower 
 focus, that of examining the curricular
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objectives of the instructional program and advising..the
 

staff on their compatibility with the curriculum ppcified
 
by the Ministry.
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CHAPTER 9
 

RESULTS
 

In this chapter we discussthe evolution of Project

radio lessons .under 
 the impact of performance and
 
observation data and 
present, illustrative results from
 
Lesson 96. We also report the results of achievement
 
tests and discuss evidence from these tests pertaining to
 
the oral arithmetic skills of the students.
 

Design of Project Lessons
 

Only two aspects of Project radio lessons have
 
remained unchanged from the initial 
work described in
 
Chapter 2, namely, the use of lesson segments to construct
 
a lesson and the commitment to a high level of student
 
activity. Within this framework the design of lessons has
 
changed markedly. 
 Some of these changes are illustrated
 
in Table 9-1, 
which compares several characteristics of
 
scripts at four different stages of development: Lesson 4

of the 1974 pilot series, and Lessons 54, 96, 
and 116 of
 
the 1975 series. During 1975 we simplified the scripts

considerably by eliminating stories and 
 making the
 
entertainment portions shorter. These changes 
 are
 
reflected by the smaller number 
of words and the higher

proportion of words directed to 
the children in the later
 
lessons. 
 Most of the words directed to children are
 
instructional; 
 all of the words directed to other
 
characters are in entertainment segments.


There was a steady increase in the student response

rate during the year, which is reflected by an increase in
 
the number of pauses. Each pause indicates a request for
 
children to respond; these 
more than tripled from Lesson
 
4, given at the end of first grade in 1974, to Lesson 116,

given near 
the end of first grade in 1975. For Lesson
 
116, children 
were asked to respond on the average more
 
than three times per minute. As indicated in the table,

the pace of lessons increased gradually during the year.

After each increase we observed lessons in 
classrooms to
 

127
 



Table 9-1 
c. 
arison of SeveralCharacteristics of Scripts at Different Stages of Script Development 

Number of vords Words per sen.tenceNueop e 
-"Lesson Year To c i. other Total Tolchilden Ote ' .. Mean Total per-minute 

4. 18971 882 (52%) 0 (,8%) 1,689 7.7 7.47 1.61. 20r. ,5 

541 1975 .623 '(512%) 575 (4p8%) 118 6.17 7'.41 6.3 30. 15
J86%)j;.4
 3.49(14%)
96 1975 9B(6) 11(1%) 167 6.56 6.4.8 6.55- 56- 2.6o 

136 1975 :88k (79%) 225 (21%) 1l,069 -- 11.A.8.o.51 4.0t! 
 68 3.3 

http:11.A.8.o.51


RESULTS, 

ensure that we. were not ,outstripping the capabilities: of 
i hildren.
 
iThe" worksheet 'also evolved 'from its rather crude 

beginning in the California pilot lessons., The :changes
can-be seen in Figures 2-1 and 2-2, 3-1 and 3-2, and 7-3 
and .7-4, which show worksheets for a California pilot 
lesson, for a Nicaragua pilot lesson, and for Lesson 96. 
All of the worksheets used a column format, but the 
double-identifier system for labeling locations was not 
developed until 1975, after we had experienced many
 
difficulties with the earlier formats.
 

An issue of some concern in the design of classroom 
radio lessons is the allocation of teaching 
responsibilities between the radio and the classroom 
teacher. Our initial plan was to ask the teachers to 
share many teaching tasks with the radio portion of the 
lesson. At the beginning of the 1975 school year, for 
example, we asked the teachers to teach the children how 
to use identifiers and how to find their way around the 
worksheet, using a strictly specified vocabulary so that 
the children would learn the same words and phrases they 
would later hear in the radio lessons. This was not very 
successful because many teachers substituted alternate 
expressions. We think these tasks would have been more 
effectively taught by radio. 

We found that teachers were most successful when 
asked to teach concepts and skills they understood well, 
using methods with which they were familiar. If a task 
was not a familiar one, an explanation in the teacher's 
guide did not sufficiently prepare the teacher to carry 
out the required procedure. However, teachers were able
 
to provide follow-up work for students using the methods
 
they had learned about in the radio lessons. From these
 
experiences emerged the following general rule: The radio
 
lessons provide initial teaching for almost all concepts
 
and skills; subsequent work is shared by the radio and the
 
teacher. An exception to this general rule occurs for
 
group activities involving a variety of materials. These
 
are clearly handled best by the teacher.
 

The teacher must also provide all assistance needed
 
by individual students. To help teachers diagnose student
 
difficulties, the Project indicated specific instructional
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segments as suitable for diagnosis..These were .called 
diagnostic segments and were listed separately in the 
teacher's guide. We suggested that the teacher check the 
worksheet responses of any child she thought :might be 
having difficulty. The guide gave specific suggestions 
for remedial activities for different types of errors, but
 
none of the teachers whose classes were observed used 
the3e suggestions.
 

Classroom Observations
 

Classroom observations proved to be the most fruitful
 
source of information about the lessons. Each lesson was
 
observed by at least three people in three different
 
classrooms. Observers completed observation forms and
 
daily summaries of these were prepared. Although we
 
eventually developed a classroom observation form that
 
allowed the collection of quantitative information about 
observers' reactions, we found that the numerical data 
added nothing to the information we obtained from the 
daily summary sheets. Some deficiencies of the numerical 
rating scheme could have been overcome. For example, the 
observers tended to use only the upper half of the 
10-point scale; they could have been taught to spread out 
their ratings. We found, however, that a low rating was 
useful to us only when the observer provided an 
explanation for it, in which case we could obtain the 
needed information without the rating. Once again, we use 
Lesson 96 to describe the type of information classroom 
observations provided.
 

An unusually large number of observations--12 in
 
seven different classes--were made of Lesson 96. Among
 
those reporting on the lesson were regular project
 
observers and members of the curriculum-development and
 
script-writing staffs, who were required to visit
 
classrooms regularly.
 

Observers rated student interest in each segment; the
 
interest level for the entertainment segments ranged from 
5.1 to 7.7 points, and for the instructional segments from
 
5.5 to 7.3. Observers noted that, during the opening

rhyme, children in two classrooms .laughed and responded
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actively,-while in three other classrooms the students
 
paid attention but otherwise did not react. Because the
 

script department was experimenting with repetition of 
jokes, observers were asked to respond to a special 
question on the observation form: "Did the children laugh 

more this time than the first time the joke was 

presented?" The results (four classes less, class theone 
same, one class more) suggested that repeating the joke 

did not work well. 
During the instructional segments, observers were
 

asked to judge how well students understood the content of
 

each segment. They rated Segment 3 (oral exercises on 
lower than the others,subtraction of I from a number) 


noting that, in one class, only three children answered
 
the first two exercises. The observers' comments about
 

Segment 4 are summarized here:
 

One observer noted that the instructions were
 

unnecessarily thorough, as the children answered
 

the exercises with the first instruction. In 
another class an observer noted that the
 

children worked in unison and worked well. 
 In a
 

third class it was noted that the children 
understood well the mechanics of the exercise. 
However, in a couple of other classes it was 

noted that some children circled the number when 

the radio first referred to it, rather than 
waiting for the later instructions to circle it. 

Segments 7 through 9 were given in the postbroadcast
 

portion of the lesson. The observers noted that teachers
 

gave few instructions for the worksheet exercises but gave
 
The final segment
special help to the slow groups. 


,(Segment 9), using number cards, was to be conducted
 

.entirely by the teacher. Here is summary! of *.the
a 

observers' comments.
 

In two classes the activity was not done. In: 
one class the teacher wrote on the blackboard in 

mixed order the numbers from 80 :to 100. There 

followed activities of reading the numbers aloud 
and circling certain numbers, by the: whole 
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class, by groups of-children, and by individual 
children. In another class the teacher went
 
through the number cards in order from 0 to 100.
 
The children were able to count by rote and thus
 
could answer without actually reading the
 
numbers on the cards.. This teacher then spent
 
much time organizing the second activity (giving
 
cards to each group of children). One observer 
noted that the children often reversed the 
digits in a number, for example, 23-32 and 
64-46. 

It is'apparent from these comments that most teachers did 
not follow the sequence of activities suggested in the 
teacher's guide (Appendix F). This may have happened 
because the instructions in the guide were not 
sufficiently explicit. Alternatively, some teachers may 
not have spent much time planning for the exercise;
 
conversations with teachers and classroom observations 
indicate that this was often the case.
 

Measures of Student Performance
 

Completed student worksheets were collected and
 
analyzed throughout the year. We found the data useful 
for indicating weak places in individual lessons and in 
more global aspects of curriculum design, even though the 
experience with the 1974 pilot lessons (discussed in 
Chapter 3) identified sources of contamination that 
reduced the reliability of the results. We will use 
Lesson 96 to illustrate the types of information we 
obtained.
 

Worksheets for Lesson 96 were turned in for 209 
children from 15 classes; the number of children per class 
varied from 5 to 23. The performance level of worksheet 
responses was high. As shown in Table 9-2, the mean 
percentage correct for the five segments requiring written 
responses ranged from 86.7: to 98.6, and the standard 
deviations were all small. The percentage correct for
 
individual classes ranged from 78.9 (in the class with 
five children) to 98.6,: with a mean for the 15 classes of 
90.0 percent (SD - 5.44).
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Table 9-2
 

Miun Perforiance by Segment for Lesson 96,
 
Worksheet Responses
 

Segment Hean percentage Standard 

number correct deviation 

4 98.6 .83 

5 96.8 1.10
 

6 86.7 5.65
 

7 86.8 2.96
 

8 91.6 3.13
 

For Segments 4 and 5, students responded orally and
 
were given the correct answer before being asked to write 
on the worksheet. Thus, we expected the high percentages 
correct found for these segments. The results for Segment
 
6 (an embedded test) are more interesting because correct 
answers were not given. These results are presented in 
Table 9-3. (The full text of each exercise appears in 
Figure 7-2.) 

The number of different wrong answers for the 
exercises in Segment 6 ranged from two (for the 
multiple-choice questions with three choices) to 20 for 
Exercises 4 and 6. Table 9-3 shows the most frequent 
wrong answer for each exercise. Several common errors are 
illustrated here. For Exercises 1, 4, and 6 the most 
frequent error is the correct answer written with the 
digits transposed. In this case some children who answer 
incorrectly seem to be capable of performing the task the 
item is designed to test but are failing because of 
another deficiency. The most frequent error for Exercise
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Table: 9-3 

Performance on Exercises'from Segment 6, Lesson 96
 

Exercise 

number, Content-

1 Couwtthe balls (15) 

2 Which ;44 idivided in , 

-foirths?'(3.choices)_ 

3 Circle 39 
(33 35 31 39) 

4 21 22 23_ 25 

5-i 'Circle the largest 
,(70. 80. 10 90) 

6, 25 ; 

7 Circle the iargest 
(17 18 16); 

8 Hov much Is 5-4? 

9 8 

10 How.uchIs,-3? 

'lAU 

Percentage 

,correct 

86.6 

91.9 

Host frequent 

incorrect response 

51 (5 2) 

half (2 %) 

96.2 35 (1 2) 

81.3 

82.3 

42 

10 

(31) 

(6 Z) 

83.3 

77.5 

62 

16 

(2 1) 

(1512) 

88.5 

89.0 

90.9 

3 

9 

5 

(21) 

(5 2) 

(2%) 
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5 probably arises from the confusion between largest (in
 
Spanish--plyor) and smallest (menor). This confusion also 
undoubtedly contributes to the choice of 16 as the correct 
answer for Exercise 7. However, in analyzing lesson data 
we have found evience of a second confusion that is 
probably present here--a confusion between largest and in 
last place. These two areas of confusion probably account 
for the high frequency of the response 16 for Exercise 7 
compared with the frequency of the response 10 for
 
Exercise 5.
 

The analysis of errors exhibited on worksheets has 
proved more fruitful than an examination of performance 
levels. Although many errors seem to be random, the most 
frequent errors can often be interpreted as we have 
described above--with some skepticism, but with more
 
assurance as patterns emerge.
 

Even when an error can be interpreted, it is not 
clear when remedial action should be taken. For example,
 
we know from work with children in the United States that 
digit reversal is quite common among first-grade children 
and decreases in frequency as children get older. How 
much time should be spent during radio lessons helping the 
approximately five percent of children who appear to have 
this problem? We decided early in the year not to give 
any specific remedial work for this type of error and
 
reviewed this decision about halfway through the school 
year. We looked at worksheet data for the preceding three 
months and found that, during that time, the proportion of 
reversed digits decreased slightly. There had, of course, 
been much practice in reading and writing numerals, 
although none of it had been directed specifically at the 
digit-reversal problem. On the posttest, the average 
occurrence of reversals over 12 exercises was 2.7 percent, 
which we felt was low enough to justify the decision not 
to provide specific remediation for this error. 

Although we think we made the correct decision in 
this case, the general problem remains. The trade-off, 
given limited time, is always between reviewing the old 
and presenting the new. Deciding which errors should be 
remedied is a difficult task, and at present we can offer
 
no general guidelines for a solution.
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One of our concerns is the degree to which errors ,
 
distributed among children: Are some children completely
 
lost while others perform well? The worksheet data, 
contaminated as they are by copying and teacher help, are 
not the ideal tool for investigating this question. 
Nevertheless, in Table 9-4 we show the distribution of 
student scores for oegment 6. The impression one gets
 
from these results is that errors are distributed
 
throughout the student group--that students cannot be
 
divided into the kncw-it-alls and the know-nothings. 
There do not seem to be many children who are completely 

)st. 
We contemplated several ways of increasing the
 

reliability of the worksheet data; we could try to
 
bz,-oress all aRudent cooperation and teacher help, or we 
might identify a portion of each day's lesson as a test
 
that was to be treated differently from the rest of the
 

lesson. Not only would these solutions have been hard to
 
implement, but they would have distorted the way in which
 
we expected lessons to be used in the future, thus making
 
it difficult to generalize results from the present
 
experimental situation to later use. It became clear that 
we needed a method for gathering data that did not 
interrupt the natural flow of a lesson. 

The obvious answer was a separate testing program 
that would sample student performance on a regular basis. 
During the last part of 1975 we experimented with
 
administering paper-and-pencil tests in a small number of 
classrooms. In order to increase the number of items 
about which we could obtain information, we used a 
multiple matrix sampling design similar to that described 
in Chapter 4. Each week five classrooms were tested, 
using five forms of the test. Each form contained 10 
items, making it possible to obtain information on 50 
items. The tests were administered separately from the 
mathematics lesson, and occupied 15 to 20 minutes of class 
time. The classrooms used for testing were rotated so 
that a classroom received a test only once in three weeks. 
The paper-and-pencil testing program was a satisfactory 
substitute for the collection of worksheet data, and its 
use was expanded in 1976. 
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Table -9-4 

Distributico, of Student Scores forSegment 6 

Score Number Percent
 

10 89 42.58
 

9 61 19.19
 

8 21 10.05
 

7 14 6.70
 

6 8 3.83
 

$ 3 1.44 

4 9 4.31 

3 1 .48
 

2 3 1.44
 

1 0 0 

0 0 0 

Student Achievement
 

Hathematics achievement tests were administered to 
the children in the 16 experimental classrooms in arch 
and in November of 1975. In order to gather information 
about student performance in traditional classrooms, we 
selected at random nine first-grade classrooms. These 
students were pretested in April (one month after the 
experimental classes were tested) and posttested In 
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November. The six Granada classes were given only the 

pottest. We present here some comparisons between 

groups, recognizing that the comparisons are flawed for 
experimentalseveral reasons, the foremost being that 

and that theclassrooms were not selected at random 
pretest for traditional classes was administered one month 

later than the pretest for euperimental classes. 

Furthermore, the number of classrooms used was quite 

mall. 
First-grade Pretest. As we discussed in Chapter 4,
 

there were no mathematics achievement tests availnble for
 

use in Nicaragua. The Project designed all but one of the
 

used. The exception was the first-grade pretest.
tests 

Since we had not been in Nicaragua at the beginning of the 

1974 school yetlr, we had no opporrnity, prior to 1975, to
 

develop an examination aplrupriate for beginning 
that, under the pressure of
flrst-gradn students. We felt 

to a testproducing lessons, we vould be unable develop 
early enough in the school year to give us useful
 

We therefore Looked for a
Informatinn about entry skills. 

commercial test that would be suitable.
 

%c chose the mathematics subtest of the Test of Basic 
Experiences (TOBE), published by CTBI/cGrav-1lill, for 

which there is a Spanish version. We used the Level-K 

examination, designed for kindergarten children, because 

most Nicaraguan first-grade students have had no prior 
school experience. The test booklet contains only
 

All directions are
pictures, with cne exercise on a page. 
given orally. 

The Spanish version of the test was ,lesigned for 

Spanish-speaking children in the United States, and we had
 

to change the verbal -itmulus for several items. One 

question asked the children to recognize a U.S. coin, 
another to remognito an egg carton; in other cases ths 

Spanish usage was not customary in Nicaragua. After these 

Initial changes were made. pilot tests were carried out in 

twn classrooms nnd additional items were chavg.ed. The 
general directions were also substantially rewritten. The 

test items are presented in Table E of Appendix A. 
The authors of the TOBe suggest that the Level-K form 

be administered in groups of five or six children under 
carefully coatrolled conditions. We were unable to do 
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this, but we did take special precautions to reduce the
extent of copying. In large classes we excused some
randomly selected students to relieve the overcrowding
that contributed to the problem of copying. In most 
cases, the test administrators rearranged the furniture in 
the classroom and changed the seating pattern of students,
using books as dividers between students where this was 
necessary. While one staff member read the instructions,
another circulated through the room, encouraging children 
to work alone. 

During Mirch 1975, the test was given to 533 children 
in the 16 experimental classrooms. In April, the test was
administered to an additional 267 studetts in 9 
traditional classrooms. 
The mean score for all ciasses on

the 28-item test was 20.4 (SD w 4.67).

It is not possible to compare performance of
Nicaraguan and American students on the test because the
publisher did not standardize the test on a
Spanish-speaking population; in addition 
 we changed
several items. However, the properties of the test were
similar for both administrations. The reliability of the 
test administered in Nicaragua was comparable to that of
the &,glish version in the United States (the KR-20
reliability coefficients were 0.83 and 0.82,

respectively). The standard error 
of measurement for the

Nicaraguan administration of the test was 1.91, compared
w).th 2.10 for the U.S. administration. The Nicaragua
rvc.st contained only one poor item, as measured by the
 
point-biserial correlation.
 

Test results for individual items are presented in
Table F of Appendix A. The mean percentages correct fornine groups of items classified by concept shown inare 
Table 9-5. of nine means areSix the above 70 percent,
indicating that these Nicaraguan first-grade children had a good grasp of basic concepts. The scores were higher
than we anticipated, suggesting that we had spent
considerable time at the beginning of the school year
teaching things the students already knew. 

"ean test scores for experimental and traditional
classrooms are shown in Table 9-6. The difference in 
favor of the traditional classrooms is significant

(t- 3.98, p < .005). It seems likely 
that the higher
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Table 9-5 

Piiformines -of; i975 First-Arde Stiinii 5 
oi,,, TOlE Test by Concept 

Number Mai percentae 

-Concept of items correet 

10 72..6
Numeration 

Fiactions 1 44.1
 

! 44.1.Ordinal numbers 

83;6
Geometry ­

2 72*8
Tellin, ie 

Beagth 2 e3 

SizeR e r .s 

ottierbasic 

the later
 score for the traditional classes reflects 

testing date; these students had had six weeks of school 

before testing, while students In experimental classrooms 
had been in school for only two weeks. 

Because of the difference in testing times we cannot 
the students in experimental classes anddetermine whether 

classes began the year with comparable levelstraditional 
the test resultsof mathematics skills. On the basis of 
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,Stdint'Per orauce on 1975 Protest 

Itemi correct 

Standard 

Grthp Mean deviation 

Experimntael 533 19 ;87 4.8 

Traditional 267 21.25 4.07
 

it seems reasonable to suppose that, if the two groups 
differed, the traditional classes were better prepared. 
However, we have no way of knowing in what way an 
additional month of school would have changed the scores 
of the experimental group. 

We have an additional piece of evidence that relates 
indirectly to the comparison of the experimental and 
traditional classes. The 1974 achievement test, described
 

in Chapter 4, vas given to children in the classrooms of 

all those teachers who were subsequently to teach either 
experimental or traditional classes in 1975 (under Project 

auspices). The mean scores on the achievement test for 
these two groups of classes did not differ significantly 
(the means were 49.0 and 48.7 for the 10 items taken by 
both groups). That is, the children ,in the 1974
 

classrooms of teachers who were to teach experimental and 
traditional classes in 1975 scored the same on a year-end 
achievement test. This result suggests that there was no
 

large difference in the competency of the teacners of 

ext:t-mental and traditional classes.
 
First-grade Posttest. The posttest for first grade 

using a multiple
was designed by the Project 

matrix-sampling design. The test design was similar to 
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that used for the achievement test described in Chapter 4.
 
The test used two types of items: G-items were read aloud 
to an entire class, I-items varied among individuals in 
each classroom. The distinction between the item types
will be clarified by some examples. 

Oral component Written component 

G-item "What is 2 plus 2?" 

G-item "Circle the.,number 84" 48. 84 '74 47 

I-item "iFind the sum" ',12 or 
+3
 

2+2- or 

21 + 14­

I-item. Circle tihe laretnme' 2 '5 19 or 

21 12 -32 or 

79 77 81 

The matrix-sampling structure of the test, which had 
four I-item forms (I-forms) and four G-item forms 
(G-forms), is shown in Figure 9-1. All I-items were 
tested in every classroom; one-fourth of all C-items were 
tested in each classroom. Sixteen different 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 C-form and one of the
 
I-forms were distributed at random to students within the 
classroom.
 

The full test contained 40 I-items and 48 0-items. 
These 88 items were used to assess student achievement on 
approximately 30 curriculum objectives and to provide 
information about some topics that were taught in
 
traditional classrooms but not in experimental classrooms.
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RESULTS: 

TEST ITEMS 
I Items G Items 

Class I 

Class 2 

w 

Class 3 

Class 4 

:Figure 9-1. Hatrix-sapling design of achievement test.
 

The test was administered to 323 experimental, 195
 
Lraditional, and 242 Cranada students in early November,
 
the end of the school year. The- number of students
 
responding to each item rauged from 40 to 90. Item scores
 
for experimental and traditional students are presented in
 
Table G of Appendix A.
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In reporting the results of the test we first examine 
the extent to which experimental students attained the 
objectives of the curriculum. Scores summarized by 
individual strands for minimal and advanced objectives are 
shown in Table 9-7. Minimal objectives (see Chapter 5) 
were defined as those objectives for which the Project 
expected performance levels of 75 to 85 percent correct; 
performance levels for advanced objectives were expected 
to be lower. On the average, performance levels were 
within expectations for fractions, addition, and 
applications, slightly low for numeration, and very low 

for subtraction. (Measurement, with only a single item, 
was not adequately tested.) 

Table 9-7
 

Attainment of Minimal and Advanced Objectives
 
by 1975 First-Rrade Experimental Students
 

Hinimal objectives Advanced objectives 

Ifean Mean 

Strond 
Number 
of items 

percentage 
correct 

Number 
of items 

percentaRe 
correct 

.Numeration 12 74.3 10 63;1 

Fractions 4 76.7
 

Addition 19 60 

'Subtracion 1i26.
 

Heasurenent 1 94.3
 

Application. 12 83.3 3 61.2
 

We think the poor performance on subtraction can be 
attributed to a deficiency in the amount of practice 
provided. Only about 60 percent as much time was spent on 
subtraction as on addition (see Table 5-3, which gives the 
distribution of lesson segments among strands). We also 
believe that we can improve upon the sequence of exercises 
that was adopted for teaching subtraction. A major 
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revision: task will be to teach subtraction more 
effectively. , Although performance was at an acceptable 
level in other topics, we think it could be improved by 
condensing the material presented at the beginning of the
 
year and increasing the amount of practice in more
 
advanced topics.
 

A comparison of the performance of experimental and 
traditional students is shown in Table 9-8, which
 
summarizes item scores by topic. Of the 16 topics listed,
 
13 were taught in experimental classrooms and 15 were
 
taught in traditional classrooms. Project lessons did not
 
teach multiplication, geometry, or completing equations.
 
Completing equations was not part of the traditional
 
program either. It is, however, a standard topic in
 
first-grade mathematics programs in the United States. We
 
had intended to include it as a topic for the radio
 
lessons; we did not, but tested it nevertheless.
 

Students in experimental classrooms achieved higher 
scores than those in traditional classrooms on all topics 
taught by Project lessons. As shown in Table 9-8, the 
differences ranged from 5 to 24 percentage points. The 
traditional students attained higher scores for two of the 
three remaining topics, but neither group performed 
acceptably. 

In Chapter 8 we described the informal experiment 
carried out in the Department of Granada to test the use 
of Project materials without direct supervision from 
Project personnel. The six participating classes were 
given the posttest. Table 9-9 presents the mean item 
scores for students from experimental, traditional, and 
Granada classrooms. The difference between mean item 
scores of the experimental and traditional classes, in 
favor of the experimental, is significant (t - 3.45, 
p < .005). The Granada students performed at the same 
level as the experimental students. 

Oral Arithmetic Skills
 

In examining the results of the 1974 first-grade
 
achievement test we were surprised to note that
 
performance on word problems presented orally was quite
 
high. For example, the highest percentage correct for a
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Table 98 

Copirii6on of Scores ofEperimental and Traditional 
Students by:Topic, 1975 

Hean percentage correct,
 

Topic 


Nujtrition 


Fractions 


Oral addition 


Vertical
 
addition 


forixontal
 
addition 


Oral subtraccioh 


Vertical
 
subtraction 


Horizontal
 

Honey 

Time' 


L~gt 


Dasic concepts 


Conpletlng
 

Number of
 
'Items 


'22 


4 


6 


8 


:6 


4 

7 


7 


1 


I94J3 


3 


perimental 


69.2 


76.7 


849 


74.0 


7i.8 


72.7 


502 


80.0 


64;6 


87 4 
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Traditional Difference 

59.8 9;4 

53.5 23.2 

61.1 23.8 

526 21.4
 

60.6 11.2
 

5503 17.4
 

31.2 10:6
 

66.7 13:3
 

52 2 12:4
 

72.5 21.8
 

62:5 4.9
 



R1ESULTS,"
 

TIble 9-9'
 

.1975 Poitet Performance-Item-Scores
 

,Percentage
 
correct
 

Standard 
Group n Mean deviation 

Experimental 88 67.3 23.8
 

Traditional 88 55.5 21.4
 

Granada 88 68.4 25.1
 

written addition exercise was about 60, while the highest
 
for an oral word problem using addition was 71 percent.
 
in fact, oral word problems requiring addition were all
 
easier than any of the written addition exercises.
 

The results of the 1974 test also indicated that
 
students did better on computation exercises presented 
orally than on written exercises. In the 1975 posttest we
 
examined this question further. As shown in Table 9-10, 
there is a tendency for the difficulty level to increase 
from oral to horizontal to vertical presentation. 
Although the overall performance level for experimental 
students was higher, the trend was the same for both 
groups of students. Table 9-11 compares performance on 
computation exercises and word problems, both presented 
orally. For traditional students, the word problems were 
easier. The difference between the two types of exercises 
disappears for experimental children, whose performance 
overall is higher. It seems clear from even these
 
fragmentary results that these children are not
 
translating the facts of a word problem into a computation
 
exercise before solving the problem.
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Table 9-1O, 

Copirimon of Perfouance on Related Otal and Writte3 Items:
 
Traditional and Experimental Students, 1975
 

Eerc'ise Percentage correct 

TyeCoktit Traditional Experimental 

Oral 30+ 4 67.5 80.7 

Written, horizioital 90 + 5 55.6 65.4
 

25 

Writte, vertical + 3 26.5 53;7 

Orl 5- 1 68.9 88:6 

Writih; 6izil 7 3 64:6 60.0
 

8 
Written, vrticil -.6 42.9 59.8
 

The lower difficulty level of oral exercises as 
compared with written is also interesting. Once again, we 
can only speculate. Children come to school with good 
facility with verbal language, while their ability to 
handle written symbols is rudimentary. There is probably 
a close correspondence between the spoken language of the 
children and the internal language that is processed, 
while written symbols must be translated to internal 
language, probably through spoken language. Thus, to
 
process an arithmetic exercise presented orally requires
 
one less step (and a very difficult step at that) than 
responding to the same exercise in written form. Of 
course, when a child is given an oral exercise he must 
store the components of the exercise in his memory. On 
the other hand, he is saved the task of decoding the 
printed symbol. As exercises become more complicated, 
either because the numbers become larger or because the 
number of operations increases, the memory load becomes 
greater, and processing an oral exercise becomes more 
difficult. At the same time, as the child matures, his 
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%--CI. arimon of Performnie on oral Computation 
Tkierclie and Oral Word Problems: 

Tiaditionilrand Experimental Students, 1975 

Percentage correct.,
 

Exerciae type Traditional Fxperimentil 

Co6putation 

2 + 5 57.1 96.7 

7 + 4 57.5 84.A 

8 + 7 55.2 723 

5 - 1 68;9 88.6 

- 4 667 86.7 

611A 85L 

C ttion required 

5 3 75;o 8 

3 + 6 55;6 84.8 

8'. - 2 85.1 93.9 

6 - 491,.0 92:'3 

6 70.0 83.0
 

Ilean 75.3 88'
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decoding skills improve. There should therefore be some 
point at which, for the typical exercise appropriate for 
his grade level, the performance decrement due to
 
increased memory load is greater than the performance 
decrement due to the difficulty of decoding; written 
exercises then become easier than oral exercises. We 
suspect that this point comes sometime in the second
 
grade.
 

The results and our speculations suggest to us that
 
for first grade, and perhaps for part of second grade, we
 
can help children acquire arithmetic skills by greatly 
increasing the oral component of the teaching process,
 
capitalizing on their superior verbal skills while we
 
slowly help them to build decoding skills. For this
 
purpose radio may turn out to be a useful tool.
 

Interviews with Teachers
 

At the end of the school year the teachers in
 
experimental classrooms were interviewed concerning their 
participation in the Project. Fifty-eight percent of the
 
teachers said they enjoyed teaching mathematics more with 
radio than without, and 73 percent felt that the children 
learned more during 1975 than during the previous year. 
The majority (59 percent) thought their work load was 
reduced by using radio lessons. The teachers were asked 
what they thought was the major benefit of working with 
the Project. Among the responses were (a) children worked 
better (32 percent), (b) use of worksheet and materials 
was helpful (28 percent), (c) teachers acquired new 
teaching experiences (20 percent), (d) teachers observed 
better teach!.ng techniques (16 percent), and (e) lesson 
presentatiorns were clearer (4 percent). When asked to 
cite the m.ajor difficulty the experienced, 42 percent said 
there were no problems. The remainder mentioned problems, 
but the responses were quite diversified; for example: (a) 
adaptation to a new method was difficult, (b) some 
mathematics lessons were lost because of failure of the 
tape recorder, (c) some of the worksheets were not printed 
correctly, (d) the slow children had difficulties, (e) the 
teacher could not attend the training sessions, (f) not 
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enough mathematics was covered, (g) absenteeism presented 
problems, and (h) the teacher had to explain parts of some 
lessons to the children. Ninety-two percent of the
 
teachers said they would recommend the Project lessons to 
other teachers.
 

The teachers were asked several questions about how 
others it. the school and the community felt about the 
Project's lessons. They reported that many questions were
 

asked by other teachers, who expressed curiosity about all 
aspects of the Project and expressed many doubts about 
teaching by radio. Among the reasons given for skepticism
 

were: (a) children can not learn from a recording, (b) 
there are too many games--too few individual activities, 
(c) lessons can not be repeated, and (d) they require too
 

much work for the teacher. There were some indications
 

that the teachers, feeling freer to attribute these.
 
opinions to others, were expressing some of their own 
doubts. As with the direct criticisms cited above, there
 

was little consensus about these negative reactions.
 
Almost all the teachers (95 percent) reported having 

talked with at least some of the parents about the radio 
lessons. About a third of the teachers said they met with 
parents in groups, others saw parents individually. 

According to the teachers, the response of the parents was 

overwhelmingly positive. The -jor concern expressed by 
the parents was the lack of homework in mathematics and 
most te&chers (90 percent) agreed that children should
 

have homework. In addition, the teachers thought the
 

Project should make more effort to communicate directly 
with the parents through meetings (38 percent), radio 

broadcasts (25 percent), a bulletin for parents (21 
percent) and other means.
 

The teachers were asked for which ability group in 
their class were the lessons most adequate. Their replies
 

were: top, 22 percent; middle, 61 percent; bottom, 17
 

percent. Approximately two-thirds thought that failure of
 

the slow group to understand was a more significant
 

problem than that lessons were not sufficiently advanced 
.for the fast group.
 

The teachers had several suggestions for improving
 

the program. They thought more materials should be used
 

during the broadcast, that more varied activities should 
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be suggested for the postbroadcast period, that 
multiplication and division should be included in the 
curriculum, and that the Project staff should help them 
grade the children. 

*SummarXy Findings 

We conclude with an overall view of the more 
Important findings from our work during the first two 
years of the Project. Ve have divided these summary 
findings Into three groups. The first deals with the 
characteristics of radio lessons; the second deals with 
gonera findings about the mathematics learning 
capabilities of first-grade children in Nicaragim; and the 
final group deals with our conclusions of a more general 
nature. 

Radio Leazone
 

During the experimental work of 197 and 1975 the 
Project developed a successful lesson forest that had two 
parts, the radio portion and the postbroadcasc portion. 
The main characteristics of the radio portion were the 
following: 

I. 	 A radio lesson consisted of segments, and each 
segment was Independent of the others. Each 
sgment had as its main purpose either 
Instruction or entertainment. 

2. 	 All instructional segments required active 
responses fro* the students. floot 
entertainment segments similarly required 
active responses. 

3. 	 A high responwe rate, averaging three responses 
per minute. was maintained throughout the 
lesson. 

A. 	 The instructional segmnts of a lesson wre 
drawn from different topics and required 
different types of responses. 

5. All instructional segoenta consisted of 
eMerc ises requiring responses from the 
children. 

152.
 



RESULTS
 

6. 	.he correct answer was given for each exercise 
after the children had the opportunity to
 
respond.
 

7. 	 Transitions between segments were short, 
simple, and often nonverbal. 

Hathematics Learning 

Among the most significant findings about the 

capabilities of first-grade children ware the followlng: 

I. Children are able to learn now mathematical
 
concepts and skills from instruction given by
 
radio and supplemented by a worksheet.
 

2. 	 Children remain attentive and responsive for a 
half-hour radio "esson. provided they have the 
opportunity to respond frequently.
 

3. 	Children are able to respond at the high rate
 
of three to four times a minute.
 

4. 	Children are able, with adequate directions, to
 
keep their place of? a worksheet that has up to
 
30 different displays or locations for
 
responding.
 

5. 	Children can work with concrete mater.als, such
 
as bottle caps, during a radio lesson,
 

6. 	Children enjoy the instructional portions of
 
the lessons. Althought the entertainment
 
portions pre,;ide a change of pace, they are not
 
necessary for maint4ining the children's
 
attention.
 

Gener findins
 

Our final remarks concern sane of our conclusions
 
about using radio for Instructional purposes, the problems
 
of tenchint children Ato are thought to have rather 
restricted' backgrounds, and some comparisons between 
children in California and in rural Nicaragua. 

1. l e initially underestimated the general knowledge 
o% Nicaraguan children. Their performance on tests on 

Initial- school entry was considerably higher than we 
anticipated. Some of thts. performance any wll be a 
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reflection of tho revolutionary role the transistor radio 

has played in developing countries. It is our experience
 

that massive radio 	 communication networks are in place 

virtually throughout the world and we know little about
 

effects on the knowledge and experience of young
their 

children.
 

2. On the other hand, we tended to overestimute the
 

formal 	skills of the children on entry into school. We
 

experience of both underestimating
suspect that the 

Seneral knowledge and overestimating formal skills is a
 

common tendency in appraising students from rural
 
We also suspect
backgrounds in many parts of the world. 


that to some extent similar estimation errors are made by
 

curriculum specialists working in highly developed
 

metropolitan environments.
 
3. We anticipated significant differences in
 

performance between rural and urban children and we were 

somewhat surprised to find them absent from our data. It 

would be desirable to know to what extent this conclusion
 

holds for more remote rural populations in Nicaragua and,
 

a more general way, for urban and rural populations in
In 
other parts of the world.
 

4. As time has passed we have become more impressed
 
the universal character of thevith what we take to ba 

results. We remarked earlier on the relative uniformity 
the world.of mathematics textbook material throughout 


Our work thus far indicates that not only the curriculum,
 
but also children's learning of elementary mathematics, is
 

to Nicaragua. We
extraordinarily similar from California 

suspect that this is generally true and that the learning
 

of mathematics is more uniform titan any other subject that
 

is formally taught in schools. 
5. Although the authors began this Project with an 

extensive background in elementary mathematics curriculum, 
they did not have a similar background of experience in 

teaching by radio. We are pleased to report tha: during 

the initial period of this Project we have moved from 
In radio as a medium foruncertainty to confidence 


oem.,atary mathematics instruction.
 



Content 

Lesson & 
segment Strand 

LI-I Nt 
LI-2 NHll 
LI-3 NUH 
LI-4 NU 
LI-S NuH 
LI-6 b APL 
LI-7 P GO 
LI-S P NUH 

L2-1 NUN 
L2-2 NE 
L2-3 APL 
L2-4 BAS 
L2-5 NIl 
L2-6 NUh 
L2-7 SAS 
L2-8 P APL 

L3-1 NU 
L3-2 IUH 
L3-3 NU 
L3-4 SAS 
L3-S NUH 
L3-6 NUH 
L3-7 GEO 
L3-8 P APL 

LA-I Nill 
L4-2 GRO 
1,4-3 NU 
L4-I. NU 
IA-S SAS 

&V written, 0 

APPENDIX A: 6ATA TABLES 

Table A 

of Nicaragua Pilot Lesson Segments 

Proentations 
mode Description 

0 Ilando-mando game 
0 Counting aloud 
0 Counting sounds 
V Number dictation 
0 Successors 
0 Days of the veek 
0 Comparing lengths 
0 Itando-mando game 

0 Hando-mando game 
0 Counting aloud 
0 Comparing lengths 
V Identifying common objects 
W Number dictation 
0 Successors
 
V Identifying comnon objects 
V Hoasuring with rulers
 

0 tindo-mando r,,e 
0 Counting aloud 
0 Counting sounds
 
V Identifying common objects
 
0 Successors
 
W Successors
 
V Circling longest, shortest
 

V iteasuring with rulers
 

0 lando-mando game 
V Circling lonxest, shortest 
0 
V 

Successors 
Successors 
identifying common objects 

ooral. 

the taped lesson (postbroadcast).bp 'presented after 
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(Table A, cont.) 

Lesson & 
Segment Strand 

L4-6 GEO 
L4-7 P APL 
L4-8 P APL 

L5-1 NUH 
L5-2 NH 
L5-3 Alt 
L5-A APL 
L5-5 ADD 
L5-6 ADD 
L5-7 ADD 
"s-8 P APL 
:5-9 P APL 

L6-1 NUN 
L6-2 ADD 
L6-3 ADD 
L6-A APL 
L6-5 APL 
L6-6 APL 
L.6-7 P APL 

TIk lRADiO iATHEiiATiCS PROJECT 

aPresentation 
mode Description 

/ Drawing longer, shorter ines
 
V Measuring with rulers
 
0 Comparing lengths 

0 ando-mando game 
0 Counting aloud 
0 Comparing coins 
i, Identifying coins 
0 Story problems--addition
 
0 lental arithmetic
 
W Mental arithmetic
 
V Heasuring with rulers
 
H Drawing lines of given length 

0 Counting aloud 
0 Mental arithmetic
 
U liental arithmetic 
9 Comparing coins
 
0 Comparing coins 

- Story problems--money 
V Giving value of coins 
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i974 pilot Test Reult by Item 

Iem a Percentale 
. idnifier Strandb n correct 

Al HU 91 94.5 
A2 NUH 91 93.4 
A3 NUH 91 63.7 
A4 HUIM 91 39.6 
AS SUB 91 52.7 
A6 APL• 91 75.8 
A7 ADD 91 54.9 
A8 SUB 91 24.2
 
AV ADD 91 58.2
 
AIO SUB 91 27.5
 

Cl-I HiU 41 87.8 
1-2 No 41 46.3 
BI-3 HUH 41 39.0 
11-4 ADD 41 43.9 
BI-5 DIV 41 22.0 
B1-6 APL 41 14.6 
BI-7 APL 41 63.4 
BI-8 HUH 41 65.9 
51-9 APL 41 41.5 
11-10 HU1 41 17.1 

i 2-1 GEO 50 92.0 
B2-2 HIJ 50 86.0 
p2-3 WUH .50 72.0 
BI-4 RUH 50 50.0
 
B2-5 HUH 50 22.0
 
B2-6 APL 50 20.0
 
B2-7 HUH 50 52.0
 
B2-8 NIM1 50 78.0
 
B2-9 APL 50 84.0
 

-12-10 HUH 50 58.0
 

&Teat Items came from forms A. B1. 82, Cl, 

C2' C3, (4. and C5. Itemas are numbered 
conscutVvely vithin each form. 

bStrand abbirvaitions are:
 

ADD Addition ?IUWHultiplication 
APL Applications HUH Number concepts 
DIV Division SUB Subtraction
 
GEO Geometry
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Til RADIO HATHDIATICS PROJECT 

(Table B, cont.) 

SI tem Percentax e 

_ idelotfler8 Strandb 2 correct 

Cl-I HUll 17 647 
CI-2 APL 17 5.9 
CI-3 ADD 17 23.5 
C-4 ADD 17 35.3 
CI-5 IUL 17 35.3 
Cl-6 I1W, 17 29.4 
CI-7 GEO 17 11'8 
Cl-8 SUB 17 L1.8 
CI-9 ADD 17 0.0 
Cl-lO SUB 17 11.8 

C2-1 Hmlt 18 5.6 
C2-2 GEO 18 44.4 
C2-3 ADD 18 50.0 
C2-4 SUB 18 27.8 
C2-5 SUB 18 22.2 
C2-6 DIV 18 0.0 
C2-7 SUB 18 22.2 
C2-8 ADD 18 5.6 
C2-9 HIUL 18 22.2 
C2-10 ADD 18 0.0 

C3-1 HUM 18 11.1 
C3-2 APL 18 27.8 
C3-3 Hum 18 66.7 
C3.-4 SUB 18 16.7 
cl-s HUL 18 38.9 
C3-6 HUL 18 22.2 
C3-7 HUH 18 16.7 
C3-8 1IUL 18 5.6 
C3-9 HUN 18 5.6 
C3-10 SUB 18 0.0 

CA-1 HUH 20 45.0 
C4-2 APL 20 5.0 
C4-3 HUH 20 70.0 
C4-4 SUB 20 50.0 

*C4-5 SUB 20 30.0 
C4-6 DIV 20 20.0 
C4-7 DIV 20 0.0 
C4-8 SUB 20 5.0 
C4-9 SUB 20 0.0 
C4-10 SUB 20 0.0 
C5-1 HU" 18 33.3 

.C5-2 AP. 18 22.2 
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APPENDIXA 

M614l B; cant.) 

idetieiera Strandb n ,oirn-ct 

C5-3 ADD 18 55.5 
C5-4 SUB 18 33.3 
C5-5 ?IUL 18 22.2 
C5-6 HUt. 18 11.1 
C5-7 ADD 1 50.0 
C5-8 ADD 18 22.2 
C5-9 ADD 18 5.S 
C5-10 ADD 18 -.5. 



THE RADIO: lHATHWILATICS' PROJECT 

Table C 

1974 Achlevement Test lesuits by Itema 

.Ites Percentage
jdntLfler Strand n correct 

Al NMI 1241 80.82 
A2 NUH 1241 71.64 
A3 NWI 1241 41,98
 
A4 HUM 1241 76.87 
A5 HU 1241 79.37 
A6 SUB 1241 49.80 
A7 ADD 1241 50.52 

BI-I NUH 246 91.46 
111-2 ADD 246 45.93 
1-3 APL 246 65.85 
81-4 Nu 245 55.10 
1-5 CEO 245 96.33 
81-6 NUH 245 27.76 
BI-7 SUB 245 25.71 

12-1 NUH 265 87.55
 
82-2 SUB 265 60.00
 
82-3 APL 265 70.19
 
B2-4 HUH 265 40.00
 
B2-5 CEO 265 98.87
 
i2-6 Nut 265 79.25
 
12-7 SUB 265 23.77
 

13-1 NUH 223 84.75 
B3-2 ADD 223 67.71 
13-3 Apt, 223 71.30 
83-4 HUM 220 80.45 
B3-5 CEO 223 95.96 
13-6 Nutt 223 38.12 
83-7 SUB 223 7.62 

B4-1 NIl 240 73.75 
84-2 SUB 240 43.33
 
14-3 APL 240 49.58
 
B4-4 NUH 239 82.85 
84-5 CEO 240 80.83 
B4-6 Hill 240 41.25 
114-7 SUB 239 25.10
 

Item descriptions are in Appendix B. 
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APPENDIX A
 

(Table C; cant;)
 

Item 

.dent fier 


B5-

B5-2 

05-3 

b5-4 

B5-5 

B5-6 

B5-7 


Cl-I 

CI-2 

CI-3 

CI-4 

CI-5 

CI-6 

CI-7 


C2-1 

C2-2 

C2-3 

C2-4 

C2-5 

C2-6 

C2-7 


C3-1 

C3-2 

C3-3 

C3-4 

C3-5 

C3-6 

C3-7 


C4-1 

C4-2 

C4-3 

C4-4 

C4-5 

C4-6 

C4-7 


CS-I 

C5-2 

C5-3 

C5-4 

C5-5 

C5-6 

C5-7 


Strand 


NUll 

ADD 

APL 

NUH 

CEO 

HUH 

IfUL 


HUH 

APL 

NH 

APL 

ADD 

SUB 

IIUL 


NHU 

APL 

NUH 

APL 

ADD 

SUB 

ADD 


NH 

APL 

NUH 

APL 

ADD. 

HIUL 

SUB 


NUH 

APL 

NIH 

API. 

ADD 

ADD 

SUB 


NHU 

APL 

NUI 

APn 

ADD 

lUI, 

SUB 
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n 


267 

267 

267 

266 

267 

263 

267 


248 

248 

248 

248 

248 

248 

248 


255 

255 

255 

255 

255 

255 

255 


243 

243 

243 

243 

243 

243 

243 


246 

246 

246 

246 

246 

246 

246 


249 

249 

249 

249 

249 

249 

249 


Percentage
 
correct
 

66.67
 
50.94
 
52.43
 
37.59
 
73.03
 
64.26
 
26.22
 

41.94
 
31.05
 
47.98
 
37.50
 
60.48
 
35.48
 
25.00
 

18.43
 
36.08
 
56.47
 
38.82
 
47.45
 
28.24
 
11.76
 

16.46
 
5.35
 
60.08
 
2.88
 

27.57
 
43.62
 
35.80
 

49.59
 
40.24
 
47.97
 
56.10
 
47.97
 
41.87
 
31.71
 

20.88
 
35.74
 
36.14
 
8.84
 

47.39
 
38.55
 
21,69...
 



THE RADIO HATHEIATICS PROJECT 

Table D 

Class Ieans on 1974 Achievement Test Using Total 
Scores Estimated by Kleinke 

Class Reagiona 

1 U 

2 U 

3 U 

4 U 

5 U 

6 U 

7 U 
8 i 

,9 H 

10 R 

11 U 

12 H 

13 it 

14 U 

15 t 

16 t 

17 U 

18 R 

19 R 

20 H 

21 R 
22, R 

231 H 

24 H 

25 it 

26 it 
27 R 

28 11 

29 R 

30 R 

31 U 

32 U 

33 U 


n Ileen 

31 42.42 
37 44.32 
36 38.81 
28 41.29 
31 32.42 
31 31.94 
27 34.07 
33 30.79 
27 35.19 
22 33.32 
32 36.88 
27 44.44 
28 42.00 
27 32.04 
i3 23.46 
34 30.53 
21 35.24 
29 38.07 
19 24.16 
41 33.95 
16 33.75 
38 37.26 
24 30.50 
28 44.18 
45 38.56 
33 28.70 
22 40.59 
24 37.71 
41 36.34 
29 35.45 
22 41.46 
33 40.42 
14 44.00 

Note. Classes 1-30 were selected 

Procedure 

Standard
 
deviation
 

11.23
 
9.33
 
12.05
 
11.93
 
12.41
 
11.46
 
11.99
 
12.75
 
14.05
 
11.45
 
12.74
 
11.08
 
10.74
 
13.19
 
10.13
 
13.64
 
12.25
 
12.17
 
10.40
 
12.40
 
9.95 

14.17 
12.21 
12.27
 
12.51
 
10.35
 
11.18
 
11.25
 
11.00
 
11.71
 
11.64
 
10.08
 
10.47
 

randomly. 

U urban* 11- municipal, t * rural. 

b,"ado" classes vere used to try out pilot 

lessons. 
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TNE RADIO HATDIATICS PROJECT 

Table C 

Test Items for 1975 TOBEa 

Item Concept Text
 

I Other basic concept "Hark the bottle that is empty."
 

2 Numeration "Itark the square th',t has most bottles."
 

3 Geometry "Hark the figure that is pointed."
 

4 Geometry "Hark the straight Line." 

5 Numeration "Hark the squrre that ha less than three
 
figures." 

6 Geometry "Hark the square that 64is only round things." 

7 Fractions "Hark the figure that has twe equal parts."
 

8 Numeration "Hark the cake that has four candles."
 

9 Numeration "Hark the square that has a pair of shoes." 

10 Tiame "Hark the clock that has both hands up." 

11 Geometry "Hark the figure that has corners." 

12 Numeration "Hark the square that has six things."
 

13 Weight "Hark the one that can carry the most." 

14 Numeration "Hark rho square vith the most small balls." 

15 Time "Hark the clock with the large hand." 

16 Other basic concept "Hark the square vith the coins that are
 
equal."
 

17 Numeration "Hark the number that tells hey many eyes
 
people have."
 

18 Length "Hark the ruler."
 

19 Other basic concept "Hark the fruit that to whole."
 

aTranslated from Spanish.
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APPE#DIX A
 

(Table D, cont.) 

a Standard 
aRegion n ean deviation 

34 U 30 40.07 13.62 
35 R 36 41.19 12.43 
36 It b 21 33.52 11.82 
37 U-Radio 25 37.48 12.64 
38 R-Radio 25 41.08 11.72 
39 H-Radlo 24 38.00 11.85 
40 R-Radio 32 43.25 10.62 
41 U-Radio 29 47.24 11.39 
42 H-Radio 22 30.50 10.09 
43 U 35 34.29 12.62 
44 R 19 41.68 13.74 
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APPENDIX A 

(Table C. cont.) 

Item Concept Text 

20 Size "Hark the square utere all the fruit In the
 
same ize."
 

21 Hundrition "Mark the square that has six haseb,&lls."
 

22 height "tiark the boy that wel~hs the most."
 

23 Numeration "Mark the square that has three balls on
 
each aide of the line'."
 

24 Ordinals "Hark the second roostur."
 

25 Lngth "Hark the lontest rope."
 

26 Size "Htark the bireAst coin."
 

"Hark the bottle that has the most beans."
27 Numeration 


28 Fractions "Hlark the fruit that is cut in half."
 

"6S
 



IM o IATNUMTICS MiWolCC
 

Tble F
 

Pftfommae of Ibppcistahl mW Tra4fiton| Studoots 
@0 lot1. 4915 A"OtWSK1~*10 

f*-

3m Iup.. Inmiat 
m r #vdets 

I M.ll 

2 $1.24 
3 91.74 
S 	 546.81 

6l.1 
6 $0.3I3.52 
7 45.22 

990.61 

9 15.9 

I0 53.18 

13 *9.23 
12 33.55 
13 73.6| 
34 05.31 

Is 90.04 
16 3.32 
37 3.9 

Is 8U.36 

19 89.12 

20210 12.976.11331 74.37 

22 4.8I 
23 .58.16 

34 40.90 

25 40.22 

2* 11.314 

all 81.24 

23 34.23 

.too#@ co$fQec 

TrO|Ih31144 
*tu!A@#K 

19.78 
90.26 
93.6) 

.M 
4..01 

$2.81 

93.6) 
83. 
58.0s 

19.03 
9.38 
19.40 
W7.4 

9.13 
40.47 
*.?4 

U1.44 
92.53 
3n.wWAS030.35 

91IS 

69.4 
50.54 
4644 
"1.38 
10.26 
44.51 

3i 

All 
studwr.s 

31.38 
U8.25 
92.31 
88.13 
*2.50 
831.25
 
4.75 

91.63
 
78.38 
53.88 
12.50 

30 
78.88 
86.13 

93.15 
M4. NO 

&.88 
53.13 
90.25 
14.00MO77.50 

97.13
 
U2.00 
44.13 
45.43 
89.63 
U.25 
39.C4
 



APMOIIIXA 

Table G 

Perornmce of bperlmetal and Tradltonal Scadenta on 
1975 Firnr-Crade Achlevenoea Test 

Percentage correct 

Zli x Traditional of exerciseExperimental Iescrlption 

I-A 92.3 11.6 
I-9 91.1 16.1 
I-C 88.6 6". 
1-D 61.5 90.0 

2-A 67.7 16.1 
2-S 65.6 60.5 

2-C 62.3 80.0 
20 8.6 15.0 

3-A 92.; 91.0 
3-8 94.4 16.? 
3-C 94.9 62.2 
3-D 81.5 15.0 

4-A 93.1 $5.1 

4-8 %4.1 $8.1 

4-C 96.7 8.9 


4-0 1 ..
57.5 


5-A 62.1 41.5 
3-9 96.9 90.I 
5-C 84.6 5S.6 
5-0 34.6 47.5 

6-A 92.4 91.0 
6-5 61.1 31.2 
6C 91.3 65.9 
6-0 60.7 67.5 

7-A 69..' 10.2 
1-S 94.2 67.4 
7-C 81.0 57.6 
7-0 54.6 42.5 

Starred iteme were not tau4ht by 

G-Items, those labeled I-IV are 

Which has more (8, 12.
50) 
Wrlte the nunber 42
 
Oral ,,btr ecn, S - I
 
Circle the vihdvt bench (I choices) 

Uhat nusber cones after 13 
Circle the fraction one-half (114,
 

2/3. 1/21.II3)
 
Which hav feur (10. 12, 5)
 
Oral word problea. 5 4 5
 

Circle the SO-ceot coin
 
Circle the third bay (in a line)
 
Circle eighty-tun (28, 82. 12, 21)
 
Circle the fisuvo divided In halves
 

Oral uord problen, 5 - 2 
Oral addition, 2 * 5 
Count the "n vithout hats (3 vith, 
5 vithoat)
 

Oral addition, I # 4
 

Circle the fiRure divided Into fourths 
Circle the 5-cordoba bill (3 choices) 
Oral word problem, I + 6 
Circle the umallest nubor 

(41, 38, 31) 

Oral vord prablem. 6 - 4 
Write the number thai'comes before 14 
CIrcle the 5O-cordba bill 
Oral addition, 30 +4 

Write the number cheL canes after 65 
5 + 1 0 
Oral addtio'n, 23 + I 
Writa the number that C01108 after 59 

IP curriculum. Items labeled A-D are 

I-Ites. 
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Til. RADIO ItAT"IATICS PROJZCT 

(Table G. cont.) 

PercentaRe correct
 
a
[ten Exporiental Traditional Description of exercise
 

6-A 51.5 50.8 Circle the larqest (43, 47, 51)
 
8-8 94.4 72.1 Oral addition, 2 + I + 3
 
6-C 72.2 37.8 Circle the figure divided into thirds
 
80 46.6 25.0 Urit@ tho nunbor that comes before 40
 

9-A 72.7 55.2 Oral addition. 8 + 7 
9-1 66.7 67.4 Oral subtraction. 9- I 
9-C 62.0 44.4 Writi the nunber that comes before 36 
9-0 55.2 87.5 Circle the word four (3 choices) 

10-A 65.2 32.2 Uhat tine does the clock say? (8)

*10-5 52.2 60.5 Circle the trianitle (I choices)
 
10-C 36.7 6Z.2 Vrlt the ward right
 
10-0 94.3 72.5 lieaaurlnit - pencil and ca ruler (8 cm)
 

1i-A 53.0 43.3 Oral subtraction, 56 - I
 
11-5 78.9 67.4 Oral word problem. 3 x 3
 
lI-C 63.3 42.2 Oral subtraction. 45- 5
 
11-0 63.0 70.0 Oral word problem, 10- 6
 

*12-A 27.3 22.4 Oral noncanonical lor, S- 2 
12-1 40.0 72.1 Oril word problem, 6 divided by 2 

412-C 5.1 11.1 Oral noncanonical form, + - 6 
*12-0 8.0 12.5 Oral noncananical form - 5or, + 3 


13-1 61.0 55.1 Count the halls (32)
 
.13-11 73.4 61.5 Count the balls (24)
 
:3-111 83.8 63.7 Count the balls (15)
 
13-KV 95.1 91.1 Count the balls (7)
 

14-I 50.0 20.4 low such money is shown? (50 cents, 
10 cents, 5 cents)
 

14-11 60.8 61.5 lieu such money is shoun? (25 cents)
 
14-11 16.3 53.1 lieu such money is shown? ($5. $1,
 

St, St)
 
14- V 78.1 62.2 lew much money is show ? (15)
 

15-1 37.8 12.2 Fill in the missing number (4, 6,
 
.. , 10)
 

15-11 30.4 36.5 FLIl in the missing number (5, I0,
 
,20)
 

15-411 70.0 51.0 Fill In the missing number (501 60,
 
.. 60)


15-y 82.9 57.8 Fill In the missing numbar (83, 864,
 
.. 86)
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APPENDIX A
 

[Table G, cont.) 

Percentage correct 

Ltee* Experientl Traditional Description of-exercise 

3 
16-. 87.8 67.4 + 2 

16-11 68.4 57.7 3 + 9 

3 
16-111 80.0 75.5 + 

16-V 87.8 57.8 a + 0 

17-1 59,8 42.9 6 

9 

17-IL 76.0 40.4 

17-111 60.0 63.3 7 - 3 

17-lV 73.2 42.2 4 - 4 

5 
2 

18-1 78.1 65.3 +1 

16-1t 40.5 6.1 64 + I 

18-111 77.5 67.4 4._ 

18-IV 75.6 77.8 I + 44+3 

19-1 53.7 26.5 +'3 

*19-11 27.9 40.4 14 - 7 

13 
*t9-111 26.3 2. 

16 

20- ..... . .. .32.
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(Table G, con:.) 

Itm" 

20-1 


20-111 


20-IY 


*21--1 

*21-11 


21-111 


21-KV 


*221 


*22-11 

*22-111 


*22-1V 


Percentage 


Experimental 


39.2 


50.0 

79.3 


20.7 


20.3 


(p 
46.3 


1 

45.1 


42.7 


69.6 


21.3 


15.9 


correct 

Traditional 

32.7 

40.8 

4464 


20.4 


50.0 


28.6 


8.9 


26.5 


38.5 

32.1 


28.9 

Descriptionotexorcie 

96
 
- 72 
35
 

441
 
+'36 

x'2
 

4 x 2
 

53
 
- 2
 

68
 
- S 

7 - -- u a 6
 

32
 
15
 

W50
 

+ 2 5
 

L2 , 3
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APPENDIX 	 3: ITE I DESCRIPTIONS, 1974 FIRST-GRADE ACHIEViWMNT TES? 

Question Item Printed 	 Oral
 
number Idertifier component component 

I Al 	 13 cats, 7 white "Count the white cats." 
and 6 black
 

2 A2 	 2 bags of caramels, "Circle the bag that has 
ono containinR 17 the favest caramels." 
caramels, the other 
containing 15
 

3 	 BIi - "Write the naber 7" 

32"! " " " 40 

53-1 " " " 15 

34-1 -f is 00 200 

tIS-i -_ " " " 53 

4 31-2 "Nov such is 8 + 4?" 

82-2 . " - 6-3 

33-.2 " " " 5 1 

-2 ... o " 28 - 2 

55-2 - o " 20 + 7 

Cl-i 30 40 50 __ "Road the numbers+ 
carefully. Write the 
numbers that are missing." 

C2-1 2 4 6 _ 

C3-l 5 10 15 -

Translated from Spanish. 
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question 
nmber 

item 
Identifier 

Printed 
component 

Oral 
component 

C4-1 72 73 Y4 "Read the numbers 
carefully. Write the 
numbers that are missing." 

C5-1 8 7 6 

6 A3 2 coins, 50 cents 
and,5 cents. 
hltiple choice: 
50, 55, 45 cents 

"Circle the number that 
tolls how much the two 
coins together are worth." 

7 BI-3 H m r e"laria had 3 heir ribbons. 
Her mother Rave her 2 

more. Write the number of 
ribbons that ilarin has 
now." t 

"Martha gave 3 bananas to 
the teacher. Jose gave 

her 2 and IfiRual 2. 11rite 
the number of bannnas that 
the teacher received." 

B33 . "Manuel had 4 buttons to 
play with. Playing with 
another boy he lost 3. 
Write the number of 
buttons he has left." 

44-3 "1 have 2 boxes. In each 
box there are 4 dolls. 
Write the number of dolls 
that I have." 

-5-3 - "Mamsa has 6 hens. She 
divides then between her 

two children. Write the 
number of hens she gives 
to each child." 

a 3i4 "Circle the figure that Is' 
divided into halves." 

B2-4 "Circle the figtre that is 

divided into halves." 
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APPENDIX a 

luestion Ito Printed Oral 
number Identifier component component 

53-4 "Circle the figure that is 
divided into fourths." 

B4-4 "Circle the figure that is 
divided into halves.

t 

85-4 "Circle the figure that is 
divided into thirds." 

9 CI-2 Juan.had 5 ,anos. 
11 ate 2. Iov manyangos does he have 

"$Pead this problem 
carefully. Circle the 
correct answer.lt 

now? 

3 10 7 

C2-2 Nina bought 6 
Oranges. Her mama 
save her I more. 
nov many oranges 
does Nina have nov 

6 7 5 

C3-2 Maria has 6 
caramels. Padro 
has 5. Harn has 
mOre. How many 
more? 

Ii 3 1 

C4'2 Dora has 4 dahlias 
and 2 roses. Ho 
many flowers does 
Dora have? 

2 6 8 

C5-2 Eva has 3 toys. 
Manolo has 3 
others. HO Many 
toys do they have 
between the two of 
them? 

6- 9 3 
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4estoon Item 
number Identifier 

10 CI-3 

C2-3 

C3-3 

C4-3 

C5-3 

ii 31-5 

52-5 

B3-5 

84-5 

B5-5 

12 51-6 

B2-6 

B34 

B4-6 

B5-6-

A4 

14 AS 

Printed 
component 

80 73 91 


52 57 59
 

4 3 5
 

.284 247 231
 

63 51 47 

House-and 4 dogs 


3 ladders of 

different sizes 


3 trees of 

different sizes 

Heat vith 4 birds 

flying around it 


2 glasses 

_"rite 


5Aboys waiting in 

ilin to buy tickets 

to the circus.
 

FIFTY 

FIFTEEN 

FOURTEEN
 
FOUR 

174 

Orall, 
componen t 

"Circle the smallest 
number." 

"Circle the dog that
 
Is closest to the house."
 

"Circle the longest
 
ladder."
 

"Circle the smallest 
tree."
 

"Circle the bird that Is
 
flying above the nest."
 

"Circle the glass that is 
on the right." 

the number that 

comes before 30." 

. . . after 29. 

. . . before 58. 

. . . before 46. 

. . . tafore 8. 

"Circle the third boy in
 
line."
 

"Circle the vord
 
fourteen."'*
 



APPENDIX B 

jueatlon -Item Printed Oral 
number Identifier component component 

i5 Cl-A clock ahoving 6:00 "Unrto the hour the clock 
says." 

C2-4 t 4:00 o 

C3-4 " " 1 0:30 0 

CA-4 " " 12:00 " 

C-A " 2:30 " 

16 Cl-5 
* A 
+ 3 

"Read, each exercie 
carefully and write the 
correct answer." 

24 

C2-5 
21 

+4 I 

C3-
,30

+4 

Ca-,S 6 + 10. 

9 

CS-S +. 

1l60 
18 A7 +*s3o 

19 Ci-6 6 0 

624 13 -8.- , 

C3-6 2x'5. 

cA-6 3+0._ 
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QuestLon 
number 

20 

Item 
Identifier 

CI-7 

Printed 
component 

9 x 10-

Oral 
component 

C2-7 

C3-7 

38 
+ 55 

84 

--2i 

C4-7 

C5-7 

72-

...... I0 

7 

I __ 

21 81-7 
-90 

- 10 
"Read each exercise 
carefully and write the 
correct answar." 

B2-7 -3 

42 

37 of 

93-7 ,3 

32 

t'IS 



APPENDIX Ct ADAPTATION OF KLg1nKg PROCEDUIF. FOR ESTIHATING
 
STUDENT SCORMS
 

Ilatrix sampling has been demonstrated to be useful method foraestablishing national norms (Lord, 1962).test SamplinR both examinees
and items serves to reduce 
the amount of testing time required of eachexaminee. Analysis of resultant test data Is based on the aostmptionthat the sample of items and the sample of examinees are drawnIndependently and that responses to .in Item do nat depend on the context 
in which the Item is presented. 

Although each examinee receives only .a portion of the Items on thetotal test, various investigators have attempted to estimate parametersof the total test distribution of all examinees. Ilost studies consistprimarily of estimates of total-test mean and variance (Ovens &Stufflebeam, 1969; Plumlee, 1964). Four studies have included eatastesof the total-test distribution (Cook 6 Stufflebeam, 1967; Lord. 1962;

Kleinke. 1972; Bunda, 1973). 
 Lord, Conk. and Stufflebean fitted anegative hypergeometric distrlbutinn to three rArameters--an estimated
 
mean. an estimated variance, and the number of Items on the ttal test. 

With the exception of Ileinke and Munda, 
none of the authors

estimates total 
 individuals 
 administeredscores for whn wr s partialtests. 
Bunda estimated total scores from 4.,ranpping Item samples using
a regresilon equation whose Coefficients are found from the 
 item meansand the Item variance-covariance matrix. 
 Ile vector of regression

weights, b(T,i), for any particular sample Is
 

b(T,I) - s(i,j) ls(Tl) 
1where 
s(ij) is the Ij-th element of the inverse of the inter-iemvarlance-covarlance matrix, and .(Ti) is the vector of item-total 

'.ovarlances. 

Kleinke offered a method for nonoverlapping item samples using alinear prediction approach for generating the estimated total-testdistribution. tilth 
 this approach, the total-test may be considered a
composite of tuo tests,namey X, consisting of the Items 
 presented to
the student, and Y, the Items 
 not presented to student.
the The
observed 
score on X is used to predict the score on 
Y. The
predicted total-tout score is then the sum of scoren on X and Y.
 

The 1974 achievement test had three parts, A. B. and C (which Inthe context of the present discussion can be thought of as three
separate tests). For each student, the total predicted score Is the sumof one observed score (for Part A) and two predicted scores (for Parts 5and C). The maximuni score for Part A is 7, and for Parts B and C is 35,
yielding a total maximum score of 77. Let
 

T(A) be the observed score on Part A, 
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T(6) be the predicted score on Part N. and
 

T(C) be te predicted score on Part C. 

Then the total score. To is to suin of tnese three. 

T(A) + T(C) 

Keinke's method vs used to eatinate scores for Parts 8 a,,d C. To 
obtain T(j), j - S or j - C. let 

X be tre score on the fern the student took. 

K be toe eoan score on this fort, 

Sx be the standard deviation on this forn. 

t e the sun of the hens of tne other A forms. taken 

T -	 TM+T() 

as an stlnate of the aenn of a conposite consistint 

of the other ferns. 

be 	the square r-, . the stm of the 4 variances.St 	 taken as an extio., ,. the standard d(vl4tinn of the 

other forns, and 

Y' be the total predicted score ior the other fanms. 

Then a student's estivAted score on Part i is shhon in Equation (1). 

TJ) , X +Y" soX + Vt + S'(X - 1 •I) 

Equation (1) is obtained from the regression equation for X 

and Y, y o +r 

where r Is the correlation between X and Y. If we assume perfect 
correlation between X and Y Cr - I). we obrain Equation (1). If we 
assune no correlation between X and Y (r a 0). then Y - V. and 

T(j) * Xc .	 (2) 

These two equations yield upper and lower bounds for predicted scores. 
depending on the value of r and on the sis of (X - ). (If 
X - X ; 0. then Equation (I) is the upper bound and Equation (2) the 
lower bound.) 

The means and standard deviations obtained for predicted totul-test 
scores T) for the 1974 achievement test, calculated usinit Equations (I) 
and (2), are shown in Table A. 
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Tat-lo A 

Hans and Scandard Devlatlons for
 
Predicted Total-Test Score*
 

Standard 
9.qatllon aon 4 vataion 

! 7.61 1IS.17 

The small variance resulting fron the application of Equation (2) 
reflocts the use of only wan scores In the composltioo of the 
total-test score. 

17,
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APPENDIX Dr LESSON 96 MATERIALS.
 

Radio Script 

(translated)
 

Lesson 96 
Grade I 
Version 1 

THEME MUSIC UP 

FADE TO: 

MUSICAL 	TRANSITION TO *BOHBA (*improvised verse)
 

Here is 	 a "bombs" just for you kidsl
DWARF: 	 (announcing with fanfare) 

I'm the big-headed dwarf
 
with the button-nose face,
 
I bring you, my friends,
 
a yummy new verse.
 

MUSIC UP & UNDER
 

It can at times be very long,
 
increase and increase
 
without 	contraction. 
You know me, I know.
 
Of this I am sure,
 
for I'm what you call addition.
 

MUSIC SIGNALING END
 

FADE TO:
 

SOUND TRANSITION TO ORAL EXERCISES
 

FEM. VOICE:
 

Tinkle bells, tinkle bells,
 
Listen closely and use your heads.
 

CARLOS: 	Children, let's do some exercises. Pay attention.
 

And don't answer until Lulu says "now." Silently,,thinka
 

how much is one pius two plus four? Sh-ah-sh. (PAUSE .- 7)
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LULU: 	 Now! 
(PAUSE 2)
 
Yes, seven is the sum of one plus two plus tour.
 

CARLOS: 	Silently, think: how much is two plus three plus one?
 
Sh-sh-sh. (PAUSE - 6)
 

LULU: 	 Nowl
 
(PAUSE - 2)
 
Correct, six is the sum of two plus three plus one.
 

CARLOS: 	Silently, think: how much 'is four plus one plus two?
 
Sh-sh-sh. (PAUSE - 7)
 

LULU: 	 Nowl
 
(PAUSE - 2)
 
All right, seven is the sum of four plus one plus two.
 

CARLOS: 	Thinkquietly now: how much is five plus two 'plus one?
 
Sh-sh-sh.' (PAUSE- 8)
 

LULU: 	 Nowl
 
(PAUSE- 2)
 
Yes, I&ht is the sum of five plus two plus one.
 

CARLOS: 	Silently think: how much is three plus three plus four?
 
Sh-sh-sh. (PAUSE - 10)
 

LULU: 	 Nowl
 
(PAUSE - 2)
 
Right! Ten is the sum of three plus three plus four.
 

CARLOS: 	Silently think: how much is five plus ,four plus three?
 
Sh-sh-sh. (PAUSE - 12)
 

LULU: 	 Now!
 
(PAUSE - 2)
 
All right, twelve is the sum of five plus four plus three.
 

VOICE: 	 Listen, children, just listen.f
 

MUSIC: 	 JINGLE "HOW IMPORTANT IS THE NUMBER TWO" sta. 

VOICE: 	 Now, let's all sing "How Important Isthe Number Two." 

MUSIC REPEATS 

FADES TO:.i 

SOUND .TRANSITION TO ORAL EXERCISES REPEATS 
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FEH.IVOICE:
 

It's time to use your head again.
Listeni . . . 

twenty. TwoLULU: Children,. . . let's counteightnow by two'stenup to twelve,.... . .
four six . . . . . .
 

twenty.fourteen . . . sixteen eighteen 

MUSIC TRANsITION TO JOKES 

tell you a joke (laughs).CLOWN: Listen, children, I'm going to 

Pepito says to his mother: 

PEPITO: Mommy, mommy, guess what I have in my hands. 

MOM: A yoyo? 

PEPITO: Nol 

MOM: A button? 

PEPITO: No! 

MOM: Candy? 

PEPITO: Nol 

MOM: Then what?
 

PEPTIO: My fingers, mommy.
 

SOUND SIGNAL TO END JOKE
 

FADE TO:
 

SOUND TRANSITION TO ORAL EXERCISE REPEATS
 

Tell me,'howmuch
CARLOS:.Kids, let's go on with the exercises. 

-
is thirty-two minus one? (PAUSE 2) 

That's it,. thirt-on.e.LULU: 


CARLOS: How much is twenty-five minus one? (PAUSE - 2)
 

LULU: Yes, wee.nt-four. Let's goon.
 

(PAUSE - 2)
,CARLOS: How much is sixteen minus one? 


LULU: Yes, fifteen.
 

:CARLOS: How much is forty-seven minus one? (PAUSE- 2)
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LULU: Right, fo.-stx.
 

CARLOS: How much is fourteen minus one? (PAUSE"-2)
 

LULU: Very good, thirteen.
 

CARLOS: How much is twenty-eight minus'one? (PAUSE - 2)
 

LULU: Yes, twentX-seven.
 

-
CARLOS: How much is twenty minus one? (PAUSE 2)
 

LULU: Correct, nineteen.
 

CARLOS: How much is thirty-six minus one? (PAUSE - 2) 

LULU: Yes, thirty-five. 

MUSIC TRANSITION TO WORKSHEET
 

FEM. VOICE (tiny)
 

Fiddlededee, fiddlededa,
 
when you hear my bells,
 
get ready to work,
 
cause it's the worksheet
 
I bring yahl
 

CARLOS: Kids, let's go now to the worksheet, to the first side.
 

(PAUSE - 3)
 
Find the flag with the pineapple. In that box look
 

for the number a -nine. Put your finger,under the
 

seventy-nine. 
Now tell me, how is sevent-nine written?
 

(PAUSE - 2)
 
Yes, with a seven and a nine. Now, circle 1 let-nine.
 

(PAUSE - 7)
 
Now, move down to the flag with the ball. In that box
 
find the number antn..-nine and put your finger under it.
 

Tell me, how is ninety-nine written?.
 
(PAUSE'- 2)
 
Yes, with a nine and another nine. Now circle
 
annet-nine.
 
(PAUSE - 7)
 
Hove down to the flag with the hand. Look for the number
 

Tell-me, how
forty-four and put your fnger under it., 


is forty-fouwritten?
 
(PAUSE - 2)
 

Yes, with a four and another four. Now circle
 
forty-four.
 
(PAUSE - 7)
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Hove down to the flag with thelhouse. Find the~number,
 
one hundred and put y6ur ftngerunder rit. How is one 
hundred written? 
(PAUSf - 2)
 
Very good, with a one, a zero, and another zero. 'Circle
 
the number one hundred.
 
(PAUSE - 7)
 
And lastly, move down to the flag with the pencil. Find
 
the number seventy-seven and place your finger under it.
 
How is seventy-seven written?
 
(PAUSE - 2)
 
Yes, with a seven and another seven. Circle the
 
seventy-seven.
 
(PAUSE - 7)
 

MUSIC TRANSITION TO JOKE REPEATS
 

PEPITO: 	Mommy, mommy, guess what I have in my hands.
 

MOM: 	 A yoyo?
 

PEPITO: 	No!
 

MOM: 	 A button?
 

PEPITO: 	No!
 

MOM: 	 Candy?
 

PEPITO: 	No!
 

MOM: 	 Then, what?
 

PEPTIO: 	My fingers, mommy!
 

SOUND SIGNALS END
 

FADES TO:
 

MUSIC TRANSITION TO WORKSHEET REPEATS 

LULU: 	 Let's go back to the worksheet. Put your finger on the 
block with the bird. Look carefully. That exercise 
reads: eight minus five. Think quietly: how much is
 
eight minus five.
 
(PAUSE - 8) 
Tell me, how much is eight minus five?
 
(PAUSE - 2)
 
Yes, three. Now, write the answer on the dotted line.
 
(PAUSE - 8)
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Hove down to the 	block with the ice-cree.,r.one. That 

nine minus eight. WTfhikquietly: howexercise reads: 

much is nine minus eight.
 
(PAUSE - 9)
 
Tell me, how much is nine minus eight?
 

(PAUSE - 2)
 
Now write that answer on the dotted
That's it, one. 


line.
 
(PAUSE - 8)
 
Hove down to the block with the cart.;: That reads:
 

seven minus three. Think quietly: how much is seven
 

minus three.
 
(PAUSE - 7)
 
How much is seven minus three?
 

(PAUSE - 2)
 
Write the answer 	on the dotted line.
Very good, four. 


(PAUSE - 8)
 
Move down to the 	block with the machete. That reads:
 

nine minus four. Think quietly: 
how much is nine minus
 

four.
 
(PAUSE - 9)
 
How much is nine minus four?
 

(PAUSE - 2)
 
Write the answer 	on the dotted line.
Correct, five. 


(PAUSE - 8)
 
That
Lastly, move down to the block with the banana. 


Think quietly: how much is
reads: 	 eight minus six. 

eight minus six.
 
(PAUSE - 8)
 
How much is eight minus six?
 

(PAUSE - 2)
 
Write the answer 	on the dotted line.
Very good, two. 


(PAUSE - 8)
 

MUSIC: UP & UNDER
 

Let's pretend we're carpenters.
LOBO: 	 Kids, get ready to play. 

I'll tell you what to do and you do it.
 

MUSIC UP & UNDER
 

Come on, everybody, make
The carpenter carries wood. 

believe you're carrying wood.
 

MUSIC UP (3)A UNDER
 

Now, plane the wood.. Everyonei plane the wood.
 

USIC UP 3 UNDER 
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Now you're going to saw the wood. Come on, move your
 
hand like you're sawing wood. Come on.
 

MUSIC UP (3) & UNDER
 

Now, hammer the wood. Everybody hammer, come on, 
harder, harder. 

usicu 	 (U.) 
FADE TO:
 

DRUM ROLL
 

FADE TO:
 

HUSIC TRANSITION TO WORKSHEET REPEATS
 

CARLOS: 	Now, let's go back to the worksheet. Let's go to the
 
kites. Find the kite with the shoe. In that box,
 
count the balls and write the number below.
 
(PAUSE - 12)
 
Move down to the kite that has a pencil. Right there,
 
draw a line around the circle that's divided into
 
fourths.
 
(PAUSE - 5)
 
Move down to the kite with the house. There, circle the
 
number thirty-nine. 
(PAUSE - 7) 	 % 
Move down to the kite with the ice-cream cone. Th'e ,". 
write the missing number.
 
(PAUSE - 7) 
And lastly, move down to the kite with the ball. Circle 
the largest number.
 
(PAUSE - 7) 

HUSIC TRANSITION TO *BOMBAS (*improvised verse)
 

VOICE: 	 It can at times be very long, 
increase and increase,
 
you know, I know.
 
Of this I am sure,
 
for I'm what you call addition.
 

MUSIC SIGNALING END
 

FADE TO: 

MUSIC TRANSITION TO WORKSHEET REPEATS
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LULU: Kids, let's go on working. Turn over the worksheet. 
(PAUSE - 3)
 
Now find the balloon with the banana. In that box, 
write the number that comes after that one.
 
(PAUSE - 8)
 
Let's go to the balloon with the flower. Circle the 
largest number. 
(PAUSE - 8) 
Now let's go to the balloon with the hand. Okay, now
 
think: how much is five minus four. Write tha answer.
 
(PAUSE - 12)
 
Now, to the balloon with the leaf. Write tho number that
 
goes before that one.
 
(PAUSE - 8)
 
And lastly, let's go to the balloon with the tree. Write
 
the answer to seven minus three.
 
(PAUSE - 12)
 

MUSIC TRANSITION TO BOMBAS 

DWARF: Bomba for the kidst
 
The big headed dwarf 
jumps up and down
 
bidding the kids goodbye.
 
So go on working without
 
much talking.
 
And we'll see you tha
 
next time around.
 

MUSIC SIGNALING END 

FADE TO: 

MUSIC THEME UP TO TIHE 
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Radio Script
 

Leccion 96 
Grado I 
Version 1 

r~EA muSICAL 

FUNDE A:
 

tIUSICA: LA GIGANTONA
 

ENANO CABEZON: (anunciando) IBomba para los ninost
 

Soy el enano cabezon,
 
con la cara de manopla.
 
Les traigo a todos los ninos,
 
las majores de mis coplas.
 

HUSICA REPITE
 

Puede a veces ser muy grande
 
y aumentar con emocion.
 
Aumenta y aumenta siempre
 
y se le 	llama . . . adicion.
 

HUSICA TERMINAL
 

FUNDE A:
 

SONIDO: CAMPANITAS
 

VOZ FEMENINA:
 

Campanita, campanita.
 
Todo el mundo a usar su cabecita.
 

CARLOS: Ninos, vamos a hacer unos ejercicios. Pongan atencion. Ustedes 
Piensen calladitos enno contesten hasta qua Lulu diga "Ya". 


cuanto es uno mas dos mas cuatro. Sh-sh-sh. (Pausa - 7)
 

LULU: 	 IYA!
 
(Pausa - 2)
 
Si, siete es la suma de uno mas dos mas cuatro.
 

Sh-sh-sh.
CARLOS: 	Piensen calladitos en cuanto es dos mas tres mas uno. 


(Pausa - 6)
 

LULU: 	 IYA1
 
(Pausa - 2)
 
Correcto, seis es la suma de dos mas tree mas uno.
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CARLOS: .Piensen-calladitos encuanto es.cuatro mas uno mas dos. Sh-sh­
sh. (Pausa.- 7)
 

LULU:' 	 JYA1 
(Pausa - 2)
Blen, sietees la suma de cuatro mas uno mas dos. 

CARLOS: 	Piensen calladitos en cuanto es cinco mas dos mas uno. Sh-sh-s
 
(Pausa.- 8)
 

LULU: 	 1YA1 
(Pausa - 2) 
Si, ocho es la suma de cinco mas .dos mas uno. 

CARLOS: 	Piensen calladitos en cuanto es tres mas tres-mas cuatro. Sh­
oh-sh. (Pausa - 10)
 

LULU: 1YAI 
(Pausa - 2) 
Aja, diez es la suma de tres mas tres mas cuatro. 

CARLOS: 	Piensen calladitos en cuanto es cinco mas cuatro mas tres. Sh­
sh-sh. (Pausa - 12)
 

LULU: 	 IYal 
(Pausa - 2) 
Ben, doce es Ia suma de cinco mas cuatro mas tres. 

VOZ: 	 Escuchen, ninos. Solo escuchen.
 

MUSICA: JINGLE 0UE IMPORTANTE ES EL DOS
 

VOZ: 	 Ninos, cantemos "Que importante es el dos".
 

MUSICA: QUE IHPORTANTE ES EL DOS
 

FUNDE A:
 

SONIDO: CAMPANITAS:•
 

VOZ FEHENINA:
 

1oigani 	. . . Otra vez a usar la cabecita. 

LULU: 	 Ninos, ahora contemos de dos en dos hasta el veinte. Dos
 
*-cuatro ....ee.... ocho.i,... diez . . -.doe . . 

catorce . . . dieciseis . . . dieciocho . . . veinte.
 

MUSICA TRANSICION A CHISTE
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BOMBIN: Escuchen ninos, lea voy a contar un chile, 
(carcajada) Le dice 
Pepito a su mama: 

PEPITO: flami, mami,. adivina qua tengo en la manos. 

MA : TUn yoyo? 

PEPITO: 1Nol 

MAA: ?Un boton? 

PEPITO: INol
 

MAMA: ?Caramelos?
 

PEPITO: Igol
 

MAMA: Y, ?qua?
 

PEPITO: Los dedos, mami.
 

SONIDO RISAS
 

SIGUE A: 

SONIDO CAMPANITAS REPITE 

CARLO : Ninos, sigamos con los ejercicos. Diganme, ?cuanto es treinta
 
y dos menos uno? (Pausa. - 2) 

LULU: Eso es, treinta y uno.
 

CARLOS: ?Cuanto es veinticinco menos uno? (Pausa - 2) 

LULU: Bien, veinticuatro. Sigamos.
 

CARLOS: ?Cuanto esdieciseis menos uno? (Pausa - 2) 

LULU: Si, qunc. 

CARLOS: ?Cuanto es cuarenta y siete menos uno? (Pausa -. 2) 

LULU: Aja, cuarenta y seis.
 

CARLOS: ?Cuanto es catorce menos uno? (Pausa- 2) 

LULU Muy bien, trece.
 

CARLOS: ?Cuanto es veintiocho menos uno? (Pause --2)
 

LULU: S1, veintisiete.
 

191
 



THE RADIO HATHEHATICS PROJECT
 

(Pausa - 2)CARLOS: 	?Cuanto es veinte menos uno? 

LULU: 	 Correcto, diecinueve.
 

(Pausa -	 2)CARLOS: 	?Cuanto es treinta y seis meno.s uno? 


LULU: 	 Si, Trienta y cinco.
 

HUsicA TRANSICION A .T. 

VOZ: 	 Soy yiya, cabecita de ajo. 
Hi musica anuncia la hoja de trabajo. 

CARLOS: 	Ninos, vamos a la hoja de trabajo, a la primera cara.
 

(Pausa - 3)
 
En ese cuadro busquen el nunero
Bijsquen 	 la bandera con la pina. 

Pongan el dedo debaja del nwmero setenta ysetenta y nueve. 

nueve. Ahora diganme, ?como esta escrito el setenta y nueve?
 

(Pausa - 2)
 
Aja, con un siete y un nueve. Encierren el setenta y nvueve.
 

(Pausa - 7)
 
En ese cuadro busquen el'
Ahora, bajen a la bandera con la bola. 


Pongan el dedo debajo. Diganme, ?como
 numero noventa y nueve. 

esta escrito el noventa y nueve?
 
(Pausa - 2)
 
Si, con un nueve y otro nueve. Encierren el noventa y nueve.
 

(Pausa - 7)
 
Bajen a la bandera que tiene una mano. AM busquen el numero
 

Pongan el dedo debajo. Diganme, ?como esta
cuarenta y cuatro. 

escrito el cuarenta y cuatro?
 
(Pausa - 2)
 
Si, con un cuatro y otro cuatro. Encierren el Suarenta y
 

cuatro.
 
(Pausa - 7)
 
Bajen a la bandera con la case. Busquen el numero cien. Pongan
 

el dedo debajo. ?Como esta escrito el cien?
 
(Pausa - 2)
 
Muy bien, con un uno, un cero y otro cero. Enceirren el numero
 

cien.
 
(Pausa - 7)
 
Y por ultimo, bajen a la bandera con el lapiz. Busquen el
 

?Como esta
numero setenta y siete. Pongan el dedo debajo. 


escrito el setenta y siete?
 
(Pausa - 2)
 
Si, con un siet y otro sete. Encierren el setenta y siete.
 

(Pausa -	7)
 

HUSICA TRANCISION A CHISTES (REPITE) 

PEPITO: 	 Mami, mami, adivina quo tengo on las manos. 
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HAMA: 	 ?Un yoyo? 

PEPITO: 	iNol
 

HAMA: 	 ?Un boton?
 

PEPITO: 	INo! 

HAMA: 	 ?Carmelos?
 

PEPITO: 	iNo
 

HAHA: 	 Y, ?que?
 

PEPITO: 	Los dedos, mami.
 

SONIDO: RISAS
 

SIGUE A:
 

MUSICA TRASICION A H.T.
 

LULU: 	 Ninos, volvamos a Ia hoja de trabajo. Pongan el dedo en el
 

dado con el palara. Fijense bien. Ese ejercicio dice: ocho
 

menos cinco. Piensen calladitos en cuanto es ocho menos cinco.
 

(Pausa - 8)
 

Diganme, ?Cuanto es ocho menos cinco?
 

(Pausa - 2)
 
Si, tres. Ahora escriban Is respuesta en la lina de puntos.
 

(Pausa - 8)
 
Bajen al dado con el sorbete. AM dice: nuvve menos ocho.
 

es nueve menosoeho.
Piensen calladitos en cuanto 


(Pausa - 9)
 
Diganme, ?cuanto es nueve menos ocho?
 

(Pausa - 2)
 
Eso es, 	uno. Ahora escriban la respuesta en la lines de puntos.
 

(pausa - 8)
 

Bajen al dado con el carreton. Ahi dice: siete menos tres.
 

Piensen calladitos en cuanto es siete menos tres.
 

(Pausa - 7)
 

?Cuanto es siete menos tree?
 

(Pausa - 2)
 

Muy bien, cuatro. Escriban la respuesta en la lines de puntos.
 

(Pausa - 8)
 
nueve menos cuatro.
Bajen al dado con el machete. AM dice: 


nuave menos cuatro.
Piensen calladitos en cuanto es 


(Pausa - 9)
 
?Cuanto es nueve menos cuatro?
 

(Pausa - 2)
 
Correcto, cinco. 
Escriban Is respuesta en is lines de puntos. 

(Pausa - 8) 
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Y por ultimo, bajen al dads con el banano. Ah dice: ocho 

menos sels. Piensen calladitos en cuanto as ocho senoe sale. 

(Pauaa - 8) 
?Cuanto as ocho menos seis?
 
(P-usa - 2)
 
Huy bien, dos. Escriban Is respuesta en Ia lines de puntos.
 
(Pausa - 8)
 

IHUSICA TRANSICION A JUEGOS 

LOBO: 	 Ninos, preparense para jugar. Ahor, imitaremos a un
 

carpintero. Yo lee voy diciando y ustedes lo van haclendo.
 

HIJSICA SUBE
 

El carpintero cargo la madera. Vamos, todos comoqua cargan 

madera. 

HJSICA SL',E (3) 

Ahora, cepillen Is uddara. Todos cepilliandorlalmadra. 

HUSICA SutE (3) 

o soVan a surrechar Ia madora. %Toduo mviendo la anoom fuera 
un serrucho. Va...
 

HSSICA SURE (3) 

Ahora, claven Ia maders. Todos: clavsndo. Rapido, viarapido. 

MUSICA SURE (4) 

FUNDE A: 

REDOLE TMBOR
 

SIGUE A:
 

HUSICA TRASICION A H.T.
 

CARLOS: 	 Y ahora, de nuevo a Is hoja de trabajo. Vamos a los barriletes. 
Busquen el barrilete con el zapat. En oeo cuadro cuenten las 
bolitas y escribn al numero debajo. 
(Pausa - 12) 
ajen al barrilee con el lapiz. Ahi ancierren al circulo qua
 

esta dividido sn cuartos.
 
(Pausa - 5) 
Bajen al barrilate con Is case. Ai ancierren elrmers trelnt...
 

Y nueve.
 
(Pausa - 7)
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Bajen al barrilete con el sarbote. AM escriban el numero.que.
 
falta.
 
(Pausa - 7)
 
Y por ultimo, bajen al barrilete con la.bola. -.Enclerren el
 

numero mayor.
 
(Pausa - 7)
 

MIJSICA TRANSICION A BOMBA (REPITE)
 

VOZ: 	 Puede a veces ser muy grande 
y aumentar con emocion. 
Aumenta y aumenta siempre 
y se llama . . adicion. 

HUSICA TERMINA
 

SIGUE A:
 

HUSICA TRANSICION A H.T.
 

LULU: 	 Ninos, sigamos trabajando. Denle vuelta a ia hoja de trabajo.
 

(Pausa - 3) 
 -


Ahora, busquen is chimbomba con el banano. En ese cuadro
 

eacriban el numero que va despues de ese.
 
(Pausa - 8)
 
Vamos a 	la chimbomba con la flor. Ahi, encierren el numero'
 

mayor. 
(Pausa - 8)
 
Vamos a la chimbomba qui tieneuna mano. 
Bien, piensen cuanto 

es cinco menos cuatro. Escriban la respuesta. 

(Pausa - 12) 
Vamos a la chimbomba con la hoja. Escriban el numero que.Va 

antes de ese. 
(Pausa - 8) 
Y por ultimo, vamos a Is chimbomba con el arbol. Escriban ia
 

respuesta de siete menos tres.
 
(Pausa - 12)
 

MUSICA TRANSICION A BOMBA 

EMANO: 	 IBomba para lns ninost 
El enano cabezon,
 
brinca subiendo y bajando.
 
Se despide de los ninos
 
y que sigan trabajando.
 

HUSICA FINAL
 

FUNDE A:
 

TEHA MUSICAL
 



Leccin 96 Version 1 Fecha 

NMateriales: HT No 96; tarjetas con numerales de 0 a 
Parte Respuesta

Seg. Tea y Nivel Presentaci6n H. T. Tipo 

1 SUM 62.1 Radio 	 Oral 

2 NUM 227.1 Radio 	 Oral 

3 ES 37.2 Radio 	 Oral 

4- "NUM 216.2 Radio 1 Oral 
SM 


5 US 38.1 Radio 2 	 Num 

6 E:V' ,16.1 >Radio 3 y 4 	 Veit 
notes 

7 .l-228.1 Maestro 5 	 Num 

8 -- SUM 56.3 Maestro 6 y 7 Nun 

9 NUM 220.3 Maestro Oral 
con tarjeta 

9-7-75 Primer Credo 

100. 

Tftulo y/o Ejemplo 

Adicion oral, a+b4n5_12, r. oral diferida.
 
(1+2+4, 2+3+1, 4+1+2' 542+1,.:3+34,

5+4+3) 

Conteo de rutina de 2 en 2 hasta'50, 
r. oral.
 

Sustracciin oral, ab-1, r. oral.
 
(32-1, 25-1, 16-1, 47-1, 14-1, 28-1,
 
20-1, 36-1)
 

Leer numerales, 0-100. r. oral y SM.
 
(79, 99. 44, 100, 77)
 

Sustraccion horizontal, a-b<_9; r. escrita.
 
"Cui;nto es ocho menos eInco? (P) EscrIban"
 
Is respuesta sobre la linea de puntos." :0
 

Repaso
 

Predecesores, 2-12, ej. escrito, r.
 

- eacrita.
 

Adicion horizontal,! O_<a+b-9,. r. escrita.
 

Leer numerales, 0-100 en tarietas, r. oral
 



APPENDIX D 

Locclon 96 

Notes al escritor do librto 

Ses 4. 	"Busquen la bandera jue tiene una pina. En.ee cuadro ponsan 
un dedo debajo del numero 79. (P) Diganme, LcSo eat' escrito 
el 79? (P) cierto. El setenta y nueve se escribe con un 7 y 

un 9. Ahora encierren el 79." 

Seg 5. 	Primera Vez. Leer ejercicios completo despuea de resolverlom. 

(12 seg)Se 6. "Cuenten lam bolitao y escriban el ndmero do bajo." 

(5 meg)"Encierren el circulo qua estl dividido en cuartos." 

(7 seg)"EnciLrren el nadmero 39." 

(7 seg)"Eacriban sobre la-raya el ndnero qua falta." 

"lEncierren el.ndmero 90." (7 Bog)­

- e (8 seg)"Escriban el numaro qu va desqu"s do es." 

(8 seg)"Encierren el nimero mayor." 


"Piensen cuinto es cinco menos cuatro. 
Escriban 
(12 seg)ahf Is 	 respuesta." 

iban Inumero qua va antes do ese." (8 meg) 

-"'mscriban la rempueta do 9 - 3. 	 (12 seg) 
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Primer ,Grado 

Leccion Ng 96. 

Gfa del Maestro. 

Materiales: 	 Hoja de trabajo Ng 96
 
Tarjetas con nunerales del 0 a] 100.
 

Escribir el nuero qua va antes
 

Al terminar la transmisin, digs a los ninos qua en el siguiente 
ejercicio, escribirin en la rayita el nmero quo va antes del quo as 
escrito. Puede preguntarles: ZQus ndnoro se escribe antes del 8? 
entonces escriban en la rayita el N2 7. DeJelos hacer los dens 
eJercicios a 	ellos solos.
 

Escribir respuestss a adiciones horizontales . . . 

Liales el primer ejercicio esa: Dos m's cuatro es igus a; 
pregi nteles: ta cuanto as igual doe m"s cuatro? entonces oscriban l 
respuesta en la lines de puntos. Pregunte a un nuo ZCrno se lee al 
segundo ejercicio?, hags qua otro digs is respuesta. Digales qua
continuen haciendo los den s ejercicios quo faltan, escribiendo l 
respuesta en la lines do puntos. 

Leer numerales de 0 a 100 con tarJetas . . . 

Tengs lists las tarjetss con numerales. Presentelas ordenadamente 
del 80 al 100 pidiendo a los niios quo las lean en voz alta. Luego 
junte todas las tarJetas y mu"streio. a los ni7os pars quo ellos las 
lean en voz alta. Despues puede repartir todas ls tarjetas entre los
 
nios y que ellos lean en silencio los nineros quo tienen; finalmente 
puede decirles por ejemplo: "El quo tenga la tarjeta con el nUimero 38,

levantela y esoneia a sus compaseros." Puede hacer lo mismo diciendoles 
otros numnerosohsta completar los 100. 
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Grade I
 

Lesson 96
 

Teacher's Guide
 

taterials: 	 Worksheet no. 96
 
Cards with numerals from 0 to 100
 

. . .
;riting the 	number that comes before 


At the end of the transmission, tell the children that in the
 

following exercises they are to write on the line the number that comes
 
"What number is
efore the one that is written. You can ask them: 


Then write 7 on the line." Let them finish the rest
written before 8? 

:f the exercises by themselves.
 

. . .
Writing answers to horizontal addition exercises 


"Two plus four is equal to."
Read the first exercise this way: 


Ask them: "How much does two plus four equal? Then write the answer
 

on the dotted line." Ask one child, "How do we read the second
 

Ask another to give the answer. Tell them to continue
exercise?" 

working the remaining exercises, writing the answer on the dotted line.
 

.
Reading numerals from 0 to 100 with cards . .
 

Have ready the cards with numerals. Present the cards from 80 to
 

100 in order, asking the children to read them aloud. Then mix up all
 

the cards and show them to the children so they can read them aloud.
 

Then you can distribute all the cards among the children and have the
 
Finally, you can
children read to themselves the numbers they have. 


tell them, for example, "Whoever has the card with number 38, stand up
 
You can repeat the same instructions
and show it to the other students." 


with other numbers until you have completed all 100.
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APPENDIX E: 
 TERMINAL CURRICULUH OBJECTIVES FOR FIRSTGRADE-..
 

Two types'of objectives are identified, minimal and advanced.
 

Minimal objectives are to be attained by all students; advanced
 

objectives-guide curriculum development of topics beyond the minimal
 

level. Some objectives guide curriculum development but are not
 

testable with the group pencil-and-paper testing procedures used by the
 

project to evaluate achievement.
 

The following list identifies objectives as minimal (H) or
 

advanced (A) and as amenable to test using our procedures (T) or not
 

(N). Objectives are identified by strand. The objectives are described
 

on page 4. In describing addition and subtraction exercises,
 

lowercase letters are used to represent single digits.
 

Minimal or 

Strand Description advanced Testable 

NUH-I Rote counting by ones H N 

NU-2 Rote counting by twos A N 

NUH-2 Rote counting by fives A N 

NUH-4 Rote counting by tens H N 

NUH-5 Rote counting backwards A N 

NUM-6 Reading numerals H N 

NUH-7 Selection of numeral H T 

NUH-8 Writing numerals H T 

NU-9 Successors, aural stimulus H T 

NUH-10 Successors, printed stimulus H T 

NUH-1I Predecessors. aural stimulus A T 
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(list,, cont.) 

Strand'. Description 


NUM-12 Predecessors, printed stimulus 

NUM-13 Counting 

NUM-14 Counting a specified subset 

NLII-15 Counting the complement of a specified 
set 

NUM-16 Greatest and least 


HUH-17 Completing sequences 


NUZMf-8 Ordinals 


NUM-19 Reading number words 

NUH-20 Selecting number words 

NUH-21 Writing number words 

NUH-22 Fractions, identification 


NUH-23 Fractions, discrimination 


ADD-I Addition, aural stimulus 


ADD-2 Vertical addition 


ADD-3 Horizontal addition 


ADD-4 Horizontal addition, noncanonical format 


SUB-i Subtractior, aural stimulus 


SUB-2 Vertical subtraction 


SUB-3 Horizontal subtraction 

HMA-1 Length, cm 


APL-I Money, identification 


APL-2 Money, value 


APL-3 Time, hours 


Minimal or
 
advanced 


A 


H 

A 


A 

H 

A 


i 

A 

A 

A 

H 

H 


H 


H 

H 


A 


H 


H 


H 

H 


H 


i 

A 


Testable
 

T 

T 

T
 

T 

T 

T
 

T 

T 

T 

T 

T 

T
 

T
 

T 

T
 

T
 

T
 

T
 

T 

T
 

T
 

T 

T
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Iist, cant.)
 

dtrand Description 
Minimal or 
Advanced Testable 

APL-4 

APL-5 

Time, days of week 

Time, successors of days of week 

A 

A 

N 

N 

APL-6 

APL-7 

APL-8 

APL-9 

Word problems, addition 

Word problems, subtraction 

Word problems, multiplication 

Word problems, division 

I 

i 

A 

A 

T 

T 

T 

T 

Objectives for First Grade 

NUM-I Rote counting by ones 

When asked to count aloud, the child will count, "one, two, 
three, . . ." until stopped (no farther than 100). 

NUM-2 Rote counting by twos 

When asked to count aloud by twos, the child will count, "two, 
four, six, . . ." until stopped (no farther than 20). 

NUII-3 Rote counting by fives 

When asked to count aloud by fives, the child will count, "five, 
ten, fifteen, . . ." Until stopped (no farther than 50). 

NUH-4 Rote counting by tens 

When asked to count aloud by tens, the child will count, "ten, 
twenty, thirty, . . ." until stopped (nt,farther than 100). 

NUM-5 Rote counting backwards 

When asked to count backwards from ten, the child will count, 

"ten, nine, eight, . . . ,one." 
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NUH-6 Reading numerals 

Given a printed numeral (0 to 100), the child will 
-name of the number. 

Example: "What number is this?"; 

48 

NUM-7 Selection of numeral
 

say aloud the
 

Given a set of 2 to 10 printed numerals (0 to 100) and the oral
 

instruction to select a specified numeral, the child will indicate
 

the correct numeral by pointing or circling.
 

Example: "Circle the 41."
 

58 0 4 41 40 14
 

NUH-8 Writing numerals
 

Given an oral instruction to write a specified numeral (0 to 99),
 

the child will do so.
 

Example: "Write the number 87."
 

NUH-9 Successors, aural stimulus
 

When asked to produce the number that follows a specified
 
number (1to 98), the child will give the correct response
 
orally or as a numeral.
 

Example: "What number comes after 32?"
 

Example: "Write the number that comes after 59."
 

NUH-10 Successors, printed stimulus
 

Given a printed numeral (1 to 98) and the oral instruction to
 
write the successor, the child will do so.
 

Example: "Write the number that comes after this one."
 

35 
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NRI-I Predecessors, aural stimulus 

When asked to produce the number that comes before a specified

number (2 to 99), the child will give the correct response orally
 
or as a numeral. 

Example: "What number comes before 20?"
 

Example: "Write the number that comes before 8." 

NUM-12 Predecessors, printed stimulus 
Given a printed numeral (2 to 99) and the oral instruction to
 
write the predecessor, the child will do so.
 

Example: "Write the number that comes before this one."
 

15
 

NUH-13 Counting
 

Given a set of up to 50 small similar objects (such as pencils,

beans, or bottle tops) or a drawing of a set of similar objects

(such as balloons, cows, or cars) and an oral instruction to
 
count, the child will say or write the number of objects in the
 
set.
 

Example: "Count the baseballs."
 

(appropriate picture)
 

NUM-14 Counting a specified subset
 

Given a set (or a picture of a set) of up to 50 similar objects

containing a subset of up to 10 objects distinguished from its

complement by a characteristic that can be recognized by the
 
child, and an oral instruction to count the object with the
 
distinguishing characteristic, the child will say or write the
 
number of objects in the subset.
 

Example: "Count the marbles that have spots."
 

(appropriate picture)
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NlH-1 "Counting the complement of a specified set 

Given a set (or a picture of a set) of.up to 50 similar objects
containing a subset of objects distinguished from its complement 
by a characteristic that can.be recognized 

by the child, with
 

the complement of the subset containing no more than 10 objects,
 
and the oral instruction to count the objects that do not have,
 
the distinguishing characteristic, the child will say or write
 
the number of objects in the complement of the subset.
 

Example: "Count the clowns that do not have hats."
 

(appropriate picture)
 

NUII-16 Greatest and least 

Given a set of 2 to 5 printed numerals (0 to 100) and the oral
 
instruction to select the greatest (or least), the child will
 
indicate the correct choice by pointing or circling.
 

Example: "Point to the least number." 

25 2 52 11 

HUH-17 Completing sequences
 

Given a printed arithmetic sequence of 4 to 8 numbers, with the 
characteristics described below and with any number other than
 
the first replaced by a blank line, the child will write the
 
missing number. 

Incremental Starting number of Limits on 
difference form (k an integer) numbers 

1 k I - 100 
2 2k 2 - 20 
5 5k, 5-- 50 

10 10k 10 - 100 
- k 10 - I 

Example: "rite the missing number." 

4 6 10 

NUH-18 Ordinals 

Given an ordered set (or picture of an ordered set) In which 
there is an unambiguous first element and ordering (i.e., the 
child can identify the first element, the next, etc.) and an 
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oral instruction to select the second, third, fourth, fifth, or
sixth object, the child will indicate the correct answer by 
pointing or circling.
 

Example: "Circle the fifth person In line." 

(appropriate picture)
 

NUH-19 	 Reading number words 

Given a printed name for a number from one to ten, the child can 
read the word aloud. 

NUM-20 	 Selecting number words 

Given a set of number names ( to 10) and an oral instruction 
to select a specified word, the child will indicate the correct 
choice by pointing or circling. 

Example: "Circle the word five." 

ONE FIVE FOUR THREE
 

NLtH-21 	 Writing number words 

Given the oral instruction to write the word for a specified

number between one and ten, the child can do so. 

Example: "Write with letters the word eight." 

NUH-22 	Fractions, identification
 

Given a set of figures divided into 2, 3, 4, or 5 equal parts,
the child will indicate by circling or pointing the figure that 
Is divided Into halves, thirds, fourths, or fifths. (Figures 
are divided by horizontal or vertical lines and all parts are of 
equal size and shape.) 

Example: "Circle the figure that is divided Into thirds." 

(appropriate picture)
 

NUM-23 	 Fractions, discrimination 

Given.a pair of figures, one of which is divided into 2 (3, 4) 

equal parts and the other into 2 (3, 4) unequal parts, the child
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one that is divided into halves (thirds, fourths)viii select the 

Example: "Circle the figure that 	 is divided into thirds." 

ADD-I Addition. aural etiaulu 

Given #n addition exercise presented orally. of the
 

speciflcations described below, the child viii produce the sum 

orally or as a printed numeral. fRecall that lower case letters 

represent single digits, e.g.. aO is a multiple of 10 less than 

100. etc.) 

Example
Exercise description 


"Write the sum of 6 and 7."a + b 


80 + b 	 "What is 20 plus 8?" 

"What is 28 plus ?"ab + 1 


a+ b+ c (a+ bu- 10) "What is 4 plus 5 plus 8?"
 

ADD-2,--, Vertical addition
 

The child vill write the correct answer for an addition exercise 
presented in vertical format for any of the following classes of 
exercises. 

Exercise description 

a 


ab 

+ 

ab 

-4-cd 

a2
 
b 

+c 


ADD-3 Horizontal addition 

(b+ c 9) 

(a+c8(9)
(b +d.49)-+6U2 

(a+b=ac0) 


Example 

6
 

23
 
+5
 

17 

5 
+3
 

The child will write the correct answer to an addition exercise 
presented in horizontal format for any of the following classes 
of exercises. 
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Exercise description 	 Eampla 

sO + b 	 70 +2
 

ab +1 . 36 +1 

a b ' c (a',., b,- 10. 7+ 2 5 

ADD-4, 	 Horizontal addition, noncanonical format 

Given a written exercise of the form 

;a+ =b or + a b. 

and the oral instruction to supply the mssinginmber,.,,the child 
will wr ite the missing addend. 

Example: 'Write the missing number." 

6+ 	 =9 

SUB-I Subtraction, aural stimulus 

Given a subtraction exercise presented orally, of the 
specifications described below, the child will produce the 
correct answer orally or as a printed numeral. 

Exercise 

description Example 

a b "How much is 7 minus 3?" 

ab - b "Write the difference, 23 minus -3., 

ab- I "How much is 25 minus 1?" 

SUB-2 
 Vertical subtraction
 

-The child will write the correct answer for asubtraction 
exercise presented in vertical format for any of the followi g 
classes of exercises. 
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Exercise
 
description Example
 

a 4
 
b 3 

ab b 26" 
-c (b>-c) - 6 

ab (b >- d) 65, 
-cd (a >-c) - 22 

;SUB-3 : :Horizontal subtraction 

The child wlll write the correct answer to a subtraction 
exercise presented In horizontal format for the following 
exercise class. 

Exercise
 
description Example
 

a-b- 9-2-­

.
REA- Length, cm
 

Given a ruler marked In centimeters and.an object thati 1'cm,
 
2 cm, . . . , 10 cm, in length, the child will measure :and' 
give orally or as a numeral the correct length.-


APL-1 Money, identification
 

Given a set (or 4picture of a set) of up to 4 coins or bills
 
(of no greater value than 100 cordobas) and the oral instructioz 
to choose the coin (bill) of a specified value, the child.will 
indicate the correct response by pointing or circling. 

APL-2 Honey, value
 

Given a set of coins or bills conforming to the specifications
 
given below, the child will write the combined value as a
 
numeral.
 

For bills, sums are of the form A + B, D + B, and A + B + C
 
where A. B, C are chosen from the set (1. 2, 5 cordobas) and
 
D is chosen from the set (10, 20, 50 cordobas).
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.,For coins, ste are of the form A + B and C + A, where A, B 
are choser, from the set {5, 10 centavos) and C is 50 centavos.
 

hL-3 Time, hours 

Given pictures of three clocks showing time to an even hour 
and
 

an oral instruction to select the clock that shows a specified
 

time, the child will indicate the correct choice by pointing or
 

circling.
 

,PL-4 Time, days of the week
 

When asked to recite the days of the weekthe child will respond,
 

"Monday, Tuesday,. . ., Sunday." 

APL-5 Time, successors of days of the week
 

When asked for the day that follows a 'peeifiedrday, the,",child 

will give the correct response orally. 

APL-6 Word problems
 

Given a description or dramatization of a simple addition 

problem embedded in a real-life situation, the. child.will". 

mentally solve the problem and give .the answer'in.'elther'oraL 

or written form. 

APL-7 Word problems 

Given a descriptioa or dramatization of a simple subtraction
 

problem embedded in a real-life situation, the child will
 

mentally solve the problem and give the answer in either oral
 

or written form. 

APJ.-.i Word problems 

Given a description or dramatization of a simple multiplication'
 

problem embedded in a real-life situation, the child 
wiii
 

mentally solve the problem and give the answer in either oral
 

or written form.
 

APL-9 Word Problems
 

Given a description or dramatization of a simple division 

problem embedded in a real-life situation, the child will 
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.-.mentally solve the problem and give the answer.in-
e itheroral 

­

or written form. 

'-(meana-".i less than or equal to." 

m is greater than'. or.'equal to.".eans" 
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APPENDIX F: LESSON OUTLINES" FOR 1975 FIRST-GRADE.CURRICULUI 

.he following pages contain a description of the first-grade-curriculum.
:nformation about each lesson segment is displayedin five columns 

hich are described here.
 

:olumn 1: Strand Identification 

Abbreviations (from Spanish words) 

BAS Basic Concepts 
NMI Number Concepts 
SUH Addition 

.RES -Subtraction 
APL Applications
 
MED., Measurement
 
TST Test exercises from many strands
 

;olumn 2: Instructional class identifier, X.Y
 

X is the instructional class number within a strand. 

Y indicates the Yth segment defined using class X.
 

From lesson, 116, identification number;-preceded by' 
alphabetic characters.. 

;olumn'3: Medium of Presentation 

Ra radio 
H teacher. 
R/M transition segment started by ' radio,'; completed 

by teacher.., 

Column4:r Response Type. ,, 

0. oral 
p. physical
 
MC -r..written,
multiple choice 
N written, free response. of a number 
D drawing ­

,_Var variety of response types (for.review segmenrto) 

,,Colimn 5: Description of segment 

lover-case letters represent single digit numbers 
-aO multiple of 10 
>- is greater than or equal to 
-< .. is less than or equal to. 

is not.equal to 
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Outline
 

Lesson I 

BAS 
BAS 
HUM 

1.1 
2.1 
1.1 

R 
R 
R 

0 
P 
0 

Listening exercises, general questions 
Listening exercises, physical exercisel 
Rote counting, counting song, 1-5 

NMI 2.1 H O_ Counting pictures, 1-3 

BAS 3.1 H MCI Identifying common objects 

NUll 3.1 H 0 Counting bottle caps, 1-3 

Lesson 2 

NUH 4.1 H 0 Counting pictures, 1-3 

HUM 4.2 M., HC Counting pictures, 1-3 

NH 3.2 H " 0 Counting objects, 1-5 

Lesson 3 

BAS 1.7 R,,, 0 Listening exercises, general questions 

NUH 
NUM 

5.1 
1.2 

t 
R 

0 
0 

Counting objects, 1-3 
Rote counting, 1-5 

NUM 6.1 R :0 Successors of I and 2 

BAS 2.2 R P Listening exercises 

NUH 
BAS 

4.3 
3.2 

14, 
H1 

0 
MC 

Counting pictures, 1-4 
Identifying common objects 

NUM 4.4 14 HC Counting pictures, 1-3 

Lesson 4 

NUM 1.3 It 0 Rote counting, 1-5, with song 

HUN 3.3 M 0:" Counting objects, 1-4 

NUM 2.2 H O Counting pictures, 1-4 

BAS 3.3 It HC Identifying common objects 

NUM 4.5 H HC Counting pictures, 1-4 

Lesson 5 

NUH 5.2 R ,0- Counting objects, 1-4 

NUH 1.4 R O:' Rote counting, 1-5 

NUM 7.1 R 0 Successors, 1-4 

BAS 2.3 R - ' P- Listening exercises 

BAS 3.4 H HC Identifying common objects 

NUM 4.6 H 0 Counting pictures, 1-4 

NUN 4.7 H HC- Counting pictures, 1-4 

Lesson 6 

HUM 2.4 R. P Listening exercises 
NUH 8.1 'R 0 Rote counting, 1-10, with songt,, 
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I + *8.2 P. 0 'Rote+.counting,1-10
 
,WH 7. R 0 Successors, 1-4
 
BAS 3. 5 Rt L IC. Identifying common objec'ts
 
RIU 3.4, H, OP Counting objects, 1-4
 

Lesson 7
 

HUM 9.1 H 0 Counting objects, 1-4
 
RUH 8.3 H 0 Rote counting, 1-10
 
BAS 3.6, H HC Identifying common objects
 
NUH 10.1 H HC Counting pictures, 1-4
 
NUH 10.2 H HC Counting pictures, 1-4
 

Lesson 8. 

BAS '+2.5 At 'P Listening exercises
 
HUH 8.4 R 0 Rote counting, 1-10, with song
 

RUH 3.7 H MC Identifying common objects
 
NUH, 12.3 0 Reading numerals, 1-2
 

HUH 8..5 -R 0, Rote counting, 1-10
 
HUM 11.1 R 0 Successors, 1-5
 
NUM 12.1 R 0 Reading numerals, 1-2
 
NUH 10.3 .R HC,O Counting pictures, 1-4
 
HuH 12.2 -H HC Reading numerals, 1-2
 

H. +0 

HUM 9.2 H 0 Counting objects, 1-4
 

Lesson 9, 

HUH 8,6 H 0 Rote counting, 1-10
 
NUH 12.4- ' 0 Reading numerals, 1-2
 
NUH 12.5 H MC Reading numerals, 1-2
 
NUM 10.4 M 0 Counting pictures, 1-4
 
B A L 3.8 H HC Identifying common objects
 
NUH 9.3 H 0 Counting objects, 1-4
 

Lesson 10
 

flAS 2.6 :PR Listening exercises
 
NUM 8.7 ,R 0 Rote counting, 1-10
 
NUH 13.1 R 'f0 Successors, 1-6
 
NM 10.5,Rt HC Counting pictures, 1-4
 

HUH 14.1.: .'R 0 Reading numerals, 1-3
 
HUM 15.1 M' HCO Counting pictures, 1-4
 
NUH 14.2 ,M 0 Reading numerals, 1-3
 
N4 16.1 ''"H 0 Counting objects, 1-5
 

Lesson 11
 

SUM 1..1 R -..O,P Preparation for addition
 
APL 1.1 R ,0 P, Oral story problems, using bottie caps';:,
 

NUH .3.2 R -01'. . Successors, 1-5
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NUI 17.1 R 0 Rote counting, 1-13
 
HUM 16.2 Ii :O,P Counting objects, 1-5
 

BAS 3.9 H tC Identifying common objects
 
NU 19.1 t N Write numerals, 1-3, copying
 

NUll 14.3 H; 0 Reading numerals, 1-3
 
NU 14.4 It tC Circling picture with numeral, 1-3
 
NUB 18.1 H D Drawing number of balls, 1-3
 

Lesson 12
 

NU 17.2 H " 0 Rote counting, 1-13
 

APL 1.2 -H 0 Addition story problems
 

BAS 3.10 H BC Identification of common objects:
 
NUH 22.1 BH, D A 


NUH 20.1 14 0 Counting bottle caps, 1-6
 

NUH 21.1 H 0 Reading numerals, 1-4
 
NUH 21.2 H: HC Reading numerals, 1-4
 

Reading numerals, 1-3 I'1
 
NUM 19.2 H N Write numerals, 1-3, copying.
 

Lesson 13
 

NU 17.3 R 0 t Rote counting, 1-13
 
SUH 1.2 R OPz Preparation for addition
 
APL 1.3 R ',P Oral story problems, using bottle caps
 

BAS 3.11 H BC Identification of common objects
 
NUH 19.3 M N Writing numerals, 1-3, copying.,
 

NUB 23.1 R 0 Successors, 1-7
 
NUM 24,1 B 0 Reading numerals, 1-5
 

NUB 15.2 M BC Counting pictures, 1-4
 
NUB 25.1 .' D Reading numerals, 1-4
 
NU 20.2 B 0 Counting objects, 1-6
 

Lesson 14:
 

NUB 26.1 . 0 Rote counting, 1-15
 
NUB, 23.2 B 0 Successors, 1-7
 
APL 1.4 BIf 0 Oral story problems
NUB 27.1 14 0 Counting objects, 1-7
 
NUB 28.1 M 0 Reading numerals, 1-6
 
BAS 3.12 H BC Identification of objects 
NU 29.1 B N: Write numerals, 1-5, copying 
NU 30.1 M N Write numerals, 1-3, from dictatio 
NUB 31.1 : D Reading numerals, 1-5
 

Lesson 15
 

NUB 26.2 R 0 Rote counting, 1-15
 
NUB 32.1 R 0 Successors, 1-8
 
APL 1.5 R 0'! Oral story problems, addition 
BAS 3.13 R. NXC Identify objects 
NU 30.2 ?1I N ' Write numerals from dictation , -3. 
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NUH 31.2, H .D 'rReading n merals 1-5
 
NUH 29.2 H N Write numerals, 1-5, copyingr
 
NUH.: 33,1 M Reading numerals, 1-7
H'. e,.0! 

NUM 27.2 !H- 0 Counting objects, 1-7
 

Lesson 16
 

SUM ,-. 1.3 R 0,P 'Preparation for addition, using
 
fingers
 

NUH 34.1 fR, 0. Rote counting, 1-20,. twice
 
NUM 35.1 R 1-9
 

NUH 39.1 R .O,MC Ordinals, first, second
 

NUH 41.1 H O,P Counting objects, 1-10'
 

.. 0 Successors, 
NUM 36.1 - -CHR' Reading numerals, 1-5
 
HUH 37.1 LR ''N Write numerals from dictation, 1-5
 
NUH .38.1 'V D Counting 1-3
 

mUH 31.3 H D Reading numerals 1-5
 
NUH 40.1 H 0 . Resding numerals, 1-9
 

Lesson 17
 

NUH . 34.2 . 0 Rote counting, 1-20
 
NUH 40.2 H 0 Reading numerals 1-9
 
HUH 31.4 H) D.. Reading numerals, 1-5
 
NW!I 42.1 H N Counting pictures 1-5
 
NUH 43.1 H N, Write numerals, 1-9, copying
 
HUH 41.2 H O.P Counting objects, 1-10
 

Lesson 18
 

SM 3.1, R: OP Preparation for addition, using fingers
 

HUH 39.2 R',- MC Ordinals, lot and 2nd, using picture.:
 
SUH 2.1 , D,0 Preparation for addition, drawing balls
 

and cotating them
 

HUH- 34.3 !f . 0:-,,,.Rotecounting, 1-20
 
HUH 35.2 0 Successors 1-10
 
NUH 44.1 R N :Write numerals from dictation,'1-6
 
HUH -,45.1 R 0:, Successors 1-4
 

HUH 46.1 H MC Reading numerals, 1-7
 
NUH 40.3 H, 0 Reading numerals, 1-9, itsing cards 
NUH 41.3 H. O,P Counting objects, 1-10
 

Lesson 19
 

NU 34.1 H 0 Rote counting, 1-20
 
NUH 41.4 H 0,P Counting objects, 1-10
 
NUH 40.4 M , 0 Reading numerals, 1-9
 
NUH" 31.5 H D Reading numerals 1-3
 
NUH 47.1 M N Counting pictures 1-6
 
NUH 43.2 H'. N Write numerals 1-9, copying
 

217
 



THE RADIO HATHENATICS PROJECT 

Lesson 20 

SUM 4.1 R . O,P Preparation for addition, with fingers: 
HUH 34.5 R 0., Rote counting, 1-20, twice -
NUtL 35.3 R 0 Successors, 1-10 
NUH 48.1 R N Successors, 1-5 
HUH 46.2 R MC Reading nw.ierals, 1-7 
HUH 49.1 R N Write numerals from dictation, 1-7-
NUM 3!.6 R D Reading numerals, 1-4 
NUHL 50.1 H °NH Counting pictures 1-7 
HUH 41.5 It O,P Counting objects, 1-10 
APL 1.6 M:- 0 Oral.story problems, I =< a + b .= 4,'
 

Lesson 21
 

HUH' 51.1 R 0 Rote counting, 1-30 
SI 4.2 . OP Preparation for addition, vith'fingers 
TST 1.1 R HC,N,D Review 
SUH 5.1 R.-R 0 Preparation for oral addition, counting 

pictures 
HIM 52.1 R MC Successors, 1-4 
HUH 53.1 , R - HC Which picture has more object,.,i-4. 
NUH 54.1 H N - Counting pictures 1-9 
HUM 55.1 N- Completing number series,- 1-4 

Lesson 22
 

NUM 51.2 R 0 Rote counting, 1-30
 
APL 1.7 R 0,P Oral problems, using fingers,
 

I -< a + b -< 6, 1 -<a, bi-< 3 
SUM :. 4.3 R O,P Preparation for addition, using fingers 
SUM 5.2 R 0 Preparation for addition, counting 

pictures 
HUH 5661 /R N Successors, 1-7 
NUH 53.2 R HC Picture that has more objects,'l-4 
SUN -2.2- H, D Preparation for addition 
NUH; ,, 55.2, H N, Number series completion, 1-4 

Lesson 23.""
 

-
NUH 57.1 R 0..A Rote counting, 10-20 
APL 2,. R .O,P Oral story problems, 2 -< a + b -'6 
SUM 2.3 R D Preparation for addition 
SUM 6.1 R 'O,N Oral addition, written response,

I -< a+ b -< 4 
NU, 58.1 R. -MC Successors, 1-8 
HU 59.1 H HC Which picture has more, 1-5 
HUH 60.1 H N Counting pictures 1-9 . 
NIU 515.3 'N% Number series completion, 1-4 
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Lesson 24
 

NUN 51.3 R O. Rote counting, 1-30 
APL 2.2 A O,P Oral story problems, with fingers 

2 <a+ b-<'6 
SUN 6.2 FL, !N, Oral addition 1 -<a +b '4 
NUN 61.1 R MC Which picture has less, 1-4 
NUN 56.2 R N Successors 1-7 
NUN "62.1 R 0 Successors, 1-5 
NUN 60.2 H N Counting objects 1-9 
NUN 55.4, :H N Successors 1-4 

Lesson 25
 

NUN 63.1 R 0 Rote counting, 10-20 and 20-30 
SUH 7.1 f . O,N Vertical addition, I -< a + b -< 4 
NUN 64.1 R HC More and less (pictures) 
NUN 58.2 R MC.;, Successors, 1-8 
NUN 62.2 R- '0' Successors 1-5 
NUN 60.3 H' N Counting pictures 1-9
 
NUN 55.5 H N Successors 1-4
 

Lesson 26. 

NUN 63.2 R 0 Rote counting, 20-30 
TST 2.1 R' N,MC Review 
SUN 8.1 R O,N Vertical addition, .1 -< a + b -<5 
NUN 65.1 'R AC: Counting pictures, 0-9 
NUN 66.1 N . N - Successors, 1-8 

Counting pictures 1-9. 
-,N:NUN- 60.4 

Lesson 27 

NU 63.3 ft 0': Rote counting 10-20, 20-30 
APL 3.1 Rf 0. Oral story problems, 2 -< a + b f<E 
SUM 8.2- 0 M,1 Vertical addition, 2 < a + b -< 5. 
NUN 67.1 ft 4MC Moreand less, 1-6 
NUN 65.2' f HC Counting pictures 0-9 
NUN' 60.5 H N Counting pictures 1-9 
NUN. 68.1 .N N Rote counting, 1-40. 

Lesson 28 i
 

NUN 69.1, R- 0 Rote counting, 10-20, 30-40 
-

SUM 8.3- fR O,N-: Vertical addition, 2.-< a + 5 

SUM 9.1 : R N. Oral addition 
2 -< a,+ b -< 5
 

NUN 70.1. R' NC Reading numerals 0-9
 
NUN 65,3 R 'MC- Counting pictures 0-9
 
NUN '66.2 N N Successors 1-8
 
NUN 606.6 N N Counting pictures 1-9
 
NUN 77. rH 0 Reading numerals 0-9, with cardsi
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Lasson 29
 

NUH 69.2 W 0 Rote counting, 30-40 
APL 3.2 R 0 Oral story problems 
SUM 10.1 R D,N Vertical addition, 2 - a + b =< 8, 

.i.;,;- 1 -< a, b -< 5 
HUNt 72.1 R MC More and less, 1-6 
NUH 73.1 R N Write numerals from dictaillon, 0-9 
SUN 10.2 H N Vertical addition, 2 - a + b -< 8 

NUHM 74.1 H' N Write numerals 0-9, copyin%\ 

Lesson 30
 

NUH 69.3 .R - 0 Rote counting, 20-30
 
SUM , 10.3 R . D,N. Vertical addition, 2 n< a + b -C 8,
 

1 =< a, b -< 5 
NUH " 72.2 R MC More and less, 1-6 
SU . R Oral addition, written response,92 N 

2 -< a + b -< 5
 

NIH 73.2 R N Writing numerals from dictation, 0-9 

NUH 66.3 H N Successors 1-8 

SUM'' 11.1 H N Vertical addition, 2 =< a + b < 9, 
I =< a, b = 5 

Lesson 31
 

NUH 75.1 R 70 Counting sounds, n -< 5 
NUN 69.4 R 0 Rote counting, 10-20, 20-309,30-40 
SUM 12.1 1 . 0 Oral addition, 2 -< a+b-7, 1+ 

b -C 5 
TST 3.1 R Var Review 
NUH 76.1 R N Successors 1-8 
HUM 66.4 . H SuccessorsN'-/M 1-8 
IH 31.2 -H 0 Reading numerals 0-9, with cards 

NUH- .77.1 H O-, Rote counting, 1-50 

Lesson 32 

APL 3.3 1 0 Oral story problems, 2 <a +b - 6 

SUM 12.2 R 0 Oral addition 2 -< a+ b-< 7, 1- a,
b -< 5 : 

NIH 73.3 R N Write numerals from dictation, 0-9 

NUH 72., R MC More and less, 1-9 
SUM 13.1. R, D,N Vertical addition, 2 -< a +b-<9, 

1 -< a, b -< 8 
HU 66.5 " H N Successors 1-8 
NUH - 78.1 H' v Counting pictures 0-9 
HUM 77.2 :. .O,P Rote counting, 1-50, 30-50;' 
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Lesson 33 

APL 3.4 R a Oral story problems, 2 -< a+ b -< 6-; 
SUN 14.1 R1 0 Oral addition, 2 -<a + b -V 7. 1-a, 

b - 5
 
SUN 15.1 R 03 Preparation for addition with zero
 
Ni 78.2 ,R N Counting pictures 0-9
 
NUN 79.1 R ON Counting elements of a subset,
 

N < H -< 9
 
NIN 80.1 i 41C Nre and less, 1-9
 
SUN 13.2 K' N Vertical addition, 2 -< a + b -< 9,
 

1 -c a, b -< 8
 
NUN 81.1 N 0 Rote counting, aO to b. b -< 5,
 

Lesson 34
 

NH 82.1 a 0 Suctssors 1-9
 
NIH 75.2 1 0 CountInx soun4s, n -< 5
 
NUN 83.1 R HC Introdluction to treater than
 
NI 79.2 R N Counting elemento in a subset n < m -C 9 
S 16.1 g N qral iddition, 2 -< a + b -< 7. 1-a 

b -< 5 
APL 4.1 R O. Oral scvv problema, 2 -< a + b -< 6 
SUN 13.3 N W Vertical iditlon 
NIM 84.1 N 0 Successors %f 9-19 

Lesson 35 

NOM 85.1 R 0 Successors 9-0' 
SAS 4.1 1 0 Sufficiency, a -< n 
SUn 15.2 R N Preparation for adding with zero 
NIH 83.2 1 "C,O Introduction to greater than 
SUN 16.2 1t N Oral addition. 2 -< a + b -< 7. 1 -<a, 

b -< 5 
APL 4.2 R 3 Oral story problems. 2 -a + b -6 
3111 84.2 N Var Successors 1-19 

Lesson 36 

NI 86.1 1 0 CountiX sounds, 1-7 
NIN 70.2 R NC Reading numerals. 0-9 
SUN 17.1 1 N Oral addition 
TST 4.1 1 Var Review 
SUN 18.1 R/M N Vertical addition, I -( a + b -<9 
Nth 87.1 H 0 Rote counting 1-60 
NUN 88.1 N O'P Counting objects, 10-20 

Lesson 37 

NI 81.2 R 0 Rote countinga-bO, b -< 6, b -a+l 
In 89.1 a INC Circling the largest nueral, -4 
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su 
NUN 
APL 
SUN 

17.2 
70.3 
4.3 
18.2 

R 
R 
A 
RI/M 

N 
HC 
N 
N 

Oral addition, 2 a< a + b -< 7 
leading numerals, circling
Oral story problems. 2 -C a + b -< 
Vertical addition, I -< a + b - 9 

6 

NH 
NIH 

78.3 
81.3 

H 
1 

N 
0 

Counting pictures 
Rot* counting aO-bO, b -< 6, b aa + I 

Lesson 38 

NUH 86.2 a 0 Counting sounds, n -< 7 
SUN 19.1 R 0 Oral addition 
NUN 
NUN 
APL 

73.4 
90.1 
4.4 

AL 
R 
R 

N 
NC 
N 

Uriting numerals from dictation, 0-9 
Less, 1-5 
Oral story problems, 2 -< a + b -c 6 

NUN 76.2 R/H N Successors, 1-8 
NUH 
SUN 

78.4 
18.3 

H 
'4 

N 
N 

Countl-X pictures, 0-9 
Vertical addition, I -< a + b -< 9 

Lesson 39 

NIH 91.1 tI 0 Successors, 1-29 
NH 
APiL 

92.1 
4.5 

P 
a 

HC 
N 

More and less, 1-5 
Oral story problems, 2 -< a + b.c 6 

APi. 5.1 t MC Honey, $1, $2, $5 
NUH 
NUN 
NUN 

66.6 
78.5 
18.4 

R/M 
H 
1 

N 
N 
N 

Successors, 1-8 
Counting pictures, 0-9 
Vertical addition, I -< a + b lc 9 

NIH 87.2 1 0 Rote counting, 1-60 

Lesson 40 

NUN 
NH 

86.3 
81.4 

Ii 
R 

0 
0 

Counting sounds, n -< 7 
Rote counting, aO to bo, b -< 6, 
b - a+ I 

BAS 
"H 

4.2 
93.1 

R 
R 

0 
0 

Sufficiency 
Successors, 1-29 

AP, 6.1 ft 0 Oral subtraction problems, a -b, 

SUN 19.2 a 0 
I w< b < a a< 5 
Oral addition 

SUL 20.1 R 0 
2 -< a + b -< 9 
Oral addition, a + 0, b + 0 

APL 7.1 H 0 Honey, playing store 

Lesson 41 

NIH 94.1 i 0 Successors 1-39 
Sum 
NUH 

19.3 
79.3 

R 
t 

0 
N 

Oral iddition, 2 -a<a+ b -< 9 
Counting elements In a subset, 

TST 
NItH 

5.1 
95.1 

R 
R 

Var 
ON 

n < a -< 9 
Test 
Reading and copying numerals, 10-13 
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NH 
SUN 

muH 
NUH 

96.1 
18.5 

81.5 
97.1 

R 
H 

M 
H 

0,HC 
ON 

0 
0 

Reading numerals, 10-13 
Vertical addition. I -< a + b a< 9, 
0 a< a, b -< 9 
Rote counting, eO-bO, b -< 7, b - a + 1 
Counting objects, 1-20 

Lesson 42 

NUH 
NUH 
Hm 

SUH 
NH 
APL 
N 

SUH 

NU 

86.4 
81.6 
98.1 
19.4 
99.1 
8.1 

95.2 
18.6 

100.1 

R 
R 
R 
R 
R 
R 
R/ 
M 

0 
0 
0 
0 
N 
N 
ON 
N 

0 

Counting sounds, 1-7 
Rote counting, aO abO, b -< 7, b a + 1 
Greater and less, 1-5 
Oral addition, 2 -< a + b -< 9 
Writing numerals, 10-13, from dictation 
Oral story problems, addition 
Reading and copying numerals, 10-13 
Vertical addition, I -< a + b -< 9., 
O -< a,b -< 9 
Reading numerals, 0-13, with cards 

Lesson 43 

APL 

NIH 
APL 
Sum 

Nu 
HUH 
SUH 
Hm 
NUH 
NuH 

9.1 

101.1 
10.1 
21.1 

99.2 
96.2 
22.1 
95.3 
102.1 
97.2 

R 

R 
R 
R 

R 
R 
R 
H 
H 
H 

0 

HC 
HC 
N 

N 
NC 
OHC 
N 
0 
0 

Oral story problems, addition and 
aubtrac tioki 
Hore and less, emphasis on zero 
$1, $2, $5 bills, circling 
Oral addition, 2 -< a + b -< 9, 1 -< a; 
b -< 5 
Writing numerals from dictation, 10-13 
Reading numerals, 10-13 
Reading addition exercises 
Copying numerals, 10-13 
Rote counting 1-70 
Counting objects, 1-20 

Lesson 44 

NH 
NUW 

APL 
APL 
NHU 
SuN 
NUH 
NUH 

103.1 
79.4 

11.1 
8.2 

104.1 
22.2 
105.1 
81.7 

R 
R 

R 
R 
R 
R 
H 
H 

NC 
N 

HC 
N 
HC 
ONC 
0 
0 

Greater and less, 0-9 
Counting elemeats in a subset, 
n < m < 9 
More and less, $1, $2, $5 bills 
Oral story problems, addition 
Reading numerals. 10-15 
Reading addition exercises 
Reading numerals, 0-15, with cards 
Rote counting, s0 abO, b -< 7, b - a + 1 

Lesson 4S , 

NHU 
AFL 

94.2 
9.2 

R 
R 

0 
0 

Successors, 1-39 
Oral story problems, addition and 
subtraction 
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NUM 
NU 

104.2 
106.1 

R 
R 

NC 
N 

Reading numerals, 10-15 
Writing numerals, 10-15, from dictatio 

NUH 107.1 R HC Greater end less, 0-9 
SUN 21.2 R N Oral addition, 2 -< a + b a< 9, I =<:Ia 

b -< 5 
APL 7.2 H - Playing store 

Lesson 46 

NUH 108.1 R 0 Successors, 1-49 
TST 6.1 R Var Test 
NUN 109. 1 R HC Reading numerals, 0-9 
HUN 107.2 R HC Greater and less, 0-9 
NUN 
NUN 
SU 

110.1 
106.2 
18.7 

R 
R 
R/H 

NC 
N 
N 

Reading numerals, 10-15 
Writing numerals from dictation, 10-15 
Vertical addition, 0 -< a + b -C 9 

NUN 
NUH 

111.1 
112.1 

N 
H 

0 
0 

Counting objects, 1-30 
Rote counting, 1-80 

NUN 105.2 H 0 Reading numerals, 0-15, with cards 

Lesson 47 

APL 9.3 R 0 Oral addition and subtraction problems 

NUH 113.1 f. 0 Greater and less, 0-9 
SUN 23.1 f 0 Oral addition, 1 -< a + b -< 9 
NUM 108.2 R 0 Successors, 1-49 
NUN 110.2 R HC Reading numerals, 10-15 
NUN 114.1 R N Writing numerals from dictation, 0-15;. 
APL 12.1 R NC Honey, $1, $2, $5, $10 bills 
NUN 
SUN 

115.1 
18.8 

R/N 
H 

N 
N 

Counting pictures 1-15 
Vertical addition, 0 -< a + b =< 9 

SUN 
NUN 

116.1 
117.1 

N 
H 

0 
0 

Counting objects, 1-30 
Rote counting, aO-bO, a -< 7, b = a +.:I 

Lesson 48 

RES 1.1 Rf POO Preparation for subtraction, with 
bottle tops 

HUM 118.1 R HC Greater and less, 10-15 
NUH 
SUH 

119.1 
. 21.3 

R. 
f 

HC 
N 

Reading numerals, 16-19 
Oral addition, I -< a + b -< 9, 
1 -< a + b -< 5 

SU 22.3 R HC Reading addition exercises 
NH 120.1 R N Counting sounds, 1-7 
NUH 121.1 H N Writing numerals, 10-19, copying 
APL 13.1 N 0 Honey, playing store, $1, $2, $5, $10 

Lesson 49 

RES 1.2 R PO Preparation for subtraction, with bottle 
tops 
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UH .24.1 R 0 Oral addition, 2 ,- n + 1 ,, 29 
R HC Reading numerals, 16-19
UK "'119.2 


UK 22.4' R MC Reading addition exercises
 
UK .122.1 R .HC Greater and less, 0-15
 
PL. 11.2 R MCI Greater and less with bills
 
UN 115.2 RIM N Counting pictures, 1-15
 
UM:_ 18.9.'H N N Vertical addition, 1 a< a + b w< 9
 

NUM 123.1 ,' 0 Reading numerals, 0-19, with cards
 

Lesson 50
 

SUM 25.1 R P,O Oral addition, with fingers,
 
2 -< a + b -< 9, 1 -< a
 

NUN 86.5 R 0, Counting sounds, 1-7
 
NUH ,.124.1 R -MC ReadingR numerals, 0-19
 
NU! 125.1 Rl N, Writing numerals from dictation, :16-19
 
NUN. 122.2 R MC More and less, 0-15
 
APL .114.1 :--N.. Oral problems, addition and subtraction
 
SUM 18.1 R/N N Vertical addition, 1 -< a + b -< 9
 
NUH 117.2 N 0 Rote counting, aO to bO, a -< 7,
 

b a
a+I 
NUN 112.2 . 0 Rote counting, 1-80 
SUM 24.1.1 N 0 Oral addition, 2 -< n + 1 -< 29 

Lesson 51
 

APL 9.4 R 0... Addition and subtraction problems
 
*SUM 26.1 ftg P,O Oral addition, I -< a + b =< 11, with:
 

bottle tops 
APL 15.1 ftg NC: More and less, with bills 
TST 7 . Var Te't 
NUN 115.3 R/M N Counting pictures. 1-15 
SUM 27.1 'N N Vertic'1 addition, 0 -< a,+ b -< 9 
NUNI 123.2 H 0' Reading numerals, 0-19,'; with cards 

Lesion 52 . 

RS. 1.3 ,, P. Preparation for subtraction,. 
I -< a - b -< 8, with bottle caps 

NUN 126.1 tR::- N Counting compliment of the subaet,-,
:" ir ' "' . A -< n < im-< 9
 . •" . .. 


NUN 124.2 fR HC Reading numerals, 0-19 
APL 15.2 .HC:: More and less with $1, $2, $5, and 

$10 bills 
SUM v,28.1 ft N Oral addition, 1 -< a + b -< 9-
NUN 127.1 R/N N Successors, 1-14 
NUN 115.4 H N Counting pictures, 1-15 
NUN 123.3 H 0 Read4-g numerals, 0-19, with cards 
NUN 117.3 M. 0 Rote counting, aO to bo, a -<4, 
SUM 24.3 H 0 Oral addition, 2 -'n + 1 m 29 
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Lesson 53 

SUm 
NUM 
NUM 

29.1 
124.3 
128.1 

R 
R 
R 

P,O 
MC 
N 

Oral addition, a + b - 10, with fingers 
Reading numerals, 0-19 
Successors, 1-14 

NUM 
NUN 
APL 
NUN 

122.3 
129.1" 
16.1 

130.1 

R 
R 
R/M 
H 

MC 
N 
ON 
0 

More and less, 0-15 
Writing numerals from dictation'.O-19,, 
Value of 2 bills together 
Rote counting, 1-100 

NUN 131.1 H P,O Counting objects, 1-40 
SUM 30.0.1 N 0 Oral addition, 10 + a 

Lesson 54 

SUm 
NUN 

30.1 
133.1 

R 
R 

0 
0, 

Oral addition, 10 + a 
Rote counting, aO to bO, a -<9. 

NUH 
NUH 

122.4 
126.2 

R 
R: 

MC 
N. 

More and less, 0-15 
Counting compliment of the subset,.-

APL 
NUN 
APL 
NUN 
NUH 

14.2 
129.2 
16.2 

130.2 
123.4 

R 
R 
R/M 
M 
N 

N 
N 
O,N 
0 
0 

1 n- < m w< 9 
Addition and subtraction problems 
Writing numerals from dictation, 0-19. 
Value of 2 bills together, $1,. $2, 05 . 
Rote counting, 1-100 
Reading numerals, 0-19, with cards,. 

Lesson 55 

APL 
SUM 

17.1 
31.1 

R 
R 

0 
0 

Days of the week 
Orl addition, 1 - a + b =< 9 

NUN 132.1 R 0 Succeseors, 1-69 
RES 1.4 R P,O Preparation for subtraction, 

I n< a ­ b -< 8, 2 -< a-<9, with 

NUN 132.2 , 0 
bottle caps
Successors, 1-69 

SUM 
NUM 

24.2 
131.2 

R 
H 

0 
0 

Oral addition, n + 1, n -< 
Counting objects, 1-40 

28 

APL 17.2 M 0 Days of the week 
NUN 132.3 H 0 Successors, 1-69 

Lesson 56 

SUM 31.2 R 0;, Oral addition, I -< a + b -< 9 
NUN 134.1 R MC Reading numerals, 20-24 
TST 8.1 R Var Test 
APL 
NUN 
NUN 
NUN 
SUM 

14.3 
115.5 
135.1 
130.3 
33.0.1 

R 
R/H 
H 
N 
HN 

N 
,N 
-'0 
0' 
0 

Addition and subtraction.proble.. 
Counting pictures, 1-15 . 

Reading numerals, 0-24, with cards 
Rote counting, 1-100 
Oral addition, 16 -< sO + b -<.29, 
I -< a -< 2 
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Lesson'57 

NUH,, 
RES' 

136.1 
15 

ft"V 
't ' 

Rote counting 
Preparation for subtraction -., 
I -< a'- b -< 8, 2 -< a -< 9, with 

NU 
NUN 
SUN 

137.1 
138.1 
28.2 

R 
:R 
R, 

,C 
"N ' 

N 

bottle caps 
Reading numerals, 20-24 
Writing numerals from dictation, 20-24' 
Oral addition, I -< a + b -< 9 

SUN 32.1 Ri IN Oral addition, 2 -< n + 1 -< 19 
NUN 144.1 H 'N Counting pictures, n -< 19 
NUN 
NUN 

139.1 
135.2 

H' 
H 

N 
0 

Writing numerals, copying, 20-24 
Reading numerals, 0-24, with cards 

NUN 136.2 'H 0 Rote counting 

Lesson 58 

NUH 
SUN 

136.3 
33.1. 

R 
R 

0 
0 

Rote counting 
Oral addition, 16 = a0 + b"-< 29 

NUN 
NU 

133.2 
1372 

.R 
R 

'0, 
'C 

Rote counting, aO to bO 
Reading numerals, 20-24 

NUH 
SUN 

138.2 
34.1 

R 
R 

N 
N' 

-Writing numerals from dictation, 20-24' 
-Oral addition, 10 + a 

'APL 16.3 RIM' N' Value of bills together, $1, $2,-$5, 
NUH 135.3 N . 0' Reading numerals, 0-29, with.cards . 
NUN 136.4 M 0 Rote counting, 

Lesson 59 

APL 9.5" fR: 0 . Addition and subtraction problems' 
RES 2.1 R: P,O Subtraction, I =<a - 5, b -1. ith-

SUN 35.1 f 0 
fingers 
rOral additlon, ao + b, a -<4: 

NUN 140.1 f NC -Reading numerals, 25-29 
NUN '::138.3' f N' Writing numerals from..dictation, 20-24 
APL '18' R MC More or less with bills, $1, $2, $5 
APL' 
NUH 
NUN 

19.1-
131.3 
141.1 

R/M 
m. 
N 

N'' 
0 
0 

Value of bills together, $1, $2, $5 
Counting objects,.1-40 
Reading numerals, 0-29, with cards.? 

Lesson '60 

APL' 17.3 R 0 Days of the week 
NUM 126.3' R'- 'N Counting compliment of a 

.1 -< N-< M-< 9 
subset, 

NUN 142.1 tR N Writing numerals from dictation, 20-29-
SUN 36.1 ft N; Oral addition, 16 -< aO + b -< 29 
NUN 122.5, 'fRt'. MC -More and less than, 0-15 
APL 
NUN 

19.2 R/I 
;115.6 ,1,' H-. 

N 
N. 

Value of 2 to 10 bills together 
Counting pictures, 1-15 

NUM 
APL 

143.1 
. 17.4 

M 
W, 

N 
0 

Writing numerals, 20-29, copying 
Days of the week 
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Lesson 61
 

.Subtraction,. "< 


I -< a -< 5, with fingers
 
NWt 145.i R NMC ,More and le., 10-19
 
TST 9.1 ft Var. 	 Test 
NUH 147.1 R i ;N numerals from dictation, 110-29, 

RES 3.1 t, PO 	 =<a - -4, 

.Writing 


NUH 146.1 R- MC 	 Reading numerals, 0-29 
NU 148.1 R/H 1, 	 Counting pictures, 1-25 
SUH 37.1 N 	 Oral addition, 10 + a, with materials 
NUH 131.4 H 0 .... 	Counting objects. 1-40 

Lesson 62
 

NUH 136.5 R 0 Rote counting 
SUH 38.1 -R 0 Oral addition, 10 + a, 20 + a 
RES 3.2 R PO Subtraction, a - b - 1, 1 -< a -= 5.7 

with fingers 
NUM 146.2 R HC Reading numerals, 0 - 29 
NUH 147.2 ft N Writing numerals from dictation. 10 -.29 
NLfl 149.'1 R HC Hore and less, 0 - 19 

' 
RES 4.1 0 Subtraction, I -< a - b -< 4, 
- I -< a -< 5, with materials 

NUH '-:131.5 H 0 .	 Counting objects, I - 40 
NUN 136.6 H 0 	 Rote counting, with materials 

Lesson 63
 

SUm 39.'l R, 0 	 Oral addition, ab + 1, b = 9.
 
NUN 150.1 ! MC Preparation for fractions 
NUH 146.3 R 14C Reading numerals, 0-29 
NU 151.1 R1 " N 	 Successors, 1-28 
NUH 152.1 R- HC 	 Hore and less, 20-29
 
NUN. 148.2 % R/H N 	 Counting pictures, 1-25 
SUM 27.2 H N 	 Vertical addition, 0 -< a + b-* 9 
NUN 136.7 H 0: 	 Rote counting
 

Lesson 64+
 

NUM 86.6 t 0 Counting sounds
 
NUH 153.1 fR 0 More, 10-19
 
NUN 154.1 R 0 _ 	 Successors, 1-98
 
RES . 3.3 R, .,P,Ot Oral subtraction, I -< a - b -< 4, 

I -< a -< 5, with fingers 
NUH 155.1.: R 0 HMore, 20-29 
NUH 130.4 R 0 ,- Rote counting, 1-100 
RES 4.2 N 0 	 Oral subtraction, I -< a -.b =<4, 

1 -< a -< 5, vi.ch materials, 
NUN 141.2' .'0.., 	 Reading numerals, 0-29, with cards
 
NU 136.8;- M 0 .	 Rote counting 
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Lesson 65
 

RI 86.71 1 0 Counting sounds, n -< 7
 
SUN 40.1 VR N Oral addition, ab + 1, b -/ 9
 
IM 156.1 R M6 Preparation for fractions
 
US 5.1 R. N Oral subtraction, 1 a< a - b l 4,
 

1 -< a -< 5
 .
NMI 157.1 'R MC 	 More and less, 0-29
 
NUN 158.1 R/M N 	 Successors, 1-28
 

"
 SUM 27.3 H- N 	 Vertical addition, 0 -< a + b-I= 9
 
NU 141.3 'H - 0 	 Reading numerals, 0 - 29, with cards 

Lesion 66 +
 

HUH 136.9, R 0 Rote counting

SU- .,41.1 R 0 Oral addition, aO + b, 1 -ca - 4
 
HUH' 159.1 f MC Preparation for fractions, 1/2 and l3.
 
NUH 160.1 ft MC Reading numerals
 
SUN. 27.4 H N 	 Vertical addition, 0 = a +4b <-9
 
NUH 136.1 ..- 0 	 Rote counting
NU4- 161 H 0 	 Counting objects, groups of1Z0'-


Lesson 67
 

RES 6.1 R .'0 Oral cubtraction, a - b - 1 1-< a -<5, 
with fingers

SUN 41.2 R' 0 Oral addition, ao + b, I- a-c 4 
HUM 160.2 R MC Reading numerals
 
NUN 162.1 R N Writing numerals from dictation
 
RES 7.1 R N Oral subtraction, a - b - 1, 1 S< a -< 5
 
NUH 163.1 fR MC Reading numerals
 
NUH 164.1 H N Writing numerals, copying

SUN ,.27.5 H N Vertical addition, 0 -< a + b -< 9
 
SUM 42.1 H . 0 Oral addition, ao + b, 1 -a -< 4, with
 

materials
 

Lesson i68
 

NUM 136'.11 ft 0 	 Rote counting
 
-
RES U'81;R 0 Oral subtraction, 1 -<5 -b -k4,

1c~1 b<= 4, with fingers
SLN' 43.1 R Oral addition, 10 -< a + bc=.11 
RES ,5.2 R N Oral subtraction, I a -4,-< b-< 


1 -< a -< 5
 
NUN1-, 163;2 fR MC Reading numerals
 
SUN 4.2 ft N Oral addition, ab+ 1, b .s/9
 

,
HUM '165.1; H- N. 	 Writing numerals, copying

NUH 7148.3 H N 	 Counting pictures, 1-25
 
SUN 44.1 H N 	 Oral addition, 10 n< a+-b mc 15, vith! 

materials 
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Lesson 69 

RES 2.2 R 0 Oral subtraction, a - I b,
 
I =< a -< 5, with fingers


NUM 136.12 R 0 Rote counting
 
SUM 45.1 R, 0 Oral addition, a9 + 1
 
RES 3.4 R 0 Oral subtraction, I -< a - b '= 4,
 

1 &< a -< 5, with fingers

NUN 154.2 R 0 Successors, 1-98
 
SUM 43.2 R 0 Oral addition, 10 -< a + b -=<,l
 
RES 9.1 H 0 Oral subtraction, I -< a- b m<.4,
 

I -< a -< 5, with bottle caps:

SUM 42.2 H 0 Oral addition, aO + b, 1 a in4,
 

with materials :'
 
NUM 161.2 H 0 Counting objects, groups of.,10;,
 

Leison 70,.
 

RES .5.3- R .N Oral subtraction, 1 =< a -b n<-5
 
SUM: C46.1 R N Oral addition, a9 + 1
 
NUM **159.2. R MC Preparation for fractions, 1/.2.and 1/3
' 
NUH 166.1 R MC Reading numerals, 10, 20, ... , 90 
SUm 47.1 R N Oral addition, 10 -< a + b =c I1 
HUH 151.2 R/N N Successors, 1-28 
NUN 167.1 H N Writing numerals, copying, 

10, 20, . . . , 90 
NUN 136.13. H 0 Rote counting
SUN 44.2 0. Oral addition, 10 -< a +b-< 15, with: 

materials
 

Lesson, 71
 

NUN . 136.14 R: 	 Rote counting 
RES 10.1. R. O 	 Oral subtraction, I -< a - I a< 8,'. 

2 -ca =< 10, with fingers
SU 48.1 R 0 	 Oral addition, 1 -< a + b =< 5
 
NUH 166.2 R MC 	 Reading numerals, 10, 20, ... , 90. 
NUM 159.3 R MC 	 Preparation for fractions, 1/2,' 1/3'
 
TST '11.1 R Var.-	 Test
 
NUM , 168,1 R N .	 Writing numerals from dictation,
 
NUM 158.2 :,- N:-	 Successors, 1-28
 
SUM 27.6 H. TN 	 Vertical addition, 0 =c a +:b -w< 9
 
IM 136.15 M .0 O,- Rote counting 

Lesson 72,:
 

SUM 49,1 R O- Oral addition, 0 -< a + b <2.12 
NUN 154,3 R 0 Successors, a9 -

SUm 45,2 R 0 Oral addition, a9 + lite 
RES 10.2 R 0 Oral subtraction, I -< a--1 m 8,' 

2-< a -< 10
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Eli 
APPENDIX I 

RU14 
APL 

169.1 
13.2 

R 
M 

0 
0 

Rote counting' 
Playing'store 

N to M 

Lesson 73 . 

RES 

NM 
NLH 
NUM 
NUN 

SUN 
NUM 
APL 
SU 
NUM 
NUM 

10.3 

170.1 
166.3 
171.1 
172.1 

50.1 
173.1 
19.3 
27.7 
161.3 
174.1 

R 

R 
R 
R 
R 

R 
R 
R/M 
H 
M 
M 

P,O 

0' 
HC 
HC 
N 

N 
N 
N 
N 
0 
P,O 

Oral subtraction, -<e - 1 -< 8 
2 1< a -< 10, with bottle caps 
Counting sounds, n -< 15 
Reading numerals, 10, 20, . . . , 90 
Fractions, 1/2, 1/3 
Writing numerals from dictation, 
10, 20, . . . , 90 
Oral addition, 0 n< a + b a< 12 
Counting pictures, groups of 10 
Value of bills together, 2-10 bills 
Vertical addition, 0 =< a + b -< 9 
Counting objects, groups of 10 
Preparation for fractions, dividing 
figures in half 

Lesson 74 

RES 

NUN 
NUN 
RES 

Nt 
NUM 
NUN 
SUm 

NUM 

11.1 

175.1 
171.2 
12.1 

176.1 
173.2 
177.1 
44.3 

174.2 

R 

R 
R 
R 

R 
R/M 
H 
H 

N 

0 

NC 
NC 
N 

HC 
N 
N 
0 

PO 

Oral subtraction, a - b - 1, 
2 -< a -< 10, with fingers 
Reading numerals, 30-39 
Fractions, 1/2, 1/3 
Oral subtraction, I -< a - 1 -< 8, 
2 -< a -< 10 
Reading numerals, 30-39 
Counting pictures, groups of 10 
Writing numerals, copying, 30-39 
Addition, 10 -< a + b -< 15, with 
materials 
Preparation for fractions, dividing 
figures in thirds 

Lesson 75 

NUN 
NUM 
NUN 
RES 

154.4 
178.1 
179.1 
5.4 

R 
R 
.R 
ft 

0 
NC 
NC 
N 

Successors, 1-98 
Reading numerals, 40-49 
Fractions, 1/2, 1/3 
Subtraction, 1'-< a - b -C4, 

NUN 
NUN 

APL 
NUM 
NUM. 

1,180.1 
172.2 

19.4 
181.1 
161.4 

R, 
R 

R/H 
H 
H 

MC 
N 

N 
N 
0 

Reading numerals, 40-49 
Writing numerals from dictation,
10, 20, . . . , 90 . 

Value of bills together, 2 t(-, 10 bills 
Writing numerals, copying, 40-49 . . . 
Counting objects, groups of; 10 

. 

.. I 
. 

r " 
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Lesion 76.. 

RES 13.1 : P,O 	 Oral subtraction, a - b - 5,
 
I -< a -< 10, with fingers


NHIE 182.1 R 'NC Reading numerals, 50-59 
TST 2.11-R Var Test 
-"S 14. I it ''N Oral subtraction, a - b - 5, 1 ' .< 
RES .15.1' R . ,ON 	 Vertical subtraction, 1 -< a -b -<4,--... , ""-. ... . I -< a -< 	 5 
NUM 183.1 RIM N. 	 Sequences, 1-10
 
NUM 173.3,- K . 'N Counting pictures, groups of 10'
 
NUH .184.1 0 Reading numerals, 0-59, with cards
 

Lesson 77,
 

RES -10".*4 k R- 0.' 	 Oral subtraction, 1 -<a - 1,w< 8,
':":/ ' . ,- :-2-'< a -,< 10 1
 

APL 17;5 R 0 .Daysof the week
 
NUM 185.1 ;R IMC!; 	 Reading numerals, 50-59 
NMI 186.11 R N Writing numerals, 50-59, from dictation 
NUH 172.2 R MC Fractions, 1/2, 1/3
RES 5.5 . R N Oral subtraction,. 1 -< a - b -< 4, 

-1."a -< 5

NUN 166.4" -R ' HC Reading numerals, 10, 20, • . . , 90

APL 20.1 RIM./ N Value of groups of bills-

APL 17.6' N b Days of the week
 
NUM _161.5,NM 0' Counting, 10, 20, 30, 40, 50,-with
 

materials
 

.Lesson 78 

R.16,1 0RES ' R 	 Oral subtraction, 5 -<a - b < 8, 
6 -< a -< 10, with bottle caps

-NUM 166.5 .'R.- MC Reading numerals, 10, 20, . . ., 90 
NUN 172.3 N,R Writing numerals from dictation,
 

10, 20, • . . , 90 
NU 185.2 R MC Reading numerals, 50-59 
NUK 187.1 R HC Fractions, 1/2, 1/3, 1/4
19S 15.2 R, N Vertical subtraction, I < a - b'< 4', 

I-< 
NUN 1 N Counting pictures, groups of4 1­173.4 N 
RES -"15.3 H N: Vertical subtraction, I -4 a- b -c 4,' 

NUM 174.3 N- PO 	 Fractions, counting figures in-thirds 
andfourths 

Leiion 79 

NUM 188.1:,.N Writing: numerals,' 50-59, from.' ictatioi
RES 16.2 . . R P,0 Oral subtraction, 5 -< a.-b <, 8,

6 -< a -,10, with bottle caps 
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NUH 189.1 - iRO Rote counting, by 2"s, 2-10:
 
APL 177:'R 0R Order of days of the week:i "
 
SUH 51.1 R O;'0 Oral addition, 0 =< N+ 1: 99,-

SUN 52.1, R 0 ;. Oral addition, 0 -<a +,b -< 13
 
RES -.16.3. R 0.: Oral subtraction, 5 -<,a-.b < 8,.
 

6 .a< a -< 10 
NMI 189.2 H Rote counting, by 2's, 2-10;

NUIM 184.214 0 Reading 'umerals, 0-59, with"cards
 

Lesson 80
 

RES 16.4 R 0 	 Oral, subtraction, 5 -a- b 8 
N6 < a W< 10
 

N 190 'R HC Reading numerals, 60-69 "
 
SUM 53.1 R N Oral addition, aO +b
 
NUN 172.4 R N Writing numerals from dictation,
 

10, 20, . . . , 90 
RES 17.1 R N. Oral subtraction, 5-< a'- b =< 8, 

6 -< a -< 10 
NUL 183.2 R/HM, N Sequences, 1-10 a- -, 
RES 15.4 H N Vertical subtraction, 1 -< :< 4 

- . ". .. . - • " =< a -< 5 
APL 21.1 - H 0 Order of days, of the week " 
NUN 191.11 I 0 Reading numerals, 60-69,' with'cards . 

Lesson 1
 

RES 18.1 R 0 	 Oral subtraction, 5 < al- b -<8. 
. ... 6 -< a -< 10
 

SUH 52.2 R, N, Oral addition, 0 -< a +b=< 13
 
NUN'I 192.1 R: MC Reading numerals, 0-69
 
TST4r1,:, 13.1 .R Var Test
 

/RES ' ,19.1I R IN Vertical subtraction, .1 - a-1 ( 8
 
RES 20.1 R HCv. Reading subtraction exercises:...
 
NUN , 183.3. RIM N._ Sequences, 1-50
 
RES 21.1. H N Vertical subtraction, 5 -<a -b -< 9,
 

NUN 193.1 H 0: 	 Reading numerals, 0-69, with cards.
 

Lesson 82
 

RES 22.1 R P,O 	 Oral subtraction, I - b 0,O 
1 -< a -< 10, with bottle caps

NUN: 194.1. -R . Successors, a9 
NUN .195.1 at .0. 'Predecessors, 2-9 
HEZ 1.1 R ,O,N Vertical addition and subtraction;
NUN 196.1. .R 0 Counting by 10's, 10-60 
NUN 197.1 I'H N Successors, 1-38 
NUN 198.1, M N Successors, 1-50 
NUN 173.5 M N Counting by 10's, 10-60' 
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Lesson 83 

NH 154.5 R 0 Successors, 1-99 
APL 
RES 

22.1 
22.2 

R 
R 

0 
0 

flore and less, units of time 
Oral subtraction, 1 - b - 0. 1 -C 

NUH 195.2 R 0 Predecessors, 2-9 
SUN 54.1 R 0 Oral addition, 0 -< a + b -< 14 
NUN 
RES 

199.1 
23.1 

R 
R 

0 
PO 

Rote counting, by 2's, 2-20 
Oral subtraction, 0 -< a - b -< 4. 
1 -< a -< 5, with fingers 

APL 22.1 H 0 tore and less, units of time 
NUH 199.2 H 0 Rote counting, by 2's, 2-20 
NUH 193.2 It 0 Reading numerals. 0-69, with cards 

Lesson A 

RES 24.( R 0 Oral subtraction, I -< a - 0 -< 9 
NH 
HEZ 

200.1 
1.2 

fR 
R 

NC 
N 

Reading numerals, 70-79 
Vertical addition and subtraction 

NU 187.2 R HC- Fractions. 1/2, 1/3, 1/ 
RES 25.1 f N Oral subtraction, 0 -< a - b -< 4, 

I -< a -< 5 
RES 21.2 ,N' 0,N Vertical subtraction, 5 -( a ­ b -< 9j 

6. .a-<9 
Him 
NHU 

173.6 
201.1 

It 
H 

N 
0 

Counting by 10's, 10-60 
Reading numerals, 60-79, with cards 

Lesson 85 

RES 26.1 R 0 Oral subtraction, a ­ 0 a ­ a, 
I -< a -< 10 

NU 201.1 R N Writing numerals from dictation, 0-69 
SUN 53.2 f N Oral addition, aO + b 
NUN 
NWI 

202.1 
203.1 

ft 
R 

MC 
N I 

Reading numerals, 0-79 
Writing numerals from dictation, 0-79 

SUN 40.3 R N Oral addition, 0 -< N + I -< 29 
NUN 
HEZ 

187.3 
1.3 

R 
R/H 

NC 
N 

Fractions, 1/2. 1/3. I/4 
Vertical addition and subtraction 

NUH 197.2 H N Successors, 1-38 
NUH 199.3 H 0 Rote counting, by 2's, 2-20 

Lesson 86 

RES 27.1 f PO Oral subtraction, 0 -< 6 - a -< 6, 
with bottle caps 

NU 
HEZ 

2041V 
2.1 

R 
R1 

HC 
NiC 

Reading numerals, 80-89 
Reading addition and subtraction 
exercises 

NU 205.1 R - C Reading numerals, 80-49 
TST 14. 1 R Var Test 
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NU 
1Z 

206.1 
1.4 

x 
M 

U. 
-K 

APPENDIX F 

Successors, 1-48 
Vertical addition and subtraction,-
O -<a+b-<9 

Lesson 87 

SUN 
NIH 
UNI 
RES 
APL 
mzU 

NH 
SUi 
APL 

55.1 
194.2 
195.3 
28.1 
23.1 
3.1 

194.3 
27.8 
24.1 

a 

R 
It 
a 
R 
R 

-
N 

N 

O 
0 
0 
0 
0 

0 
N 
PO 

Oral addition, 0 -< N + I -< 49 
Successors, a9 
Predecessors. 2-9 
Oral subtraction, 0 -< 7 - b a< 7 
Oral fraction problems 
Oral addition and subtraction, 
0 - a + b -< 15. 0 -< a - b -< 16, 
0 c a -< 6 
Succesors, a9 
Vertical addition, 0 -c a + b -C 9 
Making chmnge of $10 

Lesson 88 

APL 
NI 
NI 
NU 
RES 

Nu 
RES 

Not 

205.1 
207.a 
208.1 
20C.1 
29.1 

210.1 
30.1 

211.1 

R 
I 
1 
R 
1 

im 
N 

a 

MC 
N 
MC 
N 
N 

N 
N 

Identifying bills, $20. $50, $2. $5, $10 
Writinq nunerals froa dictation, 0-89 
Reading numerals, 90-99 
Shading part of a figure, 1/2. 1/3, 1/4
Vertical subtraction. 0 -< 4 - a -< 3, 
a -/ 0 
Sequences of 10 
Vertical subtra Uion. 0 -< a - b -( 4. 
1 -< a -< 5. b 0 
Reading numerals, 0-99, with cards 

RES 

Num 
Sun 
NI 
Nun 
KU 
NUN 
APL 
APL 

31.1 

212,! 
56.1 

213.1 
214.1 

4.1 
211.2 
26.1 
27.1 

1 

a 
it 
R 
R 
.II 
i 
N 
K 

0 

-C 
IN 
N 
N 
N 
0 
0 
P.O 

Oral subtraction, 0 -< a - b -< 7. 
0 -< a -< 7 
Reading numerals, 0-99 
Horizontal addition, 0 -< a + b -< 9 
Predecessors, 1-9 
Counting pictures, groups of 10. 10-S0 
Vertical addition and subtraction 
Reading numerals. 0-99 
Months of the year 
Bills, $20. $50. $10 

Lesson 90 

RES 
MFS 
RUN 
NIH 
SUM 

32.1 
33.1 

213.2 
215.1 
56.2 

1 
1 
R 
1' 
R 

0 
.3 
x 
3 
3 

Oral subtraction, 0 - 8 - b -< 8 
Oral subtraction, 0 -< 7 - b -( 7 
Predecessors, 2-9 
Writing numerals from dictation, 0-99 
Horizontal addition, 0 -< a + b -< 9 
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NH 210.2 R/H W Sequences of 10 
8ES 34.1 H N Vertical subtraction, S -a a - b ,, 9,

5 -< a -< 9 
mH 206.2 H N Successors. 1-48 

Lesson 91 

SuIm 57.1 R 0 Oral addition, 0 -< a + b at 18 
TST 15.1 R Vir Tot 
NUH 216.1 R tiC Reading nunerals, 0-IOO 
RES 35.1 R N Oral subtraction, 0 -< 8 - b ,< 8 
NU 217.1 R N Uriting numerals from dictation, 0-100 
Sft 58.1 R 0, 1lorizontal addition. 0 -< 1I + i -< &9 
NU Zi8.1 R MC Hore and less, 0-100 
HEZ 3.2 H N Vertical addition and subt-raction 

a + b -c 15, a - b -C 9 
NU 
Nu 

219.1 
220.1 

N 
N 

N 
0 

Sequences, by 2'a, 2-10 
Reading numerals, 0-100, wLth cards 

Lesson 92 

API. 
AP1, 

14.4 
26.2 

8 
R 

0 
0 

Oral addition and subtraction problems. 
Months of the year 

NUll 
HUN 

199.4 
221.1 

1 
t 

0 
0 

Rote counting, by 2's, 
Predecessors, 2-12 

2-20 

SUt 58.1 R 0 Oral addition with 3 addends, 
ae b+ c -< 10 

APL. 26.3 M 0 months of the year 
NH 199.5 K 0 Rote counting, by 2'., 2-20 
RES 34.2 H N Vertical subtraction, 0 -c a - b €C9 

Lesson 93 

APL 26.4 1t Months of the year 
NUH 221.2 A 0 PredeceasorA, 2-12 
SUl 59.1 R N Vertical addition, aO + b 
NUM 209.2 R N Shading part of a figure, I/I, 2/3, 3/4 
NUH 21b.2 t MC Reading numerals, 0..100 
HU 222.1 a N Countin, by 10', 10-S0 
Ni* 195.2 K/H N Sequences 
NuN 223.1 N N Successors, 1-68 
NUN 
NU 

210.3 
220.2 

N 
h 

N 
0 

Sequences, by IO, 10-100 
Readleg numerals, 0-,00, With cards 

Lssoa 94 

RES 36.1 R 0 Oral subtraction, 0 *a:a - b mg 8 
APL 
NUN 
NUH 

9.6 
213.3 
217.2 

t 
R 
A 

0 

N 

Oral addition snd subtraction problems 
Predecessors, 2-9 
Writing numerals frem dictation, 0-100 
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'SW 60.1 R 0.' Vertical addition, ab + cd, 
0 a b + r -< 9 

RUN 222.2 R/H oN Counting by 1O's, 10-50 
SU 60.2 H P'O Vertical addition, ab + cd, 

0 a< b + c -< 9, with materials 

Lesson 95 

RES 37.1 R 0 Oral subtraction, ab - I
 
APL 14.5 R 0 Oral addition and subtraction story
 

problems
 
Sw! 59.2 a O4 Horizontal addition, aO + b
 
NH 224.1 R 0 Shading in part of a figure, 1/2, 2/3,
 

34 
NUN 225.1 R N Successors, n9 
IIEZ 5.I R N Oral addition and subtraction, 

a + b -< 15, a - b a< 9 
NHU 219.2 H N Sequences, by 2's, 2-10 
HU 226.1 1 N Predecessors, 2-9 
HEZ 6.1 H N Vertical addition and subtraction, 

a + b-< 15, a - b -< 9 

Lesson 96
 

SU 62.1 R 0 Oral addition, a + b + c a< 12 
HUI 227.1 R 0 Rote countinR, by 2's, 2-50 
RS 37.2 R 0 Oral subtraction, ab- I 
NIH 216.2 R 0,1HC Reading numerals, 0-100 
Res 38.1 R N Horizontal subtraction, a - b :o, 9 
TST 16.1 R Var Test 
IMl 225.1 H N Predecessors, 2-12 
Sutm 56.3 H N Horizontal addition, 0 ac a 4 b ac 9 
NHU 220.3 H a Reading numerals. 0-100, with cards 

Lesson 97 

RFS 39.1 R 0 Oral subtrn.tion, ab - b 
NHU 229.1 R 0 Predecessors, 2-20 
NH 230.1 R 0 Uhlch Is more, 0-50 
APt. 26.5 R 0 Months of the year 
suH 62.1 R 0 Oral .ddition, a + b + c -C 12 
NIH 227.2 R 0 Rote counting, by 2's, 2-20 
At. 26.6 K 0 Months of the year 
NH 220.4 00 Readinx numerals, 0-100, with cards 

Lesson 98 

NH 231.1 R OHC Ordinals, lt, 2nd, 3rd 
PM 232.2 R O tC More and less, 0-99 
NUH 233.1 R N Predecessors, 2-12 
NIH 217.3 R d UritInA numerals from dictation, G-99 
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SUN 63.1 R/M O,N Horizontal addition, ab + I 
NUN 
SU 
Sum 

234.1 
56.4 
64.1 

it 
H 
M 

N 
N 
0 

Sequences, by 2's, 2-20 
Horizontal addition, 0 -< a + b -< 9. 
Oral addition, so + b, with materials 

Lesson 99 

HUM 
SUM 

229.2 
61.3 

R 
R 

0 
N 

Predecessors, 2-20 
Vertical addition, ab + cd, a + b =<9, 

NUN 
SUM 

235.1 
60.3 

R 
R 

MC 
O,N 

Fractions 1/2, 1/3 
Oral addition, sO + b 

APL 
NUN 

28.1 
38.2 

R 
R/M 

tiC 
N 

Identifying bills, $10, $20, $50, $100' 
Horizontal subtraction, a ,.b -< 9 

NU 
APL 
NUN 

234.2 
29.1 

236.1 

H 
H 
H 

N 
N 
N 

Sequences, by 2's, 2-20 
Value of bills together, aO + b 
Successors, 1-98 

NUN 237.1 N 0 Ordinals, 1st to 3rd 

Lesson 100 

SUN 60.4 R N Oral addition, aO + b 
Nu 
NUN 
MED 

238.1 
239.1 

1.1 

R 
R 
R 

OMC 
O,N 
0 

Fractions, reading 1/2, 1/3 
Counting by 10's, 10-90 
Measuring from 1 to 10 cm 

APL 
RES 
SU 

29.2 
38.3 
64.1 

RiM 
H 
M 

N 
N 
0 

Value of 2 bills together 
Horizontal subtraction, a - b ,k b 
Oral addition, aO + b, withumaterials 

Lesson 101 

RFS 37.3 R 0 Oral subtraction, ab - I 
NUN 240.1 R 0 Predecessors, 2-50 
NU 241.1 R 0 Successors, a9 
TST 17.1 R Var Test 
NU 
SUM 
APL 
NUN 
SUm 

242.1 
65.1 
1.2 

243.1 
60.5 

R 
R 
R/M 
M 
H 

HC 
N 
0 
N 
N 

Fractions, reading 1/2, 1/3, 1/4 
Vertical addition, ab + cO, a + c -< 9 
Measuring from I to 10 cm 
Predecessors, 2-20 
Horizontal addition, sO + b 

Lesson 102 

NUN 224.1 t 0 Less, 0-70 
HUM 240.2 R 0- Predecessors, 2-50 
APL 
NUN 
SUm 

30.1 
245.1 
62.3 

R 
R 
t 

0 
00 
0 

Oral money problems, how much change 
Rote counting, by 5's, 5-50 
Oral addition, with 2 or 3 addends 

NUN 241.2 R 0 Successors, a9 
RES 39.2 R 0 Oral subtraction, ab - b 
NUN 220.5 M 0 Reading numerals from cards, 0-100 
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Lesson 103 

NUM 
RES 
SUM 
NUN 
NUN 
NUN 
NUN 

245.2 
39.3 
66.1 

246.1 
242.2 
232.2 
247.1 

R 
ft 
t ' 

R, 
R 
R 
ft 

O 
,0 

-0 
HC 
AC 
HC 
Mc 

Rote counting, by 5's, 5-50 
Oral subtraction, ab - b 
Oral addition, aO + b 
Ordinals, 1st to 5th 
Fractions, reading 1/2, 1/3, 1/4 
More and less, 0-100 
Circle a group of 10 out of N, 

RES 
SUN 

38.4 
67.1 

A 
H 

N 
N 

11 -< N -< 19 
Horizontal subtraction, 0 -< a:- b <9 
Horizontal addition, 0 -< a +b-< 12: 

NUN 248.1 I N Successors, a9 

Lesson 104 

APL 14.6 R O Oral addition and subtraction 
NUN 62.4 R 0 Oral addition, with 2 to 3 addends 
NUN 
NUN 
SUM 
NUN 
NUN 
SUM 
NUN 

246.2 
224.2 
68.1 
249.1 
239.2 
68.2 

220.6 

R 
t 
R 
R 
ft 
R/M 
H 

HC 
D 
N 
N 
'N 
N 
0 

Ordinals, let to 5th 
Shading in various parts of figures 
Vertical addition, ab + cd, b + d -< 9 
Writing fractions, copying, 1/2, 1/3, 1/4 
Counting 10's, 10-90 
Vertical addition, ab + cd, b + d -C9 
Reading numerals from cards, 0-100 

Lessor 105 

RES 
APL 
NUN 
NUN 
HUN 

37.4 
30.2 

239.3 
224.3 
247.2 

k 
A 
ft 
R, 

ft: 

0: 
0( 
N 
D 
'MC 

Oral subtraction, ab - a 
Oral money problems, how much change
Counting 10's, 10-90 
Shading in various parts of figures
Circle a group of 10 out of N$, 

RES 
SUN 
NUN 
NED 

38.5 
67.2 

249;2 
1.3 

RiM 
R/M 
H 
N 

N 
N 
N 
:O 

11 -< N -< 19 
Horizontal subtraction, 0 =< a*-.b m('9 
Horizontal addition, 0 -< a +'b-m< 12 ,
Writing fractions, copying, i/2, /ii331/4 
Measuring I to 10 cm 

Lesson 106 

RES 
APL 
NUN 
SLQ! 
TST 

40.1 
31.1 

232.3 
69.1 
18.1 

R 
R 
R 
R 
R 

N 
MC 
NC 
N 
Var 

Vertical subtraction, ab - cd >.. 10 
Money, $5, $10, $25, $50 
More and less, 0-100 
Horizontal addition, a + b + 6 6C,9-
Test 

NUN 
SUN 
RES 

236.2 
27.9 
41.1 

H 
N 
N 

N 
N 
N 

Successors, 1-98 
Vertical addition, a + b-<9 
Vertical subtraction, a - b' -i<rk9. 
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Lesson 107 

SUM 
SUM 
RES 
NUM 

71.1 
70.1 
42.1 

245.3 

R 
R 
R 
R 

0 
0 
0 
0 

Addition with objects, a + b+.c -<:1.5 

Oral addition, a + b -< 15 
Oral subtraction, 0 -< a - b -< 9 
Rote counting, by 5's, 5-50 

HUN 
RES 
APL 

240.3 
42.2 
9.7 

R 
R 
R 

0 
0 
0 

Predecessors, 2-50 
Oral subtraction, a - b -< 9 
Oral story problems, addition and, 
subtraction 

NUN 
NUN 

249.3 
245.4 

H 
H 

N 
0 

Writing fractions, copying, 1/2, 1/3,".1 
Rote counting, by 5's, 5-50 

Lesson 108 

SUH 72.1 R N Vertical addition, a + b + c =<'9 

NUN 
RD 
RES 
APL 
NUN 

250.1 
2.1 

40.2 
32.1 

247.3 

R 
R 
R 
R 
P 

N 
O,N 
N 
N 
N 

Counting by 2's 
Measuring with a ruler, 1-10 cm 

Vertical subtraction, ab - cd >=,10 
Value of money, addition 
Circle a group of 10 out of N, 

11 -< N -< 19 
SUH 
SUM 

62.2 
72.2 

H 
H 

N 
N 

Horizontal addition, a + b + c =<9 
Vertical addition, a + b + c -< 9 

Lesson 109 

NUN 
SUN 

251.1 
62.5 

R 
R 

0 
0 

More and less, 0-80 
Oral addition with 2 or 3 addends, 
a + b + c -< 12 

HUN 
SUH 
RES 
RES 

252.1 
70.2 
42.3 
42.2 

R 
R 
R 
R 

0 
0 
0 
0 

Predecessors, aO to 50 
Oral addition, a + b w< 15 
Oral subtraction, 0 -C a - b 
Oral subtraction, a - b w< 9 

-< 9 

NUN 241.3 R 0 Successors, 99 

HNU 
SUM 
RES 

253.1 
73.1 
38.6 

H 
H 
H 

0 
N 
N 

Ordinals 1st to 5th 
Horizontal addition, a + b =< 15 
Horizontal subtraction, a - b -<9 

Leason 110 

NLN 
SUH 
RES 
NUN 

225.1 
27.1 
41.2 
247.4 

R 
R 
R 
R 

MC 
N 
N 
N 

Fractions, reading 1/2, 1/3, 1/4 
Vertical addition, a + b -< 9 

Vertical subtraction, a - b -< 9 

Circle a group of 10 out of N, 
11 -< N -< 19 

NUH 265.2 f NC Which part of the figure is shaded, 1/2, 
1/3, 1/4 

MED 
SUb 
RES 

2.2 
73.2 
38.7 

R 
R/H 
R/H 

O,N 
N 
N 

Measuring with a ruler 1-10 cm 
Horizontal addition, a + b -< 15 

Horizontal subtraction, a - b -<15 
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MUM 
NUM 

256.1 
249.4-, 

H 
H-

N : 
N 

Predecessors of 2-50 
Wititg fractions, copyinigl,-/2'-l /3,l4 -

Lesson 111 

NUM 
APL 
NUM 

TST 
Res 
NMl 
Mull 
SUM 
RES 

252.2 
33.1 

257.1 

19.1 
43.1 
247.5 
258.1 
73.3 
38.8 

fR 
R 
R 

fRt 
'R 
R/M 
H 
H 
It 

%0 
0 
MC 

Var 
N1 
N 
N 
N 
N 

Predecessors, aO 
Description of the face of-a clock 
Selecting a figure divided in<1/2,' 13 
1/4 
Test 

,Vertical subtraction, aO -.b0 
Circling 10's, 11 -< N u< 19'-, 
Sequences, by 5's, 5-50 
Horizontal addition, a + b -15 
Horizontal subtraction, a - b < 9 

Lesson 112 

SUM 
NUM 
SUH 
RES 
MUH 
MUH 
SUM 

RES 
APL 
MUH 

71.2 
259.1 
74.1 
43.1 
154.6 
260.1 
62.6 

42.5 
43.1 

253.2 

R 
R 
R 
R 
R 
R 
R 

R 
H 
H 

0 
0 
0 
0 
0 
0 
0 

0 
P,O 
O 

Addition with objects, a + b +c 
More and less, 0-99 
Oral addition, a + b -< 9 
Oral subtraction, a - b -< 9 
Successors, 1-98 
Predecessors, 2-99 
Oral addition with 2 or 3 addenda, 
a + b + c 
Oral subtraction, a -b *( 9 
Playing store or bank, with money 
Ordinals, 1st to 5th 

1<15 

Lesson 113 

NUM 
NUM 
APL 
NUM 

SUH 
RES 
NUM 
SUH 
NUM 
RES 

154.7 
260.2 
35.1 

262.1 

68.3 
40.3 

261.1 
75.1 
263.1 
38.9 

R 
R 
ft 
R 

R 
R 
R 
fR/H. 
A 
M 

0 
0 
0 
.110 

N 
N 
MC 
N 
N 
N 

Successors, 1-98 
Predecessors, 2-99 
Clock, hours 
Circling the fraction that represents l 
the shaded part 
Vertical addition, ab + cd, b + d -< 9 
Vertical subtraction, ab - cd >- 10,); 
Fractions, reading 1/2. 1/3, 1/4 
Horizontal addition, a + b +c -< 12 
Predecessors, aO to 50 
Horizontal subtraction, a - b < 9 

Lesson 114 

MUM 
SUM 
RES 
NUM 

259.2 
68.4 
40.4 

257.2 

f 
f 
f 
ft 

0 
N 
.N 
1C 

Hore and less, 0-99 
Vertical addition, ab + cd, b + d -< 9 
Vertical subtraction, ab - cd >= 10 
Selecting the figure divided in 1/2, 
1/3, 1/4 
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RE 44.1 R' N Oral subtraction, a - b -( 9 

MED 2.3. R N Measuring with a ruler 1-10 cm-
NMI 264.1 R HC Fractions, reading 1/2. 1/3, 1/4 

NUH 
SUM 

266.2 
73.4 

R/H 
H 

N 
N 

Circling 10's, aO + b 
Horizontal addition, a + b - 15 

APL 36.2 H N. Value of money, addition 

Lesson 115 

SUN 74.2 R 0 Oral addition, a + b w< 9 

RES 432 'R 0 Oral subtraction, a - b -< 9 

APL 36.1 R N Value of money, addition 

NUN 232.4 R HC More and less, 0-100 

NLRI 267.1 R N Counting by 5's, 5-50 

NUN 262.2 R MC Fractions, reading 1/2, 1/3, 1/4 

NED 2.4 R/M 0,N Measuring with a ruler 1-10 cm 

MUH 236.3 H N Successors, 1-98 
NUH 268.1 H N Circling 10's, 11 N<-C 19 

Lesson 116 

SUN 76.1 R 0 Oral addition, a + 0, 0 + b 

SUN 77.1 R 10 Oral addition, a + b, emphasis on sums 
greater than 10 

SUM 
SUN 

78.1 
:79.1 

'R 
R 

0 
N 

Oral addition, a + b + c, a +b 
Vertical addition, ab + cd 

s< 10 

SUM 80.1 R/Hi N Horizontal addition, a + b, emphasis on 
a +0, 0+ a 

MUH 270.1 M N Counting, by 10's 
'MU 
RES 

271.1 
48.0 ft 

00 
0 

Counting objects, by 10's 
Oral subtraction, ab - 1, b l/0 

Lesson 117 

RES 47.1 R 0 Oral subtraction, a - b, a - 0 
RS 48.1 !R 0 Oral subtraction, ab -I, b -/ 0 

SUN 77.2 R 0 Oral addition, a + b, emphasis on sums 
greater than 10 

SUN 80,2 R N Horizontal addition, a + b, emphasis on 
Sa+0, 0+a 

SUM 
SUN 

79.2 
81.1 

R/3-
H 

N 
N 

Vertical addition, ab + cd 
Vertical addition, ab + cd 

SUM 81.2 W J N Vertical addition, ab + cd 

SUN 81.3 H N Vertical addition, ab + cd 

NUH 271.2 N 0 Counting objects by 10's 

Lesson 118 

SUM 
RES 

76.2 
4712 ftk 

,0 
0., 

Oral addition, a + be a + O 
Oral subtraction, a - b, a -

0 + b 
0 

SUM 82.i f 0 Oral addition, sU + 1, b 01 9 
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s 78.7 R'' 0. Oral addition, a + b + c, s+ b*<;10' 
SUM 83.1 R N Oral addition, a + b, emphasis on sums 

greater than 10 
NUM 272.1 A" , N Counting nO + I objects 
SUm 84.1 R/M , N Vertical addition, ab + cd, emphasison 

zeros
 
SUm 85.1 N N Vertical addition, ab + cd
 
NUN 273.1 N 0 Counting aO + I objects
 

Lesson 119
 

RES 49.1 R 0 Oral subtraction, a - b, a- a 
SUN 82.2. R 0 Oral addition, ab + 1. b -/ 9 
RES 46.2 R 0. Subtraction, ab - 1, b ./ 0 
SUM 83.2 R -. Oral addition, a + b, emphasis on sumsN 


greater than 10 
NN 274.1 ft N Counting, aO + b 
SUM 86.1 R N Oral addition, a + b + c, a + b - 10 
APL 39.1 R/H N Value of money, addition-
SUN 85.2 H N Vertical addition, ab + cd 

,SUM 81.4 N N 	 Vertical addition, ab + cd 

Lesson 120.
 

RES 50.1 R 0 Oral subtraction, a - b, a -a, a -O 
SUM 8761 R 0 Oral addition, a + b + c, a +b -< 10, 

emphasis on sums > 10 
NUN 275.1 A 0. Successors and predecessors, ab 
NUM 276.1 ft 0 More and less 
NUN 277.1 fR NC Hore and less, with bills 
APn 40,1 R MC Clock, hours 
APL 39.2 R/H N Value of mcey, addition 
SUM 85.3 H N Vertical addition, ab + cd 
SUm 81.5 H N Vertical addition, ab + cd 

Lesson 121
 

SUM :,88.'1 R. 0 Oral addition, a + b, a + 0, 0 + b 
RES 51.1 R 0 Oral subtraction, a - b, a - a. a - 0 
RES 52.1 R', N. Vertical subtraction, a - O, a - a. : 
RES 53.1 . R 'N Horizontal subtraction, a - b, emphasis 

on a- a and a- 0 
RIB , fti 'N Oral subtraction, ab - 1, b -/54.1 ,.,' 	 0
 
SUN 	 83.3 R N Oral addition, a + b, emphasis on 

sums > 10 
NUM 274.2 A iN Counting 20 + b 
SUN 85.4 N N Vertical addition, ab + cd 
SUN 81.6 H N Vertical addition, ab +.cd 
,kED 3.1 . 0 Measuring length 
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Lesson 122
 

SuM 
RES 
SUM 
SUM 

NU 
NMI 
NU 
APL 
APL 
SUH 
HED 

88.2 
50.2 
89.1 
87.2 

275.2 
276.2 
277.2 
40.2 
39.3 
85.5: 
4.1 

R 
f 
t 
R 

R 
R 
R 
f 
H 
H 
H 

0 
O 
0 
0 

0 
0 
MC 
MC 
N 
N 
ON 

Oral addition, a + b, a+, 9 Ob0+ 
Oral su'itraction, a - b, a,- ai a-
Oral addition, a9 + 1 
Oral addition, a + b + c, a +b,-< 
emphasis on sums > 10 
Successors and Predecessors of ab 
More and less 
More and less, with bills 
Clock, hours 
Value of money, addition 
Vertical addition, ab + cd 
Measuring with a ruler, 1-10 cm 

'0 "I 

10, 

Lesson 123 

RES 
SUM 
RES 
RES 

RES 

SUN 
SUM .. 

RES 
MED 

55.1 , 

90.1 
56.1 i 
57.1 

53.2 

91.1 
92.1 

58.1 
3.2 

R 
1 

1 

1 

h 

N 
N 
N 
A 

N 

N 
N 

N 
0 

Vertical subtraction, ab ­ cd 
Oral addition, a + b, a + 0, 0 + b 
Oral subtraction, a - b, a - a, a -0 
Vertical subtraction, a - b, emphasis: 
on a - 0, a - a 
Horizontal subtraction, a b, emphasii 
on a - a and a - 0 
Oral addition, ab + 1 
Oral addition, a + b, emphasis on sums 
greater than 10 
Oral subtraction, a - b 
Measuring length, cm 

Lesson 124 

SUM 

RES 
SUM 
RES 
RES 

SWI 
RS 
NUH 
RES 

77.3 

55.2 
90.2 
56.2 
572.2 

91.2 
46.3 
278.1 
59.1 

1 

I 
1 
I 

R 
ft 
R 
R/M 

N 
N 
N 
N 

N 
N 
N 
N 

Oral addition, a + b, emphasis on sums 
greater than 10 
Vertical subtraction, ab ­ cd 
Oral addition, a + b, a + 0, 0+b 
Oral subtraction, a ­ b, a ­ a, - 0 
Vertical subtraction, a - b, emphasis on 
a - 0 and a - a 
Oral addition, ab + 1 
Oral subtraction, ab - 1, b s/ 0 
Counting a0 + 1, a0 + 2 
Horizontal subtraction, emphasis on 
a - a and a - 0 

RES 
HED 

60.1 
3.3 

H 
H 

N 
0 

Vertical subtraction, ab 
Measuring lngth, cm 

- cd 

Lesson 125 

SUH 77.4 R 0 Oral addition, a 
greater than 10 

+ bs emphasls on sitms 
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RS 61 .1 R; Oral subtraction, a - b 
SUM 93.11 0 Oral addition, aO + 1, 2 < a < 9 
SUM 78.3 -,ft', 0 Oral addition, a + b'+ c, a4+b -(10V, 

emphasis on sums > 10 
SUW 94.1 ft N: Vertical addition, a + b, emphasis on-­

a+ 0 and 0 + b 
RS 57..31 N Vertical subtraction, a,- b,-emphasis on. 

a- 0 and a - a 
SUM 80.3: ; :R. %N-. Horizontal addition, a + b, emphasis on 

a + 0 and 0 + a 
RES 59.2 R N Horizontal subtraction, a - b, emphasis 

on a- 4 and a - 0 
HUM 278.3. t MC More and less with bills 
RES 553 H N,O Vertical subtraction, ab - cd. 

CED M Measuring with a ruler, 1-10 cm,4.2 N 

Lesson 126-


SUH 95.1 fR 0 -Oral addition, aO + b, b 1-or 2,
 
S2 
 w< a -< 9 

SUM 78.4 R 0 Oral addition, a + b + c, a + b <10,u 
emphasis on sums > 10 

APL 36.1 f Oral money problemsf- 0 
RES 62.1 R N Vertical subtraction, ab - cd, emphasis 

on b - d and d - 0 
SUH 80.4 fR N. Horizontal addition, a + b, emphasis on 

a + 0 and 0 + a 
RES 59.3 R. .N Horizontal subtraction, emphasis on 

a - a and a - 0 
SUM 92.2 R N Oral addition, a + b, emphasis on 

sums > 10 
APL 40.3 R/H N Clock, hours
 
RES 55.4 N N Vertical subtraction, ab - cd
 
RES 63.1 H' ;N Vertical subtraction, a- b'.
 

Lesson 127
 

SUM 95.2 ft 0 Oral addition, aO + b, b = I or 2., 
2 w< a -< 9 

RES 62.2 ft N Vertical subtraction, ab - cd, emphasis 
on b - d and/or d - 0 

SUM 83.4 fR N Oral addition, a + b, emphasison 
sums > 10 

RES 58.2 R N, Oral subtraction, a - b
 
NUM, 279.1 fR ;N Counting a0 + b
 
HUM 294,1 :R N Successors and Predecessors "
 
HUM 281,1 R N More and less
 
UES 64.1 H N Vertical subtraction, ab- d
 
US- 63.2 H 11 Vertical subtraction, a !-b, 
NED 3.4 H 0 Measuring length, cm
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Lesson 128 

SUM 77.5 R 0 Oral addition, a + b, emphasis on 
sums > 10 

SUM 96. R '-0- Oral addition, 20 + b 
HUM 282.1 R 0 Successors and predecessors 
NUM, 283.1 R O More and less 
HUM 284.1 R 0 Successors and predecessors 
SUM:, '97.1 R N Horizontal addition, a + b + c 
APL 4.1i R' Mc More and less with money 
NIH. .279. 1. R/M !N . Counting aO + b 
RES 64.2 M N. Vertical subtraction, ab - cd 
RES 65.1 -N N Vertical subtraction, a - b 

Lesson 129 

SUM 77.6 1, 0 Oral addition, a + b, emphasis on 
suns > 10 

RES 61,2 R. 0 Oral subtraction, a - b 
HNM 284.2 R 0 Successor and predecessor of N 
SUM 98.1 R ",O Oral addition, 30 + b 
NUM 285.1 R OMC Successor and predecessor, of N 
SUM 99.1 R N Vertical addition, a + b + c< 6, 

introduction, reading 
APL 41.2 R HC More and less with money 
SUH 100.1 R/ -N Vertical addition, ab + cd 
SUH 60.1 R/M N Vertical subtraction, ab - cd, emphasis 

o . on + and - signs 
RES 55,4 it N Vertical subtraction, ab - cd 
RES 65.2 N N Vertical subtraction, a - b 

Lesson 130 

SUH I 101.1 . OR0 Oral addition, a + b, a - 2 or 3 
SUM 83.5 R N Oral addition, a + b, emphasis on 

sums > 10 
SM 102.1 R N Horizontal addition, a + b, emphasis on 

suns > 10 
NUM 286.1 R N Counting 20, 30, 40, circling groups 

of 10 
NIH 287.1 R, 0,lC More, ac and bc 
SUN 100.2 R/H N Vertical addition, ab + cd 
UES 60,2 R/M 

I, 
N Vertical subtraction, ab ­ cd, emphasis 

on + and ­ signs 
RES 
U£S 

65.3 
"55.5 

H 
H 

N 
N. 

Vertical subtraction, a - b 
Vertical subtraction, ab ­ cd 

Lesson 131 

RES 66.1 A 1 :O,N Oral subtraction, ab -,b, combined ith 
counting by 10's and 18.s 
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SU 

SUH 

RES 
SUB 
SUN 

.SUN 
RES 

SUN 
RES 

RES 
SUN 

102.2 

83.6 

58.3 
103.1 
99.2r: 
100.3 
60.3 

100.4 
60.4 

65.4 
97.2 

R 

R 

R 
R 
ft 
RIM 
R/N 

N 
M 

M 
-11H 

N 

N' 

N 
,:N 

N 
N 

;N 
N 

N' 
N 

Horizontal addition, a + b, emphasis onf 
sums > 10 
Oral: addition, a + b, emphasis on 
sums > 10. 
Oral subtraction, a - b 
Oral addition, aO + b, a = 2 or 3 
Vertical Addition, a + b + c -< 6 
Vertical addition, ab + cd 
Vertical subtraction, ab - cd, emphasis. 
on + and - signs 
Vertical addition, ab + cd 
Vertical subtraction, ab - cd, emphasis 
on + and - signs
Vertical subtraction, a - b 
Horizontal addition, a + b + c,' 

Lesson 132 

SUN 

SUH 
RES 

SUN 
NUN 

SUN 

RES 
RES 
SUN 

77.7 

105.1 
66.2 

106.1 
288.1 

107.1 

65.5 
67.1 
97.3 

R, 

R' 
R 

R 
R 

R/N; 

N 
N4 
M 

0 

0 
0 

N 
N 

N 

N 
*:N 
N 

Oral addition, a + b, emphasis on 
sums > 10 
Oral addition, aO + b 
Oral subtraction, ab - b, combined with 
counting by 10"0 and I's 
Vertical addition, ab + c, c - I or 2 
Counting 20 + b objects, circling groups 
of 10 
Horizontal addition, a + b, emphasis on 
gums 10 
Vertical subtraction, a - b 
Horizontal subtraction, a - b 
Horizontal addition, a + b + c 

Lesson 133 

SUN 

RES 
SUt 
SUN 
RES 

SUM 
APL 
SUN 

SUN 
RES 
RES 
SUN 

77.8 t 

61.3 R 
105.2 R 
106.2 IR 
66.3 fR 

108.1 R 
41.3 R 
107.2 R/N 

109.1 N 
65.6 N 
67.2 it 
97.4+; .- K 

,0 

0 
0 
N 
0 

N 
NC 
N 

N 
N 
N 
N 

Oral addition, a + b, emphasis on 
sums > 10 
Oral subtraction, a - b 
Oral addition, ao + b 
Vertical addition, ab + a, c - I or 2 
Oral subtraction, ab ­ b, combined with 
counting by 10's and l's 
Vertical subtraction, ab + c, c - I or,2 
More and less with money 
Horizontal addition, a + b, emphasis on 
sums -< 10 
Vertical addition, a + b 
Vertical subtraction, a - b 
Horizontal subtraction 
Horizontal addition, a + b + e 
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Lesson 134 

NU 
M 
NIN 
SUN 
SUN 

Sum 
SUN 
SUH 
NUN 
SUm 
RES 
DES 

284.3 
282.2 
283.2 
99.3 
P3.7 

110.1 
101.2 
111.1 
288.2 
109.2 
65.7 
67.3 

R 
R 
R 
R 
ft 

ft 
R 
RIH 
M 
M 
K 
N 

0 
0 
0 
N 
N 

N 
N 
N 
N 
N 
N 
N 

Successors and predecessors of N 
Successors and predecessors 
More and less 
Vertical addition, a + b + c -< 6 
Oral addition, a + b, emphasis on 
sums > 10 
Vertical addition, ab + c 
Oral addition, aO + b, a - 2 or 3 
Vertical addition, ab + c 
Counting 20 + b objects, groups of 10 
Vertical addition, a + b 
Vertical subtraction, a - b 
Horizontal subtraction, a - b 

Lesson 135 

APL 
SUN 

NU 
RM 
Sum 
NUN 
SUN 
SUN 
SUN 
SUN 
SUN 
RES 

9.1 
77.9 

-289.1 
290.1 
112.1 
291.1 
113.1 
111.2 
111.3 
116.1 
109.3 
65.8 

ft 
t 

ft 
ft 
ft 
ft 
ft 
R/M 
N 
K 
K 
N 

0 
0 

N 
KC 
N 
0 
N 
N 
N 
N 
N 
N 

Oral addition and subtraction 
Oral addition, a + b, emphasis on 
sums > 10 
Successors of a9 
More and less 
Oral addition, so + b 
Counting a0 + b 
Horizontal addition, aO + b 
Vertical addition, ab + c 
Vertical addition, ab + c 
Vertical addition, a + b + c mc 6 
Vertical addition, a + b 
Vertical subtraction, a - b 

Lesson 136 

APL 

Stu 

RES 
NUN 
RES 
APL 
SUN 
NUN 
APL 

77.1 

61.4 

42.1 
284.4 
68.1 
14.7 

111.4 
292.1 
43.1 

Rt 

a 
t 
a 
R 
N 
H 
K 

0 

0 
0 
0 
0 
N 
0 
0 

Oral addition, subtraction, 
multiplication 
Oral addition, a + b, emphasis on 
sums-> 10 
Oral subtraction, a - b 
Sur.cessors and predecessors of N 
Oval subtraction ab ­ b, b - I or 2 
Oral addition and subtraction 
Vertical addition, ab + c 
Counting, grouping objects by 10's 
Playing store 

Lesson 137 

SUN 

APL 

114.1 

14.8 

Rf 

a 

0 

0 

Oral addition, a + b, emphasis an 
sums > 10 
Oral addition and subtraction 
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RES 69.1 R 0- Oral subtraction, 2b ­ b 
APL 42.2 R 0 Oral addition, subtraction, uulipliiation 
KIl 292.2 H 0 Counting by 10"s and I's 
Stl 111.5 K 0 Vertical addition, ab + c 

Lemcon 138 

Suit 114.2 1 0 Oral addition, a + b. emphasis on 
sums > 10 

RES 70.1 t N Vertical subtraction, ab - c, c - I or 2 
NUH 291.2 R 0 Counting aO + b 
SUt 113.2 R N Horizontal addition, aO + b 
SUM 115.1 R N Vertical addition, ab + c, emphasis on 

zero 

SoM 112.2 R N Oral addition, aO + b 
KI 293.1 R1H N Counting aO + b objects 
Si 109.4 H N Vertical addition, a + b 
RES 65.9 t N Vertical subtraction, a - b 
SuM 116.2 d N Vertical additton, a + b + t -< 6 

Sum 97.5 H N Horizontal addition, a + b + e 

Lesson 139 

SUM 114.3 1 0 Oral addition, emphasis on sums > 10 
Sut 105.3 1 0 Oral addition, aO + b 
RES 70.2 R N Vertical subcraction, ab ­ c, c - I or2 
KIM 289.2 R O,N Successors of ab 
KUN 290.2 R HC hore and less 
R 71.1 1 N Vertical subtractiou, ab - c, c - I or 2 
Mwll 287.2 R O,HC More and less. ac and bc 

Kill 
SRl 
Sit 

291.3 
117.1 
118.1 

1/H 
1/K 
M 

0 
N 
K 

Counting aO + b 
Addition, aO + b 
Horizontal addition, a + b, emphasis on 
sums > 10 

RES 72.1 It N Horizontal subtraction 
NU! 293.2 H N Counting aO + b objects 

Lesson 140 

Suit 114.4 R 0 Oral addition, a + 
sums > 10 

b, emphasis on 

APL 44.1 R 0 Oral subtraction and division 
Slt 105.4 R 0 P-..! addition, a0 + b 
RS 73.1 R N Vertical subtraction, ab ­ c 

SIl 119.1 R w Vertical addition, ab + c, a + b 

KU 289.3 R O.N Successors of ab 
NK 290.3 1 KC More and less 
SUMl 120.1 RIM N Vertical addition, a + b + c 

Sum 118.2 t N Horizontal addition, a + b, emphasis on 
sums > 10 

RS 72.2 K N Horizontal subtraction, a - b 
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NMll 
IM 

293.3 
291.3 

N 
H 

N 
0 

CountAne 
Couatin 

0 + b objects, circlIng Ioa 
aao + b 

501 117.2 H N Addition, ao + b 

LA0n 141 

Sl 114.5 R 0 Oral addition, a * b, enphaal on 
Gums 0 10 

51 .05.5 a 0 Oral addition, so + b 
RES 73.2 kt N Vertical subtraction, ab - c 
Sil 121.1 a1 N Vertical addl lon, a + b * c -c 6, 

K!l 2N/.3 it O'tC 
emphasis on oe 

atre and less, ac end bc 
KN 
Kill 

k0.4 Af 
290.4 a 

ON 
1C 

Successors and 
flre and less 

prdcdcotsors 

NS 14.1 i N Vertical subtraction, ab ­ c 
Silt 128.3 N N loviontal 

stag )a I0 
addition, a # b, emphasis on 

RES 1.3 N N Norlmontal subtraction 
SUN 113.3 II N Horinontal addition, aO + b 

Lesson. 14__2 

AMt, 14.9 ft 0 Oral addition and subtraction 
i 295.1 f N Copylsaf fractions. e2/II2.I/./ 213, 

Will 296.2 ft N 
2/4, 314 
Successor and predecessor of N 

Kilt 291.1 ft NC Nore and less 
AFL 
KilM 

45.1 
289.5 

ft 
t 

0 
N 

Oral subtraction and oultlpllcatlo 
Successors of ab 

K 290.5 t NC ore and less 
ill 295.1 a/N N Coastn11 up to 99 objects 
11S 14.2 N N Vertical subtraction, ab - c 
SWl 
Sil 

120.2 
119.2 N 

NN 
N 

Vertical addition, a # b 
Vertical addition, ab *, 

Cc - 9 
a + b' 

Lesson 143 

AFt 42.3 t 0 Cral addition, sultiplication, 
subtraction 

KiUl 
Kil 

29%.2 
297.2 

ft 
t 

N 
NC 

Successor and predecessor of N 
"ore and less 

It 
APL 

250.1 
46.1 

ft 
t 

N 
0 

Writing If3tions from dictation 
Oral subtraction ad addition 

Kim 191.3 11 NC "or and less 
Kilm 299.1 AMN NC Selectiaft the fraction the: represnus 

S 14.3 N N 
the &ded Part of the figure 
Vertical subtraction. ab ­ c 

SUN li.4 N N Noriasetal addition, a + b* emphasis oi 
am$l 1- 10 

U3 67.4 N Itoriootal submretloe, a - b 
Sil 119.3 N N Vertical addlion, a + c, a , b 



AIKMMDI 'F 

Lesso 144 
AFL 
NWI 

42.4 
297.4 

A 
I 

. 
"C 

Oral 4ditlon, subt4iion, multlplication
1*re and less ..... 

owl 260.2 ft IC Select an 
if), 1/4 

the ifure divided in 1/2. 

NtI 
Al 

300.1 
1A. I 

t 
a 

• C 
. 

irdicals of Ist to 6th 
Oral addition mWd subtra.tion 

m 
1 

301.1 
74.4 

i 8 
.t 

Coloringf In varloa parts of a figure 
.Vertical oubtraction. ab ­ c 

KM 296.2 It ! Counting 10-99 
SM 119.4 aI Vertical addition, 4b + , . b 

APL 

AIS 

47.1 

75.1 

t 

a 

0 Oral problens with tra€ions, coaring 
site 
Vertical subtraction. ab - c, oaphbtai 
on b * c or c a 0 

NI' 297.$ At NC t1ere and hts. 
AFI 
Sill 

45.2 
23.2 

'A 
4.4Aoro 

0 
0 

Oral subtraction and multlpllcatlon 
Oral addition 

Is 74.5 im N V'1rtic-l subtraction, ab- c'. 
SU 122.1 Im . Vertical additinn. ab + c. omphaIs on 

sun 1l.6 'N 
.and - signs

Vertical addition. ab + c 
An 14,16 i I Vertical subtracLton, 4b ­ € 
SUm 116.5 I PN Ilorlontal addition, a - b, anphoiolo on, 

1E 
SVII 

67.5 
120.3 

N 
M. 

N 
N 

SUN# 3.010 
orizoatal subtraction, a -*.b 

Vertical a~itiona . + C -C<9 

Leusom 146 

APL 
Nm 

A. 
300.2 

a 
a 

a 
0,11 

Oral ultlpltratlon and d~vlslon 
Ordinal#, luo to 6th 

AFL 49.1 a 0 Clock, dravwiot the hour hand 
m 302.1 t mC Moare and looum 
RES 43.3 3-Aorl 0 Oral aubtraction 
AM 
RU 

269.2 
$5.5 

At/1-11 
ft/N-A 

N 
0 

Counting picluram to20 
Vertical subtaction, ab ­ cd 

ISM 296.3 N owunting pictures to 99 
NED 
SIm 
RES 

4.3 
III.? 
74.7 

I 
i 
It-AorX 

PO 
N 
N 

Ntasuring objects, cm 
Vertical addition, ab +.c 
Vertical subtraction, ab ­ c 

AFL 
313 

47.2 
300.3 

At 
t 

0 
ONC 

Ora& fraction, compariag aso 
Ordlials, lot to 6th 

API. 49.2 3 0 Clock, drawinil the hour hAnd 
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APL 48.2 R 0 Oral multiplication and division 
HU 302.2 R-A HC More and less 
NUN 213.2 R-B NC Reading nunerals 
RES 76.1 R/N-A N Vertical subtraction, ab - cd, ab - c 
RES 76.2 R1-B M Vertical subtraction, ab ­ cd, ab ­ c 
SUN 115.6 H-B N Horizontal addition, a + b, emphasis on 

ins >- 10 
RES 67.6 M-B N Horizontal subtraction, a - b 
SUm 218.7 H-A N Iorizontal addition, a + b, emphasis on 

sums >m 10 
RES 67.7 H-A N Horizontal subtraction, a - b 
SUm 120.4 H N Vertical addition, a + b + c a< 9 

Lesson 148 

RES 45.2 R H Oral subtraction, a - b -c 9 
HUH 302.3 R HC Hore and less 
NUH 300.4 R 11C Ordinals, Ist to 6th 
APL 51.1 R 0 Oral subtraction, multiplication, 

division 
NUM 303.1 R-B N Counting pictures and writing the 

nunerai 
RES 39.4 R-A u Oral subtraction, ab ­ b 
RES 76.3 ft/H-A N Vertical subtraction, ab - cd, ab ­ c 
RES 76.4 RIH-B N Vertical subtraction, ab - cd, ab ­ c 
NUH 
HUH 

298.4 
295.2 

H 
H 

H 
N 

Counting pictures to 99 
CopysivA fractions, 1/2, 1/3. 1/4, 2/3, 
2/4, 3/4 

So" 118.8 K-A N Horizontal addition, a + b, emphasis on 
sums >0 10 

RSE 67.8 H-A H Horizontal subtraction, a - b 
SUN 118.9 N-B H Horizontal addition, a + b, emphasis on 

suns >- 10 
RES 67.9 N1-B N Horizontal subtraction, a - b 

Lesson 149 

AFL 52.1 R 0 Oral multiplication 
NUN 302.4 R HC Nore and les 
IES 58.4 R N Oral subtraction, a - b 

APL 
NUH 

53.1 
261.1 

R-Aorl 
R-All 

0 
9 

Clock, reading the hour 
Counting to 30 

AFL 19.5 A/-S N Value of bills together 
AP 39.4 R/-A N Value of money together 
"ED 4.4 M 14easurinA pictures, cm 
APL 34.2 H-A 0 Playint store vith money 
AP. 13.3 N-B 0 Playing store with bills 

lesson 150 

NUM 304.1 R 0 Ordinals, lot to 6th 
APL 54.1 R Oral problems 
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NUH 302.5 R HC Hore and lees 
Api, 
NiH 

19.6 
216.2 

R 
R 

N 
N 

Value of bills together 
B: Writing numerals from dictation 

RES 77.1 R N A: Oral subtraction 
NH 305.1 R/H N Fractions 
NED 4.5 H N Length, measuring vith a ruler, 1-10 c 
APL 50.1 N-AB P Playing bingo with addition and ' 

subtraction 
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