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The mission of fhe Wisconsin Research and Development: Centér
for,-Cognitive Learning is to help learners develop as rapidly

and effectively as possible their potential as human beings a °

and as contributing members of sgciety. The R&D Center 1s

strlvaeg to fulfill this goal by

& conducting research to discover more about
how children learn

e developing improved instructional strategies,
processes and materials for school administrators,
teachers, and children, and

e offering assistance to educators and citizens
which will help transfer the outcomes of research
and development into practice ' ’
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The activities of the Wisconsin R&D Center are organized »
aroung _one unifying theme, Individuall¥ Guided Education.
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ASSTRACT  ° ; ’

s

The purpose of this study was to assess the usefulness of the’
elementary mathematics program Developing Mathematical Processes (DMP)
for educable mentally retarded (EMR) students. The subjects of this
study were 10 children from an intact class designated EMR. The chil-

"dren ranged in age from 7 to 12 years; the school is located in an

urban northwest Indiana school corporation. The 1972 Developmental
Edition of the DMP program (Developing Mathematical Processes, 1972)
was used in this trial which encompassed the last three months of the
1973-74 school year.

Placement into the program was guided by the data from the program’s
placement inventories supplemented extensively by teacher judgment.

Selected topics and activities from Levels One, Two, and Three were
When a topic was completed, topic
;red. This report

L4

—

used in the course of instruction.
inventories, as provided by the program, were administ
contains teacher ratings of each topic and activity us
tailed summaries of all test data obtained. )
The test data attested to the appropriateness and ?ffectiveness
of the DMP materials for these subjelts; the objectives ,of each topic
attempted were mastered with few exceptionms. Children'% interest in
the materials and instructional approaches was evidenced by a general
willingness to begin new activities and by their maiqta}ning appropriate
behavior during§ the course of an activity. f -
The teacher's evaluation of these materials was. very positive, but
inadequacies were cited in the placement processes. Tﬁe most important
single factor in the opinion of the teacher of these children was that //

every student experienced success at his own pace and Pevel.

’ , . . ' ;
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INTRODUCTION

.
.

The purpose of this study was to assess the usefulness of the
elementary mathematics program Developing Mathematical Processes (DMP)
for educable mentally retarded (EMR) students.

DMP is a complete elementary mathematics program being developed
by the University of Wisconsin.Research and Development Center for
Cognitive Learning. The materials used in this demonstration study
were selected topics and activities of Levels One, Two, and Three of
the 1972 pevelopmental Edition of Developlng Mathematical Processes
(1972). ; ~

. The DMP materials emphasize giving students the opportunlty to
discover mathematics while manipulating and observing various materials
that have been made a part of their environment. Instruction furtder
centers about certain ﬁrocessqg that people are postulated to use when

it they understand and solve, problems. A process, as used in the program,
is described as "A recognizable seguence of 8teps used to solve a
particulaf type of problem in many different contexts [Developing
Mathematical Processes, 1972, Teachers Manual]." Some of the processes
identified by this program are: describing, representing, comparing,
ordering, equalizing, Jjoinimrg, and separating.

. Recent work in the area of mathematics for the mentally handi-
capped child emphasized the importance of a meaningful, concrete ap-
proach to mathematics instruction (e.g., Cawley & Goodman, 1969; and

- Connolly, 1973). Furthermore, there is evidence that the mentalIy

handicapped can be taught problem solving in even the restrictive \\

sense pf word Froblems (Cawley & Goodman, 1969). It seems reasonable,
therefore, to ‘expect a program with the instructional approach of DMP

- to provide a measure. of success for these children.

i

ERIC o

Aruitoxt provided by Eic:

‘. A 4
. \) ) 9 . /‘\

IS




II

REVIEW OF LITERATURE '

[
.

Major areas of research concern relating to mathematics programs
and the EMR child have included differences between the mentally re-~
tarded and their mental-age peers (e.g., Cruickshank, 1948), difficulties
the mentally retarded experience while solving verbal problems (Cawley &
Goodman, 1969), and appropriate instruction for use with the mentally
retarded child (e.g., Cawley & Goodman, 1969; and Connolly, 1973).

Cruickshank in particular has been a pioneer in research relating .
to EMR children. A line of research begun by Cruickshank and supported
by others was summarized by Connolly (1973) in the following way.

The mentdlly retarded were significantly inferior to their

mental-age, normal peers in:

1. their ability to solve abstract and verbal problems;

2. their ability to solve concrete problems; -
3. the understanding of the operation required to solve -
a problem;

4. their ability to isolate pertinent information from
a body of given data; and

5. their work habits (which were characterized by care--
lessness and immaturity [p. 492].,

Connolly (1973) acknowledged widespread acceptance of these conclusions,
but faulted the reported research on the grounds of the limited scope and
sample size of the studies reported, the appropriateness of the tests
used, and the use of institutionalized subjects to make inferences to

the much larger group of children regularly attending the public schools.
He finally summarized this research in the following ways.

This research strongly implies that the mentally 'retarded

perform best on computation and functional areas of

arithmetic;  display definite weakness in those areas of

ari;hhetic requiring verbal mediation; and exhibit defirtite ,
weaknesses in work habits ’

While research has documented the general mathematics
performance pattern of the mentally retarded, it has not )L~
determined the extent to which this performance should be$_
attributed to deficiencies associated with mental retarda-
tion. Undoubtedly, partial responsibility for this per-
formance rests with the curriculum offerings and instruc-
tional practices the mentally retarded received [p. 493].




Cruickshank's (1948) conclusions indicate that a program focusing
on problem solving processes may be inappropriate for EMR children. .
However, the weaknesses in research methodology that Connolly noted
leave ample room to suppose that a carefully engineered program employ-,
ing appropriate instructional methodology could prove to be ite
appropriate for EMR children in non-institutional settings and that
Fhis could be true even though the materials were not designed with
the EMR child in mind.

In line with this suggestion, Cawley and Goodman (1969) reported
a formative study on the appropriateness of an arithmetical problem
solving unit in curricula for the mentally handicapped. They too
acknowledged such findings as those summarized by Connolly (1973),
and in particular the generally poor performances of mentally handi-
capped children on problem solving tasks. They suggested, however,
that "the characteristics measured in the reseanch were in reality a
function of inappropriate instruction. The mentally handicapped may

experience difficulties . . . because these program components are
not included in the currjiculum at the appropriate development levels
[p. 94. ;.

Cawley and Goodman accepted the challenge inherent in thelr
criticism and designed an instructional unit in problem solving in-
tended specifically for the mentally handicapped child. Regular
teachers of EMR children were provided with inservice instruction
in methods to be used in teaching the unit in usual classroom settings.
The children who worked through this unit showed significant gains in
verbal problem solving. Cawley and Goodman therefore accepted the
feasibility of a problem solving curricula for thé mentally handicapped
and called for the development of a comprehen51ve problem solving curric-
ula for these children.

A final consideration of this review is of the role that objects
or manipulatives should have in’' the mathematics curriculum for EMR
childrern”. Systematic research relating to this question seems to be
lacking. However  there is no dearth of professional opinion (e.g.,
Connolly, 1973; Howell, 1972; and Jacobson, 1969). All agree that
instruction must be carefully planned and that objects must play an
important part in the overall instructional program. The recommenda-
tions of Cawley and Goodman (1969) are representative. They described
an extensive teaching procedure for EMR students including two guide-
lines for the use of manipulatives. These guidelines are summarized
as follows: :

1. The manipulatives must be used in a meaningful, rather than
a mechanical way.

2. The use of the manipulatives must be part of the learning .
process rather than just the product as is the case with
most curricula for EMR children. ‘

L d
In summary then, much research would lead to rejection of a problem
solving approach to teaching mathematics to EMR children. However, suf-
ficient weaknesses in the methodology of the research has been noted,
that rejection of this approach is not required. Furthermore, Cawley
and Goodman had considerable success in teaching EMR children verbal

11
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problem solving tasks in the context of classroom settings commonly -~
available for EMR children. On the basis of these findings, and the
fact that manipulatives are used extensively in DMP and only in a
manner consistent with the two recommendations cited above, it seems
reasonable to expect that DMP material® can be successfully used with
EMR chi}dren. ) . 4 )




SUBJECTS

f

-

g

The chlldren involved in thlS study were a special education'
class of EMR students attendlng an elementary school in urban north>—"

west Indiana.
nine black students.
The I.Q.'

The class consisted of ten students, one white and

Their ages ranged from séven to twelVe years.

s, where available, can be found in Table 1.

TABLE 1
POPULATION ,
’ r

Student Age at Start of Study 1.0.
Boys - ~ )
1. Studénﬁ A 9 yrs. 7 months

2. Student B 11 yrs. 2 months 62
3 Student C 12 yrs. 4 months

4. Student D 10 yrs. 7 months

5. Student E 10 yrs. O months - f9
6. Student F 10 yrs. 6 months 161
7 Student G 7 yrs. 7 months )

8. Student H 9 yrs. 10 months 79
Girls

9. Student I ' 8 yrs. 10 months
10. Studen; J 10 yrs. 3 months

=

The majority of ‘the students have been in a  special classroom since

their second or third year in school.
progressed fairly well using the regular mathematics text books, mathe-

matics was still one of their weakest areas.

Although some of the students

Most of the students

experienced difficulty in understanding concepts, applying old and new
skills. and working with verbal problems. )




PLACEMENT IN THE PROGRAM ’ o

-

_ Beforé® beginning.the three month demonstration study a series of
pldacement inventories from the DMP program was given to the students.
The inventories that were given were Check-Up Test 1.1, Placement
Inveptory A, and Placement Inventory C. Instructions and deséribtions
of the placement inventories and check-up test are found in the Assess-
ment Manual of the DMP program (Developing Mathematical Processes, 1972).
Student scores from these administrations are reported in the Appendix.

The decision. about which inventories would be given to each student -
was made on ,the basis of the teacher's knowledge of the students and
the objectives of Levels One through Three. Consequently Check-Up
Test 1.1 was given first to student G- and later to student F. PRlacement
Inventory A was administered to students A, D, F, H, and I. Placement
Inventory C was first admlnlstered to students B, C, E, J, and later to
student ‘D als¥. ’

‘Students F and G both demonstrated mastery of the prerequisites of
Level One as measured by Chedk-Up Test 1.l1. The failure of student F
" to show mastery of five Le One objectives as measured by Inventory A
“led to his placement at Level One along with student G. While students
A, C, H, amd I failed to demonstrate mastery of all Level One objectives
as measured by Inventory A, their performances were judged to be ade-
quate for their placement at Level Two. Student D, who had‘shown hlgher
achievement than students A, H, and I earlier in the year, was also
administered Placement Inventory C to see if he should be placed at
Level Three. .

The data from Inventory C caused some difficulty in terms of the
'Placement of students. This 1nventory was administered to five students.
The scores of the students B, ¢, D, E, and J indicated mastery of all
*Level Two objectives and all but two Level Three objectives This
should normally indicate placement at a level higher than Level Three.

. However, the teacher's judgment, based on knowledge of the past achieve-
ment of these children, was that they did not in fact have mastery of
most Level Three objectives. Therefore, these five students were *

placed at the beginning of Level Three. The results of the pre-
agsessment for Topic 3.3, reported later in this chapter, substantiated
the teacher'!s judgment in this matter. Table 2 summarizes the place-
ments of all students based finally as much upon teacher Judgment as
upon the placement test scoreén -

Al

. STUDENT ACHIEVEMENT . : .- '

The materials used were all from’the 1972 Developmental Edition of
the DMP program. Each level included a teacher's guide, an assessment
manual, ‘pupils' workbooks, activity cards, pupil profile cards, and a
materials kit. .

buth pre-assessments and post-assessuents were used during the
course of this study. Pre-assessments were used twice, while all
available post-assessments were used. In particular, the pre-acscss-
ment for Topic 2.3 was administered to validate the teacher's judgment
of student mastery jprior to beginning the Topic, and the pre-assess-
"ment’ for TOplC 3.3 wag used following Topic 3.1 to see if any students
had mastered the objectives of TOplC 3.1. Post-assessments were ‘used to
formally assess student mastery ‘of given objectives after the completion

(.\ . ’ :7 . ’ ﬂ ‘]4 - P l 1




TABLE 2

INITIAL PLACEMENT OF STUDENTS .

Student

Placement Inventory

,Placement Level .

l. Student F

3

2. Student G
3. Student A
.4. Student H
5. Student I
6. Student D
7. Student B
8. §;udent C
9: Student E
10. Student J

Inv. A and Check-Up-
Test 1.1

Check-Up Test 1.1
Inv. A '
Inv. A
" Inv.
Inv. and Inv. C
Inv.
Inv.

Inv.

O 0 o0 a » >

Inv.

Level

‘.

Level .
Level
" Level
Level
Level

Level Three

Level

Three

- Level Three

. Level Three

of each topic.

preparatory objectives.

There was no formal assessment available for Topic 3.1
of Level Three, however, as all objectives listed in that topic were

The pre-assessment of Topic 3.3 did relate to

these objectives, and so it was administered to provide some assessment

of Topic 3.1.

-

Tables 3, 4, and 5 contain the evaluations of mastery of the 6bjectives
of each topic ¢ompleted by the students. -
data with the exception of Level Two, Topic 2.3, and Level Three, Topic 3.l.

TABLE 3

sk

The tables all contain posttest.

EVALUATIONS OF STUDENT MASTERY OF LEVEL ONE OBJECTIVES

. Ratings

Topics Objectives for Students*
F G

!

1.1 Chooses object M M
States same or different M M
Describes object M ot
1.2 Compares two lengths M M
. Orders two lengths M M
1.3 | .. 'Equalizes lengths - M M

*M--Mastery, P--Making Progress, N--Needs Considerable Help

1
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TABLE 4
EVALUATIONS OF STUDENT MASTERY OF LEVEL TWO OBJECTIVES < j
. é . nv
. . \ Ratings .
Topics Objectives for Students* .
— . A H I
T N
. 2.1 De%cribes shape M P .M
-
, Chooses region M M M
: States same or different M M M
2.2 Compares two weights M M M
. . , ' .Orders two weights M
2.3%% Writes numeral 0-10' M M M-
- 2.4 Orders sevgral occurrences M M M
*M--Mastery, P--Making Progress, N--Needs Considerable Help . .

**Because of pre-assessment mastery, this topic was not taught. \

The‘!%sults of the postassessments indicated student mastery of all
topic objectives following the completion of the activities of a topic.
A single exception to this was that one student had a rating of P (Making
Progress) for one objective of Topic 2.1. The objectives for Topic 3.1
were all preparatory and hence mastery of them would not be expected fol-
lowing the completion of the activities of that topic. The objectives for
Topic 3.3 were exactly the same as those for Topic 3.1, however, and in-
struction on Topic 3.3 was to lead to mastery of the objectives. _While
Topic 3.3 was not taught, the pre-assessment for this topic was given to
’, provide some evaluation of Topic 3.1. Several ratings of M (Mastery) and
P (Making Progress) and only one rating of N (Needs Considerable Help)
. indicated that while progress had been made towards mastery of the objectives
of Topic 3.1, instruction on Topic 3.3 would be necessary before they were
mastered.

TEACHER RATINGS OF ACTIVITIES ,

The topics of the various levels provide lessons Or activities to
enable the students to achieve mastery of the given objectives. Tables
6, 7, and 8 list the levels, topics, and activities used by, the students
in this demonstration study. The tables also®intlude a teacher rating
of each activity that was used.

14
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TABLE 5
EVALUATIONS OF STUDENT MASTERY OF LEVEL THREE OBJECTIVES

. Ratings
Topics * Objectives N for Students*
’ B C D E J

3.1** . Reads sentence - - - - - -

Chooses equalization - > - - - :

sentence A .

Writes equalization g0 - - - - -
sentence

' “

i . “Validates sentence - - - - -
3.2 Names figure M . M.

W Chooses figure M M M M -
3, 3%%% Reads senterice 0-10 M M M M

Chooses equalization‘
sentence 0-10 |

! . Writes equalization
L sentence 0-10 N

Validates sentence 0-10 P M M7’ M N

*M--Mastery, P~-Making Progress, N--Needs Considerable Help

**All four objectives were preparatory objectives and were not formally N
assessed. :

***This topic was not taught. The pre-assessment was given to provide
some information regarding the objectives of Topic 3.1.




A ‘
I\ /
Topics Activities Evaluations Comments
Good * Fair Poor
1.1 1.1.1 X
1.1.2 X
1.1.3 X
1.1.4 X
1.1.5 ° X
1.1.6 X
1.1.7 X
1.1.8 X
1.2 l1.2.1 X
1.2.2 X
. 1.2.3 X
1.2.4 X
1.2.5 X
) 1.2.6 X .
1.2.7 Activity
- - not used
1.2.8 X
1.3 - 1.3.1 X
1.3.’2 X
1.3.3 X
1.3.4 ; X .
1.3.5 X
1.3.6 X !
”-
1

12 J
| TABLE 6
' TEACHER RATINGS OF LEVEL ONE ACTIVITIES ..
|
|
|
!




TEACHER RATINGS OF LEVEL TWO ACTIVITIES

Topics

-~

Evaluations

Wactivities

Comments

2.1

[s < CS Io AR ¥, IV CORY U 6 I o

.

NN NN
B e

.
.

Sl

2.2

Activity”™
not used

Activity
not used

2.3*

/
Not taught

2.4

> B¢ % M

*pre-assesshment indicated mastery of

the objectives of this topic.
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TABLE 8 AN
TEACHER RATINGS OF LEVEL THREE ACTIVITIES (
Topics Activities Evaluations Comments
Good Fair Poor
3.1 3.1.1 X ~
3.1.2 X -
3.1.3 ~ X
3.1.4 X
3.1.5 Activity
not used
3.1.6 X ~
3.1.7 . Activity
not used
3.1.8 X
3.1.9 X '
3.1.10 X
3.1.11 X .
3.2% 3.2.1 X <
3.2.2 X
3.2.3 X
3.2.4 X
3.2.5 X .
‘ " 3.2.6 ' X .
3.2.7-3,2.11 ) Actjvities
o T not used

*This topictwas not completed by the students.

These ratings were based on the following criteria: —

1. The activity was neither too easy nor too difficult.

2. The activity was short enough for the ‘students to maintain
- interest.

3. The students, enjoyed working with the activity.

4. The activity contributed to the students' knowledge.

A rating of fair ipdicates that an activity failed to meet one of the
above criteria in a sighificant way. A rating of poor would have 'been
given if an activity had been unacceptable in texms of any of the above
criteria. . - .

A total of 60 activities were taught during the course of the three
Sixteen of these activities were rated as fair; the remainder
The reasons for the fair ratings were mixed and fol-
If an activity of a,completed topic was not

month trial.
wére rated as good.
lowed no particular pattern.

d
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used, it was because in the judgment of the teacher the students had
had enough experience with that type of activity, it was an optional
activity, or i1t was an alternate to another activity in the same topic.

Beyond the ratings already reported, it can be noted that the
students enjoyed working through all the activities and in particular
enjoyed using the manipulative materials that were made available to
them. The students working in Level One especially enjoyed working with
the lots—-a-links and unifix cubes while-studying length in Topic 1.2
and Topic 1.3. The students in Level Two enjoyed working with the
geometric shapes and figures in Topic 2.1 as well as the items used for
measuring weights in Topic 2.2. The students working in Level Three
were exposed to more of the manipulative items than at the other two
levels; they particularly enjoyed the activities of Topic 3.1 which
included the process of representlng using the three modes--phy51cal,
pictorial, and symbolic.




: ' IV - ,
: SUMMARY AND CONCLUSIONS

)

SUMMARY .

‘'The effects of the DMP program on these students were generally
positive. Students mastered the objectives of the topics taught and, <
in the judgment of their teacher, thoroughly enjoyed working'with the .
program. Their feelings abbut mathematics seemed to improve. They
were eager to begin new topics and to master new concepts and skills.

However, most important to the teacher was that evéry student experienced
success at his own pace and level.

The teacher noted two major criticisms of the DMP program, however.

The first concerns the placement inventories” It was felt that the in-
ventories were not accurate in the placement suggested. Perhaps they
should have included more detailed sdmple items from the levels which
they covered. ,Secondly, more emphasis should have been given to develop-
ing computational skills, especially in Level Three.

7

’

LIMITATIONS \

Certain limitations to this trial of DMP materials for use with
EMR children should be noted: the time spent was limited to three months, .
the number of subjects was 10, and there was no control grolp. However,.
the tcacher csuld use previous experiences with other groups of EMR chil-

dren as a basis for comparison. Therefore, while these limitations are
acknowledged, the following conclusions seem warranted.

CONCLUSIONS

* This three month trial of the DMP progréh was a success. The teacher's

uverall judgment of DMP was that it is algood program to use either alone
or as a supplement to the more usual mathematics program. wever, if
mathematics is to be related to the everyday life of the gé%Zrded child,
and if concrete and manipulative objects are to be used as effective tools
in the learning process, an entire instructional program such as DMP should
be implemented. .

The, teacher also believed that a good mathematics program,should stress
the use of language and verbal information processing, a manipulative-dis-
covery approach, and instruction individualized to match the current under-.
standing of ‘the learner. The DMP program was perceived as incorporating
many of these characteristics.
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correct. An [X] indicates a

rating of incorrect.)
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NAME Item

GROUP RESPONSE FORM FOR PLACEMENT INVENTORY A °
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Name

>
INDIVIDUAL RESPONSE FORM FOR PLACEMENT INVENTORY C: FORM 1, PART II ‘/
Topic Item description Correct response correzi
2.11 Given set, writes number. 1. 18
Given number, constructs set. 2. marks 15 cars
3.8 Given number, constructs set. }.‘ marks 34 drums l
4. marks 57 Baseballs
Given set, writes'numberi 5. 42 ‘.
- ’ 6.. 75 ° .
Given number in expanded notation, 7. 83
writes in compact. 8. 60
l Given number irn ”Ompact notét%on, 9. 4(10) +9
writes in expanded. , '
- 10. 5(10) + 0
Given three numbers, chooses largest. 11. 86 S ' U
Civen three numbers, chooses smallest.| 12. 39
2.7 Given two ,sets, chooses compar1501 13. 8:# 7
sentence. 14. 5)= 5 ¢
Given two séts, writes comparison 15. 7‘¢ 6
_ sentence. 16. 6 = 6
" Given open comparison sentence, A7g any number but 8 |
completes it. ) fg®
’ 19. = .
20. # " .
2.9 Given two sets, chooses order Zf. 8 >3 . :
Sentence. . 22. 4 <5
l Given two sets, writes order ¢ 23. 9 > 8 ‘
- sentence. 2i. 3 <4
Given open order sentence, completeg 25. any number < 7 )
it. v 26. any number > 2 L 4
27 <
' 2, 28. >
3.1, GiVven closed equalization situation, .29: b+ 4=8"
3.3 chooses sentence. \
Given closed edualization situation, 30. 3=5-2
writes sentence. )
Given open equalization 51tuation, 31. 7-0=20r7=2+{(])
| writes sentence. 32, S5+ (0=6or5=6 (]
‘ - -
L 4
? - .
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Name
INDIVIDUAL RESPCNSE FCR{ FOR PLACEMENT INVENTORY C: FEORM 1, PART II N
side 2 ‘ ‘ J if
_ Topic Item description ) Correct response correct
3.10 Given open equalization sentence, 33. 7
solves it. 3. 3
. 35. 6
3.4 Given set, groups .by a specified 7 36. forms 1 gftoup of 4 flags ,
number . 37. forms 2 groups of 7 hearts
Given a grouping, writes grouping 38. 4(8) + 2
notation. 39. 2(3) + 5 i <
3.7 Given closed addition or subtraction 40. 7 -4 =3
"';T' situation, writes sentence. 41, 10 + 3 = 13
3.5, Given open addition or subtraction 42, 8 -5=0
3.7 situation, writes sentence. 43. 2+6=0]_
S R ’ 46, 4 +J=9
. 45. (-7 = 3 )
Given an open sentence, solves it. 46. 5 ‘ .
47. 3 ‘
, . ” 48. 10 s .
49. 7 c - - -
3.10 *| Given #h open sentence, solves itb. 50. 6 N
’ . 51.
' 52. 9
. . 53. 11
54. 5
s N
’
1 / .
4 ¢
| L

[y
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