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FOREWORD

‘Developing countries around the world face common
critical educational problems: ,shortages of schools,
trained teachers, and administrators, as well as
irrelevant or nonexistent textbooks and instructional
materials. Significant percentaggs 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 from 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 of the United States, as
amended in 1973, directed the Agency for International
Development (AID) to focus 1its 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 f{n
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
educational opportunities.

Because of 1its inherent 1low cost and already
pervasive presence in the developing world, radio appears
promising as a medium of instruction. 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
Ministry 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 gome 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

xiii



further projects for applicability to other subject matter
areas in the formal school setting and for out-of-school
learning as well.

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 welcome. 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 !1. Sprague

Education Technology Officer

Bureau for Technical Assistance
Agency for International Development

xv.
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'CHAPTER 1

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 instructicnal 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 LY
radio. (Jamison, - Suppes, & Wells, 1974) found few studies
in which radio carried the major burden of instruction and
none. that examined the relation of curriculum structure t)
student achievement. : .
~'. This volume reports on the first experimental year of
a .research project designed to investigate, in a detailed
and..systematic way, the use of radio to -teach mathematics
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 1in conjunction with the
Ministry of Education of Nicaragua, 1s devoted to the
development "and evaluation of the radio instructional
system. ' At present, the Radio Mathematics Project -

operates with financial support _from both AID and the

Covernment of Nicaragua. . . : - -
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‘ Nicaragua was selccted as the project site from amongf
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 instraction. 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 is8 crucial
to the program’s success. ,

Research Context of the Study

. ,v-Jt strong concern - with 1nstruetiona1 effectiveness
18" probably the chief difference: between our - Stanford
project and most of the projects elsevhere: 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 incorporatedvinto lively and
entertaining hour-long programs. - However, Sesame Street
differs from our programs in three important ways. ' First,
of course, 1s the availability of the visual component
provided by TV. Second, since Sesame Street is not
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‘typically shown in schools, it must capture its audience
~and therefore must employ sophisticated techniques 'for
-attracting the attention of media-saturated children. The
children we work with have no choice about 1listening 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 1list).
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. Matliematics is rarely included in this
1list. - As McAnany points out, .there has been relatively
little work in curriculum development. :

There - i8 a continuum of experience 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 cavefully
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) :
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Chu " and': Schramm .- (1967),...4in" 'a review :;of «;the
xeffectiveness of . instructional television, numbered ‘the
‘principal, ‘conclusions -of their survey.:: Three that sare"
'relevant to instructional radio are:.:

53.; Fiven favorable conditions, pupils/ can .
, }learn from any instructional media thet -
... are-now available. - - ,
58, “ The . use ‘of visual images will improve
. .. learning 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, 4n an introductory essay, M. C. Stanford (1975)
contributes four more generalizations about instructional
radio (IR)

IR l. Given favorable conditions, pupils can.
learn. effectlvely from instructional

... radio. v
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 1s no apparent difference.-in

instructional radio. as an aural medi
~as compared to print media in effecting,

..~ -attitude change.

IR 4,..In . developing nations, _ the : most
2P frequent apparent successful use of
- instructional radio is in conjunction
“with- other media or interpersonal

: communicstion campaigns. S

With regard to IR 1. Stanford remsrks 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 1level, Early programs explored the
teaching of geometry and logic to older elementary-school
students (Hawley & Suppes, 1959; Suppes & Hill, 1962). 1In
1959, the Sets and Numbers project was initiated and
resulted in - the publication of a text series for
elementary-school mathematics which, 1in 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 '1 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 public
elementary - school for the ‘purpose of investigating
computer-assisted instruction over an: extended period of
time.

-The Brentwcod Laboratory, funded by this grant, was
‘used to teach mathematics and reading to elementary-school
‘children and to collect data on their learning behavior.
Mathematics. curriculum materials for the first and second
grades were developed, providing = individualized
instruction in a rich environment that included a computer
terminal (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 report here. )

- Description of the Project .

_ The Radio Hathematics Project assumes: responsibility
'for ‘all- of:-the mathematics vinstruction :received by
ichildren 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: 1ength,\f
‘was - followed . by.. . approximately ' 20 minutes of.:
-teacher-directed activities, for which: instructions were“
‘provided . -in- a_:Projectédeveloped‘ teacher_s ,guide. No,i
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textbooks were:; used 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 questionus 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. teachere to their
new. instructional 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. ' SR : ‘
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A third major activicy ‘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. o ~
g 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 for publication of
final results, because we felt 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,
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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:

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

2, Will children respond appropriately aloud? On

- the worksheet?

3. Are children attentive to the 1nstructional
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 forf
“their work on this chapter. '
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lesson contained 1instructional material on five or 'six
mathematics topics embedded in stories. Several stories
used characters familiar to. the children; others used
characters we invented. During the lesson each student,
following recorded directions, responded orally or on a
worksheet. . In each classroom, two research aides
administered a ‘lesson, one proctoring, the other
observing. The results presented here are based on
classroom observations and student response data. .

Lesson Structufe 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
exercises asked students to count the elements in an
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
(L 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

10
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Table:2-]

Content of Lesson Segments

. ‘*Bescfiption
Segment T————— " P —
identifier Task Limtts e
Dictation - o ;
Dl One number 1e’s 7 5
D2 One aumber 5t 9 5
D3 One number two digits 5
D4 Three numbere l1to9 5
Counting pictures
cPl Count set set <5 s
cp2 Count subset set < 7,
subset ¢ $ S
cr3 Count subset set < 14,
subset < 10 5
i
Counting sounds
CS!  Himic set of sounds 2¢04 8
Ccs2 Count animal sounds 1to4 5
Ccs3 Count animal sounds 1tod 5
CSé Count claps 1 to4 L)
cs5 Count dog berks 2to5.
Successora o
s Next in oral sequence Jto? 5
§2 Next in oral sequence 4 to 8 5
83 Next in written sequence 4 to 8 -5
sS4 Next written number 4 to 8 5
s5 "What comes after X" 4to8 )
56 "What comes after X" 8 to:15 5
Hewory o
Ml One number 1.t0,5 R T
M2 One number ;12015 "5
M3 Two nuabers 2'to:8 5.

1L
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‘(l'ablc 2-1, cont.)

Description ' L
Segnent Wuaber of
fidentifier Tark Limits exercises

Creater and less than

cLl Two numbers 1t ]
- GL2 Two numbers 1to9 S
GcL) Three numbers leo$9 5

Story problems

sel Subtraction Minuend < 3

3
.. 8P2 Multiplication Product = 12 1
~-8P3 Division Dividend = 13 S
Table 222

Order of Sepments in esch Lesson

_ Lesson Segments

1 D@ s1 s2 M crl

z M2 D2 Csi sm §)

3 D3 crz GLl Cs2 CS3 Sé
& D4 csk 8 G2 M) sm
5 CP3 S6 CS5 GL3 8P

12
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- adhered to a basic format, illustrated in Figure 2-1 and

Figure 2-2, Figure 2-1 shows the front of the
- worksheet, 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, s0 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 geconds to respond,
vhere n 1s 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 end 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 countcrparts, 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.

13
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Lesson Administration -

‘Two’ kindergarten -and two - first-grade classes
‘participated in’ the study. The lessons were administered
in May 1974. Both first-grade classes - completed the
lessons in one week. One kindergarten class received five
leéssons over a period of a week and a half; the other
received three lessons in a week. Each lesson had two
parts: a recorded portion, lasting 15 or 20 minutes, and
a follow-up portion, during which children were asked to
complete exercises on the worksheet.

During the first lesson the proctor worked sample.
exercises at the chalkboard. However, we found that the.
children did not watch him. The proctors themselves’
suggested that they walk around the room; observe the
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
matrix to rate each segment of ‘the lesson - on several
measures including the attentiveness of students, the
adequacy of time allowed for answering, the adequacy of
instructions, and the appropriateness of students’
response behavior. ' e

Results

The study showed that we could use a segmented lesson
structure and a student worksheet and that we could ask
for many student responses during the course of a lesson.,.
Kindergarten and first-grade childven reacted differently’
to the lessons, and these differences identified for. us
aspects of lesson design that would require particular
attention, especially the worksheet and instructlons to
the students.

Classroom Observations

The observations repbitéd“héfé‘Sféfsumma:ies from the
observation matrices completed by cbservers during each

16
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'13880n93~:N0v formal rating scale was used; rather, 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 1lost 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 kinderggrtners 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 1
above the 2, '

. Horksheet 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. Alsv, 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. . . _ , U B

Response time-~kindergarten. Observers:agréed:thqt”f
for every type of 'mathematical exercise, with:'the ..

17
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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 time 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
gset because the directions did not state explicitly that
the children were to mimic not only the sound, bhut alsc
the number of times it was produced. Consequently,
children often repeated one sound over and over, missing
the next sound presented.

Sample exercises--first grade. Observers agreed that
a sufficient number of sample exercises were presented to
the children and that, in fact, any more would have been
boring. lowever, presentation of sample exercises did not
always ensure that students understood the directionms.
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. = Most  children
responded orally when asked te. In fact, the kindergarten
children responded aloud when tney were not supposed to
during the presentation of every type of exercise, most
noticeably during successors and memory exercises.

18
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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 1listening 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 form,of
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: 1linguistic format of the question,

19
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“Table 23

Cells for Data Analysis * .

T AL Meam .o
Cipdes e oo Form of .. . Number proportion.
. Segments  stimulus = of items . . correct

1 oMM oral 10 935
20 m  ora 5 abn
3m.nz D3.  oOral 15 993

i - \ orll l "s . 4 .9&7‘

! ' Oral 1 841
7: ) sp3 A “Or.jli' 1 .II?O-

5
9 . .62 . . oral, 5. 955
s

g et orat” 92t
‘M ccs2icsy, . cOral~ 20 847
Dd o B4y 85t ; . S
12 82 oral 945

13 . .83 Written 947

Oral” 968

“;Ol'll :

5

L]

: 5 N
Oral’ g
: % 1860 -

5 |

U i urdrten - ..970

973
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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 -
variance-stabilizing transformation (Anscombe, 1948):

p’ = arcsin {sqrt [(r + 3/8)/(n + 3]4)]},

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 ths
children to find the largest of a set of.numbers, phrasing
the question differently for each exercise set, Thes
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 was: 3,078 (df = 2,12, p < .1); thus, the vhrasing
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 {ndicates that it was significantly more
difficult for the children to select the largest of three -
numbers than the larger of two numbers. :

21
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~_iCounting exercises used two - different : stimulus
types:: oral - -(counting . sounds, Cell ‘1l): ¢ and - visual
‘(counting pictures, Cells 17 and.18).: The value: of -~ t:
for. this comparison was 4.772  (df-= 33, p < .005). ..
‘Performance on counting exercises with a visual stimulus
was significantly better than that -on similar exercises
with an auditory stimulus.

Four of the cells (Cells 12-15) contained successor
exercises. These cells differed from one another in two
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
characteristics among cells and the mean proportion
correct are shown in Table 2~4, Table 2-5 shows the
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
significantly., The F value for the interaction of these
tvo. effects 1is 30.839 (p < .00l), indicating that the
main effects were not additive. The cell means (see Table
2-4) are the same for both presentation modes for
exercises in which an entire number sequence was given.
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
the .instructions, they would have tcouble knowing how to
answer a problem whose sole input was the visual stimulus
4 _.., However, the oral- counterpart of this question
asked, "What comes after 4?" . so that, in effect, the
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), whe:eas-10'percentﬂdidanot respond ‘to
the comparable question .type .with -yisual: stimulus.-only:
(Cell 14). ' ‘ '

;‘2?
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lelc 2-6
f
Hean of Propot:ion ot Correct R.lponlel
for Succellor Exercilco

cre -’f'Quéltion'type

Mode of . . ' 3
presentation: , Sequence ' - Single number

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

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

Table 2-3

Analysis of Variance Table
t for Cells 12, ‘13, 14, and 15

ER )

‘;;;f ﬁaqurge  l‘ ﬁ_; is8v u: df HS! : JPq »
,. ni"eaii“j o 134298 1° 134,208
\“Queltion type
f(lequence versus ‘ g . S E
flinglc nunber) - 054 1. nséosa 16,968
.:Hode o! prelentltton o , “ | coe e
F(audltory ve. ., o . LA o .
}‘auditory nnd vllunl)A‘ 229 1 .229£ ,291548,
Interaction .?39" U .239 ' 30,839”
RIS D R g : 2 :
“Beror © T <124 ;316 .Ooaf“
".,-roun , A 120 6T

523:
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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: 1The 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 independ¢ent of the question posed, the lessons
vere 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 < .00l1) and for the main
effect of segment type was 33.66 (p < .001l). There was
also a highly significant interaction effect, as indicated
by an F value of 7,617 (df = 1,31, p < .0l). 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

24
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‘Parallel Segments

- .Correct Mean proportion correct
\ s.c . nmr by segment
82 S3 Sé sS
1 5 957 .933 896 1.000
7 915 956 .854 917
4 ‘<957 .933 .833 955
8 957 <956 .83 .935
6 .936 .956 .813 935
cel (o 4 CSé
2 3 1.000 .958 1.000
2 979 .97¢ 1.000
[ 979 .979 .909
) | .915 1.000 .932
3 .979 1.000 .932
[ ] M2 "
3 4 979 .978
2 936 .889
3 .979 .956
1 915 .889
] 894 .93
o D2 3
TR 7 1.000 1,000
. 6 1.000 1.000
9 1.000 1.000
5 .978 1.000
8 .978 1.000
GL1 cL2
s 7 .58 .om
8 979 .932
4 979 977
6 .938 .909
9 1.000 977
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’ Table 2-7

Proportion of Correct Responses in
Memory and Dictation Exercises

T Question type

Number of answers .

" required par problem Mewory Dictation
] I

| .93% (Cell 1) <993 (Cell 3)
g c e
. More than ) 482 (Cell 2) .055(00116)

«+ Table 2=8

Analysis of Variance Table
for Cells 1, 2, 3, and &

. Source 88 df MS. . ..M. .
Nean 21,446 1 227,486
Segnent type 2,285 1 zusnm

Number of resgonses , et b
required per problem 4.780 1 4.780

Interaction : 51 7 | ,.5!1 7.617
feror . : E 2.[0‘ kN 5“. v .,
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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
immediately after the cxercise, correct answer presented
after a pause, correct answer presented for all items in a
segment after the cntire 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(C|A).

One might expect that children who were told the
correct answers would make sure their papers showed that
ansvwer. 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
ansver was 0. Thus, giving reinforcement apparently
reduces the likelihood that students will leave the space
blank. However, therec does not appear to be a
relationship between performance and 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 lesscns in Nicaragua. We found that
the basic lesson structure we had designed worked well.
Children did not scem 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
vhen 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’
identification system and to take more care in teaching
children how to use the worksheet.
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| _ Table 2-9 '

[ffbﬁﬁ;ti&@léoircct on Pour Types of Reinforced Items

7. Segment Item  P(C) P(NA) P(ClA)

After a pause

957 .021  .978
979  .000  .979
©71.000 .000 1.000
- 1,000 .000 1.000
955 .000 .955
978  .022  1.000.
<889 .022 909 .
.956  .000  .956
933 .022 955
579  .000 .79
.957  .000  .957
1.000 .000 - 1.000°
+938  .000 +938
.896 .000 +896
.85 .021  .872.
958  .000 .958"
977 lg00 .97
1.000 .000 1000

=
~N
(PSSO PNOOWSE > w

_Tnmediately

7933 000 <933
977 000  .977
.907. .00  .907
930 .000  .930
9177 000 .97

o312 .02 .524

(73
»
‘mo.0ws» |,

Atter a sepuent

958  .000 .958

979  .000 979

<938 ,000 <938
_ -1.000 .000
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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
toplics. 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
displaying 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 Sttucture and COntent

The 8ix leesons contained 48 segmenta, of which: 39
vere: 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 sghown 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 successors.
Applications exercises covered measurement with a ruler,
days of the week, and money, while geometry segments
centered around comparing 1lengths of 1lines. Addition
segments contained oral arithmetic exercises (exercises
presented orally with no supporting visual stimulus). The
content of each segment 1is indicated in Table A of
Appendix A, :

Resgonee Mode '

< Inc 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 1is 2 ‘plus 3? What number comes after 177),
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 Tor organizacional questions (Children,
are you ready?), and recitation (rote counting, naming
days of the week). Some written responses were
constructed (Write the answer: How much
is 5 + 2?), some were multiple choice (Circle the empty
glass), and some were drawn (Draw a line longer than the
one shown on the worksheet).

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

llllbll' of Pllot-lc..on s,'..nt. by ‘l'oplc llld IAII ° “%

‘.
-

Topic 1 2 3 4 5 6 Total
Numératfon 6 4 S5.i3. 2 1 .21 "
"—’JAprpucnti.ono Lozl 27 40 W el
%Geontry l._ 000 1 2 o lo"‘{:-
Pasic concepts 0 2-'1 1 O O 4
Addition = 0 0 0 O 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
:ACalifornia»pilot lessons, but lines -have -been 'drawn':
‘between the columns. Most segments t:hat required written;\
lresponses contained five exercises.. ’

Result:e;5
In general, the’ children responded acl:ively ‘and with’
apparent enjoyment and gave oral responses readily.; They:

‘seemed to' havé little difficulty with'”the. ‘mathematical.
material we presented but they were. not Aalw‘ays_ able to’
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Figure 3-1. Student worksheet for Nicaragua pilot lesson,
side 1 (reduced size).
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ffind the apptopriate 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
appareatly 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 -tudents 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 secw’
‘uWriting'a;one-digit number- 8 sec:
Drawing cne to three circles 12 sec.,

In several segments we tried to supply reinforcement
by announcing the correct answer after the children were
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.
Others did asot understand the procedure at all.

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 'esson, 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 11-4 1is 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 32 -
Performsace on.iuot Lasson Segments

Lesson sad Mean percentage Standard
segment Topic a correct deviatioa
Ll-4 M 169 8.8 3.2
L2-4 BAS 174 78.0 25.3
12-7 BAS  I74 66.9 4.5
L2-8 P APL 174 71.0 4.3
L34 BAS 186 n.s 1 10.0
L3-6 w186 73.2 3.2
L3-? cEo 186 8.0
L3-8 P APL 186 8.3
Le-2 GEO 173 %.5 4
Lé-4 M 173 70.1 8k
L4-S BAS 173 83.9 8387
L4-6 GE0O 173 83.7 00
L4&=7 P APL 173 88.3 5.5
LS-4 AL 155 85.5 5.5
LS-7 ADD 255 78.8 8.4
15-8 P APL 155 80.6 - 7.1
LS-9 P APL 155 49.1 4.5
L6=3 ADD 174 83.8 3.2
L6=-4 APL 174 76.9 16.4
L6-6 AL 174 8.5 7.7
.0

Le-7 0 APL 1 91.4

a ' R
"p" pesas prenented after the taped lesson (postbroadcast)
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Evidence of lecarning appears when we cxamine scores
for three segments, not previously taught, that present
the same task. Excrcises in Segments L2-8, L3-8, and L4=?
asked students to measurc picturer of objects (vhich
varied in length fros 3 to 10 centimeturs). As seen in
Table 3-2, the percentage carrect increased from 71.0 to
88.3.

Although the overall perfommance level was quite
high, there was substantial variation for lessons and
classes. Table 3-3 presents the mean poercentage corrpet
for cach lesson for the six classes. Class & perforacd
well consistently, while Class 2 performed poorly for the
entire set of lessons. Other classes showed occasional
high or low scores. This variabilicy is not unexpected
but presents problems whon trying to establish the
appropr fate level of difficulty for lessons and oxercises.

Conclusion

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

l. Childran arc most atzentive to radio lessons
wvhaen they are rospond ing actively.

2. Actively responding to cathematical axerclsos
is more cngaging for first-prade children than
passively lastening to stories.

3. Reetorical quastions are answered by the
children; such gquestions should be used only
sparingly and time aust bhe allowed for
responses.

&, Children 1listen to instructions and, in wnost
cases, repetition i3 not needed.

- 5., Children can learn nev topics from the rvadio
lessons.
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Table 3-3

Mean Performeace on Pilot Lessoss by Class

~Clase

Perceatage correct par lesson

3

'

S W O WGN

\
”.2

78.0
0.3
100.0
92.0
0.6

, tll.t

80.7

4.4

3.9

B9

7.2
6l
.9
%.7
9.8
7.8

n.3

2.7
63.1
9.3
9.0

.8
7.1

850

60.9
8.0
.1
8.2
0.3
15.0

N8

5.6 .90.1
e g s er A e i

8.7 0.8
62.3  65.6
8.4 5.
%*.6
8.0
7.3
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-CHAPTER -4

- NICARAGUA -FIRST-GRADE ACHIEVEMENT 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 werc 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
clagsrooms. The remainder of this chapter describes the
development of the test and the results obtained.
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Definition gg.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
characteristics such as the arithmetic operation, the
exercise format (for presentation and for response), the
size of the numbers, and so on. The equivalence class
structure partitions the domain into mutually exclusive
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
and subtraction of fractions. Because we wanted to
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
use 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 subtroction of fractions. As shown in Figure 4~-1, the
Ministry considers multiplication and division to be
first-yrade topice.
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NICARAGUA FIRST-GRADE ACHIEVEHENT TEST
First Unit: BaaicJConcepta',(Zywaoka)

aizo. haight. position. width. quantity, uoight
Second. Untt: SQta (4‘weeka)“ 2

set;: elenent. comparing aeta. equality. inequality
Third Unit:  Systems. of Counting (8 weaka)

counting uputo:99.wordinaia. place value
Fourth Unit:"Addition andVSubtraotion (4 vesks)

addition and subtraction as. inverse operationa. sums,

differences to 18. addition and subtraction of 2-digit

numbers-without carrying or borrowing .

Fifth Unit: Multiplication and Division :(3 weeks)

readiness work, miltiplication combinations up to 27,
division with dividends ip to 15, diviaora of 2to’5

Sixth Unit: Common Fractions (2 weeks)
halves; thitds; aind fourths
Seventh Unit: Money (2 v*aks)

monetary unit--ei cordoba. 5. 10, 25. 50- centavo coina.
egqliivaiencies

-rigntn:uﬁit: Measures (5 weeks)
ﬁiﬁtﬁ-uﬁit: céonetry

point. line. plane. curvod and straight. linea.rangleo.
figuraa with 3; 4, more sides

‘fiﬁuro &1, Nicaraguan firat grade curriculun:

Public Bducation. :
45
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'r.bi'.' 4=l

Dutrtlmtlon of ;lqu!.nlcaco :Classes. A-on; St.undo
ln Tast' Donin .nd Test

. Mhr : of : clngﬁ_q }

Test  Proposed . Actual

.igerand.: :_d@i'ltn puot test . pilot test
ket ms % @
Addition ' - 113 19 ‘ 17
“-Subtraction: - 16 16
Miledplication . 45 10 9
Division 1n ] 5
Geonetry 26 5 2
Applicitions 7 20 10
Total 554 110 80

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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NICARAGUA"FIRST-GRADE ACHIEVEMENT TEST
Structure of ‘the’ Teat

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 Teat

Pilot testing was conducted in October 19710.,,‘~
run of the entire test as described here wou1d~~have=
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required five classrooms, one for each B form of the test.
However, time did not permit such "extensive testing, and
only two classrooms were tested. Thus, eight forms-~Part
A, two forms of Part B, and all five forms of Part C--were
tested. The 10 different test booklets used contained 80
items, distributed among strands as shown in the column
labeled "Actual Pilot Test" of Table 4-1. Each test
booklet contained 30 items, 10 from each part. Table
4=2 ghows the number of students who took each of the
eight forms and the resulting mean scores. Data for
{ndividual items are presented in Table B of Appendix A.

Table A=2

performance on Eight Subtests of Pilot Test

Parc Tora 5 Mesn score
A 1 91 5.8
3 1 41 Aih
B 2 50 6:1
c 1 17 2.3
¢ 2 i8 2:0
c 3 18 21
c 4 20 2.3
c ) § 18 2:6

iax i séora & 10;
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Table 4-)

Distribution of Item Ségrol for Pilot Test

Percentage . Percentage

.correct rroqﬁgngy cgggg¢t Frequency

o 6 45.1 = 50 5
1=~-5 3 50.1 - 33

5.1 =10 7 55.1 = 60 3
10.1 - 15 6 60.1 - 65 3
15.1 - 20 5 65.1 - 70 k]
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
A 40.1 - 43 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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Tible 4=4

_PropoFtich Corract on Pilot Test by Strand

Mean percant  Radge of
_correct  percentages

Integers 19 55.2 5.6 - 94.5
Fractions 2 37.6 17.1 - 58.0
Total o2 53.6 5.6 - 94.5
Addition
Integera 13 42:6 5.6 = 0.0
Frictions 4 28 0 - 5:6
Total " 3.2 o - 70.0
Subtraction
litegets 12 27:0 3:0 - 52.7
Fractions 4 4.2 0o -11.8
Total 16 21.3 0 - S2.7
Hiltdplication 9 FTey 56 .- 8:9
Bivision 5 10:8 0 -22:0
Caometry 2 68:2 4.4 = 92.0
Mppeations 10 960 Si0- 8k
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Pilot Fust ke

Table 455

P

from Additic

rdered, by Difficuity
¢ Integers Strand

Tten

Percentage
correct

Sk, aHR sty gt

241 __
342w
24
21
+41
6+10=___
S+9e__
2
0
*3
+:530

“How much 1s
13 plus 42"
2047

.0
‘4

+

C 3
WP Cad
L K- 23

s
=
¥

+
]

Roil .*:5,

10.0
66.7

58.2

55.5
54.9

R T il s

s perii
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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 che length of the test
wvas 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 Clagsrcoms to Be Tested

A list was made of all first-grade classrooms,
stratified by region (urban, municipal, rural). A
classroom was considered eligible for selectfon 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 classroom was chosen, all
further clasgses from that school were eliminated from the
eligible lists. The restriction was not applied to the
municipal stratum, which had only 8 schools.

In addiction to the 30 randomly chosen classes, t4
were tested for special reasons. Six classes had already
taken gome experimental radio 1lessons, 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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“Tabie-4=6:

Conpltuoo of muut'otgruot lad !'inll
Ach!evn-cnt Tests Ry

o R v i A

)li;iber of {tems

Stund ~ Pilot ‘test " Final test

.

Numeration _ &
Integers 19 2‘
Fractions 2 5

Total 21 29

Addition

Integers 13 11

Total i7 _ u
Sibtraction
Integers 12 12
Fractions § 0
Total e !125
Multiplication 9 i
Biviaton 5 b
Géometry i Y
Applications TSN 17

Total
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seudents perforacd. Five of the 8 ctecachers taught
.classes that had been selected ia the randem assignment,
and [live more taught classew that had alresdy used radio
lessonn. The elaswes of the rematniog elght weachers in
the 1975 schedule wore alss tested. bringisy che total of
classes that were ant randonly selected o lé==these elghe
and thw atx radio clasaes, Qo all,. 1,241 students wvere
tested,

Fach of the 10 xeachers iaclected at  randem was
notifled of the test Ia advance b 3 letter from the
Schwonl Inwpoctor of the Depirtiment of Mazays to the school
diractar. Ihe remadaing b4 teachers were told abeut the
test by staff meshors, e wore ba eontact with chem
regarding ather aspects of the froject.  All teachers were
assured that the test would bo waed ant to evaluate cthen
or thelr studenty but fo pulde curcienlun developaent sod
evaluate thy froject activities,

Tesl Adnfalstration

Tests vore adnlaistorcd by two stalf menbors, One
road the {nstructions shille the othwr taped the testing
sossion and acted as a3 monitar, Uhile the ehildren wvere
being tested the tvacker s ashed te fi1)l ewt a short
form for exch child, giviag  bhackzrowd  information
fneludiag apc, fes, and years ia schoal.

The test took 30 sfnuten o adainister (includiog a
short braaki. abowr A% misugten before and 10 oiautes
after che renting porled were #pent on adnisistrative
matters. fSxasiners reported many of rhe usual prohlems
encaiiinred Mien testiar Flreteprade studottze-s tendency
to aanvwe slowd, confuslns about follouiar dircctions, and
g0 an, Thede problema gerned waususlly sevete becauwde ef
the mevdlty of the et situstien for these students,
They had aever expotieneed gay of the follovian: peaple
from estslde comian ia o give them 4 Lesl, printed Losts,
the eRercitepresontation formats used o the tase,
handlog ou? of peacils, arally presented mathomaties
exervises {reguicing written cenponde), 3 tesx with a
variety of mathexatical eperations presented, and tape
record tar of classroom activities. Alcthoush ehlldren had
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difficultios with the tast situation, it is important to
note that for & of the 77 exercises the percentage correct
vas over 90. Thus, for st loast some cxercisas, almost
all of the children vere able to respond corroctly,

The oxantnors ncted that the six classes thet had
Just taken the cxperimental radio lessons scemed to find
the test situatfon lewsn coufusing., The fomat for the
test was quite similar to that used f(or vorksheats duriog
the lessons, and the examiners feit that the radto lessons
had provided some tralning in tha skills noeded to raapond
successfully during the tost.

Test Rosults

Data for individual {tems are presented £n Tadle C of
Appendix A. The maan number corract for each part of the
tast Is show {n Table &-~7 (the data are for 1I,34)
students from &4& classer).  The vavious parts of the test
vere not designed to be of equal difficulty, and thorefore
scores on dtfferent parts cannot be a2xpected to be
comparable,

Test adninistrators notod that, when rhey had the
opportunity to de so, the childeen often voplcd answars
fron one another. The structure of the cesy ailoved us to
obtain evidence about the extent of canperative answering..
Each tost booklet uas organized %o that gquostfons i, 2, 6,
13, 14, 17, and 18 vere from Parl A; quostions 3, 4, 7, &,
1, 12, and 21 wvore feom Part B; and quostions 5, 9, 10,
15, 16, 19, and 20 wore fron Part C. The e#xasinsr led the
ehildren theough the first 13 quostionk on the test, so
that all childron worked on the sane question at the same
tine. For exaaple, for Question 5 (Pact ), childron were
told: #ead the nunsbers carcfully, WUrite the nunbers that
are missing. The child had printed in his tast booklet
ore of five exercises, dapending on whiich € forn he had,

A child vho copied an answer from his naighbor ran
the risk of cepying a correct (or incorrect) answer for an
exercise difforent fros the one printed in his rest
booklet. It seems reasonable to conclude that a child
copied from a necarby paper when his response is the
correct answer to the corresponding cxercise from a

%



TilERADIO: MATHEMATICS' PROJECT

Table 4-7

hr(onmc ‘on Eleven Sul;tcuta of ﬂnl Tut

a Siaudaid
rart. Form D Mesn scare  deviation

)

AU 1M e 1.98
A1 e 607 1.5
’ 2 265 4.0 1.54
B3 23 e 1.50
SR T R X 1.86
Pos 07 3.0 1.93
c 1 us 2.15
c 2 258 W 1.86
¢ 3 W 1w 1.58
c & a6 348 2.14
€ s w209 L&

m:laﬁn uod =],

different form. The complexity of the questinons supports
this conclusion. For Question S the number of children
vho apparently copled s shown in Table 4-8. The
numbars along the diagonal show the number of students who
gave the correct ansver to the oxercise they were given.
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Table 4-8

Nunber of Students Involved In Cooperstive Answering
on Question §

Fora for vhich student’s response
vas the correct answor

Form.student
- answered 1 2 3 4 3
i 104 4 3 ) 5
2 9 47 2 1 ?
b} 4 1 40 ? 1
4 4 & 2 122 6
S 9 5 0 b | 52

Note. About 250 childrea took each test forms.

a
Question 5: “"Resd the aumbers carefully., Write the
aumbers that are alssing.”

Form 1: 30 49 30 ___ ___ Formiés 22 13 24 __ __
form 2t 2 _& _6 form 5: _8 7 6

Form3: 5 10 45 _ __

he numbers off the diagonal show the number who gave the
orrect answer for an coxercise on a different form. For
sestfon 5, 80 children (approximately 9 parcent of the
unbor vho rosponded incorrectly) gave the correct answvor
o an exercise from a different foram.
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, Performance on test items summarized by strand is
shown in Table 4-9. The percentage correct for the five
geomotry readiness items ranges from 73.0 to 98.9. (Two
of these items are shown in Table 4-10.) The high scores
for chese 1{items {ndicate 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

Number Hean percent Standard

Strand of items correct deviation
Numeration
Integers 24 $6.6 23.1
Feactions 5 58.6 io.l
Total 29 57.0 22.4
Add{ition 1" 45.4 15.0
Subtraction 12 2.4 13,9
Multiplication 4 33.3 9.2
Geomotry 5 89.4 1.1
Applications 16 0.2 .2

The range of performance for all strands is shown in
Tabloe 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 casicst Ltoms.
Approximately 44 porcent of the students rosponded
corroctly to the casiest multiplication exercise,
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Table 4=10

Tteas with Highest and Lowest Percent Correct on Final
Achiovement Test by Strand

Highest Lovest.
Parcent Percent
Steand correct Item correct Item
Numeration 91.46 YY4rite the 16.46 “Write the
aumber 7." numbers that
* sre missing."
213
Addition 67.71 "How much {» 11.76 n
S plus 17" + 53
Subtraction 60.00 "iiow much 1s 7.62 42
6 winus 27" =3
Multiplication 43.62 2 x5 = _ 2500 9x'10w= ___
Geonetry 98.87 “Clrcle the 13.03 “"Cirele the
longest alaas that
ladder.” is on the
(3 choices) right."
Applications 71.30  “Manuvel had 2.80  “Write the
& buttons to houe the
play vith, clock mays."
Playing with (10130)
another boy
he lost ).
Writo the
number of
buttons he
tas left.” e
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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 {n written forw) are
considered very difficult for young children. We have
long suspected, however, that children would find such
problems casicr if they were presented orally. (For some
positive cxperimental results on the reasoning abilities
of young children when preblems are given orally, sce
Suppes, 1965.) The results 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 {tems--secce Table 4-10.) On the other
hand, performance on written word problems ranged from 5.4
to 40.2 percent corr.ct, Since thecse coxercises were
presontad with threw. answer cholces, tlie expected
percentage correct by chance is 33,3; thus, for four of
the five problems, performance i close to the chance
lavel,

Examination of Student Errors

An cxamination of the types of orrors made by
students on the achievement test provides information that
can contribute to the design of radio lessons. It {a
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
difiiculty with conceptual, as compared to computational,
aspects of the curriculum.

Students often added the numbers presented in an
exercisc, 1inastecad of subtracting or multiplying as
appropriate. The frequency of these errors is shown for
ninc subtraction cxorcises in Table 4-12 and for four
multiplication exercises in Table 4-1). For the execrcise
5 =3, 27 porcent of the crrors wore of this type, and
for the oxercise 5 x 1 (written vertically) the
response 6 was almost as froquent as the correct response
5. Theso results suggest that many studonts have failed
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Table &-11

Parformance on Word Problems

_Raquited Percent
arithmetic correct

vew...Oral, free response

3+2e 63.9
3+2+42m__ 70.2

Aede__ 7.3
2x4e 49.6
62e__  sta
Wricten, multiple choice
$-3w___ 3.1
6ele__ 3.1
54__ =6 5.4
Ve2e 40.2
343e__ 35,7

Standard,

Mean devistion
Oral 61.9 10.2
;;f‘ti.ﬂ 25.7 13.0
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Table 4-12

5%2332§é§_af5uii of Wrong Arithmetic Operation:
‘Addition Instead of Subtraction

Number of students

Subtracting Adding

5
3

.wliii Taking item correctly  (correctly)
Oral
6-3e__ 263 159 9
W-2. 240 104 9
Written
$-3e 1,241 618 169
6=3= 239 60 30
13=-8=__ 253 112 10
nN-1le__ 246 " 19
10 . »
=1 249 34 30
90 .
=10 248 63 2?
84 i -
24 8 29
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Table 4-13

ii‘iiiﬁ“ﬁﬁ;’yﬂof Use of Wrong Arithmetic Operation:
Addition Instead of Multiplication

Number of students

Written Multiplying Mding
_item Taking item correctly (correctly)
2xS5e 24) 106 35
3
x1 249 9% 72
9x10=__ 248 62 23
an
x3 267 10 25

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

Students scem to have less difffculty identifying the
operation when aexercises are presented orally., One
exercise, 6 - 3, was presented both orally and in
written form, The percentage correct for oral
prescntation 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 cxercise &4 - 3 in
story context, 159 of 223 responscs were correct and only
two students answered 7. For the multiplication
exercise 2 x 4 in story context, Ll19 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
{ncorrect answers but, cxcept 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 sccond 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 accounted for Il of
89 crrors.

Students perfoimed poorly on the task Hrite the
number that comes before X. For three exercises in which
X was a two-digit number, percentage 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 1 percent responded incorrectly
with the predecessor.

Comparison of Students from Different Regions

An important aspect of our testing program uwas to
compare the performance of students from urban, municipal,
and rural schools. For this purpose we obtained for each
student an cstimated score for the 77 items of the entire
test, The mcthod used was adapted from that of Kleinke
(1972), and a full description appears fn Appendix C. In
brief, the cstimated score is obtained by adding together
the scores for a student on the parts of the test he took,
the mean scorcs (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. The
nmaximum possiblc estimated score is 77, the total number
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of exercises tested. The mecan ostimated score for all
(1,241) students was 17.1; mean scores for classes ranged
from 23.5 to 47.2. Scores for all classes arc presented
in Table D, Appendix A.

Heans and standard deviations of estimated scores for
different student groups arc shown in Table 4-14. There
was a difference in test scores for classes in different
localities and, as onc might expect, the mecan score for
urban students was highest, that for rural students
lowest. Statistical tests, however, shoved those
differences to be nonsignificant, which was somewhat
surprising in vicew of the strongly held popular opinfon
that rural children, cspecially in developing countries,
are cducationally disadvantaged.

Table 4=14

Summory Statistics Using Total Scores
Estimated by Kleinks Procedure

Scandard

Student group [ MNean deviation
44 classes 1,241  32.10 12.76
6 radfio classes 157 40.1) 12.34
10 urban classes 0t 37.24 12.87

10 nueicipal classes 310 36,42  13.00
10 rural classes 263 .26 12.70
Totsl 30 clesses 824 36,05 12.7
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We noted that there was a difference in age between
urban and rural students, with rural 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 is, it may be that there is a true and
significant difference between children of the same ages
in rural and urban environaents.

An altornate hypothesis that we were unable to test
is that a smaller proportion of school-age children are in
school in rural aveas and that tha school population
contains a higher proportior of more able children than is
true of the urban aveas. Of course, twne possibility
remains that in the Nicaragua setting, the characteristic
differcnces between rural and urban students are saaller
in size than in other locations, This remains an
Important isauc for further investigation.

¥e namontioned earlier the observation of test
administrators that children who had participated in the
pilot test of the radio lessons scesed to have less
difficulty with the test. As scoen in Table 4-14&, thesa
classes attained the highest wmecan test score. This may
reflect their nonrandom salection or may result from the
tost~-taking practice afforded by the radio lessons,

Cone:lusion

Thoe cesults of tho administracion of the mathomatics
achiovemant test suggest the following general conclusions
about first-grade students in the Dopartment of Masaya in
Hicaragua.

f. tost children, even though unfamiliar with the
tosting situation, are able to rospond to test
axarciscs.

2. Test results arc contaminated by cooperative
answering.

3. Children perform well on itoms that tast
general knowledge.

4. Childron perform poorly on most itoms that are
charactoristic of <cthe formal mnathematics
curriculus,
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5.

6.

7.

The conceptual aspects of the curriculum cause
the children more difficulty than the
computational aspects.

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

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

There {8 lictle difference in performance
between children from urban, municipal, and
rural schools.
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CHAPTER §
CURRICULUM STRUCTURE

Curriculun structure is the foundatior upon vhizh an
instructional program is bhutle. In  ceasteucting a
program, the lesson developer aust specify the toples to
be presented and the competencies studonts are expoected to
gain. However, a listiang of topics or competencies (s not
a sufffcicat hasze an shich to organize an tastructional
progran. 1t is accessary to analyze further the structuce
of the asubject matted to oxpase the underlying
dependencies and intarrolationships and to bulld, (rom
these, appropriaste stracenies for fastruction.

Corciculus develepaent  projects  differ quite
substantially fn the degpren to shich structure s made
explicic and is iIncorporited into lesson design. The
Radio Mathematics fProjoct has, from the outset, been
conwitted ta the careful arciculation of structure, and
the froject’s propvess in this direction during the flrse
axper imeatal year is documentad in this chapter., After a
briel éiscussion of the source of the curriculum contont,
ve tura to an  examination of the basie curriculum
strweture adopted by the Projecr and then desceibe how
that curriculun  organization was translated Into
fastructional omacerial. The echiptor concludes with
discunstion of a nedel of design for radio lessons that
synthesizos the vork of this flirst exporimental year.

Curriculun Content

Projaect lessons are based on the wmathenatics
curriculun specificd by the Hicaraguan Ministry of
Education. A thorough revision of the primary mathomatics
curriculun was completod in 1973 undor the dircction of
Hes, Vitalia Vroomnn, the Nicaraguan director of the
project. An  abbreviated version of the revised
{irst=grade curriculum outline was presonted in Chapter &
as Figure &=1. Tho list of topics is that of a typical
‘wodern mathenatics’ progran. Except for the inclusion of
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formal work on multiplication and division, Lt closely
resembles outlines prepared in the United States. It s
also very sirflar to outlines we have exanined from other
developing countries, which f{llustrates the unifora
character of primary-schonl mathematics  curriculuns
throughout the world,

There are several reasons for adapting the Nicaraguan
curciculun as the basis for project lessons, First, the
curriculun §s fully wmatisfactory as a basis for the radio
lessons. Sccond, the Minixtry has expended much e¢ffort in
the last several vears {n revising the curriculus and
recralning teachers., We felt that teachers would be less
resistant to a change in the presentation mode of lessons
if there were not a sinultancous change fn the curriculua.
Finally, using the sase curriculus ir both experimental
aad control classes siaplificd cvaluation of the radio
iczsons.

Some ciwunnex in eaphasis and some reorganization of
the Nicaraguan curriculun proved nccessary in structuring
the radfio lessons. As shown in Figure 4-1, cach topic in
the Nicarapuwin curriculun s allotted a specific period
for (instruction, Toeachers custonarily (follow those
guldel ines and present all iastructfon on a toplc in a
siagle block of tinc. Bocause of the denonstratad
superlority of distributed practice we chose not to follow
this procedure, but instead to distribute finstruction on
cach toplc throughout the school year. We further chose
to decrecase the enphasis on foranl instruction about sots;
we used sct concepts only as aids fn teaching other
topics, for cxample, algorithms for addition and
subtraction.

Strands Structuro

A strand structure that assigns cach major topic to a
strand s the basis on which the Project’s first-grade
curriculun is organized. In previous work, the Institute
has used this structure for organizing curriculum for
computer-assisted instructional programs in mathematics
(Suppes eot. al, 1976) and rcading (Atkinson, 1968;
Flotcher & Atkinson, 1972), and this form of organization
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is widely used for elementary-school curriculum in the
United States. In the Nicaraguan work, six basic strands
vere defined: basic concopts (BAS), numcration (NIM),
addition (ADD), subtraction (SUB), applications (APL), and
neasurement (MEA).

For cach strand a set of curriculus objectives wvas
formulated that defined the coxpected performance of a
student who was considered to have successfully completed
the first-grade instructional progras. The curriculum
objectives arc presented in Appendix D,

Two types of objectives for the strands were
idercified, minimal and advanced. Those labels do not
reflect an assossnment 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 lowor (50
to 75 percent correct) for the advanced. The mathematics
curriculun, of course, builds cumulatively, and advanced
objectives for first grade may beconc ainimal objectives
for socond grade.

The objectives defined for cach strand specify a
terminal porformance lovel and are not suitable for
directly specifying curriculum content. For this purpose
a further subdivisfon of content is required. An exercise
class, the appropriate unit of structure, is a sect of
oxcrcises that (s homogencous with regard to the salient
instructional purposc aad can be defined in terms of
structural featurcs of the exercises, In Chapter 4 we
described the use of ocquivalence classes of oxercises to
construct a test, Equivalence classes differ from
excrcisc classon dercribed here only in that the former
partition the curriculum {into dicjoint scts of
exercises--an oxercisc appears in only onc equivalence
class. In contrast, cxercisc classes may overlap.
Frequently, a new class is defined by extending the limits
of a class so that similar execrcises using larger numbers
are included. (This point is {illustrated by the NUM
classcs described in a subscquent section.)

The set of necsted exercise classes defined for a
curriculum objective reflect the tcaching strategy that
has been adopted for the atcainment of that objective.
Often, classes arc defined for a task that is not a
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component of the turminal objective but represents an
internedfate stop in scquiring the skill specified by the
objective.

We have thus far {idontiffed three levels of
curticulum structure: the strand, the objective, and the
oxorcise class. Ono further level s required for the
construction of lessons--che leosmon segment. A losson
sagmont contains a small sct of excaplars of the oxercise
type defincd by the exercise class, exactly the set that
will be fncluded {n one lesson., Consider, for cxample,
the exercise class: All sums from 0 to 4, presented
orally. A lesson scgment abtained from this class might
{nclude the oxerciscs two plus one, ono plus three, and
one plus zero. This distinction betweon oxercise classes
and leason scgments fs further {llustrated {in the
discussion of lesson construction that follows.

Instructional Content of |.cssons

During the year, we used two mothods for ussigning
lesson segnents to lessons., The first method ylelded to
the sccond at Lesson 116, (The seccond method, in turn,
yielded to a further modification for the work in 1976,)

First Ycheme

In the first scheme, subject matter was allotted to
lessons {n two s&tages., First, for ecach strand,
instructional matorial was organized into groups of
related objcctives. For cach of the subtopics formed this
wvay, a list was made of the appropriate {items of
instructional content. The 150 lessons comprising the
{nstructional yecar werc divided into 10 blocks of 15
lessons cach, and cach item of content was allotted a
position in the year by assigning {t to one of the 10
blocks.

In doing this, the curriculum developor kept in mind
the relationships between different topics and different
strands, and juggled assignments so that prercquisites
were satisfied. The procedure did not use oxeorcise
clasgses, but larger aggregates of material.
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The second staze {in allotting subject matter to
lossons occurred after this finitial assignment. The
aggrogates wore divided into oxercise classes, vhich were
then assigned to specific lessons within a block of 15
lessons.

A specific coxample will clarify this process--ve
shall use the numeration strand, The objectives for
nuncration wro agpregated fnto i1 major
subtopica: counting by rote, reading and  writing
nuserals, succossors, counting, Areater and loss,
complating soquencoes, predecessors, place value,
fractions, ordinals, and onumber words, Table 5|
dispiays the range of {nstruction for cach of these
subtopics for two blocks of lessons, | to 15 and 76 to 90
(the absence of an entry in the table (ndicates that the
subject was not taught during that block of lessons,)

Within cach block of 15 lessans, teaching material
was broken down more ffncly fnto ecxercisc classes. For
the block formed by Lossons 1 to 15, the following four
classes were defined for courting=by-rote coxercises!

NUM 1 Rote counting from | to 5

NUM 8 Rote counting from | to 10
NUM 17: Rote counting from | to 1]
Ny 26:  Kote counting from | to 15,

Noto that each class extends the counting task to larger
numbors, always beginning at 1. The excrcise classes were
then used to construct lesson sogments. Almost all
classes were used to construct more than one lesson
sogment. NUM 1| appeared four times, in lLessons Iy 3, 4,
and 5; NUM 8 appeared seven times, twice in lossons 6 and
8 and once in lessons 7, 9, and 10; HUM 17 appeared three
times, in Lessons 11, 12, and 13; and, {n this first tlock
of 15 lessons we are considering, NUM &6 appearcd fin
fosgsons 14 and 15.

The oxercise classes defined for n single objective
tave a natural hierarchical relatfonship; the relationship
between classes defined for different objectives and
different strands must be made explicit {n the curriculum
design. In this first cffort at lesson construction we
had no systematic method for codifying these
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Table S-1

Tonehlau Topics. from thc uu.orotloa Strand for
Lessons l to 13 and 76 to 90

Lesson content

Otcatcr cnd lcou

Coiplotiui lcquoneon

vﬁ”;"!y

~Pt¢d¢ essors

Number words

Plceo value
Practions

Ordinals

oo SUbROPSC 1told 76 t0. 90 - -
Rote counting 1~13 by 2°s
Reading and writing resd =7 350-100
nunerals vrite )-S5
Successors 1-8, oral 1=48, written
Countinp 1=?, oral 1=30, written
j=4, nultiple by 10°s, vritten
choice grouping in 10°s

0-‘9

by 1°s.to 50
by 10°s to 100

29
10, 20, ... (90
213, 3k, 2tk
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interrelationships, and they wore accommodated in an
informal way during tho assignment of oxercise classes to
blocks of lessons. After approximately two-thirds of the
yoar had clapsed we refined our methods to incorporate
these rolationshipa explicitly. ,

Second Schome

In the socond scheme, a single plan was made for all
of the material that remained to be covered in lLossons 116
to 150. For ecach major topie, all of the remaining
excrcisc classes were defined and a graph was drawn
ropresenting the partial ordering implied by the
preroquisite relationships between classes. Host of these
graphs arc too large to be shown cffectively here; we use

the graph for fractions as an {llustration (Figure 5-1).
The graph lhas been drawn to show lesson-segment
descriptions rather than eoxercisc classes, so that {t
reflects curriculum decisinns about the number of
repetitions nceded for each class. The exercise classes
referred to on the graph are described in Table 5-2,

" The graph incorporates iaformation about several
variables that have not yet been mentioned. The graph
difforontiates between written and oral responses by using
rcctangles for the former and circles for the latter.
Segments appropriate for tcacher presentation are labeled
M (for macstro), and these appropriate us transition
segmonts (started by rcadio, finished by tcacher) are
- labeled R/!M; the unlabeled ones are to be presented by
radio. We found that a pictorial representation of the
type {llustrated in Figure 5-1 greatly aided the
allocation of segments to lessons by making explicit the
prerequisite relationships betwoen excercise classes.

The 1975 First-prade Curriculum

For the mothematics lessons produced in 1975, the
curriculum consisted of six stronds cncompassing 40
objectives. To rcach these objectives, 563 exercise
classes were defined, which in turn were used to construct
1,314 lesson segments. In addition to scgments used to
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1“5510 -2

Exercise Classes for Fractions Strand,

Lessons 116 to 150

Clase Numder of
identifier Description segments -

F=1 Coloring part of figure, )
II‘). l,). l,“o 2,3. 3,‘

F=2 Selacting figure divided into k]
specified parea. 172, 1/3. L/4

F=3 Copying numerals, 1/2, 1/3, /4, 2
273, 24, V&

P=4 Word problexs, comparison of e
sizes

F=-3 Selecting fraction that vepresents 1
shaded part of fipure

P=b Nriting fractions to dictation 2

r=7 Hriting fraction that reprasents |
shaded part of figure

l;i Coloring sart of figure, 2
172, L3, il&, 213, Y&

F=9 VNriting fraction that repreasents 1

e R
s %

shaded part of fipure

e o el o v 3 R

teach matarial, the lessons contained test segments.
Called embedded tests, these segments were designed to
measure the progress of students through the curriculum,
Test items were selected in a systematic way to sample
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performance or previously taught items, and a test segment
vas presented cvery fifth lesson.

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

The nunber of segments per lesson rose steadily
during the year, averaging 7 in the carliest lessons ard
more than 10 at the ond of the year. The fncrease was tha
result of several factors, which are discussed more fully
in later chapters. Briefly, the mnost important are
these: Program length was increased by several minutes,
the children becane more competent, and more instructional
time was available when the entertainment portions of the
lessons were curtailed.

A lesson outline for cach of the 150 lessons is shown
in Appendiz E. The scgment descriptions presented there
will give the intercsted reader information about the pace
at which cach topic was developed, the allocation of time
among subtopics, and the prerequisite celationships that
we assumed to cxist between classes of execrcises.

In this first yecar of development, all inftial
curriculun decisions were based on the experience and
intuition of the Project staff, and revision decisions
were based on relativzly informal mothods of ohtaining
information about the suitability of the lessons under
development. It {8 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
acthods for making curriculum decisionc.
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Table 5-)
Dl‘iri‘u:lu of Fivst-grade Lesson ﬁmu Among Strands

Nunber of sasments

Lesson
block SAS WNUN AL ADD SUB NEA TST Total
=15 19 8 $ 2 1o
16-30 &6 & 2 2 s
N4s 2 17 17 2 3 1
46-60 8 2 % 6 3 Im
61-75 ® 3 2 20 3
76-90 66 12 15 33 3 I
91-108 6 15 2 16 2 3 3
106-120 @ N & 2 &4 2 18
121138 % 1 6 s 19
136-150 st 32 4@ 160

B )

Total 21 .689...129. 304,189, 12 190303 ..

s

Hodel for Curriculum Design and Revision

To further conceptualize curriculum dovelopment and
revision we adopted the following model. This model views
lesson development as based on a group of factors treated
at increasing levels of specificity, cach of which can be
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parametorized. The inictial curriculun design entails
choosing the {initfal values for the paramcters; the
revision task fs to choose wvhich parameter values should
be changed and thon to obtain new values. The model has
four levels:

- 1, Curriculus structure,
2. Lesson [ormat,
3. Sepgment content,
4. Single excorcise.

In the first level--curriculum structure=-the most
izportant parasdters (some of which have already bem
discusided in this chapter) are:

(a) the sot af strands definced (scope of topics

fncluded),

(b) cthe sot of objectives foraulated for each
strand,

(c) the oxercise classes definr:  ‘or each
objective,

(d) thoe prerequisite relationships between
axarcise classes,

(e) the tine to begin teaching each ablective,

() the amount of roviev vork raquired for each
objeckive in order to waaintain adequate
perfornance levels,

(R) the asount of teaching tisc requived for
cach objective, and

(hi the importance of cach objective in
relation to the total progran.

The curriculum outline displayed in Appendix £ and the
curriculun adjectives presented in Appendix D provide
values for cach of these parasators, either oxplicitly or
fmplicitly. 1In order to ..o performance data to ravise
currfculun, cach of the pacancter values must he made
explicit.

We have already discussed several of these
parameoters=-the sclection of strands (based on the
Hinistry of Education curriculun), the definition of
currfculun objectives and eoxorcise classes, and the
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prerequisite relationships between clarses. Ye have not
yot discussed quantifyiag the amaunt of teaching and
raviov or assessing the importance aof nbjectives.

Either clapsed time or the ombor of exercisos
devoted to a topic can be used ax a amcasure of teachlng
and ruoviev. In our preliminary worh with this sodel, we
have vied the number of exercisas or, as in Table 5-3, the
ausber of scements to acasure the portica  of the
curriculun alloted te an objective,

The issue of the {aportance of an objective s
conplex, and adopting a measure of laportance requires
choosing bhatwen ceapeting assuaptions and ambiguities,
Nevertheless, because assuaptions aboul !aportavce gulde
all curriculun develapaent, {t ts valvable to attueapt te
quantify these judpments. First wve nust 23k, {aportant
for what? Are we {nterested in torminal perforaance, or
is the objective In question important because it sorves
as a prerequisite for later instruction. And what should
be the Implications of assinnink vaiw or wiazht to an
ebjective? ltow should the importance of an objective
relate to the anount of time spant teaching it, and hov do
inportance and difficulty interact in assinaments of time
to teaching and review?! 1In the year about vhich ww are
reporting we had eniy begun to cunsider these Issues,

In 1976, the Project staff began wark on a3
quantitative acthod for deciding hav to allwcate review
exercises to different topics throughout the -nstructional
year. The sodel inccrpnrates meuasures ol (nportance,
difficuley, and tcaching time, and ansigRs caercines to
objectives %o as to aaxinfze the predicted score on »
year-end test of the curriculun odjectives. Althourh this
vork s still in fts ecarly stages, {t has already
challenged sone of the assumptions we, and other,
curriculun developars custenarily make about the changes
in skill level that take place duriag teaching., Ue
aaticipate roporting on this vork in detall in our aext
volune.

¥e turn now to the sccond level of our nodel, lesson
format. Some of the paraneters that deascribe the format
of a siogle lessen are!

(a) the total aumber of segnents in a lesson,

8l
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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 scgments, 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, whather
children learn more by being presented eight short
segments a day o four long ones. The number of such
questions that could be investigated is overwvhelming and,
if past experimentation is a useful guide, we would not
often find large differences. Furthermore, without
further research we would not know to what 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 guidelires for acceptable ranges of parameter
values and to rely most heavily on observations of the
children’s behavior, rather than on measures of
perfcrmance, for making changes in parsaeter 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 levcl--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.

.82



CURRICULUM ‘STRUCTURE ~~
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 iustruction should take
priority over the systematic investigation of other
aspects of the model.
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CHAPTER 6

~1NSTRucribnAL'Hmfuobs ANn‘fRINCIPLEs%

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
gsome of the results of this work as documentation for the.
changes in instructional procedures that occurred during
the year.

Instructional Methodology

.The teaching methodology of the Project is based on
wnat we consider to be round pedagogy as well as on the
‘particular constraints of 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. verbaI;
definition prominent in his century (de Morgan, 1830)
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An {illustratfon 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. The 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
sunm, ) ’ .
"Thus the iInitial 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 as’the:.sum'of a:pair of numbers. :The emphasis
on mental . arithmetic recognizes. the need ‘eventually to
attain rapid wmental 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 1is 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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preeeneed by the radio must be elear,»unambiguous, ‘and "at
& level . of: complexity appropriate to':the “audience. . We -
" have. put much ‘effort into writing .good directions and this’
- work-1is. reported in Chapter 7. -

. Instructional Principleenfw

Aural Learning

Studiea on the effectiveness of insttuction 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) exnerimented with a
learning task in a typical classroom setting, uring
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. aak for two cypes 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 increasingly
" persuade . us that . group . responding 1s 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 1eve1

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 '8 attention is,-of course, a-
pterequieite of effective -radio’ leasona. :-Our initial-plan:
was ‘to ‘use ‘atories’ to . engage i the: 'hildren“[and embed
mdthematical work in the stoties in order” to mainta;l.n?f
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N interest.“ The pilot .tests: of lessons designed in this.
" way, described:in Chapters 2 and: 3, convinced ‘us that’ the”
. mathematical activities are intrinsically 1nterest1ng ko
‘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. e
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
reinforcement. In the pilot tests conducted in:
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. S

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 : correcL¢
‘answer,.:not: . to ‘affective. support.) - There -are - fewer:
-studies of the use of . reinforcement where ‘the' stimulus:
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presentation 18 auditory, without visual support, and no;@
‘sure: guidelines from" the. experimental literature - for thea'
use: of reinforcement with radio: instruction. L TR S S A

‘During 1975, we used-two types of : reinforcement for‘;
~exercisea presented : orally--giving ‘thes. 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?" o
Children respond.
Radio. "Yes, 6 is the sum of 2 plus 3 plus 1"

Answer-only reinforcement.
Radio: "How much;is-zs minus,lg"
‘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 + 32 .4 +1?
6+ 27 . ....),  for example, -we do .not repeat . each
‘exercise, -because . this tends:to - break the - rapid-fire
rhythm of “the :presentation: and - also .because.:the- first
.statement .of an exercise 1s 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
“adult. charactef, to. give either. the correct answer or the
answer with stimulus repetition.

a
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“Without instruction, children:-do-not know how  to use
“their knowledge of the correct answer ‘to make’ corrections.
"Thus, we cannot as:tume that a.child. wdll change a written
‘wrong auswer 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 “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 beforé the exercise is written:

Radio. "Think quietly, how much 1s 8 minus 57"
(Pause -8 seconds)”

Radio‘- ‘"Tell me, “how much 1s° 8 minus- 5?"

Children respond..'

Radio: "Yes, 3. . Now writq-the answer on the
dotted ‘1ine."

:Thia method of reinfprcement 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. :

fConCtete Matetials‘

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 might-be 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 uhen children are asked to
handle objects during 'a radio 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 workinf areas. Both these aspects, adeptness
and ‘working space, must be attended to 1in 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 thé use of materials during the radio lessons are
‘'overcome. Most of them are-entirely avoided when children
iuge  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
fexperiences ‘for students and we .present suggestions for
‘these activities in, the teacher 8 guide, °

Ly
fmxed Drills
—— et

_ ‘The research literature on- ‘the effect of practice on
learning cupports the proposition that skills need to be
-practiced regularly.to be maintained and that distributed
‘practice is superior to massed practice (Underwood, 1961).
Thus,."a ‘given amount of practice is more.valuable when it
uccurs_inf@hort.‘frequenr sessions than in longer, less
frequent sessions. " In a classic:paper that summarized 48
unpublished studies, Wilson (1925) concluded thar drill
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should’, have . the following :attributes. in..order .to- be
effective: ' o
1. 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 1s practiced in mixed
drills. :

Differential Learning Rates

_Radio instruction, in its usual implementation, 1s
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
rates, but it is not at all clear how to structure
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 standatdized tests were. -used
to measure student achievement. Schoen reports that. of
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 potential 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 fur 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 ascigned 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 instructlons 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 foilowing is an example of
the worksheet display.

26 90 49 40

Tigers were asked to circle the largest number and Eagles
were asked to circle the number 24, The instruction to
each 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 .l; 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 1ess homogeneity among groups from ‘different
‘classrooms and we would be once again faced with: . 'the
xdifficulty we. were trying to circumvent, that ia, the7
Hspread of ability within the listening gtoup., :

Conclusion

.~ This chapter has examined the inatructional method
used by the Project and the ways in which we have
ﬂimplemented principles of effective  instruction, The
following principles have guided our wotk. ’

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.

N 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 theotetical as well as practical grounds.
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CGHAPTER 7,

"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
ccurriculum 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 teacler’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

Ve described;1naChapter,6;théf§reparatibn,éfilpééoﬁ
.segments- as unita,ofgcurr;¢u1um:structure.éazachjqegmeﬁt
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f?eonsiste of a set of exercises whose mode of presentation
'ie specified by the curriculum developer. In constructing
a. leeson, 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 1ssue 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
firet segments defined for a class should be presented
“near each other in time (usually in successive lessons) to
‘give students an adequate opportunity to learn the new
-8kill, 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
vpreeentation varied along several dimensions, Exercises
were presented (a) as computation exercises without
~ ‘contextual support or as story problems, (b) with or

‘without accompanying visuel 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 eeven? o

2, What is 5. plus 107

3.» ‘Juan' earned 5 oentavos yesterday and 10 centevoa
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, ~ .

Iypes 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 8o 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
/"convérsations" 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. (Foran experimental
‘study of such exercises and the kind of theory that will -
“help explain the transition' from counting to memorizing.
see Suppes & Groen, 1967.)
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For the first-grade lessons: -produced’ in 1975, ‘all
written responses called for duting the: lessons ‘were’ made
on the student worksheet. Student:e .responded -
multiple-choice exercises by marking ‘the “correct choice,
for free-response exercises t:hey ‘wrote - numetals or words
or drew pictures.

Physical activity is anot:her 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 act:l.vity.‘ 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.

: Entettainment _S_egmemts

Project lessons 1nc1uded ‘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 & 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 succeasful
We used_‘ songs, poems, riddles, and gemea. ‘Many of the
_songs were about mathematics.. Lyrics were written. by
- gtaff 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 tranait::l.ons 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 transitions instead, which were often, but
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not always, music. ' SOund effég:fs such ds chines. were also
- used. h U e e i ket

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
\}Fi?g‘ure 7-1. Most 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.
Vhen . 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
- seript 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, o

Preparation of a Radio Script .

_ A lesson script vas prepared in several stages. The
"fiﬁ'st:'r;;u'ctv:\ib;_ml‘,:‘mat:er:l.al for. each’ segment :was .-written.
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Segment 4.
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Segment 6.

Figure 7-2..
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vanson 36

"F:I.nd the flag. with the pineapple. In that box put
your finger under’ the number 19.. (Pauee) Tell me,
how 18 79° written? (Pauae) Yes. 79 is ur;tten

with a 7 and a 9. Now circle ‘the 79."

Given . for the*firer;time.f*Readwthe?compiefe7’

exercise; then'solve’it. .

"Count ‘the’ balle and write rhe number
below."

"Draw a “line" ';ound the circle that s
divided into fourthe o

"61rc1e the number 39."

"Write on the line the missing number "

"Circle the number 90 ""“u

"Write the number that followa that one "

»VCircle the largest number."

"Think--how much‘is five minus four?
Write;the answer ﬁw'

"Write the number that goee before -
that one.“ﬂ,'““

1"Wtite,sh¢;9né§éff§6:sévéﬁiéihﬁaiiﬁrééi“

105,

fiiﬁuee)

"(5 sec)
(7" 8ec)

ot Ty

e
(8 see)

(@lhee)

(12.800)

(8 see)

({7 e

Notes to script writer for Lesson 96 (translated).:
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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, s occaaionally ‘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.

X 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.
"7 .2, When opresenting exercises orally, it is
;ﬂ”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."
B 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
““explicitly indicate the end of an activity the children
seem. to wait for something ‘more to happen. .
w5, Children should not be misled’ into thinking 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 be kept: active.. ‘We/ try':not; to,
let more than 60. seconds go by :without asking themg 0: do
something. '

7. Instructions should be phraaed :ln the moat:
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 tagk for the children, we would
write the instruction in three sentences:

Look at the ducks.
Some of them-are in the water.
Count: t:he 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 we used the
phrase ‘encerrar en un circulo (enclose in a circle).
‘Lesson 96 (Segment 4) this has become encierren (circle)

: 9. Strict vocabulary control is not necessary
because the language 1is 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 only one 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 1look 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 be substituted for it andf- the
inst:ruct:ion remains understandable.

10. Instructions may differ :for oral - and writt:enf‘
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.

Iﬁstructions for Using‘the wdrksheet

1

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 of the earliest lessons, time was

"gpent .teaching the children the names of all 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 uaing 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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~.RADIO ‘LESSON DESIGN
~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-l. 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 greater than the number of exercises,
because children answered first orally and then in
writing.

Table 7-1

SUplry Statistics for Instructional Portt;ﬁ_\ of%l.cuoq 96L

: o Time for '

- ‘ = ~Total time  pauses’
Segment - Nuwber of - Number of = e . ——

.inumber - -exercises . . responses. imin.. sec, -min.. ‘secs -
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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--1is 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., 1In Lesson 96 the only
dialogue between radio characters occurred in the joke;
the poems were also coded as not directed to children. As
showm 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 1eaaons adhered to the basic

‘design ‘that had been developed for the California and
;Nicatagua pilot tests, but methods for 1mplementing this
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‘Table 7-2
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Table 7-3 -
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iesign were extended and refined with experience. We
found - it more productive to write - instructional and

enter tainment segment
fnto a final script.
provide a channel of
developers and the

faithful translation
recorded form. And,

8 separately and then integrate them
The lesson outline was developed to
communication between the curriculum
script writers, to facilitate the
of the instructional message into a
finally, from the experience of the

year came a set of guidelines for writing instructional

material that we fe

el are applicable to instructional

. programs with differing subject matter or content.
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OPERATIONQETHE PROJECT

o In this chapter we discuss several aspecte of the
-operation of the Project. We first describe the locale of
‘the 1975 work and then turn to the role of the teacher,
the- classroom visitation program, and the teating program,
”We end with a discussion of the Project’s relat:ionships
with school personnel

Educational Setting 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 Masaya,
the capital of the department:.

There are approximately 190 public primary schools in
the department, with about 170 first-grade classes. The
Ministry of Education characterizes schools as urban 1f
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 towns,
Masaya and Masatepe, 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 Masatepe are far more urban than the other
towns. For work during 1975 the schools were stratified
into three levels: Schools in Masaya and Masatepe were
called urban; those in the other eight towns, municipal;
and the remainder, rural. :

The distribution of students among grades for the «
Denartment: of Masaya for 1974 .is shown in Table 8-2. -
Approximately 37 percent of the students were in; first"
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o Indices of Ur‘baniut:lon

1

i

1a Concepecion |
La Concepcion

‘San Juan de |
_San’ Juan . dé_; :

Nunduqb ‘
Oriente . ..

Masaya
Mu;te‘pé
Niquinohomo

Index, .

91T

" § | mﬁau{ : f
i
8
\'”‘ : .
8
o
8

S
© 0.0 .8

ri'Population I 3o,ooo 6,300 2,3oo 2,
. Post-primry achools T '
Commercial = =~ ' : 3 -0

~ "Ciclo Bas:lco S0 1%s 2%
"Bachillerato” ‘- W7l :1 o

-
o0 o &
oo
)

-
o

COnmting ti.me ’by : . .‘; .

bus to post-primary = . o
schools (in m:lnutes) N A5 15
Minutes between -

',.'busestohmgmcrv. - - _ .
mm o 10 30 20 . 10 3‘5’&5

Percentage of paved. . T . i F LT :
streets - - 3 .0 0 -0 o0 0" "0 & o

- Number ofmovies | -3 2. 0 0 0 1 o 0 -1 . .0

T0AFONL SOLIVKGHIVH 010V SHL



(Tab1el8I1;f cont.)

Masaya
Masatepe

~ . . Index A

T

k Nl;llib;rof ,};i)bklg,iofe‘si R
‘newspapers - from’ .
' mﬂ ~ s .. 9 2
‘Nunber of telephones 6,500 ° - 130

Niquinohomo
San Juan de
la Concepcion
La Concepcion
San Juan de

-Oriente

-Catarina

R
P

Nindiri
Nandasmo
_ Tisma

¢ Roagrnzin

i

o]
o
.

- Q

.;aii'pc_]-.ﬁdeé ‘one privaté school.
b

Includes : tﬁo private schoolé .

}ePercept;ge‘ not.given; two streets.



- THE"RADIO’ MATHEMATICS "PROJECT"

“Table 82

llmlber of Pupils per Gnde
Departlaent of Mnaya.‘ 1976. !

: ‘;'!"'cr-“dé oo :Jnuu:xz. i;»!}ro‘:idjta; i

UL 3T 2,825 7,825

2 1502°501,286 3,758,
z 200 832 'v 3-033
1 741\}“‘3 Cisso 2t
s v

258 10

 Total 13, 311 ;_6-.‘0’,66‘,?7719".‘3'9i5;.,

grade (this figure - ‘rises to 46" 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 188,27 years, that for: rural students 8 5
years.

Role of Teachers »

e h
; Teachers vere. asked to play substantially different
‘roles during ‘the ~two portions of .the daily mathematics
lesson.. - For: the radio portion ‘the teachers were asked :
-',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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Tnble 8-3
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"' 5 The leeson waa designed to be self-contained° it
; neceasary 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, " usuaily 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 and-we used.these .observations, as
well as the recommendations from.the School .Inspector, to
select teachers of varying abilities. Before school
gtarted 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 tie 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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‘Training’ of Teachers "
T T e————
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 the classroom observation schedule, The
sessions also helped the teachers 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 12 of the 17 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 many different 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 1is
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 arose, how well
the teacher was able to cope with them, and whether such
classes used the recorded lessons as regularly as those
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that were observed. Teachers of these unobserved classes
had the opportunity to talk with a staff member once each
week wnen materials were delivered and collected.

Observation Method

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
happened in the classroonm.

Uhen 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 childven, 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 {nstructions 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 1 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 wunderstand 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 arcse 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
ug., Staff members did not meet diractly 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 Masava classes, Once they had
almost caught up, the Granada classes remained one week
behind the Masaya class2s. This was done to allow extra
time for materials to be delivered.

Testing Program

i The children from the 16 experimental classrooms were
pretested in March 1975. In April, pretests were
adgiuigteted in nine traditional classrooms that had been
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‘chosen at random from the list of classrooms taught by
teachers whose classes had been posttested the previoun
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
80 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 posttested 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 tu 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 tasting
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
perforuance.

The Project also maintained a close relationship with
the Ministry of Education. Two Nicaraguan advisory
committees were formed, with members drawn from the
Ministry, other school districts, and the universities.
One cowmittee 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 had a
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 ‘specified
by the Ministry. ~ ‘



CHAPTER .9
- RESULTS -

In this chapter we discuss the 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 nore
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
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ensure that - we: were not outstripping the capabilities of\
.the children.s_u R " S
: 4 The* worksheet also evolved from ite rather crude“
lbeginning in“the California pilot’ lessons.J 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 worksheats for a Californla 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
ghare 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.
v .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.A These were called
diegnostic 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
these 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 4it, 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, one class the
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
‘subtraction of 1 from a number) lower than the others,
‘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. 1In
another class an observer noted that the
children worked in unison and worked well. 1In 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 1it.

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
special help to the slow groups. The final - segment
(Segment - 9), using number cards, was to beconducted:
_entirely by the teacher, Here is a summary' of ‘the
* 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 individuals
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.

Meaeures 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 1lessons (discussed in
-Chapter 3) identified sources of contamination that
- reduced the reliability of the results., We willi use
Lesson 96 to illustrate  the types of 1nformation we
obtained,

Worksheets for Lesson 96 were turned in for 209
children from 15 classes; the number of children per clase
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 claeses of
90.0 percent (SD = 5.44),
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Table 9-2

Mean Performance by Segment for Lesson 96,
Worksheet lel;ionlgl'

Segment  Mean percentage Standqtd

number correct deviation
4 986 .83
5 96.8 1.10
6 867 5.6
7 86.8 2.96
8 9.6 13137

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 1is 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
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5 probably arises from the- confusion between largest (in
Spanish--mayor) 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 evidence 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 tvpe 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,
vwhich 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 offet
no general guidelines for a solution. :
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One of our concerns is the degree to which errors ..¢
distripuicd among children: Are some children completely
lost while others perform well? The worksheet data,
contaminated os they are by copying and teacher help, are
not the ideal inol for investigating this question.
Nevertheless, in Table 9-4 we show the distribution of
student scores for Gegment 6. The impression one gets
from these results 1is that errors are distributed
throughout the student group--that students cannot be
divided 1into the kncw-it~alls and the know-nothings.
There do not seem to be many children who are completely
178t,

We contemplated several ways of increasing the
reliability of ike worksheet data; we could try to
scporess all student 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 1last 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 cbtain 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 te 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
Distribition. of Student Scores for Segment 6 .

A L TR L Ty

 Scora  Number Percent

10 89 42.58
9 6l 19.19
8 21 10.05

7 14 6.0
6 8 3.83
5 3 144
4 9 4.31
3 1 .48
2 3 1.44
1 0 0
0 0

s

Student Achievement

Mathematics achievement tests were administered to
the children in the 16 experimental classrooms in March
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
experinental classes were tested) and posttested in
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November. The six Cranada classes were given only the
posttest. We present here some comparisons between
groups, recognizing that the comparisons are flaved for
several rcasons, the foremost being that experimental
classrooms were not sclected at random and that the
pretest for traditional classes was administered one month
later than the pretest for experimental classes.
Furthermore, tha number of classrooms used was quite
small.

First-grade Pretest. As we discussed in Chapter &,
there vere no mathematics achicvement tests available for
use in Nicaragua. The Project designed all but one of the
tests used. The cxception was the first-grade pretest.
Since we had not been in Nicaragua at the deginning of the
1974 school year, we had no opporrunity, prior to 1975, to
develop an cxaminatfon  appropriate for Dbeginning
first-gradn students. We felt that, under the pressure of
producing lessons, we would be wunable to develop a test
sarly enough in the scnool year to pive us usecful
tnformation about cntry skills. We thorefore looked for a
commercial test that would be suitable.

¥z chose the mathematics subtest of the Test of Basic
Experiences (TUBE), published by CI8/McGraw-tifll, for
wvhich 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 cxperience. The test booklet contains only
pictures, with cne cxercise on a page. All dircctions are
given orally.

The Soanish version of the test was Aesigned for
Spanish-speaking children fn the United States, and we had
to change the verbal atimulus for several f{ctems, One
quostion asked the children to recognize a U.S. coin,
another to rccognite an egg carton; in other cases tho
Spanigh usage was not customary in Nicaragua. After these
inftial changes were made, pilot tests were carvied out in
twn classrooms and additional ftems were chavged. The
general directions ware also substantially rewritten. The
test items are piesented in Table £ 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 sonme
randonly selected students to relieve the overcrowding
that contributed to the problem of copying. In most
casges, the test administrators rearranged the furniture in
the classroom and changed the scating 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 March 1975, the test was given to 533 children
in the 16 experimental classrooms. In April, the test was
administered to an additional 267 students in 9
traditional classrooms. The mean score for all ciasses on
the 28-item test was 20.4 (SD = 4.67).

It is not possible to compare performance of
Nicaraguan and American students on the test because the
publisher dfd not scandardize the test on a
Spanish~specaking populatfon; in additfon we changed
several items. However, the propertics of the test were
similar for both administrations. The reliability of the
test administered in Nicaragua was comparable to that of
the Euglish version in the Unfted States (the KR-20
relfabilicy cocfficients were 0.83 and 0.82,
respectively) . The standard error of measurement for the
Nicaraguan administration of the tcst was 1.91, compared
with 2.10 for the U.S. administration. The Nicaragua
tc3t contained only one poor item, as measured by the
point-biserial correclation.

Test results for individunl items are presented in
Table F of Appendix A. The mean percentages correct for
nine groups of items classified by concept are shown {n
Table 9-5. Six of the nine means are 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.

Mean test scores for experimental and traditional
classrooms are shown in Table 9-6. The difference in
favor of the ctraditional classrooms is significant
(t = 3,98, p < .005). It scems likely that the higher
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‘Table 9°5
" Patformance of 1975 Pirst-grade Stidénts
“ 7t oo TOBE Test by Concept
@, , Number ~ Mean percentage
... Concept  of items.. __ correct ..

Npiciation 10 72:6
Practions . BRI TH &
Otdinsl nuwbars . 1. Y 15 ¥

8356

Geometry

* o W
7238

ST (TSN ST S

i
443"

12 fsi%é

- Other, baes R Lo
- CONCEPES . . 3 1534,

‘score for the traditional classes reflects the later
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
determine wvhether the students in experimental classes and
traditional classes began the year with comparable levels
of mathematics skills. On the basis of the test results
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‘ - .1tems correct

o . : Standard.
Group 8 Mean deviation

" Experimental 533 1987  4.88

_ Traditional 267 21.25 407

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, was 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 acores on the achievement test for
these two groups of classes did not differ significantly
(the means were 49.0 and 48,7 for the 70 items taken by
both groups). That 1s, 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
exnerimental and traditional classes.

First-grade Posttest. The posttest for first grade
vas designed by the Project using a multiple
matrix-sampling design. The test design was similar to
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'thht'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 27"
G-item "Gircle the nuiber 84"

Ietten YFiad the o

or

Tedeen MOitcle the lafgest auber:

2112 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 G-items were
tested in each classroom. Sixteen different test paners
were assembled--each G-form paired with each I-form.
G-forms were assigned at random to classrooms, and test
papers containing the correct G-form and one of the
I-forms were distributed at random to students within the
classroon,

The full test contained 40 I-items and 48 G-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 1in
traditional classrooms but not in experimental classrooms:
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TESTITEMS =
| ltems G ltems

Closs |

Closs 2

Closs 3

Class 4

‘Figure 9-1. Matrix-sampling design of achievement test.

~The -test wds administered to 323 experimental, 195
:raditional. 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
ghown 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

Attainmént of Minimal and Advanced Objectives
- by 1975 First-grade Experimental Stiudents:

_ Minimal objectives ~ Advanced objectives
Hean Mean
‘Number  percentage Number percentage
. __of items  correct of items _ correct .. .
) i2 4.3 10 63:1
4 7.7
19 7639,
‘Siibtraction 12 '62.5
‘Hedsurement 1 194:3
A@'plig-";wion‘s 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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;revis:lon task will be to teach. subtraction more
‘effectively. Although performance was at an acceptable
1levél 1in 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.

-7 A éomparison of the performance of experimental and
traditional students 1is 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 firat-gtade
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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“l'dbl.’ ‘9-‘8‘

Comparison of Bcores” of Bxpcrluntal ‘and 'rud!uonll
Studontl by ‘l‘opic. 1975

s T
i SRR

Mean percentage correct. .

w Nulborot . - ——
_Topic:  items  Experimental Traditional Difference

. NuReratdon - S22 69a2 59.8 94
' Fractions ‘ 16.7 53.5 232
‘oral addition 6 TR 61:1 23:8

‘Vertical , . . B
addfition -8 74:0 52:6 214

Horizontal ; o
addition ) 71:8 '_6,0}6 11.2

Oral subtraction 4 72:7 55:3 i7:4

'Vertical . L . ..
subtraction 7 50:2 31:2 19:0

~Hori:ontll . I L .
nubtnction 3 - 53:6 49:0° 46

: &oncy ' 7 :80:0" 66:7 . 13:3
Tiee: i 6hib .2 12:4
94:3 2.5 21:8

1 T T T St
Babde concepts 3 e 82:5 . 09

Length

PR

Oral problens

Gaometry 1 52:2 59:5 <7:3

: Co-ploung

“4quitions L 22 1 86

ik ki

Malédplication . 2::

i b b
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Table 9-9°

1975 Posttest Performance—Item Scores

~".Percentage
correct

Standard

Croup Mean deviation

Experimental 88 67.3 23.8
Traditional 88 55.5 21.4

G;anadq 88 68,& 25.!

‘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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'hblo 9-10

. Co-pnhon of- Pcrfemnee on- lelued Oral and Weittea Items:
aditlonal and Bxperlncntnl Students, 1975

kll!e‘rc'cnugc correct

éit Traditional Experimental

67.5 80.7

Hrlttcn. horizoital 55.6 65.4

vritten, vertical  £3 26.5 s3:7

Oral 51 68:9 88:6

Written; horizontal 7 -3 646 60:0
‘ 8

Written, vertical -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 e very difficult step at that) than
responding to the same exercise in written form. Of
course, when a child 1is given an oral exercise he must
store the components of the exercise in his memory. On
the other hand, he 1is 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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> Comparison of - Perforunco on: Oral Computation
Ry Bxercuu and Oral Word Problems:
Tradltionnl ‘and Fxperimental Students, 1975

_ Percentage correct
oo FXCECABE type  Traditional FExperimental
" Computation
245 57.1 96.7
7+4 57.5 84:1
8+7 55.2 72:3
5-1 68:9 88:6
94 66.7 86:7
Hean 6i:i 85:7

c&ﬁiutauon requtred
by ‘word priblem
545 75:0 886
346 3516 8

T.6 -4 8
fvlo <6
| uc‘ﬁhiv
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decoding skills improve. There should therefore be some
point at which, for the typical exercise appropriate for
his grade 1level, 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
guspect that this point comes sometime in the second
grade.

The results and our speculations suggest to us that
for first grade, and ncrhaps 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) reachers observed
better teaching techniques (16 percent), and (e) lesson
presentatiors were clearer (4 percent), When asked to
cite the major 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
nathematics 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 ir 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 tco 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 thesa
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 1in groups, others saw parents individually.
According to the teachers, the response of the parents was
overwhelmingly positive. The mz2jor concern expressed by
the parents was the lack of homework in mathematics and
most teachers (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 diviston should be included in the
curriculum, and that the Project staffl should help them
grade the children.

Summary Findings

e conclude with an overall view of the more
important [indings from our work during the first two
years of the Project., We have divided these summary
findings Into threce groups. The first deals with the
character istics of radio lessons; the second doals with
gencra)l  findings about the mathematics learaning
capabilities of first-grade children (n Nicaragua; and the
final group deals with our conclusions of a more gencral

nature.

fadlo Leczons

During the coxporimental work of 1974 and 1975 the
Project daveloped a successful lesson format that had two
parts, the radio portion and the posthroadcast portion.
The wmailn characteristics of the radio portion ware the
following:

I. A radio lesson consisted of sagnents, and each
soguent wvas indepandent of thoe others. Each
segment had as its main purpose efther
instruction or entertainment.

2. All iastructional segments required active
responsces from the students, Host
entertainment scgments  similarly requirud
active responses,

3. A high rosponse rate, averaging three responses
per ailnute, was wmaintained cthroughout cthe
lesson,

4, The fnstructional segnents of a lesson were
dravn from different topics and required
different types of responses.

3. All instructional sepasonta consisted of
exercises requiring  rusponses fron the
children.
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6. The correct answer was given for each exercise
afcer thoe children had the opportunity to
respond.

7. Traasitions betweon segments wore short,
siaple, and often nonverbal.

Mathematics Learning

Among the nost significanc (findings about the
capabilities of first-grade children were the following:

1. Children are able to learn new mathematical
concepts and skills from fnstruction given by
radio and supplemented by a workshoot.

2. Children remain attentive and responsive for a
half-hour radio iesson, provided thuy have the
opportunity to respond frequently.

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

&, Children are able, with adequate directfons, to
keep their place or a worksheet that has up to
36 different displays or locations for
respond ing.

S, Children can work with concrete mater‘als, such

" as bottle caps, during a radlo lesson,

6. Children enjoy the instructioral portions of
‘the iecssons. Althought the entertainment
portions pre:ide a change of pace, they are not
nccessary for maintaining the children’s
attlention.

Ganeral findings

Our flnal remarks cuncern sone of our conclusions
about using radio for instructional purposes, the probleams
of teaching childron who are thought to have rather
restricted backgrounds, and some comparisons between
children in Caltfornta and in rural Nicaragua. '

I. We initially underestimated the gencral knowledge
of Nicaraguan children. Their performance on tests on
inicial - school entry was considerably bhigher than we
anticipated. Some of this performance nmay woll be a
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reflection of the revolutiomary role the transistor radio
has played in devoloping countries. It is our experience
that massive radio communication networks are in place
virtually throughout the world and we know little about
their effects on the knowledge and experience of young

children.
2. On che other hand, we tended to overestimate the

formal skills of the children on entry into school. We
suspect that the experience of both undcrestimating
general knowledge and overestimating formal skills is a
common tendency in appraising students from rural
backgrounds in many parts of the world. We also suspect
that to some extent similar estimation errors are made by
curriculum specialists working in highly developed
metropolitan ¢nvironments.

3. We anticipated significant differences in
performance between rural and urban children and we were
somevhat surprised to find them absent from our data., It
would be desirable to know tn what extent this conclusion
holds for more remote rural populations in Nicaragua and,
in a more general way, for urban and rural populations in
other parts of the world.

4, As time has passed we have become more impressed
with what we take to ba the universal character of the
results. We remarked carlier on the relative uniformity
of mathematics textbook materfal throughout the world.
Our work thus far indicates that not only the curriculum,
but also children’s lcarning of clementary mathematics, is
extraordinarily similar from California to Nicaragua. We
suspect that this is generally true and that the learning
of mathematics is more uniform than any other subject that
is formally taught f{n schools.

5. Although the authors began this Project with an
extensive background in clementary mathematics curriculum,
they did not have a similar background of experience in
teaching by radio. We are pleased to report that during
the initial pericd of this Project we have moved from
uncertainty to confidence in radio as a mediuwm for
elemcutary mathematics instruction.
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Tabl‘.dvk

Content of Nicarsgua Pilot Lesson Segments

Lesson & Prosentation®
sogment  Strand wode Description
Ll-1 NUM 0 Mando~-mando game
Li-2 N 0 Counting aloud
Li=3 N 0 Counting sounds
Ll=4 NURS L) Number dictation
Li=5 NUR{ 0 Successors
Ll-6 APL 0 Days of the woek
Ll=7 P GEO 0 Comparing lengths
Li-8 P NUM 0 Mando-mando game
L2=-1 N 0 Mando-mando game
L2-2 N 0 Counting aloud
L2=3 APL 0 Coaparing lengths
L2=4 BAS L) ldentifying common objects
L2=5 NUM L] Number dictation
L2-6 NUh 0 Successors
L2~7 BAS L] Identifying comnon objccts
L2-8 P APL ] Maasuring vith rulers
L3~1 NUt o Hando-nando sane
L3-2 nud 0 Counting aloud
L3=3 NU4 0 Counting sounds .
L3=4 BAS L] Identifylng common objects
L3=5 NUM 0 Successors
L3-6 NM W Successors
L3=7 GEO L} Circling longest, shortest
L}-8 P APL v Heasuring with rulers
L4-1 N 0 Mando~mando gamo
Lé=2 GEO ] Circling longest, shortest
L4=3 N o Succassors
Lé~4 NUM ) Succassors
= B tdentifying common objects

- LA=9 BAS

Ay = vricten, 0 = oral,

bp . presented after the taped lesson (postbroadcast).
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Lesson & Prdi&fi@t&iidﬁ'

Segment Strand - mode Description

L4-6 GEO LB Draving longer, shorter lines
L4=7 APL ‘W Measuring with rulers

L4-8 APL 0 Compar ing lengths

L5=1 NUM 0 Hando-mando game

L5=2 . N 0 Counting aloud

L5=3 AbL 0 Compar ing coins

LS4 APL W 1dentifying coins

L5=5 ADD 0 Story problems~-addition
L5~6 ADD 0 Mental arithmetic

L5=-7 ADD W Mental arithmetic
T 15-8 APL W Heasuring with rulers ‘
:.5=9 APL W Drawing lines of given length
L6~-1 N 0 Counting aloud

L6-2 ADD o Mental arithmetic

L6-3 ADD o lMental arithmetic

L6-4 APL L) Comparing coins

L6-5 APL 0 Comparing coins

L6-6 APL W Story problems--money

L6=7 APL - 5. Giving value of coins

ek o
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 Table B
1974 Pilot Test Résults by Ites

o i B . PR S

N

o, Item b Percentage
..1dentifier” Strand' n correct
Al NUM 91 94.5
A2 N 91 93.4
A3 NUM 91 63.7
A4 NUM 91 39.6
AS SuB 91 52,7
A6 APL - 91 75.8
A7 ADD 9l 54.9
A8 SUB 91 24,2
AS . ADD 91 58.2
Al0 SuB 91 27.5
Bl-1 NUM 41 87.8
“Bl=2 NiRS 41 46.3
‘Bl-3 . N 41 39.0
“Bl=4 ADD 41 4.9
B1-5 DIV 4l 22.0
Bl-6 ~  APL 4l 14.6
Bl-7 APL 41 63.4
B1-8 N 41 65.9
B1-9 APL 41 41.5
M-10 NS 4l 17.1
H2=1 GEO 50 92,0
B2-2 NIM 50 86.0
82-3 A 50 72.0
B2t NUM 50 50.0
B2-5 NUM 50 22.0
B2-6 APL 50 20.0
B2-7 NUM 50 52.0
B2-8 NUH 50 78.0
B2-9 APL 50 84.0
o .B2-10 NI 50 58.0

8q¢st itews came from foras A, Bl, B2, Cl,
C2, C3, (4, and C5. Items are numbered
consecutively within each form.

bs::-nd abbreviations are: ,
ADD Addition MUL Hultiplication
APL Applications NUH Number concepts
DIV Division SUB Subtraction
GEO Geometry
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B e

‘(Table B. cdni’. )

L ltem b Percentage

identifier Strand n correct
Cl-1 NUM 17 64,7
Cl-2 APL 12 5.9
Ccl-3 ADD 17 235
Cl-4 ADD 17 35.3
Cl=5 HUL 17 35.3
Cl-6 HUL 17 29.4
Cl~-7 GEO 17 11.8
cl-8 sus 17 11.8
Cl-9 ADD 17 0.0
Cl-10 suB 17 11.8
Cc2-1 L 1 i8 5.6
c2-2 GEO 18 §4.4
€2-3 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 HuL 18 22,2
€2-10 ADD 18 0.0
C3-1 NUM 18 11.1
C3-2 APL 18 27.8
C3-3 N 18 66.7
C3-4 SUB 18 16.7
C3~5 UL 18 38.9
C3-6 HUL 18 22,2
C3-7 NUM 18 16.7
C3-8 ML, 18 5.6
C3-9 NUM 18 5.6
C3-10 SUB 18 0.0
Cé-1 NI 20 45.0
C4-2 APL 20 5.0
C4-3 NUM 20 70.0
Cé~4 SuB ‘20 50.0
. C4=5 SuUB 20 30.0
C4~-6 DIV 20 20.0
Cé-7 D1V 20 Q.0
C4-8 SuB 20 5.¢
C4-9 - 8UB 20 0.0
Cé-10 sus 20 0.0
C5~-1 NN 18 33.3

. C5~2 -18. 22,2 ..
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(Table B, cont.)

. Item s b ‘Percentage
_ddentifier Strand R correct .
C5-3 ADD 18 55.5
C5-4 SuB 18 33.3
C5-5 MUL 18 22,2
C5-6 MUL 18 11.1
Cc5-7 ADD 13 50.0
C5-8 ADD 18 22,2
C5-9 ADD 18 5.8

C5-10 ADD 18
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“Table C -

1974 Actifevement Teat Resilts by Iten®

L. Icem. o . Percentage

_.identifier Strand  n  correct
Al NuY 1241 80.82
A2 NUM 1241 71.64
A3 NUR 1241 41,98
Ab NURY 1241 76.87
AS N 1241 79.37
A6 suB 1241 49.80
A7 ADD 1241 50.52
Bl-1 N 246 91.46
Bl-2 ADD 246 45.93
Bl1-3 APL 246 65.85
Bl-4 N 245 55.10
B1-5 . GEO 245 '96.33
Bl-6 NUM 245 27.76
B1-7 SuB 245 25.7
B2-1 N 265 87.55
B2-2 SuB 265 60.00
B2-3 APL 265 70.19
B2-4 N 265 40.00
82-5 GEO 265 98.87
B2-6 NURM 265 79.25
B2-7 SuB 265 23.77
B3-1 N 223 84.75
B3-2 ADD 223 67.71
B3-3 APL 223 71.30
B34 NI 220 80.45
B3-5 GEO 223 95.96
B3-6 N 223 8.2
B3-7 suB 223 7.62
B4-1 NS 240 73.75
B4-2 suB 240 43.33
B&-3 APL 240 49,58
Bé-4 N 239 82.85
BA-5 GEO 240 80.83
B4~6 NURT 240 41.25
_B4=7 SUB 239 25.10

ten &ii&iiﬁtlons are in Appdndix B.
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. ltem o Percentage
..identifier  Strand n correct
BS-1 Nt 267 66,67
BS-2 ADD 267 50.94
85-3 APL 267 52.43
B5-4 NUM 266 37.59
B5-5 GEO 267 73.03
B5-6 NUH 263 64,26
B5-7 HuL 267 26,22
Cl-1 NG 248 41.94
Cl=2 APL 248 31.05
Cl-3 NUM 248 47,98
Cl-4 APL 248 37.50
Cl-5 ADD 248 60.48
Cl-6 Sus 248 35.48
Cl-7 HuL 248 25.00
C2-1 N 255 18.43
C2-2 APL 255 36.08
C2-3 NUH 255 56.47
C2-4 APL 255 38.82
Cc2-5 ADD 255 §7.45
C2-6 Sus 255 28.24
C2-7 ADD 255 11.76
c3-1 N 243 16.46
Ci-2 APL 243 5.35
C3-3 NURM 243 60.08
C3-4 APL 243 2.88
C3-5 ADD, 243 27.57
C3-~6 HUL 24 43.62
Ci-7 Sus 243 35.80
Cé-1 NS 246 49.59
C4-2 APL 246 40.24
C4-3 NUM 246 47.97
Cé-4 APL, 246 56,10
Cé-5 AD) 246 47.97
Cé~6 ADD 246 41,87
Cé=7 SuB 246 i.n
C5-1 Nt 249 20.88
C3-2 APL 249 35.74
c5-3 N 249 36.14
C5-4 APL 249 8.84
€55 ADD 249 47.39
C5-6 HUL 249 38.55
CS=7 sus 249 21,69
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Table D

éliig:ﬁbinl on 1974 Achievement Test Using Total
Scores Estimated by Kleinke Procedure

o Standard
. Class Region® n  Mean  deviation

1 42.4 11.23
37 402 9.33
36 38.81 12.05
28 41.29 11.93
3 .42 12.41
1 3.9 11.46
27 34.07 11.99
33 30.79 12.75
27 35.19 14,05
2 3.1 11.45
32 36.88 12.74
27  44.44 11.08
28 42,00 10.74
27  32.04 13.19
13 23.46 10.13
34 30.53 13.64
2l 35.24 12.25
29 38.07 12.17
19 24,16 10.40
41  33.95 12.40

CCEP IR mRINTCIICTEIC T EcCeCcCcaCE

21 16 33.75 9.95
22 8 37,26 1417
23 24 30.50  12.21
24 28 44,18 12,27
25 45 38.56  12.51
26 33 28.70  10.35
27 22 40.59  11.18
28 26 3.1 11.25
29 4 36,3 11.00
30 29 35.45 1.7
3l 22 Al.46 11,64
32 33 40.42  10.08
3 14 44,00  10.47

Note. Classes 1-30 were selected randomly.
%0 « urban, N = municipal, R = rural.

bf'p@iq" classes vere used to try out pilot
lessons.
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Table £

Test lteas for 1975 ioié’

Item Concept Text
1 oOther basic concept “Mark the bottle that is empty."
2 Numeration "ltark the square that has most bottles.”
3 Geonetry "Mark the figure that is pointed."
4 Geomotry "Mark the straight line."
5 Numeration “Mark the squere that ki3 less than three
figurcs."”
6 Goometry “ltark the square that has only round things."
7 Fractions "Mark the figure that has two equal parts."
8  Numeration "Mark the cake that has four candles."
9 Numeration “Mark the square that has a pair of shoes."
10 Time "Mark tho clock that has both hands up.”
11 Geometry “Mark the figure that has corners."
12 Numeration “Hark the square that has six chings."
13 Wefght “Mark the one that can carry the most."
14 Numeration “Mark rhe square with the most small balls.”
15 Time “Mark the clock with the large hand."
16 Other basic concept "Mark the square with the coins that are
equal.”
17 Numeration "Mark the number that tells how many eyes
people havo."
18 Length “Mark the ruler.”
19 Other basic concept "Hark the fruit that is vhole." . i

* franslated from Spanish.
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. ATable D, cont.)
L ‘8 . Standard

...Class_ Region. = 'n Mean  deviation
34 U 3o 4o0.07 13.62
35 R 36 41.19 12,43
36 4 21 33,52 11.82
37 U-Radio 25 37.48 12.64
38 R-Radio 25 4l.08 1.7n
39 H-Radio 26 38,00 11.85
40 R-Radio 32 4,25 10.62
41 U~-Radto 29 47,24 11.39
43 u 5 .29 12.62
44 R 19 41,68 13.74
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APPENDIX A
(Table E, cont.)

Item Conceapt Text

20 Size "Mark the square where all the fruic is the
sanc size."

21 Nuacration “Mark the square that has six bhascbulls,"

22 WHaoight “Hark the boy that weighs the most."

23 Nuweration "Mark the square that has three balls on
each side of the line."

24 Ordinals "Mark the second roostur,"

25 Length “Mark the longost rope.”

26 Size “lark the biggest coin."

27  MNumeration "Hark tho bottle that has the most beans.”

28 Fractfons "Hark the {ruft that is cut in half."
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Tavle F

Nclomc of Dxpecimental and Tradicional Students
on TOBE, 1975 adninisteation

fa:  tage correct

lten txpesr dneatal  Tradicianal ALl

mmber students “tudenis students

 { 97.24 9%.26 88.2%

3 N.n ?).6) 922.38

& .8 90.64 88.13

5 6.7} 4. 0L 62.5%

¢ 80.1} 8).52 8.3%

? 45.2 $2.8) &2.2%

] 90.62 93.63 9.6)

9 5.9 8).%5 70.38
10 S1.78 $8.0% 53.88
1] .23 9.0} n.’»n
12 8§2.%% 9%.28 86.3%0
13 718.61 19.40 78.88
& 8.3 87.6% 8.1)
i5 90.06 ?95.1) ”n.n»n
16 51.22 ©.0 34.38
" 3.% 7% 4.8
H 82.36 84,64 83.1)
9 89.12 92.51 90.15
0 n.% .02 76.00
N .17 8§0.1% 17.%
2 9%.81 9.7 .13
22 38.16 69.64 62.00
40.9% $0.% &4.1)
 + T 45.22 46,44 49.6)
2 87.24 %0.26 88.2%
28 3.2 4.5 3%.00




APPENDIX A
Table G |

hr(oruaeo of Experinental and Tradlitionsl s:adcnn on
(1975 Firer-Crade Achlevenent Test

Parcentage correct

. ll.l. ixperimental Traditional lescription of oncecise

1=A 9.3 17.6 - Which has nore (8, 12, 10)

1=8 9.1 16.7 Vrite the nunbor &2

i=C 88.6 68.9 Oral suvbtraction, 5 = |

1= 87.% 90.0 Clivcle the widost beneh (f ehnices)

2-A 61.7 76.1 W¥hat nusbor cones after 13

2-8 8.6 60.9% Clrcle the fractlon onc=half (1/4,
273, 12 DY

i-C 8.3 80.0 WUhich haw fover (10, 12, 8)

1= 88.6 15.¢0 Oral vord peoblem, 5 ¢+ S

3-A 8.9 9.0 Clecle the 30-cent coin

3-3 $4. 4 16.7 Circle the thivd boy (1n a itne)

3-C 9%.9 82.2 Circle oighty=twn (28, B2, 12, 21)

3D #81.5% 15.0 Clrcle the figure divided {n halves

&=A 9.9 8.1 Oral vord pgroblen, 8§ - 2

&= 9.7 58.1 Oral addition, 2 ¢ S

&=C 93.7 44.9 Count the nen without hata (3 with,
3 victhout)

4D 8. ) 57.% Oral additlen, 7 ¢+ &

S-A 62.1 41.8 Circle the figure divided lnto fourths

3-8 9%.9 9.7 Circle the S=cordoba bhill () cholces)

3-C 8.8 33.6 Oral word problen, ) ¢+ 6

S=D 5.6 47.% Circic the saallest nunbar
41, 18, 38)

6=A 92.4 9.0 Oral word problen, 6 - &

L ] 8.t 37.2 Yrite the nunber that comes before 14

6-C 9.5 8.9 Ctrcle the 30-cordoba bill

6-b 80.7 67.3 Oral addition, 30 ¢ &

T-A 6.” 10.1 VUrite the nunber that comos alter 85

1-8 a%.2 62.4 S+

1L 8.0 52.8 Oral addition, 23 + |

7-D 3.6 42.5 VUrite tha aumbor thai cones afcer 39

.!urnd items vere not taught by RMP curriculum. Iteas laboled A-D are
G=1toms, those labeled [-1V are I-itcas.
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Percontage correct

S

$7.8

lten° Experinental Traditional Description of exercise
8-A 51.% 50.8 Circle the largest (&), 47, 51)
-8 9.4 12.1 Oral addition, 2+ ! + 3 v
8-C 12,2 7.8 Clrele the [igure divided tntc thirds
8D 46,6 25.0 Hrite the number that cones before 40
9-A 12.7 $5.2 Oral addition, 8 + 7
Y=B 86.7 67.4 Oral subtraction, 9 « &
9-C 62.0 4.4 Hrita the auaber that comes before 36
. 9=D 85.2 87.% Circle the word four (3 choices)
10-A 63.2 52,2 What ctime does the clock say? (8)
10-8 2.2 60.5 Clecle the triangle {3 chofces)
10=C 36.7 6z2.2 MUrite the word elpit
10-D 9.3 2.5 Heasuring - pencil and om ruler (8 cm)
- Hl=-A 33.0 43, Oral subtraction, S4 = |
11-B 78.9 67.4 Oral vord prodlem, J x )
11=C 63.3 2.2 Oral subtraction, 45 = 5
11=-p 8.0 170.0 Oral word prablem, 10 - 6
1 2-A 27.3 22.4 Oral noncanonical form, 5 - ___ =2
12=B 40.0 72.) Oral wvord problem, 6 divided by 2
A 2-C 3.1 il.1 Oral noncanonical form, __+ 4 = 6
#12-D 8.0 12.5 Oral noncanenical fom, ___ + ) =3
13-1 61.0 5.1 Count the halls (32)
A3=11 1.4 61.% Count tho balls (24)
J=111 83.8 83.7 Count the balls (15)
13-1v 93.1 9.1 Count .tho balls (7)
14=1 $0.0 20.4 Hlov nuch nonay is shown? (50 cents,
o 10 ceats, 5 coents)
14-11 60.8 61.% How auch moncy is showm? (25 cents)
14=-111 16.3 $3.1 llov much noncy is shown? (85, $1,
. $1, §1)
14-1v 7.1 62.2 How much noncy is shown? (85)
'ls;l 37.8 12.2 Fill in the nissing number (4, 6,
C — 10)
STl 30,4 36.5  F{I7 In the missing number (5, 10,
S — 20)
15=-1I11 10.0 si.0 P(IT in the aissing number (50, 60,
R = — %0)
82,9 Fill ;n thoe nissing number (83, 84,

— 86)
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Percentage correct

ltes® Experimental Traditfonal Description of -oxercise _
—
16-1 87.8 62.4 +2
16-11 68.4 $7.7 349
3
16-I11  80.0 75.5 +4
16-1v 87.8 57.8 g+0
8
17-1 9.8 42.9 =6
; ‘ §
17-111  60.0 63.3 7-3
17-1v 1.2 42.2 ‘-4
s
Yol § B Fo
18-11 40.5 . 481 _ o + 1
18-111 7.8 624
. e a
18-1v 5.6 - 1.8
19-1 $3.7
#1911 27.9

#19-111 ;i;;s
191V 6h.6

20mL e BR B 3NT.
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. (nbxec. -econt.)

Percentage correct

" : . e PEPY b AL R sy
: lca.. - Experimental Traditional = .. .- Descriptioniof.exercise..:

"20=K1  39.2 32.7 L 72

| o . 35
204111 0.0 i0.8 =13

SEe

2511 463 28.6 <2

#22-11
*22-111

CM22-v 1S

1170



APPENDIX B: ITE! DESCRIPTIONS, 1974 PIRST-GRADE ACHIEVRMENT TEST®

Quutlon Item . Printed _ Oral
., mmber identifior component conponent
1 Al 13 cats, 7 white “Count the white cats."
and 6 black
2 A2 2 bogs of caramels, "Circle the bag that has
one containiag 17 tho fowest caramels.”
caramcls, the other
containing 15
3 ll-l "Write the nuaber 7"
lz-l " " " 40
.'3_[ " 1] " 15
Bé-1 “ W w09
Us-l " " " $3
4 B1-2 "How much 1s 8 + 47
'2-2 : " n o og_3
e " on s
B4=2 o on w 28 -2
ss’_z’ - " o n zo +7
5 c1el 30 40 S0 o = "Road the numbers
: carefully, Write the
numbers that are missing."
-l 2k 6 _ _ "
c3-1 s 10 15 - __ "

s my

“Teanslatad fron spantih.

i
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_Quastfon
.. number

Oral
¢omponent

Itom Printed
identifier component
C4-1 22 13 N __
C5=1 8 76 . __
M 2 coins, 50 cents
and_5 cents.
Multiple choices
50, 55, 45 cents
W
, 52:3 e
Fibe ¥
53"3 s S g
: “-3 gt
T

“Read the numbers
carcfully, Write the
nuabers that are missing."

“Circle the number that
tells how much the two
coins together are worth."

“Maria had 3 heir ribbons.
Her mother pave her 2
more. Write the number of
ribbons that ilaria has
now."

"Hartha gave ) bananas to
the teacher. Jonse gave
her 2 and lHiguel 2, Write
the nunber of bananas that
the teacher received.”

"Manuol had 4 buttons to
play with. Playing with
another boy he lost 3.
Write the nuaber of
buttons he has left."”

"1 have 2 boxes. In cach
bor. there are 4 dolls.
Hrite the number of dolls
that I have." .

“Mama has 6 hens, She
divides them between her
two children. Write the
number of hens she gives
to each child."

“Circle the figure that is!
divided into halves,"” !

“Circle the figure that is

..divided into halves,"

s
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uestion . Itea. Printed Oral

nuaber  Identiffer . component component
B3-4 "circle the ffgure that (s

divided into fourths."

B4=4 “Ciecle the figure that is
divided fnto halves."

B5-4 “Circle the figure that is
divided into thirds."

9 cl=2 Jﬁiﬁ,hﬁd 5 mangos. "sgad this problem
: e ate 2. low many carefully. Circle the
mangos does he have correct answer."

now?
3 10 7
Cc2-2 Nina bought 6 "

oranges. Hor mama
gave her 1 more,
fiow many oranges
does Hina have now?

6 1 5

C3~2 Maria has 6 "
caramels, Pedro
has 5. Haria has
more. How many

more?
1n 3 1
éili Dora has 4 dahlias "

and 2 roses. How
nany flowers does
Dora have?

2 6 8

c5-2 Eva has 3 toys. "
Hanolo has 3
others. How many
toys do they have
between the two of
thea?

o, U N I I
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Question . Item Printed ~ oral .
- .nuaber  identifier component .-component. ... ...
10 c1-3 80 73 9l “Circle the smallest
number."
c2-3 52 51 %9 "
e 4 3 s "
che) 28k 2k 20t "
FRE T g
1 il-s Housa and 4 dogs ."Circle the dog that
. is closest to the house."
B2-5 3 ladders of “Cigcle the longest
different sizes ladder."
33-5 3 treos of YCircle the smallest
different sizes tree."
B4-5 Nost with 4 birds  “Circle the bird that is
flying around it flying above the nest.”
BS-5 2 glaskes “Circle the glass that is
on the right."
12 Bl-6 “"Urite the number that
comes before 30."
i5f6 « + « before 58.
;i:é R o o o b‘!ok. ‘60
Eg:a o . ) t:‘or‘ 80
13 Ab 5.boys vaiting in  "Circle the third boy in
line to buy tickets 1line."
to the circus.
R TT (3 FIFTY “Circle the.word
‘ FIFTEER *fourteen’."
FOURTEEN
. ’oun F S G RS,
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uestion - Iten Printed Oral
number  identifier componont component
15 Cl-4 clock showing 6:00 "Write the hour the clock
says."
C2-4 " " 4:00 "
C3-4 " “ 10:30 "
Cé=4 " " 12100 "
CS~4 " " 2130 "
& "Raad each oxercise
16 Cl=5 +3 carefully and write the
correct answver."
24
cal
€25 +-41 "
c3-5 +4 "
ci-3 6410 - "
. .9
c5-5 5 "
l; Aﬁ Se3m — "
o 5 B + i%ab
18 A7 +-530 "
19 cll% 6-0= — "
c2-6 1328 "
€36 2x5= "
ci~6 340 "
L & s o
€5-6 xb "
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Question . Item Printed ' oral,
. nuaber. . identiffer component ... component

20 c1-7 9x10= "

. 38 :
c2-7 + 55 "

e 84 :
C3-7 =21 "
) el "

oY) i 60 9&“ each exercise
21 Bl=7 =10 carefully and write the

correct ansver."
B2-7 =3 "

637 =5 "
a5 6=3~__ ”

s
e K
M-



APPENDIX C:  ADAPTATION OF  KLEINKE PRdCBDURﬁ FOR ESTINATlﬁO
STUDENT SCORES

llatrix sanpling has boon dJemonstrated to be a useful method for
astablishing national test noras (Lord, 1962), Sampling both oxaminces
and ftoms serves to reduce the asount of testing time required of ecach
exaninoe. Analysis of resultant tost data s based on the assunprfon
that the sanple of ftens and che sanple of oxaninces are drawn
independently and that roesponses to an {tea do not depand on the context
{n vhich the itea is presonted.

Although each oxaminee recefves only a portion of the ftens on the
total rest, vartous investlgators have attenptad ton  ostimate parancters
of the total test distribution of all exaninees. MNost stuwdles consist
primarily of ostimates of total-test amean and varfance (Owons &
Stufflcbean, 1969; Plmlee, 1964). Four studiex have lncluded ostimates
of the total-test distribution (Cook & Stufflchonn, 1967; Lord, 1962;
Kleinke, 1972; Bunda, 1973). lord, Conk, and Stufflchean fitted a
negative hyporgeometric distribution to three paraseters--an estinated
mean, an estimated variance, and the number of {temw on tho tntal tost .

With tho oxception of Kleinke and Bunda, none of the authors
estiaates cocal scores (or individuals who were adain{stered partial
tests. Bunda cstimated total scores from uvorlapping Ltem sanples using
a regression cquation whose coefficfonts are {ound from the item ncans
and tho {tes variance-covariance matrix. The vector of rogresston
vaights, b(T,t), for any particular sanple s

BT, 1) = sC1,9) " Par, 13

vhere n(l.j)"l {s the Ij~th clement of the fnverse of the {nter-item
varlance-covarfance matrix, and s(T.f) {is the vector of ftem=total
nsovariances.

Kleinke offored a mothod for nonoverlapping item samples using a
linear prediction approach for generating the ostimated total-test
distribution. With this approach, the total-test way be considered a
coaposite of two tests,nanmcly X, consisting of tho items presented to
the student, and Y, che itens not presented to the student. The
observed score on X is used to predict the score on Y. The
pradicted total-tomt score is then the sum of scores on X and Y,

The 1974 achievescnt test had throe parts, A, B, and C (vhich in
the context of the present discussfon can be thought of as three
scparate tests). For cach student, the total predicted score is the sum
of one observed score (for Part A) and two predfctod scores (for Parts &
and C). The maximum score for Part A is 7, and for Parts B and C is 35,
yielding a total maxinum score of 77. Lat

T(A) be the cheerved score on fart A,

in
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T(8) be tne predicted score on Part B, and
T(C) be the predicted score on Pare C.
‘Tnen the total score, T, {is tne sun of thete three,
T = T(A) +,T(H) + T(C) .

- Rleinke’s nethod vas used to estinate scores for Parts B pud C,  To
odbtain T(J), J =86 or §J=C. let

X be the score on the form the student took,

% be tne moan score on this fom,

S' be the standacd deviation on tnis fom,

7' be the sun of the neans of the other & (orns, taken

as an estinate of the mean of a conposite consisting
of tha othar forns,

S be the square ¢~ . f the sua of the & variances,
taken as an estin.. - of the standard deviation of the
other foms, and

Y’ be the total predicted score for tne other foms.

‘lhcn a student’s ostimnted score on Part | is shown in Fquation (1),

s
T =X ¢+ =% + e +-§'-(x-i). ()
]

ﬁuil.(on (1) is obtained fron cthe renvession equatlon for X
and Y. sy -
, vefsregr-5,

mn ¢t 18 the correlation between X and Y. If w assune parfect ’
correlation betwaen X and Y (r = 1), we obrain fquation (1), 1If w
assune no correlotion botween X and Y (r = 0), than ¥* = ¥, and

T¢1) =X+ ¥, (2)

These two equations yleld upper and lower bounds for predicted scores,
depending on the valwe of r and on cthe sign of (X - ). (1
X =X >0, then Equation (1) 1s tne upper bound and Equation (2) the
lover bound.)

The means and standard deviations obtained for predicted total-test
scores (T) for the 1974 achlevement test, calculated using fquations (1)
ad (2), are snown in Tadle A.
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APPERDIX C
Tal-le A

Heans and Standard Deviatlions for
Predictod Total-Test Scoros

sStandard

Equation Nean doviation
! 37.61 125,172
2 31.64 3.9

The snall variance resulting fron the application of Equation (2)
reflecks the use of only necan scores in the conposition of the
*otal-test score.

19
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APPENDIX D:  LESSON 96 MATERIALS,

Radio Script
(tfanslated)
Lesson 96

Grade 1
Version 1

‘THEME MUSIC UP
FADE TO:

MUSICAL TRANSITION TO ABOMBA (*improvised verse)

DWARF: (announcing with fanfare) Here is a "bomba" just for you kids!

1‘m the big-headed dwarf
with the button-nose face,
1 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,

SIC SIGNALING END

———

FADE TO:
SOUND TRANSITION TO ORAL_ EXERCISES
e — S T —— SSp—  S——— Sue S -
FEM, VOICE:

Tinkle bells. tinkle bells.
Listen closely and use yout heads.

CARLOS: Children. let’s do aome exerciaea. -Pay attention.

And don’t answer “until Lulu’ ‘8ays’ "now. " Silently,;thinka
how much is one: plus tuo plus four? Sh-sh-nh. (PAUSE = 7)
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CLULUS

‘ cARLos.'
" Sh=sgh=sh, (PAUSE -6)" o

LULUs
. CARLOS:

LULU:

THE®RADIO: MATHEMATICS 'PROJECT
Nowl =
(PAUSE - 2)
Yes, seven is the sum of one plus two plus .four,

Silently, think. how much 18 two plus’ three plus one?

Nowli

(PAUSE - 2)

COrrect, 8ix is the sum of two plus three .plus one,

'81lgnt1y. think: -how much 13 four plus one plus two?

Sh-sh-sh. (PAUSE - 7

Nowl
(PAUSE - 2)

v ,All tight. seven 1a the sum of four plus ne plus two.

CARLOS:
LULU

CARLOS:

LULU:

,Think quiecly now. Ahow much is five plus two plua one?

“rSh=gh=8h; = (PAUSE "= 8y
“Nowl
(PAUSE - 2)

Yes, eigh t is the sum of five plus two plua one,

;Silently think: how much is three plus three plus four?
‘Sh-sh-sh. (PAUSE - 10)

Now!

(PAUSE - 2)

Right! Ten is the sum of three plus thtee plus four.

Silently think: how much is five plus: four plus thtee?
;sh"sh"ysho (PAUSE - 12) IR SRR

Now!

(PAUSE - 2)

All right, twelve is the sum of five plus four plus three,
Listen, qhildrén, Just listen;
JINGLE "HOW IMPORTANT IS THE NUMBER TWO" (tape)

Now, let’s all sing "How Important. Is‘'the Number Two."

Ot t—

MUSIC RBPEATS

FADBS TO:

e

SOUND TRANSITIbN TO ORAL EXERCISES REPEATS
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PEM. 'VOIGE:
‘Listen! . . .« It’s time to use your head ‘again.
LULU: Children, let’s count now by two’s up-to’ twenty.  TWO 4 o
four . . . 8ix , . . eight ., . . ten ... tvwelve . .
fourteen . . . Sixteen . . . eighteen . . . twenty. *

MUSIC TRANSITION TO JOKES

CLOWN: Listen, children, 1’m going to tell you a joke (laughs).
Pepito says to his mother:

_@_P_ILO_: Mommy, mommy, guess what I have in my handﬁ. .
MOM: A yoyo?
PEPITO: Nol
MOM: A button?
PEPITO: No!
_ﬁ_Oﬁ: . Candy?
PEPITO: Nol
MOM: Then what?
PEPTIO: H‘y fingers, mommy.
SOUND SIGNAL TO END JOKE
' PADE T0:
SOUND. TRANSITION _T_g_ ORAL EXERCISE REDEATS

'CARLOS:,-Kidb, létf’a- go on with the‘ exercises. Tell me, how much
— is thirty~-two minus one? ' (PAUSE - 2) ’

LULU: That’s it, thirty-one.

CARLOS: How much is twenty-five minus one? (PAUSE - 2)

LULUS «Yéa, t:wenytx-fv‘our'. Let:f 8 g0 dn’b. .
. CARLOS: How ‘much is sixteen minus one? (PAUSE - 2)
LULU:  Yes, fifteen.

RLOS: How much is forty-seven minus one? (PAUSE = 2)
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CARLOS:

LULU:

THE RADIO MATHEMATICS PROJECT

kight, fortzfgig.

‘How much 1q‘£9urtgén=minus one? - (PAUSE:= 2)
Very good, thirteen,
How muchﬂia'twehty-eight‘minua'bne?ua(PAUSE -2)

Yes, twenty-seven.

_How much is twenty minus one? -(PAUSE - 2)

Correct, nineteen.

How much is Ehirtyésix minus one? (PAUSE - 2)

Yes, thirty-five.

MUSIC TRANSITION TO WORKSHEET

FEM, VOICE (tiny)

CARLOS:

Fiddlededee, fiddlededa,
when you hear my bells,
get ready to work,

cause it’s the worksheet
1 bring yah!

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 seventy-nine., Put your finger under the
seventy-nine. Now tell me, how is seventy-nine written?
(PAUSE - 2)

Yes, with a seven and a nine. Now, circle seventy-nine,
(PAUSE - 7) oy

Now, move down to the flag with the ball, In that box

‘find the number ninety-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
ninety-nine.

(PAUSE - 7) :

Move down to the flag with the hand, Look for the number
forty-four and put your fﬁnger under it. Tell-me, how
is forty-four written?

(PAUSE - 2) . e

Yes, with a four and another four., Now circle
forty-four.

(PAUSE - 7)
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Move down: to the flag with- the: house. Find- the-.number-:
one hundred and put your ‘finger unde: under 1t.\ How is one--
hundred written? ! : L
(PAUSE -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:

MOM:
PEPITO:
MOM:
PEPLTO:
MOM:
PEPLTO:
MOM:

PEPTIO:

Mommy, mommy, guess what I have in nmy hands.
A yoyo?

No!

A button?

No!

Candy?

Nol

Then, what?

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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Move down to the block with the éggfggggggﬁbne:'\That -
exercise reads: nine minus eight. Think’quietly: how
‘much 185 nine minus eight. S B

(PAUSE - 9)

.Tell me, how much is nine minus eight? .

(PAUSE - 2) / )

That’s it, one. Now write that answer on the -dotted
line. !

(PAUSE - 8)

Move down to the block with the carggf That reads:
seven minus three. Think quietly: fiow much is seven
minus three. ‘ :

(PAUSE -~ 7)

How much is seven minus three?

(PAUSE ~ 2)

Very good, four. Write the anawa;'on-the dotted line.
(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)

Correct, five. Write the answer on the dotted line.
(PAUSE - 8)

Lastly, move down to the block with the banana, That
reads: eight minue six. Think quietly: how much is
eight minus six.

(PAUSE - 8)

low much is eight minus six?

(PAUSE - 2)

Very good, two. Write the answer on the dotted line,
(PAUSE - 8)

MUSIC: UP & UNDER

LOBO: Kids, get ready to play. Let’s pretend we’re carpenters,
1°11 tell you what to do and ydbu do it.

MUSIC UP & UNDER

The carpenter carries'wood, Come on, everybody, make
believe you're carrying wood.:

MUSIC UP (3) & UNDER

r——— "

Now, plane the wood.. Everyone; plane the wood.

MUSIC UP (3)'§ UNDER
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Now you’re :going to saw tha 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,

MUSIC UP (4)
FADE TO:
DRUM ROLL
FADE TO:

MUSIC 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) . e
Move down to the kite with the ice-cream cone. Ther@,
write the missing number.
(PAUSE - 7)
And lastly, move down to the kite with the ball. Circle
the largest number.
(PAUSE ~ 7)

MUSIC 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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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 th2 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 kids!

The big headed dwarf
Jumps up and down
bidding the kids goodbye.
So go on working without
much talking,

And we’ll see you the
next time around.

MUSIC SIGNALING END .

FADE TO:

MUSIC THEME UP TO TIME
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Radio Script N

Leccion 96
‘Grado 1
Version 1
TEMA MUSICAL
FUNDE A:

HUSICA: LA GIGANTONA

ENANO CABEZON: (anunciando) !Bomba para los ninos!

Soy el enano cabezon,

con la cara de manopla.

Les traigo a todos los ninos,
las mejores de mis coplas.

MUSICA REPITE

Puede a veces ser muy grande
y aumentar con emocion,
Aumenta y aumenta siempre

y se le llama . . . adicion.

MUSICA 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
no contesten hasta que Lulu diga "Ya". Piensen calladitos en
cuanto es uno mas dos mas cuatro, Sh-sh-sh. (Pausa - 7)

LULU 1YAL
(Pausa - 2)
Si, siete es la suma de uno mas dos mas cuatro.

CARLOS: Piensen calladitos en cuanto es dos mas tres mas uno. . Sh=gh=sh,
(Pausa - 6) )

LULU: 1YAl
(Pausa ~ 2)
Correcto, seis es la suma de dos mas tres mas uno,
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: Piensen: calladitos en.cuanto’ es cuatro mas uno mas doa. Sﬁ-éh-
’sh. (Pausa -7) .

= ﬁ’l YAl

.. .(Pausa = 2) -

‘Bien, siete es la suma de cuatro mas uno mas,dos.

CARLOS: Piensen calladitos en cuanto es cinco mas dos mas uno. Sh-sh-s
(Pausa - 8) <o A

LULU: 1Al
(Pausa - 2)
Si, ocho es la suma de.cinco masxdos mas. uno.

CARLOS: Piensen calladitos en cuanto es tres mas tres. mas cuatro. Sh-
sh-sh, (Pausa ~ 10)

LULU:  1YA!

- (Pausa - 2)

Aja, diez es la suma de tres mas tres mas cuatro.

CARLOS: Piensen calladitoa en cuanto, es cinco mas cuatro mas tres, Sh-
sh-sh. (Pausa ~ 12)

LULU:  !Yal
(Pausa ~-2)
Bien, doce es la suma de cinco mas cuatro mas tres..

yoz: Escuchen, ninos. Solo escuchen.

MUSICA: JINGLE QUE IMPORTANTE ES EL DOS

VoZ: Ninos, cantemos "Que impo}tante es el dos".

SICA: QUE IMPORTANIE ES EL DOS
FUNDE A+ '
- SONIDO'

' CAMPANITAS

voz FB!!ENINA' '

LULU:

loigan! . . . Otra vez a usar la cabecita.

4

Ninos, ahora contemos de dos en dos hasta el veinte. Dos . . .
“‘cuatro o . .-8eis . . i ocho ui... diez . . i'doce .. .

catorce . . . dieciseis o o dieciocho + o« » veinte.

MUSICA TRANSICION A CHISTE
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BOMBIN: Escuchen ninos, les voy a contar un chile, (carcajada) Le dice
Pepito a su mama:

PEPITO: Mami, mami, adivina que tengo en la manos.
MAMA:  ?Un yoyo?

PEPITO: !No!

MAMA: ?Un boton?
PEPITO: !Nol
MAMA: ?Caramelos?

PEPITO: |No!

MAMA: Y, ?que?

PEPITO: Los dedos, mami.

SONIDO RISAS

SIGUE A:

SONIDO CAMPANITAS REPITE

CARLOS: Ninos, aigamoa con los gjercicoé. 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 es dieciseis menos uno? (Pausa - 2)

LULU 8i, quince,

RLOS: ?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? " (Péﬁﬁa'- 2)
LULU: " s, veintisiete. -
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CARLOS: ?Cuanto es veinte menos uno? (Pausa = 2)
LULU: Correcto, diecinueve.
0S: ?Cuanto es treinta y seis menos ﬁﬁo? (Pausa - 2)

LULY: i, Trienta y cinco,

MUSICA TRANSICION A H.T.

voz: Soy yiya, cabecita de ajo.
Mi musica anuncia la hoja de trabajo.

CARLOS: Ninos, vamos a la hoja de trabajo, a la primera cara.
(Pausa - 3)
Busquen la bandera con la pina. En ese cuadro busquen el numero
setenta y nueve., Pongan el dedo debaja del numero setenta y
nueve. Ahora diganme, ?como esta escrito el setenta y nueve?

(Pausa - 2)
Aja, con un siete y un nueve. Encierren el setenta y nueve.
(Pausa - 7)

Ahora, bajen a la bandera con la bola, En ese cuadro busquen el
numero noventa y nueve, Pongan el dedo debajo. Diganme, ?como
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. Ahi busquen el numero
cuarenta y cuatro. Pongan el dedo debajo. Diganme, ?como esta
escrito el cuarenta y cuatro?

(Pausa - 2)

5i, con un cuatro y otro cuatro, Encierren el cuarenta y
cuatro.,

(Pausa - 7)

Bajen a la bandera con la casa, 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
numero setenta y siete. Pongan el dedo debajo. ?Como esta
escrito el setenta y siete?

(Pausa - 2)
Si, con un siete y otro siete. Encierren el setenta y giete.
(Pausa = 7)

MUSICA TRANCISION A CHISTES (REPITE)

PEPITO: Mami, mami, adivina que tengo en las manos.
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?Un yoyo?
INo!
?Un boton?
INo!
?Carmelos?
{No!
Y, Tque?
Los dedos, mami.

RISAS

SIGUE A:

MUSICA TRANSICION A H.T.

LULU:

Ninos, volvamos a la hoja de trabajo. TPongan el dedo en el
dado con el pajaro. 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 la respuesta en 1a linc:a de puntos.
(Pausa - 8)

Bajen al dado con el sorbete. Ahi dice: nueve menos ocho.
Piensen calladitos en cuanto es nueve menos arho,

(Pausa - 9)

Diganme, ?cuanto es nueve menos ocho?

(Pausa - 2)

Eso es, uno. Ahora escriban la respuesta en la linea 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)

2Cuanto es siete menos tres?

(Pausa ~ 2)

Muy bien, cuatro. Escriban la respuesta en la linea de puntos.
(Pausa - 8)

Bajen al dado con el machete. Ahi dice: nueve menos cuatro.
Piensen calladitos en cuanto es nuave menos cuatro.

(Pausa - 9)

7Cuanto es nueve menos cuatro?

(Pausa - 2)

Correcto, cinco. Escriban la respuesta en la linea de puntos.
(Pausa -~ 8)
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v por ultimo, bajen al dado con el banano. Ahi-dices ocho .
menos seis. Piensen calladitos en cuanto es ocho menoa seis.

(Pausa - 8)

?2Cuanto es ocho menos seis?

(Pausa - 2) : ,

Muy bien, dos. Escriban la respuesta en la linea de puntos.
(Pausa - 8)

MUSICA TRANSICION A JUEGOS

LOBO: Ninos, preparense para jugar. Ahora, imitaremos a un
carpintero. Yo les voy diciendo y ustedes lo van: haciendo.

MUSICA SUBE

El carpintero carga la madera. Vamos, todos como.que cargan
madera. R

MUSICA SUBE (3)
Ahora, cepillen la midera. Todos cepillando la‘madera,
MUSICA SUBE (3)

Van a surrechar la madera. Todos moviendo la mano'como so fuera
un serrucho, Vamos. e S

MUSICA SUBE (3)
Ahora, claven la nadg?é. Ibéé§;éli?’@§o. 'ggblép.wygvtqpido.
HISICA SUBE (4) N
FUNDE A:
REDOBLE, TAMBOR
SIGUE A:
MUSICA TRANSICION A H.I.

CARLOS: ¥ ahora, de nuevo a la hoja de trabajo. Vamos a los barriletes.
Buaquen ¢l barrilete con el zapato. En ese’ cuadro cuenten las
bolitas y escriban el numero debajo.

(Pausa - 12) ]
Bajen al barrilete con el lapiz. Ahi encierren el circulo que
esta dividido «n cuartos.

(Pausa - 5) . :

Bajen al barrilete con la casa. Ahi encierren el numero treinta
y nueve.

(Pausa - 7)
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Bajen al barrilete con el sorbete. Ahi escriban’ el numero.que.

falta.

(Pausa - 7) C e
Y por ultimo, bajen al barrilete con ‘1a; bola. ‘Encierren el
numero mayor. T
(Pausa - 7)

MUSICA TRANSICION A BOMBA (REPITE)

yoz: Puede a veces ser muy grande
y aumentar con emocion.
Aumenta y aumenta siempre
y se llama . . . adicion.
MUSICA TERMINA

SIGUE A:

MUSICA TRANSICION A H.T.

LU

Ninos, sigamos trabajando. Denle vuelta a-la hoja de ttabajo.
(Pausa - 3) s
Ahora, busquen la chimbomba con el banano. En ese cuadro
escriban el numero que va despucs de ese.

(Pausa - 8) .
Vamos a la chimbomba con la flor. Ahi, encierren el numero’
mayor. Coo T
(Pausa - 8)

Vamos a la chimbomba qui tiene:una mano. Bien. piensen cuanto
es cinco menos cuatro. Escriban la respuesta. .
(Pausa ~ 12) G
Vamos a la chimbomba con la hoja. Escriban el numero que.va
antes de ese.

(Pausa - 8} U
Y por ultimo, vamos a la chimbomba con el arbol. Escriban la
respuesta de siete menos tres. S
(Pausa - 12)

MUSICA TRANSICION A BOMBA

ENANO:

{Bomba para los ninos!

El enano cabezon,

brinca subiendo y bajando.
Se despide de los ninos

y que sigan trabajando.

MUSICA FINAL

FUNDE A:
TEMA MUSICAL
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;fSeg. ‘Tema'y Nivel

1 . smM  62.1
2 ‘NOM  227.1
‘3. EBS  37.2
& NN 216.2
5 BES 38.1
6  REVS 16.1
7 rM. 228.1°
8. 5653
9 Fm 220.3

I.eccion _96 Versidn _1 _Fecha

Parte
Ptesentacion H. T.

Radio

Radio

Radio

Radio 1

Radio 2
‘“Radlo = 3y 4
Haest:ro 5
-Maestro . 6y 7
‘Maestro

con tarjeta

Respuesta
Tipo

Oral
Oral

Oral

Oral

Num

Ver-
notas

Oral

9-7-75_ Primer Grado
_‘Hnteriales HT No- 963 tarjetas con nunerales de 0 a 100. ,'

T{tulo ylo Bj esplo

Adicidn oral," a-l-b+q512, r.,otal difet:lda. :

(14244, 24341, 4+1+2, 5+2+1, IS,
- 5H4+3) :

Conteo de mtinn de 2/ en 2 hasta 50. B
r. oral. -

Sustraceidn 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 SH.
(79, 99, 44, 100, 77) "

,Sus:tacc:lon horizontal, a-b_9, r. escrita.
"Cudnto es ocho menos cinco? - (P) Escriban’
~1la raspuesta sobre la linea de puntos."

Repaso .

Predecesores, 2-12, ej. escrito, t.

"“escr:lta.
- Adicion horizontal, 0<8+h_9 r. escr:l.:a.

Leer mmerales, 0-100 en tarjetna, T. oralk'

103r0¥d SOTIVIGHLVH O1QVH . 3HL .



Ses 4.

Seg 5.
Se:? 6.

APPENDIX D

Leccion 96

Notas al eacr:ltbr cié iibrétda

"Busquen la bandera que t:l.ene una pina. Bn eae cuadro _pongan
un dedo debajo del numero 79. (P) Diganne, Lcdmo eata escrito

el 797 (P) clerto. El setenta y nueve se escribe con un 7 y

un_v9. Ahora encierren el 79."

Primera vez. Leer ejercicios completos deqpuéa de resolverlos.

"Cuenten las bdl:l.tas;y escriban el nimero de bajo." (12 seg)
"Bncierten el cfrculo que estd dividido en cuartos." (5 seg)
"Encierren el ndmero 39." (7 aeg)
"Eacr:lban aobre 1a .raya el nimero que falta (7 seg)
YEncierren el nhero 90." : (7 seg)::
"Bscr:l.ban e1 nidmero- que va, desqués de ese." (8 seg)
"Encierren el nimero mayor." (8 seg)
"Piengen cudnto es cinco menos cuatro. Escriban
-ah{ la reapuestn. . : (12 seg)
"Eact:lbnn elmuneto que va antes de ese.’ . (8 seg)
’ i,"Encrib@ ‘J.a:_t_'e,spu.eqta,\ de 9 - 3." ‘ (12 seg)
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‘Primer. Grado
" Leceidn N2/96.

Gafa del Hasstro.

Materiales: Hoja de trabajo N2 96
o 'Iatthhu con'numera1ea del 0 al 100.

Escribir el numerd que va antes . . .

Al terminar la transmision, diga a los nifios que en el siguiente
ejercicio, escribirdn en la rayita el numeto que va antes del que estd
escrito. Puede preguntarles: (Qué nimero e escribe antes del 8?
entonces escriban en la rayita el 82 7. Déjelos hacer los demds
ejercicios a ellos solos.

Escribir respuestas a adiciones horizontales . . .

Lealea el primer ejercicio asf: Dos mds cuatro es igual a;
ptegunteles. l{a cuanto es igual dos mis cuatro? entonces escriban la
respuesta en la 1fnea de puntos. Pregunte a un nifio (Comc se lee el
segundo ejercicio?, haga que otro diga la respuesta. Dfgales que
continuen haciendo los demas ejercicios que faltan, escribiendo la
respuesta en la 1inea de puntos.,

Leer numerales de 0 a 100 con tarjetas . . .

Tenga 1listas las tarjetas con numerales. Preséntelas ordenadamente
del 80 al 100 pidiendo a los ginoa que las lean en voz alta. Luego
junte todas las tarjetas ,y muestrelos a los nifos para que ellos las
lqgn en voz alta. Después puede repartir todas las tarjetas entre los

. ninos y que ellos lean en silencio los nimeros que tienen; finalmente
puede decirles por ejemplo: "El que tenga la tarjeta con el nﬁmero 38,
levantela y esénela a sus companeros.” Puede hacer 1o mismo diciéndoles
otros nimeros qgta completar los 100.

AN

N
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\PPENDIX D
GCrade 1
Lesson 96

Teacher’s Guide

faterials: Worksheet no. 96
Cards with numerals from 0 to 100

jriting 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
before the one that is written, You can ask them: "What number is
written before 87 Then write 7 on the line.” Let them finish the rest
of the exercises by themselves.

Writing answers to horizontal addition exercises . . .

Read the first exercise this way: "Two plus four is equal to."
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
exercise?" Ask another to give the answer. Tell them to continue
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
children read to themselves the numbers they have. Finally, you can
tell them, for example, "Whoever has the card with number 38, stand up
and show it to the other students." You can repeat the same instructions
with other numbers until you have completed all 100.
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APPENDIX E: TERMINAL CURRICULUM OBJECTIVES FOR FIRST- GRADE - *

“Two typeéiof'objectivea are identified, minimal and advanced}
Minimal objectives are to be attained by all students; advanced
objéctives,guide curriculum development of topics beyond the minimal
level., Some objectives guide curriculum development but ate:not
testable with the group pencil-and-paper testing procedures used by the
project to evaluate achievement.

The followihg list identifies objectives as minimnl_(ﬁ) 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
ﬁUH-l - Rote counting by ones M N
ﬁUH-Z Rote counting by twos . A N
2NUH-3 Rote counting by fives A N
NUM-4 Rote counting by tens M N
NUM-5 Rote counting backwards A N
i .

ﬁNUH76 Reading numerals M N
NUM~7 Selection of numeral M T
‘NUM-8 Writing numerals . M T
‘NUH-9 Sucdesgots. aural stimulus H‘ T
NUM=10 Succesgors. printed stimulus M T
NUM=-11 Predec;saors. aural stimulus | A T
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(1ist .é;co:j't-.)l :

Strand:,.

NUM=-12

NUM-13.

NUM-14

NUM-15

NUM=-16
NUM-17

NI-18

NUM-19

NUM-20
NM=-21

NUM=-22

NUM-23

ADD-1

ADD-2
ADD-3
ADD;G
suB-1
SUB;Z
SUB%3
MEA-1
APL-1
APL-2

APL-3

e ‘¢~'Deactipt}on

E:e@ecesso;q,-ﬁéinééd stimulus

.-Counting

Counting a specified. subset

Counting thevcompiemén; of a.specified
set

Greatest and least
éoméieéihg'sequences
Orainais ‘

Réadinglnumbet words
Seleéiidﬁwhumber words
Writing numgér wofds
Fractions,-identification
Fracﬁibns. discrimination
Addition, aural stimulus
Vertical addition
Horizontal addition
Horizontal addition, noncanonical format
Subtractior, aural stimulus
Vertical subtraction
Horizontal subtraction
Length; cm
Honey.iidgntification
Honey.ZVa}he

Tiﬁé. hours
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APPENDIX E

glisc. cont,)

dtrand

APL~4
APL=S
APL=6
APL-7
APL-8

APL-9

NUM~-1

NUM=-2

NUM=-3

NUM-4

NUM=5

Minimal or

Description . advanced Testable
Time, days of week ‘ A ' N
Time, successors of days of week A |
Word problems, addition " T
Word problems, subtraction 4] T
Word problems, multiplication A T
Word problems, division A T

Objectives for First Grade

Rote counting by ones

When asked to count aloud, the child will count, "one, two,
three, . . ." until stopped (no farther than 100).

Rote counting by twos

When asked to count aloud by twos, the child will count, "two,
four, six, . . ." until stopped (no farther than 20).

Rote counting by fives

When asked to count aloud by fives, the child will count, "five,
ten, fifteen, . . ." until stopped (no farther than 50).

Rote counting by tens

When asked to count aloud by tens, the child will count, "ten,
twenty, thirty, . . ." until stopped (u. farther than 100).
Rote counting backwards

When asked to count backwntds from ten, the child will count.
"ten, nine, eight. . o e .one.
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NUM-6

NUM-7

NUM=-8

NUM-9

NUM=-10

" THE RADIO MATHEMATICS PROJECT
Reading numerals

Given a printed numeral (0 to 100), the child will say aloud the

-.name of the number. ' :

Example: "What number is this?"

48

Selection of numeral
Civen 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

Writing numerals

Given an oral instruction to write a specified numeral (0 to 99),
the child will do so.

Example: "Write the number 87."

Successors, aural stimulus
When asked to produce the number that follows a specified
number (1 to 98), the child will give the correct response
orally or as a numeral.

Example: "What number comes after 327"

Example: "Write the number that comes after 59."

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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NUM-11

NUM-12

NUM-13

NUM-14

APPENDIX F

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 207"

Example: "Write the number that comes before 8."

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

Counting

Given a set of up to 50 small similar objects (such as pencils,
beans, or bottle tops) or a draving 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)

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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"“Nuﬁéig;Jcbuntidﬁzthe épmplemént of a apeéified 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)

NUM=-16  Greatest and least
Given a set of 2ta 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

NﬁH—l? 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 1 -100
2 2k 2 -20
5 Sk 5~50
10. 10k 10.- 100
-] -k 10 -1

Example:. ?Hfiteutﬁe;missinéfnumber."

4 6 . 10

anfls» diinalp
Given an ordered set (or picture of an ordered set) in which
f:herq’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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NUM-19

NI-20

HUM-21

NUM-22

NUM-23

APPENDIX E
oral instruction to select the second, third, fourth. Eifth. or
sixth object, the child will indicate the corréct answer by
pointing or circling.
Example: "Circle the fifth person in line."

(appropriate pietnte)

Reading number words

Given a printed name for a number from one to ten, the child can
read the word aloud.

Selecting number words

Given a set of number names (1 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

Writing number words

Given the oral instruction to write the word for a speciffed
number between one and ten, the child can do so.

Example: "Write with letters the word eight.”

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 vertlcal lines and all parts are of
equal size and shape.)

Example: "Circle the figure that is divided into thirds.”

(appropriate picture)

Fractions. discrimination

civen ra:pair of figures, one of which is divided into 2 (3, 4)
equal pa:ta and the other into 2 (3, 4) unequal parts, the child
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i1l select the one that is divided into halves (thirds, fourtas)

Example: “Circle the figurc that is divided into thirds."

Addition, aural ectimulus

Given an addition exercise preseated orally, of the
specifications described below, the child will produce the sum
orally or as a printed numeral. (Recall that lower case letters
represent single digits, e.g., a0 is a multiple of 10 less than
100, etc.)

Exercise description Example
a+b “Yeice the sum of 6 and 7."
a0 + b : "that is 20 plus 82"
-.’ab_+ 1 | | "Yhat is 28 plus 17" ‘

a+b+c (a+bi=cio) ‘"What is 4 plus 5 plus 81"

'Ve;tlcll addition

The child will write the correct answer for an addition exercise
presented in vertical format for any of the folloving classes of
exercises.

Exercise description Bilnpln
a 6
tb » 3
ab ' 2

e (b+c=<c9)

ab  (a+c -£f9)i~
‘+.ed (b + d =< 9)2 

(a + b =< 10)

Horizontal addition

The child will write the correct answer to an addition exercise
presentsd in horizontal format for any of the following classes
of exercises. '
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ADD-4-

SUB-1-

suB-2.

o

'avlll write the missing addend.

Hotizontal additionr noncanonical ormatJ

\furitten exercise of the form

§£;+;xI =b or __+a=b.

and : the oral 1nstruction to aupply the miaaing numben tﬁ§;¢hi1d;

Example: "“Write the miaaing nun er.‘

6+__=9

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 Exanple
a=-b "How much i{s 7 minus 37" . .-

.ab = b "Write the diffcrence. 23 minua

_ab =1 "How much is 25 minus l?"

Vcrtical subtraction

-The child will write the correct answer for a subtraction

exercise presented in vertical format for any of the folloutng
clallel of exercises.
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Exercise .
description Example

a 4

=b =3

ab b 26

=c (b >= ¢) - 6
ab  (boed) 65

- cd (a >= ¢) T 220

oy

‘“fﬂorizontal subtraction

‘N:The child will write the correct answer to a aubtraction

exercise presented in horizontal format for the following'

"exercise class,

Exercise -
description Example
a-be=__ - 9-2= _

. ;fvﬂength. cm
o biven a ruler marked in centimeters and.an: object that 13 1 cm.

%2 cmy .« » oy 10 cm, in length, the. child will® mealute nnd
- glve orally or as a numeral the correct lensth.

Money, identification

Given a set (or & picture of a set) of up to 4 coins or bills
(of no greater value than 100 cordobas) and the oral insttuctim
to choose the coin (bill) of a specified value, the child: will
indicate the correct response by pointing or circling. .-

Money, 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 {l, 2, 5 cordobas) and
D is chosen from the set {10, 20, 50 cordobas}. S
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APL-6

APL=7.

APL-9

_APPENDIX E -

".For coins, sims are of the form A + B;aﬂd C + A, where A, B -~
are choger, from the set {5, 10 centavos} and C is 50 centavos.

. Time, hours

Given pictures of three clocke 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, '

: Time, days of the week

‘When asked to recite the days of the qeek,the,child,uillgrgqund;

“Monday, Tuesday, . . ., Sunday." . °

" Time, hucceasorsfof‘dafa?éfifhéVbeék: i

' When asked for the day that follovs a specified day,’the child
~ will give the correct response.orally.

‘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 answerin-either-orai
or written form. . o T e T e

Word problems

Given a descriptiou or dramatization of a simple subtraction
problem embedded in a real-life situation, the child will y
mentally solve the problem and give the answer in either oral
or written form, ‘

Word problems

Given a description or dramatization of a simple multipliéaﬁiQQ;
problem embedded in a real-life situation, the chi;d(wiil‘g 5

mentally solve the problem and give the answer in: either oral’
or written form. Co S

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- either ‘oral.
or written form.

a | v
7m<. means-"is less ‘than or equal to."

Py<'mearis "is greater ‘than or equal to." '
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APPENDLX- F1 ' LESSON OUTLINES FOR 1975 FIRST-GRADE CURRICULUN

‘he following pages contain a description of the. first-grade curriculum.
nformation about each lesson segment is. displayed in ftve columns»
hich are described here.

:elumn l: Strand Identification

‘Abbrevistions (from Spanish words)

“‘BAS‘ P Bssic Concepts
~'NUM -  Number Concepts
'SUM - Addition

“'RES * . -..Subtraction -
" APL' . . Applications
MED .. - .Measurement

- -T8T Test exercises from msny strands
bluhniziﬁ.lnstructionel class 1dent1f1er, X Y a

‘ x 1s the 1nstructionsl clsss number within s strsnd. B

Y 1nd1cates the Yth segment defined‘using class x.“

From lesson 116. 1denr1ficstion numbey.preceded by
slphabetic chsrscters.~ e &

:olusnyiilluedium of Presentation

“R “7s radio
<M. teacher - . ... :
iR/H - .transition. segment stsrted by rsdio. completed,

'éby tescher

,geluqniélﬁikesponse Type

: srsl .

"+ physical AT

/i owritten, multiple choice:"i'”

.. uritten, free response of;s:numbe

‘ drawing 2
L variety of response types (forxrevie_ sesments)

rLCOIunni§;f3Descr ption of segment

,flouer-csse letters represent single digit numbers g
a0, multiple of 10 , ‘
5o -is greater than or equal to

.w¢ " . - 48 less than or equal to

imfe ﬁqlls,not‘equsl‘to
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- Outl.:lne '
Lesson 1
BAS 1.1 R 0 . Listening exercises, general questions
BAS 2,1 R P Listaning exercises, physical exerciset
NUM 1.1 R 0’ Rote counting, counting song, 1-5 :
NUM 2.1 M .0 Counting pictures, 1-3
BAS 3.1 Mo THC Identifying common objects
Nut 3.1 M -0 » Counting bottle caps, 1-3
Lesson 2 .
NUM 4.1 " 0. Counting pictures, 1-3
NUM 4.2 . - MC Counting pictures, 1-3
NUM 3.2 o Counting objects, 1-5
Lesson 3 T
BAS 1.?, R LB Listening exercises, general queauons
NUM 5.0 - TREE0Y Counting objects, 1-3 e
NUM 1.2 R ‘0 Rote counting, 1=5
NUM S 6l RYIREQ Successors of 1 and 2
BAS 2,2 R P Listening exercises
NUM 4.3 M N T Counting pictures, l=4
BAS 3.2 M MC- Identifying common objects
NUM b N . MC Counting pictures, 1=3
Lesson 4 I o
NUM 1.3 ll‘ 0 ' Rote counting, 1-5, with song
NUM 3.3 M :0.%: i Counting objects, l-4
NM 2.2 M 20 Counting pictures, 1l-4
BAS 3.3 o ‘MC’ Identifying common objects :
NUM 45 M TMC- . Counting pictures, 1-4 o
Lesson 5 . ,
NUM 5.2 R- - Counting objects, 1-4
NUM 1.4 R Rote counting, 1-5
NUM 7.1 . R Successors, 1-4
BAS 2.3 R Listening exercises
BAS 3.4 M Identifying common objects
NUM 4,6 M Counting pictures, 1-4
NUM 4,7 M Counting pictures, l-4
. Lesson 6 '
NUM 2.4 R Listening exercises
NUM 8.1 Rote counting, 1-10, with aong
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"Rote.counting, 1-10
“Successors, 1-4 ‘
“1dentifying common objecta
CQunting objects, 1-4

NUM o Céunting objects, 1-4

NUH‘>~1- 0 Rote counting, 1-10

BAS . MC Identifying common objects
NUM w1 vMC.; .-~ Counting pictures, l-4

NUM ?‘ 1 ~MC .- - Counting pictures, 1-4 .-
Lesson 8 5 ‘

Listening exercises

Rote counting, 1-10, with song
. Rote counting, 1-10
Successors, 1=5

Reading numerals, 1-2

Counting pictures, l-4

Reading numerals, 1=2 :
Identifying common objects ;.
Reading numerals, 1-2

Counting objects, 1-4

REZXEmmRRE

0 Rote counting, 1-10
20 Reading numerals, 1-2
"MC..;  Reading numerals, 1-2
0 Counting pictures, 1~4 ,
MC Identifying common objects
0 Counting objects, l-4

Listening exercises
Rote counting, 1-10
Successors, 1-6

. Counting pictures, l-4

" Reading numerals, 1-3
Counting pictures, l-4
Reading numerals, 1-3
Counting objects, 1=5

ocomoxoow ., ¢
. =Dt = P
R R
-3 ;

..0,P.. . Preparation for addition
~0,P. . Oral story problems, using bottle caps ;. :
0. .  Successors, l=5 ’
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Lesson 12

NUM 17.2
NUM 20.1
APL 1.2
NUM 2.1
NUM 21.2
BAS 3.10
NUM: 22,1
NUM 19.2
Lesson 13
NI 17,
suM L,
APL - 1,
NUM - 23,
NUM .. 24,
-BAS - 3.1
NM 19,
NM 15,2

2601
o232
L4
27,1
28,1

3.12

- 29.1.
al.1

Lesson 15

- NUM
NUM
APL
BAS
Nt

6.
2'
1

26.2
32,1 .
L5 .7
3,13
30». 2 Gl

T xEmzmEEx

EXREREmmmm .

ExzzEE=x®

Zmmmm
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«0 ;.:+ Rote counting, 1-13
‘0,P. - Counting objects, 1-5

0 . Reading numerals, 1-3
. MC Circling picture with numeral,: 1-3~
D Drawing number of balls, 1-3 :
MC Identifying common objects

N Write numerals, 1-3, copying

" Rote counting, 1-13
Counting bottle caps, 1l=6
Addition stery problems
Reading numerals, 1-4
Reading numerals, l-4 :
Identification of common objects
Reading numerals, 1-3 -
Write numerals, 1-3, copying

207i*  Rote counting, 1=13
0,P: - Preparation for addition
~OyP- - Oral story problems, using bottle caps
.0 1 Successors, 1=7 ,
-0 Reading numerals, 1-5
MC Identification of common objecta
N Writing numerals, 1-3, copying
- MC- Counting pictures, 1-~4 .
3 Reading numerals, l-4
0 -Counting objects, 1«6 -

Rote counting, l-15
.- Successors, 1-7

Oral story problems
. Counting objects, 1-7

-7 ‘Reading numerals, 1-6
c Identification of objects -
" Write numerals, 1-5, copying . .
-Write numerals, )-3, from dictatiol
Reading numerals, 1-5 :

‘omzmZEocooo

Rote counting, 1~-15
Successors, 1-8

“"- Oral story problems, addition
" Identify objects S

“ Write numerals from dictation, l-3§
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.Reading numerals 1-5

R T A , o
- Hrite numerals, 1-5, copying

29 0'2" ’ " .
3310 ‘ 'Reading numerals, l~7-

4,27 2;v" * Counting objects, 1-7
Lesson 16
SUH‘ e 1 3,+ i fPreparation for addition. using

T .- fingers :

NIM 341 R . .Rote counting, 1=20, twice
NUM  35.1. - R. 0 " Successors, 1=9
NUM - 36:1- .- +RY -Reading numerals, 1-5 ° -
NUM - 37.1.- R = N Write numerals from- dictation. 1-5
NUM . 38,1 R D Counting 1-3 *
NUM - 39,1 R .0,MC  Ordinals, first, second
NUM 31,3 M.ouieiD vt . Reeding numerals 1=5 -
NUM. .- 40,1 ."M::i+ 0.t ;. : Resding numerals, 1-9 -
NUM 41,1 M: o O,P Counting objects, 1-10" -
Lesson 17 ‘
NUH v 34 20 Rote counting, 1-20
NUM - . 40,27 " Reading numerals 1-9
NUM - 31047 :’Reading numerals, 1-5 -
NI 42,1 ‘Counting pictures 1-5
NUM - 43,1 . Write numerals, 1-9, copying
NUM 41,2 ‘ Counting objects, 1-10

Léssbn‘lglgVng,s

,u,-Ptepstation for addition, using fingers

N - i .Rote counting, 1-20 -~ LA
NUM . -~ Succesgsors 1-10
NIM ::Write numeralg from dictstion, 1-6
NUM i+ Successors l-4- :
NI ~'Ordinals, lst and 2nd, using pictuteu .
st - Preparation for addition, drauing ballsi

and counting them i
NUM Reading numerals, 1-7 %
NUM Reading numerals, 1-9, using cardsin
NUM - - Counting objects, 1-10 - - ..i  ©.*

AL T

Rote counting, 1-20
Counting objects, 1-10-
Reading numerals, 1-9
Reading numerals 1-3.

‘ Counting pictures 1-6 :
Write numerals 1-9, copying
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'Leoaon 23 ST

. Lesson 20

L R WEDIWW
—_r— e O WS
v

NI 'f'57;tl;'f"
APL 2,1

o L - R

XXX mwmmm ™

. opzmwzI=ZO0O0:

‘\Preparation for addition,’ wit‘yfingera‘

-
;'ﬂv'

-
-

. Counting pictures 1-9.: ;
Completing number seriee‘l -

- THE 'RADIO MATHEMATICS PROJECT

Rote counting, 1-20, twice
Successors, 1-10
Successors, 1-5
Reading numerals, 1=7 -
Write numerals from dictation. 1-7
Reading numerals, 1-4 .
Counting pictures 1-7

Counting objects, 1-10 »

Oral, story problems, 1 =< a + b -< Sy

’Rote counting, 1-30 :
- Preparation for addition, with fingero

Review Ve
Preparation for orel addition counting
pictures
Successors, l=4

Which picture has more objecta, 1-4

Rote counting, 1-30 .
Oral problems, using fingera. e
l=<a+bmch, 1 =<a, bu<3

_Preparation for addition, using fingers
. .. Preparation for addition, counting L
pictures

Successors, l-7

" Picture that has more. objecta,‘l-4

Preparation for addition .

. Number series completion, l=4

. Rote.counting, 1020 ERI
Oral story problems, 2 =<.a + b =< 6
" ...Preparation for addition R

Oral addition, written response,
1 =s<a+be=<y e
Successors, 1-8 :

Which picture has more. 1-5
Counting pictures 1-9 :

Number series completion, 4
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Lenaon 24 -

NUH. 7“51.3 R 1Rote counting. 1=30"

APL® 2,2 "R ral story ptoblems. vith finge s
o BRI R "2 w¢atbe<t L
suM - - 6.2 R N “".Oral addition 1 =< a +b =ng 4

NUM 6l.1 R- _MC > Which picture has less. 1*4

NUM 56.2. R Nt Successors 1=7 -

NUM - .62.1 R Y0~ -Successors, 1=5

NUM - 60.2 - M- N Counting objects 1«9’

NUM 55.4 - M "~ N Successors 1-%

Lesson 25

NUM 63.1 R 0 . Rote counting, 10-20 and 20-30 1
SUM 7.1 R 0,N+ - Vertical addition, 1 =< a +'b -< 4 :
NUM 64.1 R ‘MC "~ More and less (pictures) '
NUM 58.2 R MC: 7 Successors, l=-8 :

NUM 62,27 R #07 ~ Successors 1-5

NUM 60.3- M N " :Counting pictures 1-9

NUM 55.5 . M *N .. Successors l-4

Lesson 26 . .. "

NUM 63.2 - R. 0 - - Rote counting, 20-30

TST 2.1 R N,MC - Review ‘ )

SUM 8.1 R O,N - Vertical addition,,l 23 a +b=<5 -
NUM . 65.1 R AMC+ . * Counting pictures, 0-9

NUM " 66.1. " M. i | ‘-Successors, 1-8

NUM - © - 60.4 ~ Mo SN *'COunting pictutes 1-9

Rote ¢ounting/10-20. 20-30" '
.- Oral  story problems, 2 =< a + b we 6
é~Vertica1 addition, 2 =< a + b -< 5
"~ More and less, l-6 :
-+, Counting pictures 0-9
~Counting pictures l-9
Lo Rote counting. 1-40

P 0

Rote counting, 10-20, 30-&0
~Vertical addition, 2 =< a + b -< 5
. Oral addition
+2 m¢ a'd b =<5
..Reading numerals 0-9 .

"Counting plctures 0-9 :

Successors 1-8 :

Counting pictures 1-9
. Reading numerals 0-9, with cards
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‘Lasson 29

NIM 69,2 R .0 Rote counting, 30-40
‘APL 3.2 R " 0-- . Oral story problems
SUM 10.1 R D,N Verticul addition, 2 =< a+ b =< 8,
SRR L 1 =< a' =< 5
- NUM 72.1 R MC More and less, 1-6
NUWM 73.1 R0, ‘N Write numerals from dictanion. 0-9
SUM 10.2 M . N Vertical addition, 2 =< a F b =< 8
M N ' . Write numerals 0-9, copyimy -

N 740
- Lesson _3&

CoNm L 69.3

, R . .. Rote counting, 20-30 e
COSUM 7510637 - R Vertical addition, 2 =< a + b =¢ 8,
S R LR B 1w a,b=<h

- NUM- - 72,2 R More and less, 1-6 . :
o SUMTT T 9.2 R Oral addition, written response, .

Sl el e 2=<a+b=<5

SRUM: . 73.2° R - RN . Writing numerals from dicution. 0-9
COONUMo - 66:3 0 M N Successors 1-8

M N Vertical addition, 2 =< a +‘b:;-< 9.

st 1Ll
el 1=<a, b=<5

" Lesson 31 -

C N 75.1 Counting sounds, n =< 5

R .0 . L
NUM ' 69.4 R . .0 ' . Rote counting, 10-20, 20—30. 30-4 :
SUM . 12,1 . R .0, Oral addition, 2 =< a+b-< 7, l-\ -y
; h=<5 :
IST - 31 R Var Review
NM 76,1 R . Successors 1-8
NUM - © 66,4 -R/Mi . N .. ~  Successors 1-8
NIM o712 M s 0 Reading numerals 0-9, v:lth cards
M 0 Rote counting, 1-50 :

NIRL ‘;; e 77-

‘Leuon 32
‘APL;:'; v I Oral story problems, 2 =< i +b-<6¢
SUM:- - 12,2070 Oral addition 2 =< a + b =< 7. 18 -< a.

Write numerals from dicution. 0-9'
More and less, 1-9

Vertical addition, 2 =< a + b -< 9.
l1n~ca, b=<8 .
Successors 1-8 )
Counting pictures -9 = .

Rote counting, 1-50, 30-50

Cmiz wEm owm

220



- APPENDIX ¥

Lesszon 33

APL 3.4 l 0 . Oral story problems, 2 =< a + b =¢ 6;:

SUM 15.1 R o Oral addition, 2 =< a + b =< 7, | =< 3,

. ; b=<¢5$ s

S 15.1 ‘R o,N Preparation for addition with zero

N 78.2° R R Counting pictures 0-9

ROM 79.1 R O,N Counting elements of a subset,

. N<H=<9

N 80.1 L 3 B+ More and less, 1-9

SUM 13.2 n - N Vertical addition, 2 =< a + b =< 9,
l1w<a, b=<cg ,

NI 81.1 M. 0 Rote counting, a0 to b0, b =< S,
bwa+ i

Lesson 34

RM 82.1 R o Successors 1-9

NUM 75.2 R 0 Counting sounds, n =< S

Num 83.1 R MC Introiluction to greater than

N 79.2 R N Counting element: in a subset n < m=¢ 9

St 16.1 R R Oral \ddition, 2 sc a + bu<c 7, | =< g,

‘ b~<§

APL 4.1 R 0,8 Oral sicry problemy, 2 =< a8 + b =< 6

SuM 13.3 .} /] Vertical addition

L {1 84.1 M 0 Successors of 9-19

Lesson 35

N 85.1 R 0 Successors 9-:9

BAS 4.1 R 0 Sufficiency, s =< n

Sun 15.2 R ] Preparation for adding with zero

N 83.2 R MC,0 Introduction to greater than

suM 16.2 R N Oral addition, 2 «< a + b=¢ 7, 1 =< a,
b=<5

APL 4.2 R ) Oral story problems, 2 =C¢ a8 + b =< 6 .

111 84,2 M Var Successors 1-19

Lesson 36 ‘

N M 86.1 R 0 Counting sounds, 1-7

11| 70.2 R MC Reading anumerals, 0-9

S 17.1 R N Oral addition

ST 4.1 R Var Review o

SUM 18.1 R/ N Vertical addition, 1 =< a + b =< 9.

R 8r1.1 M 1] Rote couting 1-60 o

R 88.1 M o,P Counting objects, 10-20

Lesson 37

N 81.2 n o Rote counting a0-b0, b =< 6, b = a +'1

LIt 8%.1 R ‘e Circling the largest aumeral, 1-9 -~
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st 17.2
N 70.3
APL 4.3
SUM 18.2
NUM 78.3
NN 81,3

Lesson 38

NUM 86,2
SUM 19.1
N 13.4
NN 90.1
APL h. 4
NUM 76.2
NN 78.4
SUH 18.3
Lesson 39
NUM 9.1
N 92.1
APL 4.5
APL 5.1
NIM 66.6
NIM 18,5
NN 18.4
NI 87.2
Lesson 40
N 8l.4
BAS 4.2
HN 93.1
APL 5.1
SUM 19.2
s 20.1
APL 7.1
Lesson 41
NUM 9.1
SUM 19.3
LU 79.3
8T 5.1
N 95.1

X® ® =Dm®™® N3

<L X RR2R® ::2%”
x

nwe»

TXXTO®™
S
x
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zzzzgzco COCRERXI=

OZZEZEX®E®XIO
(1] (1] R

00 © 000 ©Oo

Oral sddition, 2 o< a + b u¢ ?
Reading numerals, circling

Oral story problemas, 2 »< a + b =< 6§
Vertical addition, 1 =< a + b =¢c 9
Counting pictures

Rote counting a0=-b0, b =< 6, b » a + 1

Counting sounds, n =< 7

Oral addition

Heiting numerals from dicration, 0-9
Less, 1-5

Oral story problems, 2 »¢ a + b =< 6
Succeusors, 1-8 .
Countisg pictures, 0-9

Vertical addition, ] =< a + b =¢ 9

Successors, 1-29

Yore snd less, 1-5 N
Oral story problems, 2 =< a + b.=g 6
Honey, §1, $2, §5 :
Successors, -8

Counting pictures, 0-9 L
Vertical addition, | «< a + b =< 9
Rote counting, 1-60

Counting sounds, n =< 7 _
Rote counting, a0 to b0, b =< 6,
bea+l

~-Sufficiency
" Successors, 1-29

Oral subtraction problems, a = b,
le<bcanch

Oral addition

2o a+hbacH

Oral addition, a + 0, b + 0
Honey, playing store

' Successors 1-39

Oral wddition, 2 =< a + b =< 9
Counting elements in a subset,
n<m=<9

Test : .
Reading and copying numerals, 10-13
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NUR{ 86.1 R ‘0,MC Reading numerals, 10-13

SUM 18.5 M O,N Vertical addition, 1 =< a + b =< 9,

| O0=<a,b=<9

KU 81.5 M 0 Rote counting, a0-b0, b =< 7, b = g ¢ 1

N 97.1 M o Counting objects, 1-20

Lesson 42

NUM 86.4 R 0 Counting sounds, 1-7

NUM 81.6 R 0 Rote counting, a0 ab0, b =< 7, b = a 41

NUM 98.1 R 0 Greater and less, l-5

SUM 19.4 R 0 Oral addition, 2 «< a + b =< 9

NUM 99.1 R N Writing numerals, 10-13, from dictation

APL 8.1 R N Oral story problems, addition

NUM 95.2 R/M O,N Reading and copying numerals, 10-13

SUM 18.6 M N Vertical addition, | =< a + b =< 9,
0=<a,buc9

NUM 100.1 M (4] Reading numerals, 0-13, with cards

Lesson 43

APL 9.1 R 0 Oral story problems, addition and
subtraction

NUM lol.1 R MC More and less, emphasis on zero

APL 10.1 R MC $1, $2, $5 bills, circling :

SUM 21.1 R N Oral addition, 2 =< a + b =< 9, |1 =< a;
b =<5h i

NUM 99.2 R N Writing numerals from dictation, 10-13.

NUM 96.2 R MC Reading numerals, 10-13

SUM 22.1 R o,MC Reading addition exercises

NUM 95.3 M N Copying numerals, 10-13

NUM 102.1 M 0 Rote counting 1-70

NUM 97.2 M 0 Counting objects, 1-20

Lesson 44

N 103.1 R MC Greater and less, 0-9

NUH 79.4 R N Counting elemests in a subset,
n<m=<9

APL 11.1 R MC Hore and less, §1, $2, $5 bills

APL 8.2 R N Oral story problems, addition

NUM 104.1 R MC Reading numerals, 10-15

SUM 22,2 R 0,MC Reeding addition exercises

NUM 105.1 M 0 Reading numerals, 0-15, with cards

NUM 8l.7 H 0 Rote counting, a0 ab0, b =< 7, b= g+ 1

Lesson &5 ‘

NUM 9.2 R 0 Successors, -39

APL 9.2 R o Oral story problems, addition and
subtraction
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NUM
NUM
NUM
SUM

APL

104.2
106.1
107.1

21.2

7.2

Lesson 46

NUM 108.1
TST 6.1
NUM 109.1
NUM 107.2
NUM 110.1
NUM 106.2
SUM 18.7
NUM 111.1
NUM 112.1
NUM 105.2
Lesson 47

APL 9.3
NUM 113.1
SUM 23.1
NUM  108.2
NUM 110.2
NUM 114.1
APL 12.1
NUM 115.1
SUM 18.8
SUM 116.1
NUM 117.1
Lesson 48

RES 1.1
NUM 118.1
NUM 119.1
SUH . 21.3
suM 22.3
NI 120.1
NUM 121.1
APL 13.1
Lesson 49

RES 1.2

z x = xm e

TXTXDDIDTOTD

S~

XX OOBAORDD

XTXoP® W™ =
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MC
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MC
N
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P,0

Reading numerals, 10-15 :

Writing numerals, 10-15, from diccatiot
Greatcr ond less, 0-9

Oral addition, 2 =< a + b =< 9, I"<1I|
b =<5 o
Playing store

Successors, 1-49

Test

Reading numerals, 0-9

Greater and less, 0-9

Reading numerals, 10-15 ST
Writing numerals from dictation. 10-15
Vertical additfon, 0 =< a + b =<9 -
Counting objects, 1-30 .
Rote counting, 1-80 I
Reading numerals, 0-15, with catds

Oral addition and subtraction problcns‘
Greater and less, 0-9
Oral addition, 1 =< a + b =< 9

Successors, 1-49

Reading numerals, 10-15

Writing numerals from dictation, 0_15,;
Money, $1, $2, $5, $10 bills -
Counting pictures 1-15 .

Vertical addition, 0 =< a + b =< 9
Counting objects, 1-~30 St

Rote counting, a0=b0, a =< 7, b = a‘f;l

Preparation for subtraction, with
bottle tops

Greater and less, 10-15

Reading numerals, 16-19

Oral addition, 1 =< a + b =< 9,
l=<a+b=<5

Reading addition exercises

Counting sounds, 1-7

Writing numerals, 10-19, copying
Money, playing store, $l. $2, 35. 810

Preparation for subtraction, with bottla
ctops
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UH 24,1 R 1 _Oral addition. 2wcn+l =< 29
™ - 119 2 R MC. - . Reading numerals, 16-19
UM 022,44 R 7'Hc . Reading addition exercises
we 122,10 R ~MC’:: ' Greater and less, 0-15 =
PL.  11.2° R~ MC'" .- Greater and less with bills -
M 115.2 . R/H_',"‘f’ N .- Counting pictures, 1-15. =~
UM 18,9 78 M v o N0 " Vertical addition, 1 =< a + b =<9 .
NUH 123 1 UM “0° - Reading numerals, 0-19, with cards
Leuon 50
P,0 " Oral addition, with fingers,

2w a+buc9, 1wca

0, - Counting sounds, l-7
MG - ‘Reading numerals, 0-19 :
‘N Writing numerals from dictation, 16-19
~“MC: .  More and less, 0-15 :
N Oral problems, addition and aubtraction‘”
N Vertical addition, | =< a + b =< 9. ’
0 Rote counting, a0 to bo. -< 7. '
b=sa+1l ’
0. Rote counting, 1-80 : . - .*:
(1 I Oral addition, 2 =< n + 1 m¢ 29
e ‘Addition and subtraction problems .. -
“P,0 - Oral addition, 1 =< & +’ b -<~;11‘; with'
».oi bottle tops
MC - . More and less, with bills
Var. Tert
N - Counting pictures, 1-15 R R
N.. Verticel addition, 0 =< a + b’ < 9
0! " Reading numerals, 0-19. w:lth cn‘da;
iP-. - Preparation for subtraction,.
1 =< a = b =< 8, with bottle caps "
\ ‘N- .Counting compliment of the: aub-et.,,_:
RN TR A Sk T lmep<me<9
‘NUM 7 124,2 ° R> MC.: Reading numerals, 0-19 -
APL. . 15,2 CRE MC:: More and less with $1, $2, 35. and'-
L o . 0o 810 bills :
sUM  -.28,1- ‘R:i:.0 N Oral addition, 1 =< a + b < 9
NUM 127.1 ° R/M:: N Successors, 1-14 . S
NUM - 115.4. - M.i5~  N:s Counting pictures, 1-15 i
NUM 1233 M 0. Read ing numerals, 0-19, with c‘l’dl‘
NM  117.30 0 Mi 0 Rote counting, a0 to b0, a ®<:7 -
SUM - 24,3 " M 0 Oral addition, 2 =<'n 4+ 1 =< 29
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Lesson 53

~ RES

SUM 29.1 R P,0  Oral addition, a + b = 10, with fingera
NM 124,.3 R MC Reading numerales, 0-19
NUM 128.1 R N Successors, 1-14
NUM 122.3 R MC More and less, 0-15
NUM 129.1° R N Writing numerals from dictation. 0-19 e
APL 16.1 R/M Oo,N Value of 2 bills together
NUM 130.1 ° ¥ 0 Rote counting, 1-100
NUM 131.1 M P,0 Counting objects, 1-40
SUM 30.0.1 M o Oral addition, 10 + a
Lesson 54
SUM 30.1 R 0 Oral addition, 10 + a
NUM 133.1 . R 0. Rote counting, a0 to b0, a -< 9
NM 122.4 R - MC More and less, 0-15
NM - 126.2 - R SN Counting compliment of the subset:,
l=<na<m=<9
APL 14,2 R N, Addition and subtraction problems
NUM 129.2 R N Writing numerals from dictation, 0~19.
APL 16.2 R/M .. O,N Value of 2 bills together. $1. 32, $5
NUM 130.2 M0 Rote counting, 1-100 . oo
NUM 123,4 M 0 Reading numerals, 0-19, with cards -
Lesson 55 .
APL . 17.1 R () Days of the week ' v
SUM 3l.1 R~ 0 -Oral addition, 1 =< a + b =< 9
NUM. - 132,1° R 0. Succesarors, 1-69
‘1.4 R P,0 Preparation for subt:tact:lon. S
o 1 m<a-b=<8, 2 =<a=<9, with
T BT bottle caps i
‘NUM-. 132,224 R 0 Successors, 1-69 .
StM - 24,2 "R (o] Oral addition, n + 1, n =< 28
NUM - 131.2 M 0 Counting objects, 1-40
APL 17.2 M 0 Days of the week
Nln{ 132 3 M 0 Successors, 1~69
Leuon 56
SUM 31,2 R 7.0, - Oral addition, 1 =< a + b =¢ 9 =
NM . 1341 R . .. MC . Reading numerals, 20-24
8T 8.1 R . Var . Test
APL 14.3 R . "2 "N.  ° Addition and subtraction. problems
NIM . 115.5 R/M . LN - Counting pictures, l-15 R o
NI 135.1 . M. L0 Reading numerals, 0-=24, with cards
NUM 130.3. - M 0 Rote counting, 1-100 R R SR
M:: 0. ‘Oral addition, 16 =< uo +b -< 29. i

e l =< anc2
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Lesson 57

NU 1361
RES ‘f /i 5
nm 131
NUM - - 138.1:
SUM 28,2
SUM 32.1
NUM - 144,17
NUM 139.1
'NUM - 135.2°
1NUH. »136.2
Leason 58
NUM 136 3
NUM ‘-133{2
NM . 13702
NUM . 138.2
SUM . 34.1
I'APL ~ -+ 16.3
NUM - 135.3
NUM 136'4'
Leaaon 59
APL[”‘- 9.5
'RBS 2.1
: sm‘f -35.1

_1140._A

ExzzmmEs

XS EEEE TR N

o .

. o~ B
R

r=o

ozzZmERZ=Z

M
VN
,‘.N
N
.0

0

AL

C

“Writing numerals from dictotion.
< Oral ‘addition, 10 + a ° R

~Reading numerals, 0-29, with: cards:

APPENDIE R

Rote counting

?Preparation for subtraction. P

1'm¢ g = b =<8, 2 =< a =< 9. with

"bottle caps

Reading numerals, 20-24 e R
Writing numerals from dictétion;‘20i26ﬁ
Oral addition, 1 =< a + b =< 9 - T
‘Oral addition, 2 =< n + 1 -< 19
Counting pictures, n =< 19 -

Writing numerals, copying, 20-24
Readi{ng numerals, 0-24, with carda

Rote counting Al

Rote counting

‘Oral addition, 16 n< ao + b -< 29,
Rote counting, a0 to b0 IR
Reading numerals, 20-24

Value of bills together, $l. $2. $5

Rote counting,

wy*Addition and aubtraction ptoblems ]

“-Subtraction, 1 =< a -< 5 b - l. ‘with'
,fingets ;. R

~Oral‘addition, a0 + b, a 9<

‘Reading numerals, 25-29 - -
Writing numerals from: dictation. 2024
More or less with bills, $1, '$2, §5

"Value of bills together, . $1. $2. 35

COunting objects, 1-40 .
Reading numerala, 0-29. uith catds’

'Days of the week :
‘Counting compliment of a subset.
limg N m¢ M =< 9

Writing numerals from dictation. 0-293

-Oral addition, 16 =< a0 + b =< 29
‘More and less than, 0-15 .
‘Value of 2 to 10 bills together

Y

Counting pictures, 1-15 - 7 ("
Writing numerals, 20-29, copying
Days of the week
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“Lesson 61

‘ RBS R, ..P,0  .Subtraction,.l =< a ~ b=<4,,
Lo o 1 =< a =< 5, with fingers.
Nuu 145 ) R ¥ ‘MC. .. More and less, 10-19 = =
TST 9.1 R ~Var. .. . Test
NUM.- - 147.1 ‘R . =N . . Weiting numerals from dictation, 10-29
NUM 146.1. R . .. 'MC .- Reading numerals, 0-29 :
‘NUM 148,1 - R/M . 1 - Counting pictures, 1-25 - .-
StM 37,1 - M. . ... - Oral addition, 10 + a, with materialo
NUM 131, lo M. .0 ..  Counting objects, 1-40
Lesson 62
‘NUH; 136.5 R 0 Rote counting
suM 38,1 R o Oral addition, 10 + a, 20 +a .
RES' 3.2 - R P,0 . . Subtraction, a = b =1, 1 =< a =< 5,.:;
B IR TRt - 2, with fingers
NUM - 146.2 . R MC: Reading numerals, 0 - 29 . S
CNUM. 147, 2 R . Writing numerals from dictation. 0 -:29
v wlv R :MC ' - More and less, 0 - 19 :
M {0 Subtraction, 1 =< a = b =< lo.
s -] w¢ a =< 5, with materials
M .0 .. Counting objects, 1 - 40 )
M 0 . . Rote counting, with materials.
;"Le‘snon‘63v ‘
SUH . -39; l R 0 . - Oral addition, ab + 1, b =/ 9;
NI 150 1 SR MC -Preparation for fractions .
‘NUM * - '146,3 - R Mc Reading numerals, 0-29
»_NUH;” 15,1 R: N Successors, 1-28
cNUM- . 152,1 R MC More and less, 20-29
NUM.. . 148,2:-  R/M: N Counting pictures, 1-25- .
/SUH s ST 205 My N Vertical addition, 0 =< a & b -< 9
‘NUM . 136 7 M +0.: - Rote counting
Leuon 66 A 2o
NUHV 8646 . . R‘ 0. . Counting sounds
NUM 153.1 ‘R -0 More, 10-19
NUM 154.1 R “ Q.2 . . Successors, 1-98 ,
RES. - R Py - Oral subtraction, ! =< a «'b =< lo. :
,' o piai . 1'w¢ a =<5, with fingers '
NUM - R <0 More, 20-29
NUM R w0 Rote counting, 1-100 .
"RES’ M 0 Oral subtraction, 1 =< a - b -< 4. ,
o e 1 =< a =< 5, wich materials ... -
'NUM.. .-H PR Reading numerals, 0-29, with cards ‘
NUM M 205 Rote counting '
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l.e'ubni65 B
NUM 86 75 "R 10 Counting sounds, n =< 7.
suM - 40.1‘ SR NP Oral addition, ab + 1, b =/ 9
Nt 0 156.1: R MC. Preparation for fractions. -
RES 5 1L R N. Oral subtraction, 1 =< a = b =< 4,
’ﬂ L e ',"“",b»“_: K 1l = amech ) . o
N 157 1 R MC More and less, 0-29
NUM .. 158,1 " R/M: N Successors, 1-28 °* Rt
SUM .. : 27,3 7 M* 't N Vertical addition, 0 =< a + b=<¢ 9.
NUH‘ ; " 'M 2,04 Reading numerals, 0 - 29, with cards
Leuon 66 A
NUH” 136 9.‘55“3»-""'.R’. ~"0'"%  'Rote counting
ISUM.-- 4l.1 © R 0 - Oral addition, a0 + b, 1 =<' a =< &
NUM 159.1 o R MC Preparation for fractions. 1/2 and 1/3
NUM~ - 160.1: R " MC Reading numerals
SUM 20,4 M SN Vertical addition, 0 =< a + b -< 9
N 136,01 M ‘o Rote counting o
NUH" ki 161 1;‘,;7"&!1' L0 Counting objects, groupa of 1 -;
Lesson 67
RBS 46.1', “R" 220 ' Oral oubtraction, a-bw= l, l -< a =<5,
L T R with fingers
SUM ' 41.2. R 0 Oral addition, a0 + b, 1 =< a's¢ 4
NUM % -160.2. ‘R "MC: Reading numerals ,
NUM.. - 162,1- R’ N Writing numerals from dictation :
RES - 7.17 ‘R "N Oral subtraction, a <« b= |, | -< a -< 5' )
NUM . . 163 1. R MC . Reading numerals R
NUM f 164 I M -N . Writing numerals, copying =
SUM. ... 27,5 M7 N “Vertical addition, 0 =< a + b =< 9 R
SUM - 42.1: M -0 Oral addition, a0 + b. 1 =¢iaw< 4, wich,j‘
’ ’ materials
R Rote . counting
‘Re B Oral subtraction, 1 =<. 5 - b=g; lo. :
A ¢ ~1:m¢.b =< 4, with fingers "« .7 '
R N Oral addition, 10 =< a + b = 1
‘R, N Oral subtraction, 1 =< a-~ b =g 4. g
R l1=<a=<5h _ R
R, - MC Reading numerals i
R* N Oral addition, ab+ 1, b -/ 9
M- IN, ¢ Writing numerals, copying
M. Niw Counting pictures, 1-25 - .
M N Oral addition, 10 =< ait b -< 15, with“
materials
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"RES | 2.2

R (] Oral subtraction, a - 1 ='b,
: : ‘ o 1 =< a =< 5, with fingers
NUM 136.12 R-..-. 0, Rote counting
SUM . 45,1 ‘R* -0 Oral additfon, a9 + 1 ;
RES 3.4 R 0 Oral subtraction, | =< a - b -< 4.
i . 1 »< a =< 5, with fingers ., - .. .
R 0. - Successors, 1-98 S
- R 0 Oral addition, 10 =< a + b -< 11
M 0o Oral subtraction, |l =< g ~ b.=<. 4.
o 1 =< a =< 5, with bottle caps .
oM 0 Oral addition, a0 + b, 1 -< a -< 4.
A with materials -
M 0 Counting objects, groupa of 10 ¢
iR N Oral subtractiom, 1 =< a- b -< 5
R N Oral addition, a9 + 1 ' 5
~:Reo MG anmumfufmumm.UZNdUI
TR MC. ‘Reading numerals, 10, 20, . . .:,° 90"
‘R N Oral addition, 10 =< a + b =< 11,

‘ - - RIM "N Successors, 1-28 .
NUM,AQZI67;leﬁfu’gfafgen . Weiting numerals, copying, -

B . . i 'A"' S . lo. 20. s s e 9 90 . .

NUM - :136.13. 'M 0. Rote counting ‘ -

SUM . 44,2 M ‘0. ... . Oral addition, 10 < a + b -<’ 15. withc
k nmaterials

Lesson. 71 8

NUH 136 14 i 0 Rote counting

RES 10.13 _  o .0 - Oral subtraction, | =< a - 1 -< 8.

3 p : ‘2 =< a =< 10, with fingers =~ .
SN 48,1 R 0 Oral addition, 1 =< a + b -<75v -
NUM 4166 2. R ‘MC Reading numerals, 10, 20, ... )
NUH,";159;3 L MC Preparation for fractions, 1/2,' /137
IST- - 1L1 7 RO .Var Test SRR
NOM - ﬂ}lﬁs;lgn* N+ .. Writing numerals from dictation
NUM . 158.2 Nes Successors, 1-28 : -
SUM- " 27.6.. M. N Vertical addition, 0 =< a +:b =< 9
,NUH 136 15 ‘H=] :0;-:. . Rote counting
Lesson 72
UM, R 0; -Oral addition, 0 =< a * bv =< 123
NUM. R 0, :Successors, a9 e
SUM ... o+ R. 0 :Oral addition, a9 + 1 -

RE§ .7 R 0 :Oral subtraction, 1 -< a - 1 -< 8,

2.=< a=< 10
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Lesson
RES

NUM
NUM
RES

NUM
NUM
NUM
SUM

NUM

Lesson

NUM
NUM
NUM
RES

NUM
NUM

APL
NUM
NUM

Lesson

169.1
13.2

3

10.3

170.1
166.3
171.1
172.1

50.1
173.1
19.3
27.7
161.3
174.1

14

15

154.4
178.1
179.1

5.4

180.1
172.2

19.4
181.1
161.4
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APPENDIX F

0 Rote counting, N to M
0 Playing store
P,0 Oral subtraction, 1 =< a - 1 =< 8,
2 =< a =< 10, with bottle caps
0 Counting sounds, n =< 15
MC Reading numerals, 10, 20, . . . , 90
MC Fractions, 1/2, 1/3
N Writing numerals from dictation,

10, 20, . . . , 90
N Oral addition, 0 =< a + b =< 12
N Counting pictures, groups of 10
N Value of bills together, 2-10 bills
N Vertical addition, 0 =< a + b =< 9
0 Counting objects, groups of 10
P Preparation for fractions, dividing
figures in half

-
o

0 Oral subtraction, a = b = 1,
2 =< a =< 10, with fingers

MC Reading numerals, 30-39

MC Fractions, 1/2, 1/3

N Oral subtraction, | =< a - 1 =< 8,
2 =< a =< 10

MC Reading numerals, 30-39

N Counting pictures, groups of 10

N Writing numerals, copying, 30-39

0 Addition, 10 =< a + b =< 15, with
materials

P,0 Preparation for fractions, dividing
figures in thirds

0 Successors, 1-98

MC Reading numerals, 40-49

MC Fractions, 1/2, 1/3

N Subtraction, 1 =< a - b =< 4§,
l =< am<h

MC Reading numerals, 40-49

N Writing numerals from dictation,
10.20.....90

N Value of bills together, 2 tv 10 bille

N Writing numerals, copying, 40-49

0 Counting objects, groups of 10
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~Lesson 76" ’

Oral subtraction, a = b = 5,
1 =< a =< 10, with fingers
Reading numerals, 50-59
- ‘Test . . A
- Oral subtraction, a ~ b = 5. 1 =<'g =g
Vertical subtraction, 1 =< a ='b =< 4y
1 =< a =¢ 5 G e

fﬁbﬂ? Fiéﬁgié v‘- Sequences, 1-10
‘NUM. 173.3 Counting pictures, groups of 10

UM 18431 - Reading numerals, 0-59, with cards

‘Lesson 77

RES 0 _Oral subtraction, 1 =<ia = |.=<'8,
+2.m¢ g =< 10
" APL 70 »:Days-of the week
NUM M . Reading numerals, 50-59 .
“NUM N - Writing numerals, 50-59, from dictation
NUM MG Fractions, 1/2, 1/3 ERpanITS
RES N Oral subtraction,. ]l =< a - b =< 4. o
S ‘]1.m¢ g =< 5 E '
NUM . :MC_:  Reading numerals, 10, 20, . . . v 90
APL ‘N Value of groups of bills ',u*‘
APL : 0 Days of the week P v
NUM 0 Counting, 10, 20, 30. 40. 50. with ,
materials
0 Oral subtraction, 5 =<'a = b =< 8, -
6 =<.a w< 10, with bottle caps o
MC - Reading numerals, 10, 20, . .., 90°
N Writing numerals from dictation,
10.20'009'90 .
MC Reading numerals, 50-59
MC Fractions, 1/2, 1/3, /4
‘N Vertical subtraction. 1 =< a - b -<'4.
l=¢am<s : ! E :
N Counting pictures, groups of 10
N: . Vertical subtraction, 1 -<va~- b -< 4
U 1l ¢ g g5 2 :
‘P,0 Fractions, counting figurea}inwthirda\~
- and ‘fourths '
N Hriting numerala. 50 59. fromfdictation

P,0 Oral subtraction, 5 =< a’'- b =< 8.
6,-< a =< 10, 'with bottie capa

fz':izf}'
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APPENDIXF: -

'Ozai addition, 0 =< N + 1. -< 99,
.Oral addition, 0 =< .a +'b =¢:13:

10, 20 . . ., 90

Rote" counting. by 2’s," 2-10
Order of days of the week:.

Oral subtraction, 5 =<- a =
6 =<.a=< 0 -
Rote counting, by 2 a. 2-10

Reading ~umerala. 0-59. with catdaff

iAo

Oral. subtraction, 5 -<“h‘#
6 =< a =< 10 -

Reading numerals, 60-69
Oral addition, a0 + b .'ff"‘ T
Writing numerals from dictation,

6 =< a=< 10 - Co
Sequences, 1-10 o
Vertical subtraction, 1
]l =< amn<h ‘
Order of days.of the week S
Reading numerals, 60-69, with cards

Oral subtraction, 5 =< a-=. b -< 8.

6 =< a =< 10

Oral addition, 0 =< a + b -< 13
Reading numerals, 0-69 K

Test I
Vertical subtraction. l u< a - l -< 8
Reading subtraction exerciaea :
Sequences, 1-50 .
Vertical subttaction,is -< a
6 =< am<9 : :

:Reading numerals, 0-69. with cards

>0ral subtraction,‘l -b=0,

- Successors, a9 S
Predecessors, 2-9

1 =< a =< 10, with bottle capbl

Vertical addition and aubttaccion
Counting by 10°s, 10-60 "
Successors, 1~38

Successors, 1-50 S

Counting by 10°s, 10-60
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Lesson 83 -

N
APL
RES
NUM
SUM
NUM
RES

APL

N
N

Lesson &%

RES

N
HEZ

N
RES .

RES

22,1
22.2

195.2
54.1

199.1
23.1

22.1

1.2
. 187.2

173.6
201.1

Lesson 85

RES

NUM
SUM
NIM
Nuet
SUM
NUM
MEZ
NUM
NUM

Lesson 86

NUM
ST

2051

26.1

.201.1
33.2
202.1
203.1
40.3
187.3
1.3
197.2
199.3

27.1
20815
2l

SR U 9 1

154.5

199.2 -
©193.2

26,5

25.1
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" THE RADIO MATHEMATICS PROJECT

Successors, 1-99

lore and less, units of time

Oral subtraction, 1 - b =0, 1 =< g =<
Predecessors, 2-9

Oral addition, 0 =< a + b =< 1§
Rote counting, by 2°s, 2-20

Oral subtraction, 0 =< a - b =< 4§,
1 =< a =< 5, with fingers

More and less, units of time

Rote counting, by 2°s, 2-20
Reading numerals, 0-69, with cards

Oral subtraction, 1 =< a - 0 =< 9
Reading nwmerals, 70-79

Vertical addition and subtraction
Fractions, 1/2, 1/3, 1/4

Oral subtraction, 0 =< a = b =< 4,

1 =< a=n<h

Vertical subtraction, 5 =< a2 - b =< 9,
6 =< g =<9

Counting by 10°s, 10-60

Reading nunerals, 60-79, with cards

Oral subtraction, a - 0 a - a,

1 =< a=<c10 N
Writing numerals from dictation, 0-69
Oral addition, a0 + b '
Reading numerals, 0-79

Writing numerals from dictation, 0=79 -
Oral addition, 0 =< N + 1 =< 29
Fractions, 1/2, 1/3, 1/4

Vertical addition and subtraction
Successors, 1-38

Rote counting, by 2°s, 2-20

Oral subtraction, 0 =< 6 - a =< 6,
vith bottle caps ‘
Reading numerals, 80-89

Reading addition and subtraction
exercises '
Reading nwmerals, 80-%9

Test
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KM 206.1
rn»z L4
|
Lesson 87
SU 55.1
HUM 194.2
LLL] 195.3
RES 28.1
APL 23.1
MEZ 3.1
R 194.3
s 27.8
APL 24.1
Lesson 88
APL  205.1
N 207.1
NM  208.1
nM 20¢.1
RES 29.1
N 2]0.1
RES 30.1
L 211.1
Lesson 89
RES .
M 2122
SR 56.1
Rt 213.1
Nt 214.1
MEZ 4.1
R 215.2
APL 26.1
APL 27.1
Lesson 90
RES 2.1
' RES 33.1
Nt 213.2
NI 215.1
S 36.2

N N
n.. N
R i
R “ 0
R (4]
R 0
R 0
R (1]
M 0
] R
P.o
R MC
R N
R MC
R N
R . §
R/M R
M n
M
R (1]
R ~“MC
R R
R N
R .}
RN n
n (]
M 0
| PO
R 0
R B
R N
R N
r X

APPENDIX P

Successors, 1-48 )
Vertical addition and subtraction,
O0=<a+bacH

Oral addftion, 0 =c N + ] =< 49"
Successors, a9

Predecessors, 2-9 -
Oral subtraction, 0 =< 7 = b w¢ 7
Oral fraction probleas

Oral addition and subtraction,
O0=<a+b=clS 0wcawbhac 16,
0 =< auch

Succesors, a9

Vertical addftion, 0 =< a + b =c 9
Making change of S1¢

Identifying bills, $20, $50, $2, $5, Slo
Writing nunerals froa dictatton, 0-89
Reading nunerals, 90-99

Shading part of a figure, 1/2, 1/3, 1/4
Vertical subtraction, 0 =< § = a =¢ 3.
a=/0

Sequences of 10

Vertical subtrartfon, 0 =< a4 = b =¢ 4,
l=ca=c5, b0

Reading numerals, 0-99, with cavds

Oral subtraction, 0 =c g = b =¢ 7.

0 =< a=<?

Reading nunerals, 0-99

Horizontal addition, 0 »<c a + b =< 9
Predecessors, 1-9

Counting pictures, groups of 10, 10-50
Vertical addition and subtraction
Reading nunerals, 0-99

Months of the year

Bills, $20, $%0, S0

Oral subtraction, 0 =< 8 - b =¢c 8
Oral subtraction, 0 =< 7 - b w¢ 7
Predecessors, 2-9

Writing numerals from dictation, 0-99
Horizontal addition, 0 =< a + b =< 9
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N 210.2 R/H ] Sequences of 10 ; : o

RES = .1 H N Vertical snbzncuon. Saca~bucH,
S a<camcH

NUM 206.2 H N Successors, 1-48

Lesson 91

0 Oral addicion, O =< a + b =¢ |8

s 57.1 R

18T 15.1 R Var Test

N 216.) R #e Reading ounerals, 0-100

RES 35.1 R N Ural subtraction, (0 =< 8 -~ b =< §

NUM 217.1 R L] Uriting numerals [rom dictation, 0-100

s 58.1 R O, florfzontal addition, 0 =< 8 + | =< 49

NUM 18,1 R MC Hore and less, 0-100

HEZ 3.2 M ] Vertfcal addition and subtraction
a*buciS5 a~>bscH

NIM 219.1 M N Saquences, by 2°s, 2-10

NUM 220.1 o 0 Reading numerals, 0-100, with cards

Lesson 92

APL 14.4 R o Oral addition and subtracticon problua

APL 26,2 R o Honths of the year

Nt 199.4 0 Rote counting, by 2°s, 2-20

NUM 221.1 [ 3 0 Predecessors, 2-12

sut 58.1 R 0 Oral addition with 3 addends,
a+tbdb+c<|0

APL 26.3 N 0 Honths of the year

NUM 199.5 N (1] Rote counting, by 2°s, 2-20

RES 3.2 [} R Vertical subtraction, 0 =< a = b »¢ 9

leason 93

APL 26. 4 R ] Honths of the year

NUM 221.2 R 0 Predeceossorx, 2-12

S 59.1 R ] Vortical addition, a0 + b

Nt 209.2 R ] Shading part of a ligure, 1/2, 2/3, :IA

1) 2iv,2 R MC Reading nunerals, 0100

Nt 222.1 R N Countiny by 10°s, 10-50

Nt 198,2 R/M N Sequences

N 223.1 ] ] Successors, |-68

Nt 210.3 ] N Sequences, by 10°s, 10-100

NUM 220.2 M 0 Readicg mmerals, 0-i00, vith cards

Lasson 94

RES 36. 1 R 1] Oral subtraction, 0 »< a = b a< 8§

APL 9.6 R 0 Oral sddftion and subtraction problm

NI 213.3 ] Prodecessors, 2-9

NI 212.2 R N Nriting numerals from dictation, O-100
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1] 60.1 R o Vortical addition, ab + cd,
R : Os<hb+cucH
M 222.2 R/t O.N Counting by 10°s, 10-50
St . 60,2 (] ro Vertical addition, ab + ¢d,
0 =< b+ c =<9, with naterials

Lesson 95

RES 37.1 R 0 Oral subtraction, ab - 1

APL 14,5 R 0 Oral addition and subtractfon story
problems

sun 39.2 -] o, Horizontal addition, a0 + b

NUM 224.1 R o Shading in part of a figure, 1/2, 2/3,
3/4 :

114 225.1 R N Successors, a9

HEZ S.1 R N Oral addit{on and subtraction,
a+buc]5, a-bw<?H

Ll 219.2 [ N Sequences, by 2°s, 2-10

HURt 226, 1 L] N Predecossors, 2-9

HEZ 6.1 H N Vertical addftion and subtraction,

: a+bmwc |5 a-b=<9

Lesson 96

(1] 62.1 R 0 Oral addition, a + b + ¢ =< |2

Hu 227.1 R ] Rote counting, by 2°s, 2-50

RS 3.2 R 0o Oral subtraction, ab - |

L 216,2 R 0,tC Reading numerals, 0-100

RES 3s.1 R N Wlorizontal subtraction, a = b >= 9

18T 16.1 R Var Test

HUA 28,1 M N Prodecessors, 2-12 .

SuH 56.) " N Horizontal addition, 0 =< a + b =< 9

R 220.3 H 9 Reading nuscrals, 0-100, vith cards -

Lesscs 97

RES 3.1 R ] Oral subtra:tion, ab = b

NuM 229.1 R 0 Predecessors, 2-20

Nt 230.1 R 0 Which is more, 0-50

AM. 26.5 R 0 Months of the year

SUM 62.1 R )] Oral addition, a + b + ¢ =< ]2

Nt 227.2 R ] Rote counting, by 2°s, 2-20

APL 26,6 K 0 Honths of the year

NUM 220.4 " 0 fload ing nuncrals, 0-100, with cards

Lesson 98

HUM 231.1) R o,MC Otdinals, lst, 2nd, Jrd

N 232.2 R 0,4C More and less, 0-99

N 251.1 [ ] N Prodecessors, 2-12

NUH 217.) R ] Wciting nunccals from dictation, G-99

2



sSUM 63.1
NUM 234.1
s 56.4
SUM 64.1
Lesson 99

NUM 229.2
SUM 61.3
NUM 235.1
SUM 60.3
APL 28.1
NUM 38.2
NUM 234.2
APL 29.1
NUM 236.1
NUM 237.1

Lesson 100

SUM
NUM
LI
MED
APL
RES
sy

60.4
238.1
239.1

1.1

2902 '

38.3
64.1

Lesson 101

RES
NUM
NUM
TST
N
SUM
APL
NUM
SUM

37.3
240.1
241.1

17.1
242.1

65.1

1.2
243.1
60.5

Lesson 102

NUM
NUM
APL
NUM
SUM
NUM
RES
N

224.1
240.2
Jo.1
245.1
62.3
241.2
39.2
220.5

R/M
n
M
M

o
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O,N
N
N
0

MC
o,N
nuc

coxTZ=x=:

2=°=§§O°°

©ccoccocooo

Horizontal addition, ab + |
Sequences, by 2°s, 2-20

Horizontal addition, 0 =< a + b.=¢ 9.
Oral addition, a0 + b, with materials

Predecessors, 2-20

Vertical addition, ab + cd, a + b =<9
Fractions 1/2, 1/3 ‘
Oral addition, a0 + b

Identifying bills, $10, $20, $50, $100'
Horizontal subtraction, a » b=¢ 9 "
Sequences, by 2’s, 2-20

Value of bills together, a0 + b
Successors, 1-98

Ordinals, 1st to 3rd

Oral addition, a0 + b

Fractions, reading 1/2, 1/3

Counting by 10°s, 10-90

Measuring from 1 to 10 cm

Value of 2 bills together

Horizontal subtraction, a -~ b =<. b
Oral addition, a0 + b, with: uateriala~*

Oral subtraction, ab - 1
Predecessors, 2-50

Successors, a9

Test

Fractions, reading 1/2, 1/3, 1/4 .
Vertical addition, ab + c0, a +-c =< 9:
Measuring from 1 to 10 cm o
Predecessors, 2-20 ‘
Horizontal addicion, a0 + b

Less, 0-70

Predecessors, 2-50

Oral money problens, how much change
Rote counting, by 5’s, 5=50 .
Oral addition, with 2 or 3 addends
Successors, a9

Oral subtraction, ab - b

Reading numerals from cards, 0-100
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“APPENDIX P
Lési_b:i _19_3_ -

NUM 245.2.. R 0 ‘Rote counting, by 5’8, 5-50
RES 39,3 R . Oral subtraction, ab - b
SUM 66.1 'R =0 Oral addition, a0 + b
NUM 246,1 YR “MC Ordinals, lst to 5th
NUM  242.2. R "MC Fractions, reading 1/2, 1/3, 1/4
NUM 232.2 - R “MC -~ . More and less, 0-100
NUM 247.1 R Mc: Circle a group of 10 out of N,
‘ ' 11 =< N =< 19 ~

RES 38,4 M N Horizontal subtraction, 0 =< &= b -<' X
SuUM 67.1 -M - N Rorizontal addition, O =< a '+ b =< 12:%
NM 248,1 1] . N Successors, a9
Lesson 104
APL 14,6 R o . Oral additicn and subtraction
NUM 62.4 - R . 10 Oral addition, with 2 to 3 addends
NUM 246.2 R . 7 "MC. Ordinals, lat to 5th
NUM 224,2 R R Shading in various parts of figures
SUM 68.1 R N Vertical addition, ab + cd, b + d =<' 9
NUM 249.1 R ‘N Writing fractions, copying. 1/2, 1/3. 1/4
NM  239,2 R RN Counting 10‘s, 10-90
SUM 68,2 R/M: N Vertical addition, ab + cd, b + d =< 9
NUM 220.6 M 0 Reading numerals from carda. 0-100
Lessoz, 105 -+
RES  37.4 R L0 Oral subtraction, ab ~ a :
APL 30,2 R .0t Oral money problems, how much change
NM  239.3 R ‘N ' Counting 10°s, 10-90 :
N 224.3 R~ B Shading in various parts of figurea
NUM  ©247.2 ‘R ‘MC Circle a group of 10 out of " N. PR

S 2 ‘11 m¢ N =< 19 .
RES 385 R/M- N Horizontal subtraction, 0 =< a:s'b:
SUM 67.2 R/M N Horizontal addition, 0 =< a +: bw¢ 12°: °
NWM  249:2 ¢ ‘M. - N Writing fractions, copying. 1/2. 1/3 '31'/4 -
MED 1.3 M 0 - Measuring 1 to 10 em ERO
Lesson 106
RES 40.1 R ‘N Vertical subtraction, ab - cd >- lo
APL 31.1 R - MC Money, $5, $10, $25, $50 R
NI 232.3 R MG More and less, 0-100 - : %
s 69.1 R "N Horizontal addition, a + b + c -<
TST 18.1 R Var Test R
NUM 236.2 M. N Successors, 1-98
SUM 27.9 M N~ Vertical addition, a + b =<- 9

Mot N Vertical subtraction, a = b -<?9"

RES 411
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Lesson 107

sUM
suM
RES
NUM
NUM
RES
APL

NUM
NM

7.1
70.1
42.1
245.3
240.3
42,2
9.7

249.3
245.4

Lesson 108

SUM 72.1
NM  250.1
MED 2.1
RES 40.2
APL 32.1
NUM  247.3
SUM 62.2
SuM 72,2
Lesson 109

N 251.1
SUM 62.5
NIM 252.1
SUM 70.2
RES 42.3
RES 42.2
NM  241.3
NUM  253.1
stM 73.1
RES 38.6
Leason 110

NM  225.1
SUM 27.1
RES 41.2
NIM  247.4
NIM  265.2
MED 2,2
5UN 73.2
RES 38.7
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R/M
R/M
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Addition with objects, a + b + ¢ =<:15;

Oral addition, a + b =< 15

Oral subtraction, 0 =< a -~ b =< 9~

Rote counting, by 5°8, 5-50

Predecessors, 2-50

Oral subtraction, a - b =<9

Oral story problems, addition and .
subtraction

Writing fractions, copying, 1/2,. 1/3. a4

Rote counting, by 5°8, 3-50

coooc0O0O

o=

Vertical addition, a + b + ¢ -< 9
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

Horizontal addition, a + b + c -< 9
Vertical addition, a + b + ¢c =<' 9"’

-5 ZZZOZ=

More and less, 0-80

Oral addition with 2 or 3 addends.
a+b+c=<12

Predecessors, a0 to 50 "QT.;
Oral addition, a + b =< 15 " - =
Oral subtraction, 0 =< a - b =< 9
Oral subtraction, a = b =< 9
Successors, 99

Ordinals lat to 5th

Horizontal addition, a + b =< 15
Horizontal subtraction, a - b =<9

zzdooooo'oo

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

MC Which part of the figure is ahaded. 1/2.
v 1/3, 1/4

O,N Measuring with a ruler 1-10 cm

N Horizontal addition, a + b =< 15

N Horizontal subtraction, a - b -< ‘15

ZzZZX
1]
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©-256:1 5 M- N fPredecessors of 2-50
NUM - 249 lo AM N Writing fractions, copying;- l/2. 1/3.“‘1/4
Lesson. lll
NUM 252.2 R 0 Predecessors, a0 :
APL 33,1 R 0. Description of the face of a clock
NUM 257.1 R ‘MC 'ft;lecting a figute divided in: 1/2, 143,
- Cad s . 4
TST 19.1- "R . Var: ‘- Test - B g
Res 43,1 . "R- . N -Vertical aubtraction. ao - bO
N 247.5  CR/M- NG © Circling 10°s, 11 =< N =< 19,
NUM 258.1 M ' N: ' Sequences, by 5°s, 5«50 -
SUM 73.3 M N :Horizontal addition, a + b =<: 15
RES 38.8 '+ I N Horizontal subtraction, a = b =< 9
Lesson 112 o
SuM 71.2 R 0 - Addition with objects, a +. b + e -< 15;:.:”
NM  259.1 R o More and less, 0-99 '
suM 74,1 R 0 Oral addition, a + b =< 9 o
RES 43.1 R -0 Oral subtraction, a ~ b =< 9
NUM 154.6. - -R- -0 Successors, 1-98
NUM - 260.1 R 0 Predecessors, 2-99 ' ‘
suUM 62.6 . R -0 Oral addition with 2 or. 3 addenda.
o a+b+ec :

RES 42.5: - R~ o Oral subtraction, a - b ¢
APL 43,1 M Py0 Playing store or bank. with‘money
NUM 253.2 M 10 Ordinals, lst to Sth T
Lesson 113 L
NUM 154.7 . R ) - Successors, 1-98
NUM 260.2 - R 0: ' Predecessors, 2~99
APL 35.1- R 0. "Clock, hours
NM  262.1° . R MO .Circling the fraction that repreunta

: : L R the shaded part
SUM 68.3 R ‘N Vertical addition, ab + cd, b + d =< 9
RES 40,3 . R N Vertical subtraction, ab — ed >= 10
NUM 261.1 R - “MC Fractions, reading 1/2, 1/3, 1/4:
SUM 75.1 . “R/M. N . Horizontal addition, a + b +-c =< 12
NUM 263.1 M .. N Predecessors, a0 to 50 i
RES 38.9 | N Horizontal subtraction, a - b w9 -
Lesson 114
NUM 259.2 R 0 More and less, 0-99
SuM 68.4 R N Vertical addition, ab + cd, b + d =< 9
RES 40.4 R /N . . Vertical subtraction, ab - cd >= 10
NUM  257.2. R ‘MG . . Selecting the figure divided in 1/2,

T 113, 1/4
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Oral subtraction, a = b =< 9"
Measuring with a ruler 1-10 em:
Fractions, reading 1/2, 1/3, 114
Circling 10°s, a0 + b
Horizontal addition, a + b =< 15
Value of money, addition

XX mmm
‘ ke .
< S
. Z=Z
EE=Z=E=

Oral addition, a + b =< 9

" Oral subtraction, a - b =< 9
Value of money, addition
More and less, 0-100
Counting by 5°s, 5=50
Fractions, reading 1/2, 1/3, 1/4
Measuring with a ruler 1-10 cm.
Successors, 1-98 : L
Circling 10°s, 11 =< N =< 19

(3] [=

~
< 3.

E R Y adaded A R
-
=z

 EZOXRZEZOO

Oral addition, a + 0, 0 + b-

~.Oral addition, a + b, emphaais on- suma
greater than 10
Oral addition, a+ b + ¢, a + b L1 10
Vertical addition, ab + cd ’
Horizontal addition, a + b. emphasis on
a+0, 0+a .
Counuing, by 10’s Lo
Counting objects, by 10 'Y .
Oral subtraction, ab - 1, b=/ 0:

mwE mm
P : < -
TR e

. ‘N‘=::

coz- " Z=6 006 .

Lessofi _l_ll _‘
CRES 47,1
CRBS - 48,1
S 77.2

Oral eubtraction, a = b, a = 0
Oral subtraction, ab = 1, b =/ 0 .
Oral addition, a + b, emphasis on sums
greater than 10
Horizontal addition, a + b, emphasis on
a+0, 0+a
" Vertical addition, ab + cd
Vertical addition, ab + cd
Vertical addition, ab + cd
Vertical addition, ab + cd
Counting objects by 10’s

SUM ‘41 Gdsivr“

SuM ©  8l.1
S 8L.2
SUM - 81.3
NUM 271.2

czxzZZ = 00O

R
R
R
R
sM . 79.2° - R/
M
M
"
M

Lesson 118 .

SIM 76,2 R
RES . 47:2-"R
siM 82.1° R

Oral addition, a + b, a + 0. 0 +. b
-'Oral subtraction, a - b. a.=0"
Oral addition, ab + 1, ‘-/ 9‘H

‘oo

242



APPBNDIX F ~

su 78.2 R S0 Oral addition, a + b + ¢, ‘a'+ b=¢i10: "
SUNg . 83 1. R N Oral addition, a + b, emphuis o'n‘ .
. RS st x0 . greater than 10 ; : ‘
NUM 272 1. R: . ,N.-- . Counting a0 + 1 objecu .
suM 84,1 R/M. =N .Vertical addition, ab + cd. emphasis on
T LT - zeros

SUM 85.1 M:: - -N Vertical addition, ab + cd

NUM 273.1 i+ M -0 Counting a0 + 1 objects -

Lesson 119 L ,

RES 49,1 " Ry/s:0.0. - .  Oral subtraction, a = b; a.'=a

SuM 82,2 R .0 Oral addition, ab + 1, b =/ 9

RES 46,2 R« 0. . Subtraction, ab - I, b w0 - e

sUM 83.2 R’ N Oral addition, a + b. emphasis on aums
, i greater than 10 ; LT

NUM 274,1 R N Counting, a0 + b

suM . 86.1 - .R - N Oral addition, a + b + ¢, a + b "< 10 .

APL . 39.1 R/M © .N. Value of money, addition"

SUM 85.2.. M . N Vertical addition, ab + cd

suM . 8l.4 M- N Vertical addition, ab + cd :

Lesson 120; - - o ro-poo

RES 50.1 R . ..0 Oral subtraction, a - b, a - a, a - 0'".

‘SuM- - - 87.1-. R 0. Oral addition, a + b+ c, a +b "< 10,

. ...+ . . emphasis on sums > 10

NUM 275,17 R. .. ‘0 Successors and predecessors, ab

NUM 276.1 - R ..o 00 - More and less

NM - 277.1- R - HC ~ More and less, with bills

APL  40.1 R.. . - MC Clock, hours

APL . 39.2 R/M N Value of meney, addition

suM 8.3 M . N Vertical addition, ab + cd /. -

SUM 8l.5 M N Vertical addition, ab + cd

Lesson 2t g PR

,SUH 88 145 R Y T Oral addition, a + b, a+ 0, 04+ b i

RES '51 1. R 50 Oral subtraction, a -~ b, a - a, a < 0

RES 52,1 = 'R Ny Vertical subtraction, a — 0, & = &, st

RES -.53.1 R N Horizontal subtraction, a - b. emphui.l

: i, .ona-aand a-20
RES ... . 54,1 .. N Oral subtraction, ab = 1, b -/ 0.
s 83.3. R “N Oral addition, a + b, enphuis on
- PA e sums > 10 '

NUM . 2742 R N Counting 20 + b

S5UM - .. 854 M N Vertical addition, ab + cd

SUM 8l.6. M N Vertical addition, ab + cd

YHED Rk 13 R | 0 Measuring length
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Lesson 122

SUM
RES
SUM
SUM

NUM
NUH
NUM
APL
APL

SUM |
MED

- Lesson 132“

sUM

RES
MED

Lesson 125 . °

SUM

Lesson m g

'L?gzi‘*-.

88.2

50.2 .

89.1 -

87.2

275.2 -

276.2
277.2
40,2

39,34
85.5
4.1

55,2
90,2 .
- 56, 2

- '91 2

46,3
2781
59.1
60.1‘
33

~===xwwajzp=%v

901
561"
1 57,

R
‘R
R
RIM
H
M

e

o

‘o2 mmm=m mmm= |

0ZZXXO0O ©00O0OC

oz m® =" ZBEZ
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Oral addition, a + b, & + 0,;0 + b !
Oral suhitraction, a - b, a = n, a H
Oral addition, a9 + 1 L
Oral addition, a + b + ¢, a + b -< 0.
emphasis on sums > 10 . S
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 .

Vertical subtraction, ab = ed": -
Oral addition, a + b, a+ 0, 0+ b " .-
Oral subtraction, a - b, a = a, a = 0
Vertical subtraction, a - b, emphasis:
ona-0,a-a

Horizontal subtraction, a- b. emphasis
ona-aand a -0

Oral addition, ab + 1

Oral addition, a + b, emphaaia on sums
greater than 10

Oral subtraction, a - b

Measuring length, cm

Oral addition, a + b, emphasis on suna
greater than 10 ;
Vertical subtraction, ab - cd :
Oral addition, a + b, a + 0, 0.+ b1 -
Oral subtraction, a - b, a~-a, a -0
Vertical subtraction, a = by’ emphnsia on
a~0and a - a .

Oral addition, ab + 1 Ce

Oral subtraction, ab -1, b -/ 0
Counting a( + 1, a0 + 2

Horizontal subtraction, enphnais on
a~-aand a~-0

Vertical subtraction, ab - cd

Measuring length, cm '

Oral addition, a + b, emphasis on sums. -

- greater than 10
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Aeiore 7

_Oinl aubtraction; a-b’

0.
0 Oral addition, a0 + 1, 2'~< a =< 9:“"
“0 -Oral addition, a + b'+'¢c, & + b -g 10.
R ‘emphasis on sums > 10 . -
‘N - Vertical addition, a .+ b. emphasia o
ol a+0and 0 +b i
N Vertical subtraction, a- b. emphasia on
(R a-0and a~a
IN- -Horizontal addition, a + b. emphaais onn
‘a+0and 0 + a :
N Horizontal subtraction. a- b, emphaais :
sl ona-aand a~0
MG - More and less with bills N
.N,0 Vertical subtraction, ab - cd.
SN Measuring with a ruler, 1-10 cm.
'Lesson 126 e .
ASUH' _:95 l R 0 ‘.Oral addition. a0 + by b =1 ot 2.,
e 2w amnc9
SUM - j78 4.‘>'R' 0 - Oral addition, a + b + c, a + b n¢ 10. )
= : R emphasis on sums > 10 - JeE
APL 36 1&>~5R7 0 Oral money problems AR ey
- RES 62,1 R N .Vertical subtraction, ab - cd. emphasis
o T onb=dandd =0
SUM * 80.4 R N Horizontal addition, a + b, emphasia on ‘
O R Ty A a+0and 0 + a : G
RES.  .59.3 R~ =N Horizontal subtraction, emphaeis on.
s SOl g a-aand a~-0
-~ SUM - - 92,2: - R N Oral addition, a + b, emphasis on
ekl o sums > 10 ,
~APL . 40,3 RM. - N Clock, hours
RES" ~ 55.4 M N Vertical subtraction, ab - cd
RBS -,‘63 1w M. N Vertical subtraction, .a ='b .
Lesaon 127 IR
SUM 95 2 R 0 Oral addition. ao + b. b - l or 2. :
Lo it [ PR 2= a=<9
RES 62.2 R ‘N Vertical subtraction, ab - cd, emphasis
o S onb=4dand/ord =0 :
SUM 83.4 R <N Oral addition, a + b, emphaais on
Sl i >, v sums > 10
_'RES - 58,2 R <N Oral subtraction, a - b
NUM- - 279.1° R N Counting ad + b
NM 29401 =R N Succeasors and Predecessors
NUM - 281:1. R N More and less
~ RES 64,1 M N Vertical subtraction, ab -‘Pdg
RES- 63:.2 . M 4] Vertical subtraction, a - b :
MED. 36400 M 0 Measuring length, cm
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Lenon 128

SUH 77. CiR 0 ; Oral addition, a + b, enphaaia on
: o sums > 10 :

' SUH. ; 96 1R - 0 Oral addition, 20 + b ,

NUM  282.1 - R- 0 Successors and predecessors

NUM':. - 283.1: - R -0 More and less

NUM 284.1° 'R 0 Successors and predecessors

SUM: .. 97,1 . R ‘N Horizontal addition, a + b + ¢

APL  4L1 7 R MC More and less with maney

N -279.1 » R/M.; N Counting a0 + b R

RES 64.2 - M N Vertical subtraction, ab - cd

RES  ~ 65,1': M, «N . Vertical subtraction, a = b .-

SUM - -77.6 R 0 Oral addition, a + b, emphasis on

R - sums > 10

RES. . 61,2 R .0.+... Oral subtraction, a - b

NUM . 284,2 <R 0o Successor and predecessor of N

-SUM- 9841 R 50. ¢ - Oral addition, 30 + b

NUM " . 285.1 - R, 0,MC: Successor and predecessor, of N

SUM 99.1 R ‘N Vertical addition, a + b + ¢ =< 6,
RS s introduction, reading

APL . 41,2 R More and less with money

Vertical subtraction, ab - cd, emphaais

' R oMC
SUM . 100.1 ~R/M-.c::N- - Vertical addition, ab + ed
L ‘ TN
on + and -~ signs
N
N

| Vertical subtraction, ab - cd
Vertical subtraction, a = b

l.euon 130 :
s 101 1° R, (0.« oral addicion, a0 + b, a = 2 or 3
‘SUM " "83.5 'R N Oral addition, a + b, enphui.a on
e oo e - sumg > 10
SUM:  102.1 R N - Horizontal addition, a + b, enphui.s on

B I ot sums > 10
_NUM- - 286.1 : R N - Counting 20, 30, 40, circling groups
R e cae of 10 '
NUM . 287.1 R 0,MMC. More, ac and be

SUM.  -:100.2 < -R/M "N Vertical addition, ab + cd -

RES 60o R/M N Vertical subtraction, ab - cd, elphuia
e BT T on + and - signs
-RBS 'i 65 3 M N Vertical subtraction, a = b -
RBS; 55 SH N Vertical subtraction, ab - cd’
Leuon 131
'RES 66 1 R 10,N Onl subtracticn, ab - b. co-bined vith

counting by 10‘s aud l'
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SUM - 102.2 R N - Horizontal addition, a + by emphula on
. AN ‘sums > 10
suM . 8346 R PN + Oral addition, a + b, enphuis on
: DR I “sums > 10 .
RES 58.3 - R N Oral subtraction, a - b :
suM . 103.1 . R:. N Oral addition, a0 + b, a = 2 or 3
SUM 79962 iR TN Vertical Addition, a + b + ¢ =< 6
_SUM 100.3 " R/M° N * Vertical addition, ab + cd
RES 60.3° . R/M. N Vertical subtraction, ab - cd. emphaais
EER on + and - signs
SUM - 100.4 - M RS | Vertical addition, ab + ed .
RES 604 Mo N Vertical subtraction, ab - cd. euphanla
DR on + and - signs .
RES 65.4° M CoNe Vertical subtraction, a = b/ -
SUM 97:2: M= NS Horizontal addition, a + b + ¢ *
Lesson 132
SUM 77.7. - R -0 - Oral addition, a + b, enphasie on
oy B sums > 10
SUM 105.1 R 0 Oral addition, a0 + b
RES 66.2. R 0 Oral subtraction, ab - b, combined with
. counting by 10°s and 1’s
SUM 106.1 R N Vertical addition, ab + ¢, ¢ = l or 2.
NUM 288.1 R N Counting 20 + b objects, circling groupn
: of 10
SUM 107.1 R/M: N Horizontal addition, a + b, enphasls on
) - T It sums > 10
RES 65.5 « M- 2N Vertical subtraction, a = b
RES 67.1 M- N Horizontal subtraction, a - b
SUM 97.3. M 1 K Horizontal addition, a + b + ¢
Lesson 133
SUM 77.8 R0 .Oral addition, a + b, emphasis on
sms > 10
RES 61. 3 SR 0 Oral subtraction, a - b
SUM  105.2 R ] Oral addition, a0 + b
suM 106.2. R . N Vertical addition, ab + 2, ¢ =] or 2.
RES 66.3 R .0 Oral subtraction, ab - b, combined vlth
Lo ) counting by 10°s and 1°’s
SUM 108.1 - R:: N Vertical subtraction, ab + ¢, ¢ = ] or. 2
APL 41.3 R MC More and less with money
s 107.2 - RM. .. N Horizontal addition, a + b, enphnh ‘on .
T sums =< 10
SUM 109:.1 M ] Vertical addition, a + b
RES 65.6 . M N Vertical subtraction, a - b
RES 672.2. M N Horizontal subtraction
sUM b - - N Horizontal addition, a + b + e
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Lesson 134

RIM 284.3 R (1) Successors and predecessors of N

NUM 282.2 R 0 Successors and predecessors

NUM 283.2 R o More and less

SUM 99.3 R N Vertical addition, a+ b+ ¢c =< §

SUM PA.7 R N Oral addition, a + b, emphasis on
sums > 10

S 110.1 R N Vertical addition, adb + ¢

suM 101.2 R N Oral additton, a0 + b, a = 2 or 3

SUM 111.1 RM N Vertical addition, ab + ¢

NUM 288.2 M N Counting 20 + b objects, groups of 10"

SUM 109.2 . | N Vertical addition, a + b

RES 65.7 N N Vertical subtraction, a - b

RES 67.3 M N Horizontal subtraction, a - b

Lesson 135

APL 9.1 R (1] Oral addition and subtraction:

SUM 77.9 R 0 Oral addition, a + b, emphasis on
sums > 10 ‘

NM - 289.1 R R Successors of a9

NIM 290.1 R MC More and less

SUM 112.1 R N Oral addition, ao + b

NUM 291.1 R 0 Counting a0 + b

s 113.1 R N Horizontal addition, a0 + b

S 111.2 R/ N Vertical addition, ab + ¢

SUH 111.3 M N Vertical addition, ab + ¢

S 116.1 M N Vertical addition, a + b+ ¢c =¢ §

SUM 109.3 H N Vertical addition, a + b ;

RES 65.8 M N Vertical subtraction, a = b

Leason 136

APL 7.1 R 0 Oral addition, subtractionm,

nultiplication

S 61.4 R L] Oral addition, a + b, emphasis on
sums > 10

RES 42.1 R 0 Oral subtraction, a - b

N 284.4 R ] Sur.cessors and predecessors of N

RES 68.1 R 0 O:al subtraction, ab - b, b= ] or 2

APL 14.7 R 0 Oral addition and subtraction

St 111.4 | R Vertical addition, ab + ¢

NI 292.1 N 1] Counting, grouping objects by 10°s

APL 43.1 M 0 Playing store

Lesson 137

) | 114.1 R Ocal addition, a + b, emphasis on
sums > 10

APL Ws r -0 Oral addition and subtraction
248
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RES 69.1 R 0 ‘Oral subtraction, 2b - b
APL 42,2 R (1] Oral addition, subtraction, lultlpliéntlon
Rt 292.2 M )] Cownting by 10°s and 1°s
st 111.5 H 0 Yertical addition, ab + ¢
Lesson 138
s 114.2 R 0 Oral addition, a + b, emphasis on
: sms > 10 :
RES 70.1 R N Vertical subtraction, ab - ¢, ¢ = 1 o2
NUM 291.2 R 0 Counting a0 + b
s 113.2 R R Horizontal addition, a0 + b
s 115.1 R R Vertical addition, ab + ¢, phas!.s on
zero
SoH 112.2 R ] Oral addition, a0 + b
Nt 293.1 RN N Counting a0 + b objects
sun 109.4 M N Vertical addition, a + b
RES 65.9 n N Vertical subtraction, a - b
suM 116.2 1] n Vertical additfon, a + b+ c =< 6
St 97.5 M N Horizontal addition, a + b + ¢
Lesson 139
S 114.3 R 0 Oral addition, emphasis on sums > 10‘5 “
s 105.3 R 0 Oral szddition, a0 + b .
RES 70.2 R R  Vertical subcraction, ab - ¢, c=1 or 2‘
NUt 289.2 R o,N Successors of ab
N 290.2 R M More and less B
RES 1.1 R R Vertical subtraction, ab - ¢, ¢ = 1 or 2 :
NI 287.2 R o,MC More and less, ac and bc
NM 291.3 R/ o Counting a0 + b
(4] 117.1 R/M N Addition, a0 + b s
s 118.1 .| R Horizontal addition, a + b, e-plusls on
swms > 10
RES 72.1 H N Horizontal subtraction
. RM 293.2 ] N Counting a0 + b objects
Lesson 140
St 114.4 R 0 Oral addition, a + b, emphasis on
sms > 10
APL 44.1 R 0 Oral subtraction and division
St 105.4 R 0 0Or.: addition, a0 + b
RES 73.1 R N Vertical subtraction, ab - ¢
S 119.1 R R Vertical addition, ab + c, a + b
NI 289.3 R O, Successors of ab
Nt 290.3 R MC More and less
Su 120.1 '/ R Vertical addition, a + b + ¢ =<' 9
so 118.2 M | Horizontal addition, a + b, uphls!.u on
. sums > 10 S
RES 2.2 M N Horizontal subtraction, a - b
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N 293.)
N 2913
suM 12,2
Lasson 141

S 11405
s 055
RES 3.2
s 2.l
X 2e2.3
MM 594
o 290.4
RES 1.1
sut a2
RES 12,3
st 113
Lossan 142

APt 14,9
K 295.1
296,10
X 292,01
AFL 45,1
Ruv  289.5
B 19.5
KM 298,10
RES 4.2
st 120.2
s 1192
Leswon 143

AL 62.)
K¢ 296.2
B 292.2
NN 280.1
ArL 46,1
R 192.)
Ns 299.10
RES 1.}
s lis.s
RES 62.4
st 119,

== zzaaa mm®E » TxX=
=
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Counting a0 + b objects, circling 10°s
Cownting 20 + b
Addicion, a0 + b

Oral addition, a + b, enphasis on

sums > 10

Orsl addition, 80 + b

Yerctical subtraction, ab - ¢

Vercical addiston, a + b ¢ ¢ =< §,
caphasis on zaro

Hore and less, ac ond be

Successors and predecassors

Hore and leas

Vertical subtraction, ab =~ ¢ :
Horizontal addition, a + b, enphasis on
suns 2= 10 .
Horizontal subtraction

Horizoaral addiction, a0 + b

Oral additian and subtcaction
Copylag fracttons, 172, 113, 1/&, 2/3,
%, M

Succensor and predecessor of 8
Hore and loas

Oral subteaction and sultiplication
Successors of ab

Hore and less

Countiag up to 99 cbjects

Vertical subtraction, ab = ¢
Vertical addition, a + D+ e w9
Vercical addition, ab ¢ c, a ¢ b

Cral addiction, sultizlication,
subtraction ‘

Successor and predecessor of ¥

More and less

Uriting fractionn from distation

Oral subteaction and addition

More and less

Selecting the [raction tha: represents
the shaded pact of the figure

Vartical subtraction, adb - ¢

Norizeatal addicion, a + b, emphasis o
sums = |0

Horizontal subrraction, a = b

Vertical addizion, ak + ¢c, a + d
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Lasson 143
AM 42.4 L N I ':»Oral adulou. wbuacuon. -ulupucnion
NUH 297.4 R ;-1 More and less -
N 280.2 R M Sq;lectﬂng tho figure dlvldod in; IIZ.
RUM 300.1 R MC “fredinale of Ist to 6th
APt 14.1 [} ) B " Owal addition and subtraction .
Ko 301, /18 8 Coloring in varioas parts of a [igure
RES 4.4 H N Vertical gubteaztion, ab-¢ -~
N 198.2 W - 4 Counting 10-99
s 1194 LK -Vertical addiction, ab # c, a + b
Leawon 143 |
AM 47.1 R 1] ’Oral probliens vith !raetlou-. ccnparlng"
: size L
RES 5.1 R ] Vartical subtraction, ab - c. nmala
onbscorec=0
N 297.5 [ NC Hore and lesa
AFL 4.2 n 0. Oral asubtraction and nultlpl i¢atton
31 4] 2).2 R~-Aors O Oral addition ;
RES .5 /M » Vertlcel subtraction, ab -~ ¢ | ;
SuM 122.1 LT[ I Vertical additton, ab + ¢, cnpbanls on
#.and = signs
S ilt.6 L R Vertical addiclon, ab + ¢
RES .6 - ] Vertical subtraction, ab - ¢ .
21 118.% it . Hortzoncal addicion, a + b, mwuu ont
’ sums >» 10
RES 6.3 M n Horlzontal subtraction, a «' b
L] 120.) “ | Vercvical sgitlon, a + % + ¢ =< 9
Lesson i&8 ~
AR, 48,1 R [ Oral nultiplicacion and division
NUM J00.2 R o,M0 Ordinals, 18C te 6th
APt 49.1 R b Clock, draving the hour hand
0] Jo2.1 L . More and less
Res 4).3 R-Aord O Orsl subtraction -
NN 269.2 R/M-2 N Counting plczures to 290
RES $5.¢% Rit-a B Vertical subtesaction, ab - od
Nt 298.) “ L {ounting pictures to 99 -
MED &,) " #,0 Neasuring cbjects, cm
S Hi? # ] Vertical addition, ab + ¢
RES n,? H-AorS & Verticai subtraction, ab - ¢
Lesson 147
APL 4F.2 R o Oral fractions, comparing slu
1] 300.) X O,NC  Ordinsls, ist to 6th
AML 49.2 R ] Clock, draving the hour mc

11}



APL
NUM
N
RES
RES
stH

RES
SUM

RES
SUN

48.2
Jo2.2
213.2

76.1

76.2
118.6

67.6
118.7

67.7
120.4

Lesson 148

RES 45.2
KN 302.3
N 300.4
APL 5t.l
R 303.1
RES 39.4
RES 76.3
RES 76.4
NM  298.4
NN 295.2
s I18.8
RES 67.8
SuM 118.9
RES 62.9
Lesson 149

APL 52.1
MM J02.4
RES 58.4
APL 53.1
N 268.)
APL 19.5
AP, 39.4
HED b4
APL 34.2
APL 13.
Lesson 130

NN 2042
APL 54.1
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R

ReA
R-B
R/M=A
R/H-8
H-B

H=B
H=A

H-A

H~-A
N-B

R=-Aor8
R-ALB
R/N=-8
R/M=A

N-A
H-B

a0

== ==® ZEXLEZEXXO

MC
ne

=

® == = t & & B 41

OO::I&O:%O

Oral multiplication and division

Hore and less

Roading numerals

Vertical subtracztion, ab - ¢d, ab -~ ¢
Vertical subtraction, ab - ¢d, ab - ¢
Horizontal addition, a + b, emphasis on
sums >= 10

Horizontal subtraction, a - b
lorizontal addftion, a + b, emphasis on
sums >= |0

Horizontal subtraction, a = b

Vertical addition, a + b + c »<¢ 9

Oral subtraction, a = b «< 9

More and loas

Ordinals, 1st to 6th

Oral subtraction, multiplication,
divigion

Counting pictures and writing the
numeral

Oral subtraction, ab = b

Vertical subtraction, ab - ¢d, ab - ¢
Veriical subtractfon, ab -~ ¢d, ab - ¢
Counting pictures to 99

Copylug fractions, 1/2, 173, 1/4, 2/3,
2/4, 34 ]

Horizontal addition, a + b, enphasis on
sums >= 10

Horizontal subtraction, a = b :
Horfzontal addition, a + b, emphasis on
sums >= |0

Horizontal subtraceion, a - b

Oral muleiplication

Hore and less

Oral subtraction, a = b
Clock, reading the hour
Countling to 30

Value of bills together
Value of noney together
Heasuring pictures, ca
Playing atore vith monay
Playing store with bdills

Ordinals, let to 6th
Oral problens
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N
APL
Nt
RES
NUM

APL

302.5
19.6
216.2
77.1
305.1
4.5
50.1

T=z
& =
-

vEZEZZZX

APPENDIX F
More and less
Value of bills together
B: Writing numerals from dlctatlon
A: Oral subtraction
Fractions
Length, measuring with a ruler, 1-10 cn
Playing bingo with addition and® =~
subtraction
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