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. AID, are to:

. Introduction

-

The Radio Mathematiecs Project of the Iﬁstitute'fgr Mathematical
Studies in the Social Sciences (IMSSS) has been funded by AID to design,
implgment; and evaluate, in eollaboration with personnel of a developing
country, a system for teaching elementary mathematics by radio. The
objectives of;t@e pr;ject, as described in tpe‘initial contract witﬁ

.‘¢

1. develop and test a cost-effective prototype system of radio
mathematics instruction for elementary grades in a less-
. developed country that could, with mihor adaptations, be
used in many less-developed countries;
2. develop a methodoloéy for producing radi® instructional
materials based on the rapid and specific reporting of .
previous student performance back to the materials developers;

3. begin a program of research on major variables affecting
learning through radio; -

4. help build capabilities in an appropriate host institutiqn}“

that would enable the institution t¢ continue or even g
expand the project with minimal further assistance ‘from

external experts. ‘

During its firstuyear, July 1973 to July 1974, the staff selected
Nf%éragua as a project site from among the twelve céuntries that expressed
an interest in hésting the project (Searle, 1974). In June 1974 three
Stanford staff members moved to Nicaragua to join two Nicaraguans already
recruited to work on the project. Shortly after July 1, 1974, an office
was established in Masaya, Nicaragua. This report describes the
activities of the ensuing year, du;ing which staff was recruited and

trained, and work was started with schools in the Dgpartment of Masaya.
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The major activities of the year included preparing and administering
an achievement test to first-grade students at the end of their;school
year,'writing and pilot-testing a group of six radio lessons, and
ini?iéting daily radfo lessons in sixteen expérimental schools. By ..
June 30, 1975, 70 t;pedilessons had been presented, almost half of
the first-grade cﬁrriculum.

In Chapter 1 we give a brief overview of the‘year s aékibities,”ﬁ
and indicate the ways in which our activities differed from those
p}ojected in 1974. Chapter 2 presents an admihistrative history of
'the year. Chapter 3 covers many aspes}s’bf~the year'SAOper;tions in
“the schools, but wewdéiay td later chapte;s discussion of the two
activities for which we are able to present analysis of data, the
1974 pilot lessons (Chapter U4) ang the 1974 first-grade achievement
test (Chapter 6). In Chapter 5, we examine ;n some detail what we

have learned about teaching by radio. A prelimihary cost analysis

¢
*

for the project is presented in Chapter 7 and Chapter 8 containq
discussion of other research activities of the project. Chapter 9
concludes the report with a brief summary of our accomplishments to

date and a tentative calendar for 1975-T76.




Project Calendar

July 1, 1974 to June 30, 1975
July U Office opened in Masaya, Nicaragua
. September 3 - November i3 * Six lessons pilot-tested

, ' ' Q
October 22 - November 15 ’ Achie0§ment test administered to
44 first-grade classes
. v
Attitude questionnaire given to 44
teachers of first grade

. e = g — =

i February 12 - First day of 1975 school year
NG : “
February 10, 13, 20, 29 - Weekly teacher training sessions
February 24 . Project mathematics lessons started =* é;f.
’ in 16 classes .
March 3 - 7 . ' Mathematics pretest administered in
16 experimental classes
kS
March 6 Teacher training session
April 7 - 11 Mathematics pretest administered in

-9 additional classes

April 10 N Teacher training session
. rd G
May 12 Experimental lessons started in 6
Granada schools
June 19 ' ‘Teacher training session )
June 30 Lesson number 70 presented in

experimental classrooms




‘Chapter 1

Overviéw of the Year s Activities

Prior to establishing an opeiational site, the Stanford staff
developed an elaborate and detailed research plan (Searle, Friend,
Jamison, Suppes, Tilson and -Zanotti, 1974). Although still providing

. gdidelines for project activities, the plan q?ssghpn aitered ia many
L

aspects;ig Wwe have becomg operational. v

L]

“~~ The plan called rdr mathematics le/ssons to start with the middle

of first grade. Two justifications or this plan were given. The
first was that the project office would be opened fn June, the mjddle
of the school year, gnd if we taught all of (irst grade, we could not
start lessons until the following February. The second was that we felt
that the initial stages of mathematics instruction should méke heavy use
of concrete materials.and we felt uncerfain about how to handle such
teaching“by/?adio.

For both operational ang,pedagogical reasons w2 abandoned
the plan to begin project/;eéggns in the middle of first grade.
Operationally, we were uéébls to begin producing lessons as fast as we
had hoped. We underestimax;d.the time it would take to locate and set
ug an office and to recruit and train staff members. Thus, aléhough
Sta§;xrd staff arrived in Nicaragua in June, it was August before we

were .able to begin serious work on the writing of lessons.

The pedagogical reasons for abandoning the plan were equally




.in the classroom. THus, in the middle of the school year, some children .

\

e . |

important. We found from observation of first-grade mathematics .
classrooms that many teacher§ grouped étudents‘by ability and taught .
d;fferent material to each group, so that by the ;iédle of the year -
thereAwas a very large spread in the difficulty of topics being taught

N

in a classroom were still learning to count to 10 while others were

.doing simple multiplication exercises. It would be impossible to

introduce into such Elassrooms I;ssons aimed at an appropriate level
of difticglty. . Rather, we felt we must pace the lessons from the -
beginning of the year, to ;iminish the wide diversity of topics being
taught. (We'did not feel that the disparity between the activities of
the "slow" and "fast; groups was an accurate reflection of the spread
in ability in the classroom, because we observed tﬁat teacheés tended
to spend more time with the fast group; thus continually co;tributing
to the disparity in level of activitiei.) For these operational and
pedagokiéal réasons we decided to begiﬁ lessons at the begi:;ing of
f%rst grade ahd use the in£grvening‘time to experiment with ﬁethods
for teaching Qith concrete materials and with othey aspects of lesson
construction. ’

We used the months of August éhro;gh NoVemser,\197u, to observe
classes, recruit and train staff, writeé, record and try out a set of
six radio lessons, work with the computer center to develop data analysis

v,

programs, assess the mathematics achievement level of first-grade

students, and recruit teachers for the 1975 experimental classeés.
%
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v Curriculum development and planning for the opéniné of school

occupied the months before- February, 1975. -

Our initial research plan called for pilot-testing taped N

- L) e

) “ .
lessons in six classrooms, three from rural and three from urban schools.
Y h 1 B

\ : . .
Several factors contrived to increase this number. First, for reaspns

-
discgssed later, we expanded the rural/urban qlassificatidn of schools//)
. i * & -
to three catégories,'rural, municipal, and urban, and decided to use

.
H

-

three schools from each location. Because we were concerned about the

.
S o

) , v N "
postponement that would be caused by stariting first grade lessons as

late as February, 1975, we developed a plan to revise léssons . ,”
\ ' '

immediately and present revised versions in different classrooms, one

A

month after initial presentation. Expecting to implement this plan ‘in
February, at the end of 1974 we recruited 18 teachers to participate
in pilot-testing. The revision schedule proved to be unworkable

(because we did hoﬁ have enouga trained staff to produce two lquons

alday). Ngyertheless_ we honored our commitment to the teachers we

had chosen to panticipaQ; in;the projectl (This year two experimental.
teachers share one classroom and another teacher left the district, |
reduciﬁg the number of classrooms to 16.)

' A In May, at the suggestion of the- Minister of Education, we
expanded thé project to include six classrooms in Granada, a neighboring
department. Radio lessons in Granada schools are run without direct

\ \ .
supervision by projéct staff., Materials are delivered to thg School

. 4
Inspector, who distributes them to teachers. She also provides training

v

4
L&) tony

* N .
. T «
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for teachers, after consultation,with project staff members in Masaya. N

Bécause: worksheets are returned to our offiee, we have -a method of . o

é A »
b “ra

assessing how often the taped lessons are used. . ) R

\ - . r ~ - ad - ‘,".

The 1974 research plan called for lesson development in three

i .:» v - -

phases, During Phase A, lessons were “to be pilot tested in a small )

number &f classes, major revisions were to be made during Phase B,

.

and a summative evaluation carried out in Phase C. Although we expect

to continue usirg three phases, are presently considering a

rearrangement of plans for Phase B and Phase C activities for first

grade lessons. Although plans for.}§7éaqge'not final, we expect to
7 N .
delay a major revision of the first-grade radio lessons to Fhase C,

broadcasting lessons already developed. These plans are disegssed .

more fully in Chaptef 9.
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Administrative History of the Year

Ut . .

During cur visit to Nicaragua.in March, 1974, Ministry of.

Lo
<
N ;‘\ s Inucation officials suggested that the project establish offices in

PN tHe Instituto de Masaya, a secondary school in downtown Masaya. In

& . -

the interim before Stanford staff arrived -in Nicaragua, the’ Ministry

f decided thatyh\écause extensive remodelling would be necessary,s the
EY ) ;

Instituto would be- an, Unsatisfactory site for project offices.

. - ‘ \

3 i . Therefore, cne of the'first tasks of the skeleton staff first assembled

T in June was té ldcate the project offices in a suitable building.

- . - oo, \ R -~
) : In less than axmonth we had found and moved into a.pleasant[-\>
ﬂk.. - '. . R
. three-bedroom house on the outskirts.of Masaya, ' The house is large

- e
’

‘enough to accommodate a staff of 25' No alterations or renovations were

N - needed except for minor work that could be-done as ‘time permitted

.a

The Ministry of nducatlon pays for rent and electricity, all. other

costs are paid by the project . . . - %

-

Furnishing the foices was accomplished in small steps over a.
. 0 ~

period of seven months. Singe the_office opened in,mid—fiscallyear, .

the Ministry had no funds for purchasing new furniture until January,

ot

i 1975. in the interim the offite was furnished with an assortment

1

.. ‘- '
o largely collected from two sources. Fipst, we were lent some new

school furniture that was being reserved for a secondary school under:

v L
construction near Masaya. This consisted mostly of small-sized




-3 . .
. ) - - L. ,
t . student desks, but also included eeﬁeral Lyping tables and, more -; ‘ .t

gl important, a typewriter. Also,’Zt the Ministry headquarters we founc l .

-

some school and office furniture that had been damaged in the,3

»
. =

éarthquake. We were given permission to use some of this, which,'

.

after repair, has proved serviceabie.
- . These furnishings-were.adequate for the.minimal staff during
;the first months of operation In January, 1975 the Ministry provided
T '.' s with a large complement qf new furniture including "11 -desks” with .

chairs.x With the addition of\typewrﬂteps and file cabinets purchased

! “of %E;
During the same period, from June 1974 to March 1975, we

.
-~

xgith project fundg, the office is now adequately furnished for a staff .
\
gradyally acquired thebnecessary office machines. 'In addition to
typenriters we own a Gestetner scagner and mimeograph machine for' (
aproducing worksheets; both of these were shipped from the U.S. The e,
Xerox machine and IBM keypunch machine.are both rented locagli. The -
keypunch nachine was delivered several months later’than promised,
'causing a delay in the planned daéa collection proceduses.
Standerd office supplies--paper, stencils, IBM cards, etc.--
are purchased locally with tﬁe exception of a few specialzitems._ Almost
a!h the sgPplies and.equipment used‘for radio éroduction and the tape
recorders .and cassettes used in classrooms have been imported. Except

——

the Nicaragua office supplied with equipment. ' ' ’ o

y for some delays in olearing customs, we have had few problems keeping
|




The other major an#”essential pieces of equipment are the
four cars which were purchased in the U.S. All are Ford products:

>

k, and one Econoline Club Wagon. Because of

*

two Broncos, one Maveric
féctory‘and shipping delays, the cars were not deliyered,tomNicaragua
uniil\é;ptembe?, 1§7H; Until that time we ﬁ;e a vehicle beionging to

a staff member and two rented cars (taxis hired b{\thé day, with driver).
_Except for one dented roof and one missing.spare ti%g, the project cars
abqi?ed in goodacondition and have sefved adequately since then. We

have had somevdiffichléy in obtaininggygpair parts since the Ford

dealer in Managua does not stock many of the parts for the models we

>

use. At times this has caused some€ incoﬁvenience. Fortunately, "
potentially intolerable delays in oﬂtaining Eeplacemeht parts from the
U.S. have so far been avoided;'twice, esseﬁtial parts have been hand-
;arried by staff members from tﬁe U.S. whose visits coincided with the

need for parts. |

The‘véhiclesdare heavily used, transporting staff members who

live in Managua to and from work,.andmdﬁn;ng the sehool—day;folr ViSIting

classes. Each vehicle is fully scheduled for routine school visit$'

and unexpected transportation needs presently require a reorganization

A}

-

of the car schedule. ‘

- Recruiting and tréining staff members has occupied much of the
>
time of the Stanford staff. The first two Nicaraguan staff members,
Vitalia Vrooman, the co-director, and David Cardoza, a curriculum

writer, were assigned by the Ministry in March of 1974 and devoted

1 -
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ggér half of their time between March and June to the project. These

two have proved to be outstandingly good choices; both have excellent

’ backgrounds in mathematics curriculum work. Other competent staff

members have not been so easy to find. We have now the foundations
of a good staff, but the effort of recruiting them has been far

from trivial.

In recruiting professional staff we have looked for people

with an adequate background in education who are also capable of
learning new professiongl}g&ills such as making classroom observatiops
writing scripts, d;signing tests, and coding observational data. For
tasks such as teacher training and test administration we expected to
find, and did élnd, a higher level‘of incoming skills, altﬁouéh some
training was also nec;ssary in these two categories.

In curriculum design the problem is most severe. There. are

few people who have had any experience with curriculum development, and

nonéﬁwith experience developing curriculum for radio. All of the

.

curriculum design to date has been handled by the two co-directors and

one trainee. We were fortunate to have Mrs. Vrooman on the staff--
her previous éxperience in related curriculum work is excelle;t.

It is not a very happy circumstance, howéver, to have the directors
so closely tied to detailed production-line work, and we hope to
gradually train other people to take over most of this work now tﬁaf
many aspects of it are becoming routinized. We estimate that four to

) -

six months are needed to provide adequate training for curriculum work.

<




~We have interviewed or tried out four times as many. Almost all of . . L

‘our present production schedule. Thus, recruiting and training seript

,Another siill that requires approximately four months of

»
training i{s script writing. One person who was recruited in November
to be a script writer did not become a fully productive writer until

February. Another who started in February is just now, in June, doing

an equitable share of the work without requiring large amounts of

supervisory time. Both of these writers are duite creative and have
the additional benefit of several years® experience as classrqom
teachers, which gives them a valuable insight into children; their
interests, and their ébility to understand instructions. 1In fhe

process of finding two people who could be trained as script writers

those whom we tried out and rejected were willing and har&working, but
lacked that elusive creativ{ty and ability to manage the language that-
is so necessary in a script writer. A script prodiction staff of three,

including the Stanford staff member, is barely adequate for maintaining

writers continues to be high on our list of priorities.

In other areas such as classroom observation and teacher
traihiﬁg our problems have been less severe than in curriculum design
and seript writing. Production of materials (worksheets, teachers’
guides, cassette copies) caused severe problems during February and
March, the beginning of the Niéaraguan school year, but are now under
good con%rol, under the supervision of Juan Jose Montenegro, who is

also the counterpart director of teacher training. Many of the

-

“«




research functions, including classroom testing, are handled by
Luis‘Ramirez, the Nicaraguan counterpart for research and evaluation.
At present there are 23 Nicaraguans on the staff, 11 professionals

and the remainder support staff. The organization chart for the

-

office *is shown in Figure 1.

At the end. of June, 1975, we feel that we have assembied a
gGOd, congeniql, hardworking, and trainable staff, and have only two
major unsolved problems. We still must hire and train at least one
more script writer, and we must relieve the co-directors of much of

the curriculum design work by expanding the capapilities of other

staff members.




1]
Right Sesrd
(n.‘:f Mentroie}

Faypunch Oparater

{Guillerns Sojorge So1fs)

Trsists

3
- A
- s
k L
ey i3
# = i
¥ & i
i 3
i

(Esperenza Esptneze de

{Elens

R
10

h E
L
AR

Drivers

Mechanic/Oriver
l {Mevel Lipez) I

« = g
X 43 Bs- Z
Uﬁ %%! £r- ,':?:E; -
Sva I =} £3%%
Z  p) | i HT:
S EE E3 7 b33
o] 2 s 3383
= il T :
= o= - L
et .
< ) f e =
N, E|& 14
=z &llar it .
g S| i & :
) 22 i s
) QDE’” _ _ = e
p hFd -
). =
. £ e
i il
§5, idf
I £33 =
\

Artist

(Tratra C. de Venegea)
P

-
tter

Lurr

1culum
(r3rma Ceorie K.}

&
M SeadawuI 2 de Velirde

R. taries}

irectar of Radle
. Precuction
T {1t Leeee)
[R5 Y

les

Iz
arJ:f
O




Chapter 3

Operations in the Schooléh

In this chapter we discuss Sur experiences with schools, the

schedule of lesson presentation adopted for 1975, teacher training,
pretesting of children, interaction with school personnel and
the collection of data about schools and about student background and

\

performance. o \
The project is located ig the Department of Meszya, which is

approximately 30 kilometers southeast of Managua. The department has

an area of about 543 square kilometers, ?nd‘is the smallest\of the

16 dgpartments i the country. The population is about 9H,ab0 and

approximately 30,000 people live in the city of Masaya, capital of

the department.

There are approximately 100 public prlmarx schools in_;he_.,__,__ﬁ.;i

* S

department, with roughly 170 first srade classes. The Ministry of
Education characterizes schools as urban if they are located within

the boundaries of a municipality, otherwise as rural. A comparison of
several indices of urbanization for the ten municipalities in the
Department of Masaya is shown in Table 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 tbe other towns. Visits to the tdwns
s;pported the conclusion suggested by the data in Table 1, namgly that

>

Masaya and Masatepe are“fap more urbanized than the other towns. The

17
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project staff therefore decided to stratify schools into three levels,

calling those in Masaya and Masatepe urban, those in the othr eight

towns municipal, and the remainder rural.

The distribution ér students among grades for the Department
of Masaya for 1974 is shown in Table 2. Approximately 37 éérc;;t of
the studenés are in first grade (this figure riges to 46 percent for
EuraI students). The{age distribution for first grade students in 30
classes.is shown in Table 3. The mean age for urbén’stu&énts is 8.2
years, that for rural students-8,5 years.

During Octobeﬁ and November of 1674 we selected 18 first-grade
teachers to participate in pilot-testing'of lessons*for the 1975 school

year. We obtaineéd from the office of the School Inspector a list of .

teachers who were expected to teach first grade the following year and

-

in making choices used information about teachersrthét‘had been\collected

from classroom observations during 1974. -Several criteria were used.‘ o —_—

—— A e e e e s T TR e

We wanted approximately equal numberé of teachers from urban, muﬁigiﬁil}“.h>—

and rural settings and we wanted teachers who understood the nature of

B

the extra burden being placed on them and were willing to accept it.

The teachers had to be located in schools within a 40-minute driJé

from the project office on roads that are .accessible year-%ound using
a 4-wheel drive vehicle. A few teachers were askéd because we thought

they were especially good teachers of mathematics and might be able to

provide us with useful feedback.

fa,




R ’ i Table 2
Number of Pupils per Grade

Department of Masaya, 1974

Grade - Urban Rural i Total

1 4,357 2,825 7,182
T2 2,502. 1,256 3,758
3 . 2,201 832 -+ . 3,033

',u 1,741 550 2,291

5 1,338 359 © 1,697

6 1,172 258 1,430

" Total 13,311 6,080 . 19,391




" Table 3 -

Age Distribution of First-grade Students
a
Test Population

R
Age -
. 5 6 7 8 9 10 11 12 13 14 15 Total
\

Rural © 011 70 69 60 24 12 143 O 0 263
Municipal 0 12 76 95 52 45 16 11 2 1 0. 310 .
Urban 3713 91 98 46 25 15 8 2 1 fo 301
Total 3 36237 262 158 94 42 33 "7 2 0 874

a
30 randomly selected classes.

————




‘During-the long vacation one teacher moved out of the district.

Two of the teachers selected to participate in theaﬁrBEFaﬁjare teaching
~ - .

e in the same classroom, an unusual situation apparently dictated by the ) Ry
physical layout of the school and the size of the first-grade enrollment
Thus, this year the experimental population consists of 17 teachers and
the students in 16 classrooms.
? During tne 1974 schodl year all radio lessons are being recorded
on cassettes and presented in classrooms using battery-operated tape
recorders. We refgr to these lessons here as radio lessons.
The 1974 school year began in Nicaragua in mid-February. wé
decided not to use radio lessons from the outset, but to provide three
weeks of readiness material to prepare children for the use of ST ;

worksheets and familiarize them with the vocabulary and response modes

the radio lessons would--ask of them. For this purpose we prepared o,

’

guides and used training sessions (described below) to acquaint teachers

™ . with our goals and methods for thisiset of pre~broadcast lessons.
e— T ‘ ~
— Although these lesscns went well, we do not think they were—ne33355?y7--—~?i~_§_____‘
—_— - |

and expect we would. have had no problems had we started presenting
radio‘lessdns immediately. The material presented in three weeks of
. lessons codld have been condensed;into five radio lessons and 'next ,
year we plan to dd this.
For.the first four weeks during wnieh radio Tessons were
presented we prepared only three a week. This decision was necessitated

by the inexperience of the production staff, which was simply unable

3
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to produce five lessons a week at the outset. We had not prepared ..

o,

’ 3

. lessons in advance pecause of the need to be free tb(resppnd rapidly

— to .experience with the earliest lessons. Outlines were prepared for

the two weekly lessons that were not taped, and the teachers’ guides

were used to téll teachers what material was to be covered in each

—

‘lesson.’
We now groduce a radio lesson for each school day. Because

the situation arises frequéntly that one or a few schools wili have

no classes on a day wheh the rest of the district is in session,

we have adopted ‘a policy of lesson presentation that'simqlates

conditions with the.radio. That is, we ask teachers not to use lessons

prepéred for a day when they”db not meet class. They are asked not

to changé the schedule, and not to present two lessons in one day.

.

‘Lessons are constructed with enough redundancy so that missing one

. day will not (we hope) reduce student performance.

Teacher training

Project teachers met weekly for the first month of school, and

— . .
. ~the fter- approximately once every six weeks. To date they have

Al

N \
participated in six teacher training sessions. The initial set of
- \ .

- A ® N ‘-\\; . *
training sessions were desigiied to acquaint'teachezghyith the purposes

allow the staff and teachers to become acquainted, explaiﬁ logistical

aspectqwg(“the project, such as distribution and collection of materials

and the classroom obéé??éﬁion schedule, and to present specific teaching

-
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plans for the project lessons they were being ‘asked to teach.

B Training session® were held at the project offices after school
and lasted from twd to three hours. On the average, 12 of the 17
tgachefg/@ttended each session.. They were joined by the staff-members . %
,(usually foqg) who had “participated in plaﬁning the session and shared ‘
"the task of running it. The sess;dgp focused on the interchangé of -
*ideas and experiences, in the format.of an open dialogue between all
the participants, giving the tgaphers the’opportunitx‘to express
tﬁemsglv%? as natu;ally and spontaneously as bossiblg. Several
principles guided the planning of the sessions; that materials presented
should be directly related to the needs .of the teachers, that-teachers
sﬁould be active participants in their own learning experience, that
they‘should have experience with the materials the; are to teach, and
that they should feel part of the process of lesson development.

Teachers partic}pated in many different .activities. During
the first sessions they played the role of students for a radio lesson
and worked with the materials the project had prebared for the ‘readiness’
lessons, developing lessog plans for\ihgir bwn use dufing this period.
They designed a worksheet to help them become familiar with its structure
1

¥ and use. By the third seSsion, the emphasis shifted back to the use

of radio lessons and teachers spent time further defining their new

role, and their specific responsibilities before, during, and after the
. * o

radio lesson. In some of the later sessions, the following specific

\ M r
problem areas were examined in more detail; (a) classroom management

. . -




) T~

concerns, .such as efficient.waysﬂof'distribqting materials, Zb) how
k] - -

'peachérs might work with children of différent ability levels,

especially those who were having‘f@e most difficulty keeping up with
lessons, and (c) the use of materials--why the use of materials is v
important in teaching basic mathematical concepts, the kinés of y

materials they could use, and how to use them to meet spécific

[ - .
curricular objectives. . . R .

Part of each training session was .devoted to loéistical

concerns, discussing when materials would be distributed and Wdllected

- - -

: ; /
(lesson materials for a week are distributed the preceding Thursday or -
. i e,

<

- - -
.

Friday), how children were to number their worksheets (and the ’ j}

importance of having the correct s;ﬁqent number on each sheet), and

when their classes would be teséed or observed. Teachers were also ,

" given bractice in using the tape recorder, especiﬁlly with adjusting

sound levels, which they tend to sét too high, resulting in distortion

N
»n

of the sound. ’ e

For the project, one of the most valuable aspects of the teacher

tréining sessions has been the opportunity to obtain from teacher§
information about how lessons are going in their classes. The pﬁoject

staff has strived to maintain positive, close relationships with the P

. -
teachers, not. just to help ensure their cooperation, but also to

-

encourage them Po express their opinions openly and honestly. As the
year progresses, ,they have felt increasingly free to criticize, and .
. 3 .

have given us much‘useful'informatién as a" resuit.

4
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Claasroom visitation
Of the 1§ experimental c¢lassrooms, staff menbers observe the
‘ mathematics 1esson daily in sii, and once a week in five. The remaining
five classes are not.observed at all. We chose‘to maintain only limited

"L:;, "'contact with a group .of classes SOathat we could find out what types &\\
of* problems arise, how well the teacher is able to cope with the f 2
tneg;”?nd’whether such classes use the recorded lessons as regularly
--as those ﬁhat are oo;erved..;&eachers of these unobserved classes have
__ the opportunity to talk With'd staff member once°eacn week when , :
materials are delivered and ooiiected. S . -0

In a further attempt to examine utilization of materials in‘

o

the absence of staff support, an arrangement was .made with the School

£

Inspector of Granada a neikhooring départment to present lessons in

six classrooms under her supervision, uithout any contact with project
) staff. Preliminary indications are that both_the unobserved classes

in Masaya and the‘classes in Granadaoare using lesson materials .

regularly, and have not encountered unsurmountable problens with tape

¥
A 7

. recorders and lesson materials. % o . - S
The project method for observing classes has become move e
~systematic as the year has progressed. At the beginning of the year ¢
i ( b .

an observation form was developed to record aspects og‘the way
" teachers taught project.material without support from radio lessons.
buring ;the first three weeks, teachers were given a guide that

included suggestions for specific activities, but allowed much
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~flexibility, and we wanted observers to record details of what the'
teachers and chiidren éctually“did'during the lessons. The form
we used was quite simple, providing for a running account of what
happened in the classroom.

When radio lessons started we devised a form that identified
each part of the lesson and asfed the ASserver to comment about £he
folloﬂing items for each segment of the lesson: whether instructions
given by the radio were understood by the children, what proportion of
ﬁthe children participated in each activity, whether the observer
Ehouggt the children found the exércises easy or hard, whether the
‘children followed the worksheet, how the classroom teacher and
’children handled materials, whepher the matWematics content seemed

Ny
easy or hard and whether the teacher followed the instructions in the

teachers’ guide. ‘ -

AY

. ﬁsing this form, dbserveré were able to provide considerable
qﬁalitative information that was quite useful to curriculum specialists
and script writers. éowever, the form did not provide quantitative
data that wouid allow comparisons bétween lessons, or of one part of

a leséoh with anothe;. Abéut one month after radio lessons begﬁn we
revised the observation form again and are now using a slightly
modified version of this ;evised form. Thé f3rh is designed for use
with both radio and postbroadcast segmercs of the lesson, and uses

a numerical rating, asking observers to evaluate, using a scale of

1 to 10, several factors for each portion of the‘lesson. The factors

'Y
R
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are the degree of interest displayed by the children, the approximate
percentage of the children participating, the approximate percentaée
of participéﬁing childéé;wthat are Qorking independently, and a rating
of how well the children appear to understand the material being
presented. Observers are also asked to respond to questions posed
by script writers or curriculum developers about particular segmenté
or exercises.‘ The observation form for each day’s lesson is prepared
in advance with each segment identified in such a.way that the
observer can recognize when it starts, and with the special questions
typed on the form.

The staff maintains an on-going training program for observers.

Pairs of observers visit the same class, and the two observation sheets

_are used during training sessions to clarify and make more reliable the

use of the rating scales. Each obsérver participates in this exercise

at least once a week. .

First-grade pretest

For a first-grade pretest we chose to use a modified version
of the Tests of Basic Experiences (TOBE), published by CTB/McGraw
Hill, for which there is a Spanish version. We used the Le;el K
examination, designed for use with kindergarten children, because most
Nicaraguan first-grégg students have héd no prior school expeﬁience.
The test booklef contains only pictures, with one exercise on a page.

The test directions contain two tyﬁes of verbal material, the general

directions to the children, and the stimuli (épecific directions),

) A d
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one for each item, to which the children respond.

" The Spanish version of the test was designed fcr use *dth

children'in the United States, and a change in oral stimulus for a few

items was mecessary. One question asked the children to recognize a
Q. S. coin, in other cases the Spanish usage was not customary in
Nicaragua» After these initial chanées Qere made, the lessons were
pilot tested in two classrooms and further changes were made in items.
In ‘addition, the general directions were substantially rewritten.
These changes will be reported in detail in a forthcoming publication
\\khaé will élso present an analysis of the test data.obtained.
| The authors of the TOBE teSt‘suggegt that the Level K form
be administered in groups of five or six under carefully controlled
- conditions. We were unable to do this, but we did take special
precéut;ons to reduce the level of copying. In some classes we asked
students to leave (those excused were randomly selected from the
classlliét). IA many cases, the test administrators rearranged the
furniluré\in the classroom and changed the seating pattern of
stude ts, using books as dividers between students where this was
possible. \Whiie one staff member read the instructions, another
circulated through the room, encouraging children to work alone.
The\test was given to 537 children in the 16 experimental
school = andEFo 268 students in 9 schools that were randomly selected
from"aTong t#ose schools not participating in the project. We

tested]this latter group to give us information about how different

§
|

i
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our experimental classes were from a randomly selected set of classes.

We will posttest this same group of classes but do not plan to compare

performance of the two groups because the experimental classes were

s

not rqndomly selected..

Collection of data about schools aﬁd students
We have found that both the Ministry of Education and the
School Inspectoré Office for the Department of Masaya collect data 1
about schools and students, and both of these agencies have been ‘ -
very cooperative about méking iﬁformation availaSIe to the project. ‘
The Ministry of Education collects summary data from esch
of the sixteen departments in the country. Once a year they publish
a booklet that presents some of this data. The following list
includes most of the data available about primary schools. The
booklet contains information on
1. the number of matriculated students per érade,
2, the number of students (by grade) that took the
final examinations and the number that passed,
.- the number of deserters,

3
4, the school-age population,

5. the number of repeaters by age and grade,
6

7

. the number of teachers by sex and certificate,

. the number of schools and classrooms by type and
location, public/private/municipal and
urban/rural, .

8. the number of teachers, by grade and location,

9. the pupil~teacher ratio by type of school,

10. a frequency distribution of pupil~teacher ratio
by location of school, and

11. the number of teachers and Sstudents in unitary or
multigraded classes.

The Inspector’s office receives monthly attendance records

iy
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fro& the schools, and at the beginning and end of the year,
mafriculation figures, and pass-fail information. We have obtained

the following information about the teachers and schools with which

1

we are working. -
1. Teachers

a. type of teaching certificate

b. level of formal study
‘e years of service

d. age and sex )

e. marital status and number of children

f

2. Schools

a. location by barrio
b. urban/rural by .municipality
c. public/private/municipal
d. morning/afternoon/evening sessions
e. number of classes by grades .,
f. initial matriculation by grade, sex, age
g. number of repeaters by grade, sex, and age
h. number that took final examinations .
i. number that passed and failed final examinations
j. number of deserters by cause (sickness, work,
conduct, or other)
k. averige monthly attendance by grade ~
' 1. amount of furniture (desks, chairs)

Information about individual students must be collected
from the school; no records are kept at the Inspectgf’é office.
We are presently collecting the following information about students,
both those in the classes that were given the yearfend achievement
test in 1974 and those in the 1975 experimentél classes.

1. Data by student for year 1 (collected in 1974 and 1975)

a. date of matriculation
b. sex

c. date of birth .
d. school at which he studied last year

'
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e. number of years (or partial years) he has . ‘ |
attended school '
‘ - f. number of years, he has repeated
: g father ‘s occupation ’
. ‘dfatance from home to school )
i. attﬁndance--number of days in school per month i
whether student took final examinations 1
. whether student passed the school year
whether student passed in mathematics \\\

B - X

number of subjects student failed
2. Data by student for year 2

a. whether he retook failed examinations the

following February - .
. the outcome of the reexaminations

. whether he entered school )

what grade he entered

. what school he entered

o Qo o,

These data will be used in a study of the determinants of . o

~
mathematics achievement, repetition propensity, and dropout propensity,

which ?s‘described briefly in Chapter 8.

Relations@ibs with school personnel “
] The project staff has attempted to maintain contact with others ‘ R

in the school district who are concerned Lith or interested in the

v project. fhe'Inépectar provided us with letters of introduction, and

has asked all school directors and teachers to cooper;te(with the project.

We keep directors of schoolslwe work with informed of all changes that

affect @heir schools. We also send out an information bulletin to

a%l teachers in the Department to keep them informed~about project

activ?ties.
" In our contacts with teachers of experimental classes we

have stressed that classroom observations and the testing program

.

-
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are not designed to evaluate eitger teachers or indiQidual students,
but are for the purpose of improving the instructional program.v We
try never to make evaluative comments to the teachers, except
occasionally to praise them for something special. fhe teachers-
receive no report from us on how students perform, but we have
diséussed with theﬁ ways they can use worksheets themselves to
evaluate student performance. The teachers have responQed well to

our' approach. and we have encointered none of the resistance we

anficipated to our intervention in their classrooms.

30
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" to allow for responding. In addition, we experimented with reinforcement

'Chaptpr y ’ , .

Curriculum Development and Production

PR

-

Design and Testing of 1974 Pilof Lessons
Preliminary information about many aspects Qf'tﬁe design of
'radio iessons was obtained from éh; admimistr;tion of piiot radio
lessons to first-grade classrooms. Two lessons were written, tested.
iﬁ'thyﬁe classrooms, and then completely‘rewriéten. Four more lessons-
were produced and all six forﬁ the set/of pilot lessons described here.
" These lessons were given in six ciagsrobqg/during NOQember, 1974, close

o /

to the end of the académic iéar. .
The content of the iessons was chosen to provide a variety
of topics, witﬁ at least one topic that was new to thg children,
" presented in a coherent sequence of lesson segments.,

-

Several tfpes of responses (oral, written, physical,

manipulation of materials) were used to find out what the children were B

able to do, what types of instructions were needed, and how much time

by providing answers to some questions after the students had responded.
Some portions ;f the lessons were designed to be h;ndled
entirely by the teachers, sc¢ we could assess the effecgiveness of our
instructions to teachers. We also asked the teachers to motivateé the
lessons and to assist during the broadcasfiby enéouraging the children
to respond orally and.by displaying a sample worksheet.

We tried to arouse interest in the lessons by using stories

35
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with lots of action and adventure, augmented by many sound effects. s s
The same skeleton cast was used throughout the six lessons and

additional characters wgre brought in as needed.

7

Lesson 'Coritent. The six leséons contained 48 segments, of
which 39 were presented during and‘9 after the bréadcast. Segments
were‘chosen from five strands: Number Concepts (NUM), Applications,
(APL), Geometry (GEO), Basic Concepts (fAS), and Addition (ADD), as
shown in Table 4. Segments from the Basic Concepts strand were used -
to teach students to use the work sheet. ’(These tasks were
nonmathgmatical, asking the studénts to idegtify common obJects.)
Number Concepts segments asked s;udents to play a number éame, count
aloud, counpdéounds, write numbers from dictation, and give successors.,
Segments rpom the Applications strand covered measuring with a ruler, -
days of the week, and money, while Geometry peémﬁnts centeggg’arodnd
comparing lengths of lines. Addition segmengs contained oral arithmetic
exercises. %he content of all segments is indicated in Table I,
Appendix A.

Response ﬁgég. In each lesson approximately half t@e segments
required written responses, excegt for the first 1e;son, which had only
one such segment. 'Other segmenﬁs reguired oral o} physical responses.
Oral.reSpons;s included constructed ;ésponses to arithmetic exeqcises'
(What is,2 plus 3? What number com;s afgé( 17?), responses to

mathematical questions phrased as choices (Hﬁ;?h is longer, a broom or

a pencil? Which is worth more, a 5 cent coin oF\a 10 cent coin?),

€
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Table 4

’ Number of Pilot-lesson Segments by Strand and Lesson

Strand ' ) Lesson :, »

1 2 3 y 5 6 Total

Ndhbpr ) ' : C e -
concepts 6 U 5 3- 2 1 21 @
Applications 1 2 1 - 2 .y y o -
> o ‘c .
Geometry B 0 0 1 2 "0 oy
Basic ' . . -
concepts 0 2 1 1 0 o ~
Addition 0 ..0 0 0 3 2 5
' L4
. Total 8 8 8 8 -9 7 48

37

8




resp?nses to general-interest or organizational questions (Children,

‘are you ready?), and recitation (rote’goe?ting, naming days of the week).
Written iespongeé were made on worksheets.” Some 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) . | " - . N
Physical responses wé}e mostly in the "mando mando" game-- %

“mando" means ‘"I command" iu Spanish--in which childeren followed

the instructions of a leader (Clap your hands, prdise two fingers). . : ‘

L4

in addition to worksheets‘and pencils, the only paterials used were

+
.

cardboard rulers.-

Almost all ségments requiring written responses contained

i five ‘exercises (some of those presented after the taped lesson .
W " had 6 or 8 exerdises). ~ : '
. Results. In geperal, the children responded actively and

r witq apparent enjoyment. They gave oral responses readily, even

answering rhetorical quéstions (which we now try to qvoip). At first

‘the teachers were quite activefin elicting oré& responses, but this .

. A
{ seemed unnecessary and we now discourage the practice.

Because we anﬁicipated that children would have difficulé& in

..

following oral instructions, we made frequent use of repetition. We

found that this often confused and rarely helped the children. They

followed instructions well, experiencing difficulty only when the
/
instructioris were ambiguous or the content too difficult. However,
Y

3 Y
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6cqasiona11y’an unexpected noise drowned ovt an essential word. This
caused problems'only when children were working indlvidualiy on A ;
/

worksheets, and we now repeat only key words or phrases that provide
3

instruction for writtén work. In one lesson we used a "cartoon" voice
to give;exercises. Only a smallyproportién of the students understood
the voice and we have droppe? that practice.

The children’s high level of l?stening skills when i?structfbns
were presented contrasted strongly with #heir response to stories in'the
pilot lessons. For the most part they appeared bored and uninterested
in the characters. When questioned after the lessoné students indicated
that they did not follow plots. We have decreased both the amount and

the complexity of story material used in lessons. . | ’ .

’ " The children had more difficulty using the worksheets than we )

.
»

had antjcipated. They often marked answers in the wrong spaces and we

have redesigned the worksheet to add an identifier for each section.

Befor; presenting an exercise we ask the children to put a finger on

the identifier that marks the space for the answer. ) & <
) ;

We 9xperimgnted with the amount of time allowed for various

types of responses, and devéloped the following set of guidelines:

oral response to a question with 2 sec.
an obvious answer ' ‘ , ,
counting 1 to 5 bottle tops 5 sec.
circling one choice among 2 or 3 ‘ 5 sec. .,
/ pictures
writing a 1-digit number 8 sec.

_drawing 1 to 3 ciréles 12 sec.




<Y v i
‘ In several segments we tried to supp}y reinforcement’bj

. announcing the correct answer §§ter tﬁz chiidren were giyen time to

write a response. This‘proqedure seemed to confuse'mény children and

« . \

not to help the others. We have not found a successful substitute
k4 e X
and do not presently give reinforcement for written adg&ers. (We asked L .

the children to cross out ratheg than erase an answer they wanted to

- change. Tﬁey much preferred tol erase, with a wet finger if no eraser

‘xes available.) ' . Ny ’ vt A .
N .

-

~ » Teachers seemed to be receptive to the program. ~Some teachers
< ' .
4Z whce thought the cﬁildrep would have diffigglty listening to *and obeying,

instructions from a recording machine' repeated many of the qhestions, .,

thereby shortening the time aiioued for the children to respond. We
. .,

now urge t€achers not to repeat’ unless thefefis a, noise or distraétion '

that prévents children from hearing the tape.;

L _ \ ¥ ‘
) For the first version of the'fin{t two lessons we wWrote lengthy

' *

. P .-

,  and detailed telchers’ guides, but\:hes proved to he éonfus;ng; a much

’, N - -

. - . @ n 7 .
3-‘ " briefer guide format was d for the six lessons,/;hd is still in wvse. ‘(} N

-
‘ * “ ‘QI\ We ﬁqsyynow to an examination of student response data, which
A / 7 ‘ .
. are reported for all segments réquiring written responses. During the
{ : . .
lessons we made no attempt to inhibit cooperative answering or "copying”, - .

which éertainly occur%. (We once observed a child marking two workshéets
while her friend searched for a pencil.) Codberatile answering inflates .

scores (at least for eapy exercis€s) but there remains considerable }

variation in scores.




The number of students takieg each lesson ranged from 155 to
186. The/meéﬁ‘percentage eorrect for segments requiring wr;tten
responses is shown in Table 5. (The identifier L1-4 is for lesson 1,
ségment 4). On the basis of previous experience we consider a
perfo;;ance level of between 80 aed 90 percent correct to be optimal
for first-grade children (lower 1eve;s ere too discouraging). The
performance level'for the pilot lessons was acceptebly high, falling
below 70% correct for only two segments (L2-7 and L5;9).

. Evidence for ;eerning apeears when we examine scores for
three'eegmenbs presenting the same task, which had not been previously
taught. Exereises in eegments L2-8, L3-8, and LU4-7 asked students to .
measure pictures of objects (which varied in length from‘B to 10 ‘

. I
. centimeters). As seen in Table 5, the percentage correct increased .

from 71.0 Lo 88.3.

Although the overall performance level was quite high, there

was substantial variation for lessons and classes. /Mean percentage

4 -

correct for each lesson for the six classes are e7esented in Table 6.
Class U performed well consistently, while Clas% ‘2 performed poorly
for the entire set of lessons. Other classes 7ﬁowed occasional high
or low scores. This variability is not unexpeeted, but presents

difficuities when trying to adopt the appropriate difficulty level

for lessons and exercises.

Preparation of the pilot lessons gave the staff an opportunity

» -

to work out many of the procedures that yould be necessary for producing

4




J Lesson &
Segment

L1-4

L2-4
L2-5
L2-7
L2-8

L3-
L3~6
L3-7
N - L3-8

LU-2
Ly~

LU-6
Ly-T7

L5-4
. L5=7
L5-8
L5-9

L6-3
L6-U4
L6-6
L6-7

a

P

L4-5

T T .

P

Table 5

Performance on Pilot Lesson Segménts

Strand

NUM

BAS
NUM
BAS
APL

BAS
NUM
GEO
APL

i

. GEO

NUM
BAS
GEO
APL

APL
ADD
APL
APL

ADD
APL
APL
APL

169

174

174-
174

174

186
186
186
186
173
173
173
173
173

155
155
155
/155

174
174
174
174

o
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Table 6

Mean Performance on Pilot Lessons by Class

Percentage Correct

N Lesson

Class . 1 2 3 y 5 6 Mean




lessons on a tight schedule. The results lead us to the following
general conclusions about the design and use of radio lessons.

-

1. Children are most attentive to radio lessons
when they are responding actively.
the stories in our programs for first-gragp children.
3. Rhetorical questions are answered by the children;
such questions should be used only sparingly and

time must be allowed for responses.

4.. Children listen to instructions and, in most éases,
repetition is not needed.

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

H
Curriculum Structure

Project lessons are based on the mathematics curriculum

specified by the Nicaraguan Ministry of Education.\\A thoroﬁgh revision

N

T 2. Mathematical activities are more engaging than

of the primary mathematics curriculum was completed ip 1973, undqrvthe -
direction of Mrs. Vitalia Vrooman, who is now Nicaraguan Direcpor of

. the project. An abbreviated.version of the new curricul&h outline
for First Grade appears in Figure 2. The list of topics is that of a
typical “modern maﬁhematics' program. Except for the inclusiop of
formal work on multiplication and division, the outline closely
resembles those gpepa}ed in the United States. It is‘also very similar
to outlines we have examined from other developing countries, an

jllustration of the great commonality in primary school mathematics

curriculums throughout the world.
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First Unit: Bésic Concepts (2 weeks)

size, height, position, width, quantity, weight

Second Unit: Sets (4 weeks) ,

set, element, comparing sets; equality, inequality

Third Unit: Systems of Counting (8 weeks)
counting dp to 99, ordinals, place value’ ) .

Fourth Unit:  Addition and Subtraction (U4 weeks)

°

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

Fifth Unit: Multiplication and Division (3 weeks) e
Readiness work, multiplication combinations up to 27, ‘
‘division with dividends up to 15, divisors of 2 to 5 " .

Sixth Unit: Common Fractions (2 weeks)

halves, thirds, and fourths

Seventh Unit: Money (2 weeks) ' ’ .

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

1

Eighth Unit: Measures (5 weeks) : ’

length, volume, time, weight, pairs and dozens

Ninth Unit: Geometry

point, line, plane, curved and straight lines,
angles, figures with 3, 4, more sides

Figure 2., Nicaraguan first grade curriculum: condensed
version of outline prepared by the Ministry of Public Education.

U5
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There are several reasons for adopting the Nicaraguan curriculum .

as the basis for projéct lessons. First, the curriculum is certainly "

sétisfactory as a basis for the radio lessoﬁs. Second, the Ministry

has expended much effort in the last several years revising ¢he curriculum

and retraining teachers. We feel that teachers will be less resistant

to a change in mode of presentation of lessons if the curriculum is not

changed (once again) at the same time. Finally, the use‘of the same

curriculum iﬁ experiméntal'and control classes facilitates evaluation

of the radio lessons.

Some changes in emphasis éhd some reorganization of the Nicaraguan
curriculum have proved necessary in structuring the radio lessons. As )
shown in Figure C1, each topic in tpe Nicargguan curriculum is allotted
a épeéific period for instruction. Teachers customarily follow these "
guiéelines, presenting all instruction on a tépic in a single block of
. time. Because of the deméhstrq?ea superiority of distributed practice

we chose not to follow this procedure, instead dispersing instruction

on each topic throughout the school year. . v

The radio curriculum, which serves as the basis for radio lessdns,

* is divided into topics or strands. For first grade the strands are
Basic Concepts, Number Concepts, Addition, Subtraction, Applications,
Geometry, and Measurement. For each strand a set of behavioral
objecfives was formulated, defining the behavior expected of a student

who has successfully completed the first-grade instructibnal program.

The behavioral objectives defined for the first-grade radio curriculum




are shown in Appendix D. For illustrative purposes we present several
of the objecéives for the Number Concepts.strahd in Table 7.

The objectives specify only what the student should be able to
do a£ the end of the year, and each objective must be subdivided in
order to serve as a guide for instruction. The resultiné‘ihstructioﬁal
classes span the entire curriculum, but they are not disjoint. Thus,
the first several instructional classes ob;qined by sdBd?GIdlhg

tehavioral objective NUM-1 (see Table T7) are

NUM-1-1 Count aloud from 1 to 5

NUM-1-2 Count aloud from 1 to 10 )
NUM-1=3 Count aloud from 1 to 13
NUM~1-4 Count aloud from 1 to 20.°

Class QUM-1-2 includes class NUM-1-1, which in turn is included in
3 .
-.NUM-1-3, and so on.
Someiimes instructional classes are defined that do not appear
in the list of terminal objéétives, but are used to build requisite

skills. For example, the first three instructional classes for

objective NUM-8 (writing numerals) are

NUM-8-1 Copy numerals from 1 to 3
NUM-8-2 Copy numerals from 1 to 5
NUM~8-3 Write numerals 1 to 3 from dictation. -

Copying numerals appears as an intermédiate ﬁut\nop as a terminal
task. -

In. addition to defining the instructional classes for each
behavioral objective, the curriculum specialist must_decide_how often

each class is to be sampled and how té relate the developﬁeﬁt of

.

objgctivesxﬁo each other. For example, the instructional classes that




Table 7

Y

Selected Behavioral Objéctives for Number Concepts

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 tens

When asked to count aloud by tens, the child will count; ,
"ten, twenty, thirty,..." until stopped (no farther than 100).

Reading'nqperals
r )

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

Given a set of 2 to 10 printed numerals (0 to 100) and the
oral instruction to select a specified numeral the child will
indicate the correct numeral by pointing or cirecling.

Example: "Circle the 41"

58 0 4 41 -4 14

Writing numerals

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

Example: "Write the number 87."




teach writing numerals from 1 to 3 must be p?eéented before the student

is asked to write 3 in response to another type of exercise.

In the case of first-grade mathematics, we have good criteria
for determining an appropriate ordering of classes. The subject matter
itself i; hierarch;cal; in'many cases concepts and exercise éypes build
logiéally Qn -one another. Moreover, at the Institute at Stanford we
have deféiqped several €lementary-level mathématics courses, two of |
them using coméuter-assisted instruction. We have collected over the
years a(large body of performance data, which provides additional
guidelines for the ordering of instructional classes based on the
relative difficulty of exercise types.' These results are reported in
Suppes (1972, 1974), Suppes and Morningstar (1970), and Suppes, Searle,
and Lorton (in press). |

The instructional classes are uéed to define lesson segments,
as described below. Fér a lesson segment we must also specify the
o .
mode of presentation and the student response mode. An exercise may
be embedded within a story or a realistic situation famili;r to the
children, or it may be presented abstractly, without embellishment.
Students may be asked to ;nswer orally or in writipg. \

The strands.and instructional classes specify the content
of the curriculum, but noq the relative émphasis given to each
topic. Decisions about allocation of time were made using the

Nicaraguan curriculum guidelines and the results of investigations ,

< of relative importance of topics in mathqpatics texts written in
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the United States (Suppes, Searle, and Lorton,-in press). The
proportion of time devoted to each topic for five, lesson blocks is
shown in Table 8 for thé first half of first grade. Fo; the first
le;gons, exercises from the Basic Concepts and Number Concepts
strands are useé, in rpughly the rétio 1:4. As new topics aré added
the time spent on Number Conéepts exercises decreases, reaching 55
percent by Lesson 85. The percentages shown in Table 8 are derived

frbm the number of segments fer each strand that was used in each

lesson.

I

‘Lesson Production

< We turn now to the process of translating curriculum
sﬁecification§ into scripts for radio lessons, prepariné auxiliary
lespon materials, reproducing materials and distributing them to
schools. The entire process requires close cooperatiqn between the

curriculum specialist, the writers of scripts and teachqps' guides,

and the artist to znsure that the final lesson accurately reflects

the intent of the curriculum specialist. Forﬁhurposes of discussion

we separate the process into four stébs.
+

1. The curriculum spe;ialist designs an individual lesson.
2. The scripf writer translates the specifications for

thé lesson into a radio script.
3. To produce the lesson,

a. the artist prepares the worksheet,

50
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‘Table 8
\ Percentage of Instruction Devoted to Each Strand

‘

in 5-iesson Blocks

3

- Lesson ' Strand Ideqtifier

BAS NUM - ADD APL SUB

1-5 31 69 ‘
6-10 20 80 X
11-15 12° T 2 12
16-20 88 10 2
.\ 21-25 5 67 20 8

' 26-30 ’ Y ‘ 27 6

\\ij-35 3 60 37 10
36:40 3 60 21 16
41-lig , 65 - 19 . 16
ue-so\ 63 21 6 - 4
51-55 \\\\ 51 26 17 6 ‘
56-60 . . 60 18. 18 y
61-65 \\\ 73 9 3 15
66-70 K 49 33 18

T71=75 . 6 16 T 13




b. a teacher training expert prepares the teacher’s

\ guide, and ‘ X ' ‘
c. the recording artists record the lesson, under the
A
direction of the radio specialist.

-

4. The oomponents of the lesson (worksheets, ﬁeaoher{s guides)

-

are reproduced and distributed to schools. :

Step 1: Designvof an individual lesson .
A radio lesson is specified by seleoting an appﬁopriate group
of insiructional classes from several strands. 'Each instructional
class provides the instructional content of a lesson segment, and the
segment description specifies the exercises, the mode of presentation,
and the mode of response required Each lesson is comprised of from six
to ten 'segments, presented by radio and by the teacher in the post-
broadcast periodf For example, Lesson 18 (near the beginniqg of first
grade) has seven radio segments and three postbroadcast segments: //,
The seédent deggriggions, as they e;oear°in the outline far scri§€<r
driters; are shodr in Table 9. (}he original outline and the other
materials associated with Lesson 18 are bresented in Appendix E.)
Table ¢ illustrates the variet& of topics and response modes
that may be incorporated in a single lesson. However, as is evident
from the outline, topics are not chosen at random, but in’relation to |

one another. Segments 1 and 7 give different types of practﬂce with

roughly the same addition‘combinations. Segment U provides practice

in writing the numerals needed in Segment 5,‘aﬁd so on. An outline

;
s




Segment
number

1

10

a

v

Segment Descriptions for Lesson 18, Grade One

Presented
by

Radib

Radio

Radio
Radio
Radio
Radio
" Radgio,

-

T>racher
Teacher

Teacher

Translated from Spanish.

Table 9
a

Description

~

using fingers.

‘Show the addition fact3'2+2,/3*2, U+1, 142

"How much is 2 plus 27"
Rotg count from 1.to 20, two times.
Give successors orally .for 5, 8, T, 9, 10.
"What number-comes after 57"

Write numerals from dictation. "Write the
number 4 (3, 5, 2, 6)."

Write the successors of 2, 1, 4, 3, 1.
"Write the number that .comes after 2."
Ordinals ‘first’ and ‘second’, oral, then
written response,ﬂusing drawings. "There is
‘a plate on the first table. What is on the
second table? Circle the first table (second
basket, second box, first dish)".
Readiness for addition, drawing. "Draw 2
balls on the first line. Draw 1 ball on the
second line. How many .are there in all?"
(oral response) (142, 143, 3+2, 2+2)

Reading numerals from 1<to 7 (printed on
worksheet). -"Circle the 3 (6,2,4,7,5)."

Read numerals 1 to 9 on cards (prepared by
teacher).

»

Count objgcts,'from 1 to 10 (materials
chosen by teacher).

,
N A
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like that shown in Table 9 (wi}h additional information concerning a (ﬂ
response modes, timing, andaworkshqet lgyout) provides the basis from
wh;ch script writers produce a script’ for the radio lesson, curricdulum -

. writers produce the teachers”’ gyidg,.and the artist prepares the

<\ v ' ‘}}

A .,

Step 2: Translation of lesson specif;cations into a radio script '

\

Before the lesson outline regches its final f%rm, the‘sc}ipt

L3

writer reviéﬁs it and makes a preliminary plan for the script. This-
. L ]

process often s;ggests revisions, which the curriculum specialist

worksheet .

and the script writer make together. Then the script writer prepares
» N

an outline for the projected script and reviews this with the curriculum -

speciaiist. N¥o dialogue is written until the two specialists have come

Lo full. agreement a§0ut the outline. . \
' Although the lesson is initially structured by segments, these

"are not delingated in the lesson script and the writer is encouraged

to embeq the mathematicﬁ/in story contexts in thgse lessons where

" stories are uséd. The/blacement of songs.and games, unless these are ) \\

’ ) ¢
included in the outline, is also at ‘the discretion of the script writer.

The translation of afsegment description;%éfg radio script is
jllustrated in the following excerpt (translated from Spanish) from
A

Lesson 18, which is ‘based on the description for Segment 1 (see Table

9). .The Spanish vérsion of the script can be found ig Appendix E.

. 1
S *
-

.




n

The setting is a carnival, with happy background musig.

The ‘radio characters--Lulu, Carlqs, and Lobo--are

- laughing and talking excitedly about how many things

there are to see .and buy. Lobo (a character who often
makes mistakes) asks the classrooT children to help him

count all the things he- bought

Lobo:

Carlos:

Lobo::

' Carlos:

Lobo:

Carlos:

\\\

\
First I got 2 balloons, then 3 moke...J think 2
plus 3 equals 5. I ‘
Wait. Let’s see if he’s right. Attention, g
children. Hold up two fingers on one hand...and
hold up three fingers on the other ha@d How
many fingers are there? (pause) That’ s\it--2
plus 3 is 5. E

And what else-did you get, Lobo?

I éot 2 caramels, and then 2" more.

Children, tell me--how much is 2 plus 27 (pause)
That ‘s it--u Bub;let s prove it. Hold up 2
fingers on one. hand and on the other hand hold
up 2 more. Now tell me, how many fingers are
there? (pause) Very good--2 plus 2 is 4.

I also got Roman candles. First I got 3 Roman
candles, and then 2 more. .

Okay, childrenL-how much is 3 plus 27 (pause)
Now let’s prove it with oyr fingers. Hold up
3  fingers -on one hand, and hold up 2 on the

other. How many fingers are there? That's

right--3 plus 2 is 5.

(Carlos does the same thing with 4 + 1 (balls) and
1 + 2 (flags).)

Lobo:

-

In -asking the children to ‘prove’

Three flags--oﬁé for you, Lulu, one ‘for you, Carlos,

and one for me! Oh, hqw many things I have now!

the correctness of their

answers, the instructional program is teach{ng them a method for

)

finding a .sum of two numbers that does not depend -on memorization.

-

-
- -

.
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When the first draft of a script is completed, the writer reads,

it to a group of staff mempers including those involved with ‘curriculum,

t

teacher training and classroom observation. The listeners’use their

.knowledge of children to comment. on the clarity of insatructions, the

’ 3

level of difficulty of:the language used, and the interest likely to
to be generated by thefstories and characters. The script is then

rewritten (ir necessary) in response to the criticisms of the staff.

1

The penultimate version of the script is timed and any necessary
adjustments are made. It is then ready forcrecording. We 'have found

———4in--Nicaragua that aﬁ experienced script writer, following the process

°

we'haye.described,/can write two or three 20-minute scripts a week. \

3

Step 3: Lesson production
While preparing the lesson outline, the curriculum specialist

makes a sketch of the student worksheet that will accompany the lesson.
The artist makes a preliminary drawing which is checked for accuracy
I N §

and clarity, and then is redrawn in final form. Most work@heets use
both sides of phe paper and, especially for early first gra&e,'contain
f ~ -

| ’ ’
many i11ustr&tions. . We employ an artist full time to produce five

! -

[ ;
worksheets a \Fek.//The worksheet for lLesson 18 is reproduced 16\\\\

/

Appendix E. \ / \ S

{

is prepared tqgether with the lesson outline. A curriculum writer

uses these to'pﬁ%gnce a 2-3 page guide for each 1esson, describing the

instrictional content and the teacher’s role in the postbroadcast

f
‘\
’.
V

A 1is€\oﬂ'suggestions about the contents of the teachers’ guide
v\




activities. (Appendix E contains the teacher'g guide for Lesson 18.)
i

‘the parts.. We use prerecorded soﬁnd effects and songs'and produce an

‘radio technician<-takes

‘project office. During the pilot-testing ph§5e materials are delivered

Sugge% ions for optional activities are also included. We find that
‘ i

one writer can write five guides each week, with some time left for

v

visiting classrooms.

The final step in lesson production takes place in the recording

studio. We use professional recording artists--three peopie play all

entire tape in real time. That is, unless some flaw in the tape is

found, it is not edited aftep”the recording session. All music and

sound effects are taped at\the same time as the spoken parts and the

timing"of pauses for studefit responses is precisely controlled. We

find that an experienced staff--<the artists, the producer, and the

out an hour to produce a 20-minute tape.

‘

Step 4: Reprodugfion of] materials and distribution to schools

We use/.an el .tronic scanner to make a stencil of the worksheet-

pneparéd by the artist; and all materialﬁ\aie mimeographed at the

N\,

to classrooms'weekly._ ’ \\\

»

This completes the description of the progng\gf lesson

et

¥
}
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construction, but a few remarks remain to be made. We consgider it

crucial that every person involved in lesson production observe the

use' of the lessons in the classroom. Thus we require all writers

(of curriculum, scripts, or guides) to visit classes regularly, and




i}

encourage visits by other staff members (artists, research staff, even

-secretaries) as . well.

We want to emphasize also.that close cooperation and mutual
understanding between the curriculum specialist and\the séﬁipt writer
is essential for the production of good instructional radio programs.
The training of eacﬁ of these professionals does not predispése them
to working gell together. The curriculqm specialist talks about
precisely specifying goals and objectivgs, while the'script'writer
values intuition épd literary creati;ity. To‘forge a working
relationship between these two takes much skill,‘understanding, and
good will. | 1'

[y
ERa}
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Guidelines for Script Writing

As we gain expérienpe with w:?:I;é and producing lessoﬂs, the
project is developing guidélihes that incorporate the results of our
gxperience. A few of these will Se mentioned here. !

Hﬁen child}en recite--?umbers, days of the week, and so on--it
is necessary to establish—a—rh&thm for them. It is aléo impértant to
tell them cleafly where to start. We have'taughé the children to wait' -

| f&r the radio to tell ﬁheﬁ to start and we establish the rhythm with
d;um beats or beating sticks.

Children often try to anticipate what the radio is going to say,
and start to respoéd before an instruction is complete. For example,

in one lesson we intended to tell the children to hit the table using

) their elbows. The phrase "using your elbows" came at the end of the




instruction and before the children heard it they were using their hands.

Rephraéingéthe instrﬁction, "Use your elbows to hit the table three v I
-

times" avoids the difficulty.

We exercise care in the use of sound effects and m;xsia. We try
to use music that is familiar to the childre;, and open and close each
program with the same thgme muéic. N; background sound is played during
the presentation of instructions and exercises and silence is maintained
while children are given time t;f:espond to exercises.

When children are‘asked to skart an activity they must be told
when to stop. They do not automatically sit down after being asked to
stand up, and if we fail to tell them ?o put down t@eir penciis when
they complete an exercise, they usually keep ﬁhem iﬁ their hands and

are often disﬁéacped. We find it is important to indicate the end of

an activity. If we don’t the children seem to wait for something more

>

to happen.

The vocabul%ry for instructions is carefully controlled and

standardized. For example, we‘always use the word "tachar" (cross out)

rather than the phrase "hacer uﬁa cruz" (make a cross). We always ask
‘the children to "encerrar en un circulo" (enclose in a circle) when we
want them to draw a circle around a figu;e.\ The standard set of phrases
was chosen after consultation with several cuyriculum experts and

teachers. We allow more complicated vocabularx and_syntax for story

components of the lesson than for instructions and exercises.

~
r A
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Tests Embedded ;n the Curriculum

A ten-item test is included iﬁ every fifth lesson; and is -
designed to obtain information about student performance oﬁ earlier
parts of the curriculum. (This.informatibn is used during the
process of curriculﬁm development and evaluation.) The embedded tests
_are not Qeécribed to teachers as tests, but as reviews. We chose not
to tell the teachers the students were beirng tested to prevent any
differential treatment of students during these segme&ts.‘ s

The structure of the tests is presented in detail in Appendix F.
Briefly, test items are exemplars of inséructional classes that are
sampled_from strands in roughly the same proportion as the strands
are represented in the curriculum (see Table 8). The population of
classes sampled includes only those defining terminal objectives, not
intermediate objectives. Thus, the instructional cla;s'described above,f
"copy numerals from 1 to 5" would not be included in the population of |

classes sampled for'embedded tests. The population of classes is

further restricted to those that have been administerd by radio and

for which the task is independent of context (that is, does not depend

on a preceding exercise).

%

Diagnostic Segments
In response to teachers who expressed an interest in evaluating
student progress we are experimenting with the use of selected segments

as diagnostic tests, That is, we suggest to teachers that they can

identify studenis who are having difficulty with a concept by examining
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responses to‘ the identified segment. Thus, we suggest they exémine
respoﬁseé to L62-2:(Segment 6'}n Lesson'62) to assésé perfermance on
the concept '"greater or less than', L65-6 for successors, and so on.
Suggestions for additional activities for students who need helpv;re

included in the teachers’ guides accompanying these lessons.

1




* Chapter 5

Structure of Radio Lessons

We turn now to a consideration of aspects of \the désign of

il

radio lessqns, problems that have arisen, and an asse#sment of our

experience to date. \

Types of Student Response

-

We distinguish at least three types of response% that we ask
of cgildren.. They may speqk aloud, they may write, or ngy may respond
physically. For each of these an observer can determine whether a
.cbiid is respondiné. (There is a fburth type which we do not use--
asking the children to think of a reépgnse without comﬁqpicating it.)
We w{il discuss eac% of the three response types in turn. 1

Characters in a radio-prbgram m;y talk either amongpthemselves
or directly to the listeners. We make a careful distinctio@ between
these two modes. When characters are talking.té each other,-ye expect
'~chi1dren to listen without respondiné. When a character talks directly
tto the children, we expect and plan for the children to respo;d} In
this wa& a type of dialogue can b; established between a radio\character
and the childygn. Stddent respunses are highly structured, aéé there
is, of course: no complex interaction; nevertheless the’processtengageé
the attention of the children. \

Oral responses inélude such ‘conversations’ between the children

\
and radio characters, and also answers to exercises presented in ‘both

1
!
- ’ \

i
'
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free-response format and multip}e-chcice format. An example oftgn oral
exercise in multiple-choice format is

I am thinking of two objects--a box and a ball.
‘ ‘Which is round? ’ :

An oral exercise in free-response format, presented abstractly, is
What is 5 plus 10?
—.and presented in story form,

Juan earned 5 centavos yesterday and 10 centavos today.
How much did he earn altogether?

Recitation--rote céunting, reciting the days of the week or months of.
the year-~is also used. As another type of oral response, children é}ng
songs. A song is taught by having radio charaéters sing it several .
timés at its first presentation and then at least once in several
s;;cessive lessons. After only a few rgpetitions Ehe cnildren are ablé
to join the singing. Many of the songs we use are about mathematies.
Lyrics are writterd by the project staf‘.f‘ and set to wusic and r’ecordéd
by Nicaraguan musicians. . .
Physicgl activity is a second kind of response that the radio

s

characters ask of the childrenf‘:Children may play games--one game has
them patting their knees, their shoulders and their cheeks a specified
number of times--oé ;hey may be asked to hold up fingers, handle
materials; or point to pictures or numbers on the worksheét.

Finally, the children are asked to write on the worksheet’
Once aggin, exercises are presgnted'either in multiple-chbice or

iﬁ free-response format. In the former, children mark the correct

-~




) i ) . ‘
choice, while in the latter they may draw ‘pictures or write numerals ) |
{ . )

or words.

We are experimenting to find an appropriate level of activity

for the children. Our present lessons are much faster paced and ask
for more responses than the initial lessons we pilot-tested. At
present the lessons ask for an average of two to three responses per ‘
minute, and our c1assroomqobservations suggest that this rate of
responding cou1d be increased. The children appear inattentive while
radio characters talk to each other; but as soon as a character adopts
the tone of voice used to talk to the children they become attentive.
Maintaining children’s attention is, of course, a necessary
prereouisite for effective radio lessons. Our initial view'was that
we would use stories to engage the children, and embed mathematfcal
work in a story context to maintain interest. Pilot tests of lessons
designed in this way, using kindergarten and first-grade children in
California and first-grade children in Nicaragua, have %onvinced us

?

that the mathematical activities are intrinsically interesting to the

children and do not need story support, as long as the children are

asked to respond frequently. lThus, our view of the role and importance

of stories has changed markedly. ' ) . . ‘ ‘
At present we are experimenting with the use of.lessons that

have songs, games, and oral and written exercises, but no stories.

s These lessons are presented alternately with lessons containing story
AP episodes. Both types of lessons use the same main characters, but .

[}
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subordinate characters appear only in.the lessons containing stories.
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 interest level.

Providing Reinforcement .
We have experimented with various methods of reinforcement.’

In a pilot test of five recorded lessons, using California kindergarten
and first-grade childfen, we found that few children changed their
written answers, or -even appeared to listen, when the radio lesson
provided a correct answer several seconds after an exercise was presented
We found first-grade children familiar with the procedure for checking
'a group of written answers, but this procedure gives no reinforcement
with oral exercises, because the children do not remember what the
exercise was.

To date, the most successful method we have found for providing

knowledge of results is to ask the children to respond orally. In
/

this way, childrendwho_do not know the correct answer learn from those

who do. This method canibe used in conjunction'with written exercises
by first asking the children to write their answers, then to say them

_ aloud.® Because of its effectiveness in enhancing learning, we consider
reinfofcement an important aepect of' the lessons. We do not feel
satisf ed that we are providing enough reinforcement in the most

effective_manner; and we continue to experiment with this aspect of

+

the radio lessons.
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Using Concrete Materials¥

|
There is almost ﬁniversal agreement today that lower primary-

" level students should usé concrete, materials while studying mathematics.’

However, there are many obstacles to the use of materials during radio

! | /
lessons. Although the be%t Nicaraguan teachers use materials, the

pracgice is limited, and &herefore unfamiliar to many teachers.

!

Nicaraguan schools have no money availablé for the p{?chase of materials, -

nor any central method fo? distributing even those that might be

obtained free. Thus, eacki1 teacher ‘is indiviq(zally &'esponsible for

|

bpeir provision. 3

: | ‘
Problems of an entirely different sort arise when children

|
are asked to handle materials themselveq The objects are ‘dropped,

misplaced, and argued over‘ The fast pacing of the radio lessons does

not allow time for coping with such problems. Even more serious
problems arise when the teacher has failed to distribute the materiais,

or has handed out the wrong number, and the children are unable té

follow the directions givehrby the radio-

Notwithstanding these difficulties We are attemptiﬁg to use
materials--for the most part, bottle caps-~during radio lesgods, with
considerable success. He‘ask the teachers to distrigltg a speci isd
number of caps (to date we have ;sed no ;ore than 10) to each child
before the lesson ;tarts. The caps are uéed garly in the lesson and

then the radio asks the children tJ leave them alone. The children

respond well)to this instruction. The brimary use of these small

)

~\
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-
numbers of caps is-‘to illustrate addition and subtraction. Coynting v

[N

larger sets‘is delayed until the postbroadcast period. We have fcund
. .

the bottle caps to be noisy and somewhat'unwieldy and have plans to

try other materials next year. .

The uae of materiala.during’the.postbroadcast segment pf the
lecson has fewer disadvantagea pccause the flexibility of the classroom
perdits the teacher to cope with difficulties that arise. ~We encourage

teachers to provide coricrete experiences'for students and will use the

teachers’ guide to suggest materials and activities.

The Segmented Structure of Lessons

The research literature on the effect of practice on learning
supports the.proposition that skills need to be practiced regularly
. to be maintained, and that distributed practice is. superior to massed ‘
practice. Thus a specified amount of practice is more valuable when

_

it occurs in short, frequent sessions than in ionger, less frequent
sessions. In a classic paper that summarized 48 unpublished studies,
Wilson (1925) concluded ‘that drill should have the following attributes
in order to be effective:
It should be on the entire process.
It should come frequently in small amounts.
Each-unit should be a mixed drill.
It should have a time limit.
Examples in a unit drill should be in order of difficulty.

It should include verbal problems.
It should facilitate diagnosis.

/
SOV W N -
s & & s s s »

With these experimental results in mind, we have developed a lesson

structure thit provides for several different topics in each lesson,

\\ ) 68 ! '::':}8 2
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as well as different typesﬁof activities and different modes of

qréspon@ing. Once a topic has’been introduced, it reappears at regular *

-, § ~ L
: intervals, sometimes in the same, sometimes in different contexts,

providing continuing practice for the childfen. \E?ekly tests (included'
) to provide information for curriculum development) are not identified

! -

13
to either students or teachers as such, but are presented as reviews.

These: sets of exercises provide a further opportunity for students to
. : . . ’,
“practice skills already learned. 2

. " Dpifferential Learning“Rates
- \ ' .. '

. Coping with differential léarning rates4s. the most difficult
problem facing‘bhe‘developer of curﬁicuiqm for radio. During this

firsp experimental year we are céncerned primarily wiéh exploring the
. + “extent of the problem. Hoﬁ iérge is the spread in achievement at thg

) 5!ginn1ng of the year, and as the school year progresses? ‘We will use

-

results of tests embedded thro?ghout the radio curriculum to examine
. ) —-/ h \ . 7
N this question. Do children who are performing very well or very poorly

appear , to lose iansgst in lessons? We will rely on classroom . } .

observers and teachers’ reports to answer this question.

oo We have given some thought to ways of providing different
levels of instruction to different chiidren durinéigroadcasting. In
our te;ting program we debelopqd exercis;é ﬁhat hadldif%erent printed

P materials associated with a siqgle set ofibral'iﬁébructions, allowing

~ childre who were listening to & common set of instructions to work

different evercises. We think this hethod holds brdﬁise for allowing

~




»

;7the children would learn the same words and phrases that they would

into the curriculum for the tehché{ to handle, teaching childrén how

"alternate expressions that seemed appropriate. . We think these ex

would bave been more effectively taught by radio. On the other fhand,

w

children to practice skills at different levels of difficulty.

[ . ]

Providing postbroadcast materials for children of different ability

levels would also contribute to differentiating instruction.

ALlocatidn of Instruction Between Radio and the Classroom Teacher

h

We are presently investigating the queégion of allocation of

teaching responsibilities between the radio and the classroom teacher.
¢ ‘ ‘\. - b
At the beginning of the sc¢hool year we put a large number of exercises

A

to use identifiers and how to find their way around the worksheet.

We asked the teachers to use a étrictly specifiéd voeabulary So that

“

later hear in the radio- lessons. HoweYer some teachers did not

understand why they were asked to use exactly the listed words and

best by the teacher. . . .
We can make some generalizations about who should teach what.

4
.

\
Tr,e radin is better than the teacher for
” — -

rote-counting and other types of recibafior,

¢ fast-paced oral ‘drill,
songss, .
teaching students to follow directions,
teaching precise technical vocabulary. 7
4
¥ ¥ 'r\
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|
The teacheridoes better with activities that require '

/
, : a variety of mgteri?[s, !
| individual supervision (such as the - /
. introduction to the task of counting objects),
. group discussion.

/

: :
}
We are not s ‘ure who does best with such topics as - //
I, measurement, : - /-
, ! applications of arithmetic, !

l
development of prioblem-solving abilitiesq

. /
Summary e

!
f /
§ . !
i

/

/ /-
WeJcontinue to experim%ht with the format of the radio lessons.

. / . ! .
We nave*gijen particular attezﬁion to .the instructionﬁi aspects of the

] .
lesson. W1 have been quite successful in the presentation of

instruction--our first-grade students are able to fd&low directions
; :
|

o that tﬁﬁoughout a lesson they use the appropriate/ part of the

worksheet.

The instructiona portibns of the lessons keep‘the

attention of the children and
” { :

to most of jthe exercises. We

most of the children respond correct?*

are concerned with the problem of
maintainingsinterest throughout the yeér, and conﬁinue to investigate
ways of increaaing the entertai

’A
ent value of th¢ non-instructional
' /
portions of the lesson. !

..




‘Chapter'6

1974 First-grade Achievement Test -

/ The 197M‘testing program had two purposes, to measure student
performance at the ena of the school year on first-grade curriculum
obje?tives, and to deFermine‘bgth the ;xtent of performance differences
ﬁetween rur;l and urban-studgqts and the range of variation among
classrooms. A hultiplé.matrix-sampling design, in whichxeach item is

given to only a subset of students and each student takes only a subset

4
H

¢ _of the items, was used. This design tests a large number of items,
providing moré information than a design requiring that each student
answer each item; this advantage is partially offset by IESS'stable
estimates of student performancg, leading to less%agguraie combarisons
between éroups of students.

, A pilot test was developed and given to approximately 90 students

" in two classrooms. After podification the test @as‘administered‘to all .

students in 44 classrooms. The test was developed in the following

steps:

1. The equivalence classes that defined the
curriculum to be tested were chosen.:

2. The structure of the test and the number
of items needed were determined.

3. A prdcedure for sampling equivalence classes
was chosen and implemented.

4, The chosen equivalence classes were aséigned
to test forms. -

5., A test item was written to represent each
equivalence class.




v

The method outlined was followed quite closely‘in*the aonstruction

3

e

of the pilot test. Exceptions will be noted as we desecribe the N

procéss,ih detail.

pefinition of the Appropriate Curriculum

: ) \
) The universe of achievement test items is called the test

v
I

curriculum. It is not identical to the curricuium which forms the :

{
: . /
basis for radio lessons (radio curriculum). In'constructing the
test éurriculum, the appropriate topics are divided into strands,
and then each strand is divided into eauivalence classes, sets of

-‘ . ~ -

items_ that have structural features in common. Each equivalence

class is defined explicitly in terms of such item characteristics
as .the arithmetic operation, the exercise format (for presentation .
aﬁd for response), the size of the numbers, and so on. The x“
equ;vélence class séructure partitions the entire curriculum into
disjoint sets of exercise types.

Two sources of information about the first-grade mathematics
curriculum were used to choose the strands and the equivalence classes
within each strand appnépriate for a first-grade achievement test.

These are the curriculum guiae prepared by the Ministry of Education,

described in Figure 2 (page 45), and our observations of the topics

_ teachers were presenting in the classroom.

The strands in the test curriculum are listed in Table 10.

Number Concepts topics include counting to 100, reading and writing .

integers and.simple fractions, place value, size comparisons for both




Table 10
Distribution of Equivalznce Classes Among Strands

in Curriculum and Test . R

Number of Classes

Strand Test ‘ Proposed Actual
curriculum pilot test pilot. test ) ‘
Number Concepts 218 35 7 21
Addition - n3 19 17
Subtraction ' T’ 6 T
- Multiplication . MSK 10 - 9
. Division . 11 5 5 *
.Géometry 26 5 2
Applications 70 20 10 ' ¢

Total 554 110 80 : -
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integers and fractions, and the use of ordinal numbers up to ‘tenth” .

| Because some teachers were teaching conceptslmore advanced than those
| e * o N . - . ‘
o specified by the Ministry curriculum gunide, the Addition and Subtraction

" se

strands were extended to include problems with ‘carrys’ and ‘borrows’
and addition and subtraction of fractions. As shown in Figure 2,

multiplication and division are considered first-grade Ebpics. ‘_

»

Gedmetﬁy includes ‘readiness’ topicg such as the ‘concepts o}
shape, similarity, position and length, and the Aﬁplications strand d

1

covers money, linear measure, pairs and dozens, time, and word problems.

>

“ The testAcurricdlﬁm consisted of 554 equivaleng;_classes distributed

. among strands as shown in Table 10. ; C

"Structuré of the Test : ’ ‘ , . L
The pilot test and the fiAal test had the same structure
) except for Phe number of items. The test had three_parts, none of . %
K fhem overlapping. Part A was preparéd in one form, and was gi%en in %
all classrooms. Part B was prepéred in five forms and all students in
a clas;room received the same B form. Part € was prepared in five
forms, and ﬁggse were assigned randomly to students within each class,
36 that in each classroom rougﬁly 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.

Ed

~ 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 oraily--the exercise itself was




~
printed. For the first type of item, all students in a classroom must
receive the same item. Thus, such items Qoulg not be included in Part
C of the ﬁest."For items gf’the second type the test adminigtrétor

;ouid read in;tructions that apply tg gierciseé,with diffg;ent content.

. -
("Now work the next exercise" is the simplest ifrStruction of this typg:)

These items could appear on all parts of the test. Because some item;
were unsuitable for use in Part C, it was pot possible to assign

items raédomly to test parts. \
In the pilot test, each form af each part contained 10 items.
Thus, thgre were 10‘Part A items, 50 Part é items, and 50 Part C items,
for a total of\110. To oJLain these iteﬁé it was necessary'to sample
11psequiva1ence classes from the test curriculum: These classes were
distributed among strands as shown in Table 10 in the column labeied

Proposed Pilot Test. The proportion of glasses for each strand roughly

corresponds to that of the test curriculum as a whole.
1

Results of the Pilot Test
A trial run of the entire test as described here would have
’ required 5 classrooms, one for eaéh é form of the test. However,
fbecause time did not permit Such extensive testing only two classrooms
wére 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, distribdted among st;ands as shown in Table 10 in
the column labeled Actual Pilot Test. Each test booklet contained 30

v

items, 10 from each part. The number of students who took each of the

<

/ 7
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eight forms and the resulting mean scores are shown in Table 11. Data
for individual items are pﬁesented in Table II‘of Appendix A.
The distribution of item scores is shown in Table 12. Item

scores ranged from 0 to 9U4.5 percent correct, with a mean of 34.6

percent' correct and a stahdard deviation of 26.4. The median score was

27.8 percent correct. Table 13 shows the mean percentage correct and the

v

range of scores for items from each strand. Results are shown‘separateiy

for integers and fractions because error rates for these are markedly

4 ¢

*different. The scores Suggest that few cgrricular goals are being

met éatisfgétorily in these two classrooms. To give'the reader a sense
of the performance levels observed: Table 14 displays all of the items
from equivalence classes from the Addition strand (using‘inﬁegers),
with‘thé,assbciated percentage-c9rrect. The item shown in quotation -

marks was given orally. ’ o

- Administration of the pilot test revealed several short-
comings in the testing procedﬁres. There was much cooperative'answering,

t

especially where students sat at.tables or long ‘desks. Some test

questions were worded in such a way that students answered orally

'3

instead of in_ﬁriting. The pilot test proved to be very long--

-administration took about an hour.

o

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 coopera;ive answering.

The leﬁgth of the test was shortened from 30 to 21 items by reducing
) ¥




a

Maximum score

Table 11

Performance on Eight Subtests of Pilot Test

Part: Form n ‘ Mean Score
A 1 91 5.8
B 1 1 : 4.4
B 2 50 6.1
c 1 17 2.3
c 2 8 2.0
c -3 18 2.1
c oy 20 y 2.3
c 5 18 2.6 -
= 10.

(G
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Table 12

" Distribution of Item Scores for Pilot Test

+

Percentage Correct . Frequericy




Strand

Numeration
’ Integers
Fractions

LI

Addition
Integers

Fractions

Subtraction

Integers

-

Fractions
Multiplication
Division
Geometry

Applications

Number of
items

21 -
!

19,

¢ .
2i
!

17

13
y

16

12

10

Table 13

Mean percent
correct

53.6
55.2
37.6

33.2
. 42,6

2.8

21.3

21.0

10.8

68.2

36.0

v

Proportion Correct on Pilot Test by Strand
r , .

Range of

percentages

oy,

.6
-6

A

- 94.5
- 94.5
- 58.0

- 70.0
- 70.0
- .5.6

- 52.7
- 52.7




>
Table 14
N .

" Pilot Test Items Ordered by Difficulty

}

Addition of Integers

\

Item ) Percentage Correct
24 1= : 70.0
3+2= . - " 66.7

24
21 . ) . 58.2
+41 - . ) . H
6+ 10 = ___ ! 55.5
54+49=_N. . 54.9.
2 ‘ ' e
X 0 50:0 i
+ 3. ,
;‘ k]
160 ..
+530 50.0
f
" "How much is 13 plus 42" 43.9
20 + T = _, . 35.3
Lo |
+ 4 " 23.5

.38 o )

+'55. i 22.2
:
60 + 60 = ___~ . 16.7

64 :

+ 8 ' §.6
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to 7 the number of items from each part. As shown in Table 15, the
/

i ! - .o /
topics of addition and subtraction of fract(ons,.and division were. [" ,
*entirely eliminated from the test hurriéﬁlum. 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. lest items are //.

shown in Appendix ?.

Selection of the Classrooms to be Tested

A list was'made of all first-grade classrooms, stratified by
region (urban, municipal, rural). A classroom was bcnsidered eligible
for selection if there were 15 or.more first-grade children matriculated.
From each stratum lO classes were choseh at randoh. The classrooms were
selected from-each school without replacement-in order to ensure a wider

distribution of schools (except for the municipal stratum, which had only

eight schools) {

! 13
T

In addition to the 30 randomly chosen classes, 14 wereltested
for special reasons. Six classes had already taken some experimental

radio lessons and we were interested in how these classes handied the

|

. !
test. The 18 teachers who would use’ {3d10 lessons in 1975 had already

been chosen and we wanted data on how their students performed. Five

of the 18 teachers taught classes that had been selected in the random
assignment, and five more taught classes that had already used radio
lessons (mentioned above). The classes of the remaining eight teachers
were also tested, bringing the total of non;randomly selected classes

to 1l4--these eight and the six radio classes. In all, 1241 students



Table 15 .t

’Comparisah of Content of Pilot and Final "

« 7 . *
/ T Achievement Tests ““\ _ =
.o : \ .o .
‘ Nupber of Items
Strand Pilot Test " Fimal Test
- . . Y . [\‘ R
Numeration i ST )
Integers : 19 . . . : zu' 1
: ,Frictiong ' 2 . ‘,g 5
Total ~ 21 *© B 29 "
. ° < . -‘ N
Agdition & ¢ }

Integers 3. omn Co
. s ) “ ot T e j
Fractions ) y . - ) : 0.
( Total 17 e Y
Subtraction® ‘
Integers R T 12
' Fractions - <l . o 0
. 16 - - 12
Multiplication 9 y
Division 5 0 &/
. Geometry 2 o 5
Applications - 10 . 16
’ TOTAL 80 T
8y -7
- t4:3
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l. . \ \J
were tested. J

Each of’the thirty teachers selected at random _was notified
l
in advance of the test hy a 1etter from the Inspector to the school

’ > -

©

*

————-director.—The. remain,ng 14 teachers were told about the test by
staff members, who were in contaut with them regarding other aspects
B of the projeet. All teachers were assured that the test would not be . . ,
used to avaluate Lhem’ or individual/students but that the data would

be used: to guide curriculum development and evaluate the project "

activities. - . - ‘ .

-
-

.
!

- M -
! ¢ 4 Bl

Test Administration i 4~

o

p) Tests were administeted by two staff members. One read the (

- .\ . ¥
instructions, while the other taped the testing sesSion and acted as
+ . -

< ia

a monitor. While the children were beiné tested the teacher was asked

- to fill out a short form for each child giving background information
1]
including age, sex, and years in school -

“
- * *
»

4 The test took 30° minutes to administer (including a short

- ~

break). About 45 minutes before and 10 minutes after the testing .
T pd?iod were spent on administrative matters. Examihers reparted

many of the usual problems encéuntered when testing/firs&;grade

C : X
students--the tendency to answer aloud, confusion about following
4 “

directions, and so on. These problems seemed unusually Severe because
| ' . .
of ‘the novelty of the test situation for these students. They had - A
o ! - : ) \
never experienced any of the following: people from outside coming

ir to giie them a_test, brinted tests, the exercise preszntation




: N . ; \

formats used i:* the test, handing out of pendils, athematics exercises
presented orally {requiring written response;, a test with a variety
of mathematical operations presented, and thé tape repording of

N - ..classrpom activities. In many. classroomv children seebed bewildered - e e
' 4 ‘

. by the situation. Although children had difticulties with the test
situation and we must certainly keep these[in mind when\inSpecting

, \

/test results, it is important to note that for four of the 77 exercises

the percentage correct was over 90. Thus, at least for sdhe exercises,

/
, \
. almost all the children were able to respond correctly. \
' N , ] '
‘The examiners noted that the six classes that had j&st
’ )
X completed taking the experimental radio lessons seemed to find the
3 , : x
’ test examination situation much less confusing. The format for the i
I ‘ \
test was quite simirar to that used for wWorksheets during the\
o lessons, and the examiners felt that the radio lessons had prdvided
some training in those skills needed to respond successfully dLring
- the test. - ‘L .
| |
0 ‘ ‘ .
‘¥ Test Results | ~ N~
v |

H Data for individual items are presented in Table III of%Appendix
A. The mean number correct for each part of the test is shown in
®*  Table 16 (data are for 12431 students from 44 classes). Scores'for the
@ - |

A and B forms of the test are higher than these for the C forms. It

is possibie that the exercises in the C parts were harder. It is also

possible that the reduction,in cooperative angwering (because children

had different forns of the test) is responsible for the somewhat lower

/

) / LY 2 - "
4 . .
° R .
< .
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Table 16_

o

Performance on E;even‘ Subtests of Final Test

|
| Part Fo;nﬁx_w ‘_r; : . Mean :;,'corea " standard f -
d \deviation
A 1241 e 4.51 . 1.98
B .1 216 y.07 1.53
B 2 265 w0 1.54
B 3 223 5.45 : 1.50
B 4 240 3.95 K 1.86
- B 5 267 3.70 1.93
c 248 2.79 ~ 2.15
c 2 255 2.37 1.86 .
c 3 243 1.92 1.58
C 4 246 ' 3.15 2.14
cC 5 249 : 2.09 1.87

a

Maximum score = 7.

87

R ® 2N
Skt



- scores. .

The stru;ture of the test provided an opportunity to éssess the
extent of cooperative answering. Each test booklet was organized so
that questions’1, 2, 6, 13, 14, 17 an& 18 were from part A, questions
3, 4 7, 8, 11, 12, and 21 were from part B, and questions 5, 9, 10,
15, 16, 1§, and 20 were from part C. The examiner led the children
throuéh the first 15 questions on Ehe test, so that all children workéﬁ

on the same question at the samé time. For example, for question 5

(Part C), children were told "Read the numbers carefully. Write the

- . nuﬁbers that are missing.” The child had printed on his test booklet
one of five exercises, depending on which C foém he had.

A child who copied an answer from his neighbor ran the risk of
copying a correct (or incorrect) answer for an exercise different from
’the one printed in his test booklet. It seems reasonable to conclqde

3

that a child copied from a nearby paper when his response is correct

for an exercise from a different form. The complexity of the questions

= . P
supports this conclusion. For guestion 5 the number of children ?

who apparently copied is shown in Table 17. The numbers along the

hl

diagonal show the number of students who gave the correct answer to

the exercise they were given. The numbers off the diagonal showythe

number who gave the correct answer for an exercise bn 3z different form.
For question 5, 80 children, approximately 9 percent of the number who
responded incorrectly, gave the correct answer to an exercise from a

»

different form.
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' ' Table 17 ,
. ) Extent of Cooperative Answering
N , 6
L e . a N - . *
on Question 5 ® ‘ ‘
< .
Form student Form for which students resbonse .
took ) was the correct answer
v ) » . N v ’ -
w1 2 3 ] 5
- - . L
) ' Number of students
k)
* 1 104 y 3 3 s 5
2 9 y7 .2 1 7
v 3 y 1 40 7 1 .
-4 y 2 122 6
‘ 5 9 5 0 3 52
Noté. About 250 children took each test form.
a ! - -
Question 5: "Read the numbers carefully. Write the numbers
that are missing." . . . ,'
. . 4
Form 1: 30 40°' 50 . Form 4: 72 73 T4
Form 2: 2 4 6 Form 5: 8 T 6

Form 3: 5 10 15_
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Performance on ﬁest items summarized by strgnd is shown in

¢

(

-
-

Table 18. Percentage correct for the five geometry readiness items
ranged from 73.0 to 98.9. (Two of these items are shqun in Table 19.)
The high scores for these items provide confirmation that students

-

were able to understand directions‘éna respond correptly when they
knew the anéwer. ‘

The range of peﬁformance is shown f&r,all strands in'Table 19.
The performance level was duitetlow for addition and subtraction items;
only slightly more than half the students responded corpectly to the
easiést items. Approximately uli percent of-the students’responded
correctly to the easiest multiplizétibn exercise. . 8

Item; from the Application; strand included word problems
presented orglly and %n written form. T;é oral exergises reqﬁired a
free-forpat response; the written exercises were in multiple-choice
format. Word problems (cusﬂbmapily presented in written form) are
consideréd very difficult for young children. waevér, we have long
suspecteg that children would find such problems easier if they were
presente& orally. (For some positive'experimental results on the
reasoning abi;ities of young children when problems are given orally see
Suppes, 1965.) The results shown in Table 20 support this supposition.
The peycentage correct ranged from 49.6 to 71.3 for five word problems

presented orally. (Note that 71.3 percent is higher than the performance

on any of the computation items--see Table 19.) On the other hand,

performance onﬂwritten word problems ranged from 5.4 to 40.2 percent




Strand
o

Nﬁmeqation
Integers

Fractions
Addition
<
Subtraction
Multiplication

Geometry '

Application§

Table 18

Proportion Cocrrect on Final Test by Strand

Number ‘Mean percent Standard
f items correct deviation
(
29 Y 5710 22.4
2U :56.6 . 23.1
5 ' 58.6 4 . 20.8 -
1 s 45.4 15.0
\ ' \\
12 - 32.u' . 13.9 \\ ‘
N\
AN
h 33.3. 9.2 N
s AN

5 89.4 - 1.1
16 40.2 C 21,2




Strand Highest

; Percent Item
correct

Numeration " 91.46 "Write the

number 7.7
o

Addition 67.71 "How-much is
5 plus 12"

Subtraction 60.00 “How much is

. 6 minus 32"

Multiplication 43.62 2 X5 = ____

. Geometry 98.87 "Circle the

(3 choices)

<

Table 19

longest ladder."

Applications 71.30 "Manuel had U
buttons to play with. the clock says."

- " 0
Items with Highest and Lowest Rercent Correct on Final

Achievement Test- by Strand

Lowest

Percent Item
correct

16.46 "Write the numbers
that are missing."

72 73 T4
11.76 38

+ 55
7.62 42

=5

25.00 9 X 10 =.___

73.03 "Circle the
glass that is
on the right."

2.88 "Write the hour

Playing with another (10:30)
boy he lost 3.
Write the number of

> buttons he has left."

92

N




¥
\ . . Table 20 ; ' .
- Performance on Word Problqms g
Comparison between Oral and Written Problem Presentation
Presentation . Required . Percent
\ and response arithmetic ) correct
\| mode ; . -, .
Oral, free response 34+42=___ 65.9
Oral, free response 34242 = __ 70.2 » B
Oral, free response T 3= 71.3 -
Oral, free response 2 X4 = 49.6
f .
Oral, free response 6/2 = 52.4
Written, multiple 5 w3z 31.1
written, multiple 6 +1 = __—~ 36.1
[ %%
choice -
Written, multiple 5 + =6 5.4
choice ’ N
Written, multiple b +2= 40.24
choice
{
Written, multiple 34+3=____ 35.7 .
. choice .-
Mean Standard Deviation
. Oral . . 61.9 10.2

Written 29.7. ; 14.0

Y




cor}ect. Since these exercises were presented with\three'answer
choices, the expected percentage correct by chance is 33.3.
ExamiAation of Student Errors
An examination of éhe types/of errors made by students on the
achieveﬁent test provides informétion that can’contribute to designing
the radio lessons. It is important to identify those éspects of the
curriculum that children are not mastering, and to take parEicglar care’
in teaching them by radio. We fouﬁd that students had ﬁBre difficulty
with conceptual, as'companed to computational, aSpect; of the curriculum.
Students often/added the numbers presented in an exercise,
instead of subtracting or multiplying as appropriate. The frequency
of these errors is shown for nine subtraction exercises in Table 21
qnd for four multiplication exercises in Tgble 22. For the exercise,
5 - 3, 27 percent of the erroré were of this type, and for the exercise
5 X 1 (written vertically) the'response, 6, was almost as frequent as
the correct response, 5. These results suggest that.many students have
failed ‘to master the conceptual task of identifying the correct
operation. The prevalent practice in the classrooms of Masaya of
limiting instruction ép one argthmetic operation at a time probably
contributes to the student