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ABSTRACT

Harvey, Cllnnon 0. "A Study of the Achievement and Transfer Effects of 

Additive Subtraction and Class Inclusion Training.*1 Unpublished 

Doctoral Dissertation, The University of Houston, 1976.

Committee Chairman: Dr. Robert G. Underhill

Purpose of the Study

The purpose of this research was to study achievement and transfer 

effects of training additive subtraction and class inclusion. Piaget 

maintains that children do not understand the concept of class Inclusion 

until they reach the age of ten or eleven. However, studies by Kohnstarran 

and Sheppard have found that children can be trained to solve class 

inclusion tasks prior to this age. This study attempted to confirm 

Kohnstamm's and Sheppard's findings. Several developmental studies have 

found that children perform better on take-away subtraction than on com

parison or additive subtraction. However, little research has been done 

to determine the effects of training one specific type of subtraction on 

subtraction problem solving abilities of children. This study attempted 

to determine the effect of training additive subtraction on subtraction 

problem solving and class inclusion. Also, an attempt was made to deter

mine the effect of training class inclusion on subtraction problem solving.

Procedures

The population for the study was 75 first grade children in a metro

politan suburb. Each subject was administered the Test of Quantitative



Comparisons as a pre-test, and then randomly assigned to one of three 

experimental groups. They were: (I) additive subtraction training, 

(2) class inclusion training, and (3) control group. The training 

period was six consecutive school days. Two post-tests were administered 

the seventh day: (1) the Inclusion Test, and (2) the Houston Addition 

and Subtraction Problem Solving Test, Subtraction Subtests.

Findings

Nineteen hypotheses were tested under two categories: (1) achieve

ment and (2) transfer. Results of the analysis Indicate that training 

additive subtraction and class inclusion was a significant effect on 

achievement. However, training additive subtraction and class Inclusion 

does not have a significant transfer effect. Hypotheses were tested at 

the .05 level of significance.
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Chapter 1

INTRODUCTION

Subtraction is one of the most difficult mathematical concepts for 

children In elementary school to use and explain. It Is sometimes con

sidered an operation distinct from addition. However, most often It Is 

referred to as the Inverse of addition. Schell and Burns (1962) 

described subtraction as possessing a "triple nature." By triple nature 

Is meant the (1) "take-away" situation; (2) "how many more are needed" 

situation (additive subtraction); and (3) "comparison" or difference 

situations. Research has shown that children's problem solving abilities 

differ on the three subtraction situations. Subtraction problems Involv

ing take away situations are the least difficult of the three, with addi

tive subtraction and comparative subtraction situations following in that 

order. Since all three subtraction situations are likely to occur in 

one's dally life, it is necessary to be capable of solving each one. 

Educators must, therefore, find better training methods for teaching the 

solutions to these situations.

Piaget maintains that In order for the child to master subtraction, 

he must have an understanding of conservation of the whole upon sub

division (inclusion relation). He maintains that an understanding of the 

inclusion relation does not take place until the child is 10 or 11 years 

of age, past the age subtraction Is formally Introduced in elementary 

schools. However, most subtraction research has been developmental and 
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little is known about the influence of training on achievement and transfer 

to accuracy on any of the subtraction situation (additive, take-away, and 

comparison) and Inclusion tasks.

Steffe (1966) and Leblanc (1968) found that the Test of Quantitative 

Comparisons is a better predictor of subtraction problems solving success 

than IQ tests. The above studies, along with a study by Underhill and 

Shores (1975) have shown that the Test of Quantitative Comparisons Is 

highly correlated with problem solving abilities of first grade children.

Many studies have shown that first grade children's problem solving 

abilities are enhanced when techniques which utilize manipulative and 

concrete materials are stressed rather than abstract verbal approaches. 

Piaget has shown that cognitive development proceeds through clearly 

defined stages, and most six year olds are In the pre-operat Iona 1 or 

concrete operational stages of cognitive development.

The purpose of this study Is to gather Information contributing to 

the knowledge related to the question: What are the achievement and 

transfer effects of training additive subtraction and class inclusion?

HISTORICAL AND THEORETICAL FRAMEWORK

One of the difficulties in modern mathematics education Is the 

problem of adequately assessing a child's mathematical ability. Tests 

are administered that are objective in nature. But often these tests 

only determine whether a child has learned the "verbalizations" he has 

been taught. One Is less sure as to whether the child actually under

stands what has been taught. Piagetlan research has pointed to new 

methods of evaluation. Piaget has caused the mathematics educator to 

take a closer look at the stages of Intellectual development through
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which a child passes. He has defined four stages of development of 

children In the following manner: (1) the prelanguage stage - birth to 

two years, (2) the preoperational stage - two to seven years, (3) the 

concrete operational stage - seven to twelve years, and (4) formal 

operational stage - twelve years of age and on. Piaget's stage theory 

of cognitive development has inherent In It a view of readiness that has 

been summarized by Shulman (1967):

A child Is ready to learn something for Piaget when the 
unfolding or developing cognitive structure Is consonant with 
the structure of that which one wants to teach. To Identify 
whether the child Is ready to learn a particular notion, one 
analyzes the structure of that to be taught and compares It 
with what is already known about the cognitive structure of the 
child at that age. If they are consonant, it can be taught; If 
they are dissonant. It cannot.

This view of readiness may be Interpreted to Imply there Is little 

a teacher can do to facilitate a child's attainment of a readiness state. 

However, such an approach may be a misinterpretation of Piaget's stage 

theory. One may also contend that something can be done to influence 

development and, consequently, readiness.

Duckworth (1964) states:

As far as education is concerned, the chief outcome of 
this (Piaget's) theory of Intellectual development Is a plea 
that children be allowed to do their own learning. Piaget Is 
not saying that Intellectual development proceeds at its own 
pace no matter what you try to do. He Is saying that what 
schools usually try to do Is Ineffectual. You cannot further 
understanding In a child simply by talking to him. Good peda
gogy must Involve presenting the child with situations In which 
he himself experiments, In the broadest sense of that term... 
Beyond this general Implication, Piaget does not claim to be 
an educator.

This does not answer the question, specifically, "What things can 

be done to Influence development?" According to Beilin (1971)» the 

answer can't be found In Piaget's work:
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While Plagetian research has shown how complex a process 
the growth of mathematical concepts can be, It has not demon
strated how It can be made easier. Although Piaget describes 
the processes by which thinking develops as a series of con
structions, he does not suggest an educational technology by 
which such construction can be made to occur. The direct 
translation of the clinical methods, which Is useful Is a 
technique In the discovery of the constructive processes, to 
a technology of educational Instruction Is at this stage 
unwarranted.

Van Engen (1971) states, "The study of those experiences that 

enhance the development of mathematical concepts Is sorely needed."

There are points of view other than Piaget's regarding the rela

tion between development and learning. GagnS (1968) suggested a 

cumulative learning approach as the basis of Intellectual development.

Shulman (1970) states:

For those theorists who advocate the systematic guidance 
of learning, the problem of readiness If free of ontogenetic 
and epistemological encumbrances. Gagn6 maintains that readi
ness Is essentially a function of the presence of absence of 
prerequisite learning.... Gagnd Is not concerned with geneti
cally developmental considerations except of the most gross 
variety.

Gagnd suggests that some of Piaget's operations can be learned, 

given cumulative learning of subordinate and prerequisite concepts and 

rules (Gagnd, 1968).

In Gagnd's own words (1970):

It Is also possible, and not Inconsistent with existing 
evidence, to view Intellectual development as being primarily 
attributable to the cumulative effects of learning relatively 
specific Intellectual skills... Accordingly, readiness for new 
learning may be seen as depending upon the repertorle of intel
lectual skills possessed by the Individual, which have been 
previously learned and which are relevant to the new learning to 
be undertaken... Children can learn any Intellectual thing we 
want them to learn, provided they have learned the prerequisites.
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This Implies that many of Piaget's principles are not developmental 

stages, but rather learned concepts.

Various areas of mathematics have been Investigated by Piaget. The 

development of numerical, logical, and certain other science and mathe

matical Ideas have been Identified and to some extent, defined by 

Plagetian research. He maintains that logical concepts and numbers have 

a common basis, the grouping operation. Children may consider the class 

of animals In terms of horses, cows, dogs, and so on, each class being 

Included In the class of animals. This Is a logical relationship—the 

Inclusion relation (Copeland, 197^). But can the Inclusion relation 

Involved In a study of classes In logic be understood without understand

ing the addition and subtraction of numbers? Piaget (1952) maintains 

that both class (In logic) and number result from the same operational 

mechanism of grouping, and that one cannot be fully understood without 

the other. Piaget asks:

Is not the additive composition of classes the psychological 
counterpart of the additive composition of number, or to put It 
more shortly. Is number not essential for the completion of the 
notion of class? It may In fact be, that If It Is not until the 
notion of Invariance and conservation of numerical wholes Is 
acquired, that the child Is capable of regarding as permanent 
the relations of the part to the whole In the realm of classes. 
Both class and number result from the same operational mechanism 
of grouping.

He concludes:

In a word. It seems clear at this stage (age 4-7) that the 
child Is still Incapable of additive composition of classes, l.e., 
of grouping logical addition or subtraction. He cannot handle 
successfully the relationship of inclusion. These relationships 
are Intuitive and dependent on actual preceptIon, they cannot 
result In any stable composition and we therefore find on the 
logical plane the same fundamental phenomenon: non-conservatlon 
of wholes.



6

This means that many children are being Introduced to addition and 

subtraction of classes before they can understand them.

Addition and subtraction are operations that relate the parts to 

the whole or rename the whole in terms of Its parts. The relation of 

the part to the whole (or the Inclusion relation) is the same problem 

to the child in the world of numbers as It is in the grouping of classes.

Gagn6 maintains that the grouping operation is not developmentally 

accomplished, but is rather a learned notion. In this study, the concepts 

under Investigation will be studied in the GagnS framework of a cumulative 

learning model.

Piaget also assumes that the child's quantitative thinking Is a 

developmental phenomenon and that the child's success In comparing 

quantities earmarks this development. He believes that by observing 

the child's responses to quantitative comparisons of Increasing diffi

culty one can follow developmental changes In quantitative thought. He 

believes it to be a necessary precondition to meaningful number operations. 

Elkind (1961), In a replication of a study by Piaget, defines three types 

of quantitative comparisons that children are known to make: gross 

quantitative comparisons, Intensive quantitative comparisons, and 

extensive quantitative comparisons.

Gross quantities are single perceived relations between 
objects (longer than, larger than) which are not coordinated 
with each other. Intensive quantities are perceived quantity 
relations taken two by two (longer and wider, taller and 
thicker). The most complex type of perceived quantity, Piaget 
calls extensive. Extensive quantities are unit relations 
between objects (X is half of Y, X Is twice Y, etc.). Extensive 
quantities are logical constructs which must be attained, the 
subject perceives them directly as perceptually given properties 
of the objects.
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In this study, each subject will be administered the Test of 

Quantitative Comparisons to determine If he can make gross quantitative 

comparisons. Effects of training on students who can make quantitative 

comparisons will be compared with the effects of training on students 

who can't make quantitative comparisons.

NEED FOR STUDY

In recent years a number of efforts have been made to demonstrate 

the relation between quantitative comparisons and addition and subtraction 

problem solving skills of young children (Steffe, 1966; LeBlanc, 1968; 

Steffe and Johnson, 1970; Underhill and Shores, 1975; 1976). One of the 

major variables In those studies has been story problem types. Sub

traction story problems according to Schell and Burns (1962) can be 

divided Into three types: (1) take-away subtraction, (2) additive sub

traction, and (3) comparative subtraction.

In some of the above studies. It was found that subtraction story 

problems that Involve take-away situations are easier to solve for young 

children than subtraction Involving the additive and comparative situations. 

However, all but one of these studies were developmental and cause one to 

wonder If training would enhance the subtraction problem solving skills of 

young children. Gibb (1956) found that an understanding of take-away 

subtraction by children aided very little In application problems requiring 

comparison and missing addend formulations (additive subtraction); l.e., 

there Is little transfer from take-away training to additive and compara

tive subtraction. Whether an understanding of additive subtraction 

transfers to success on other subtraction situations was not Investigated. 

That Is to be one of the main topics of consideration In the present 

study.



8

Piaget maintains that the Inclusion relation and subtraction are 

closely related. However, the functional nature of the relation Is unclear. 

Also, the extent to which training class inclusion will Influence transfer 

to accuracy for all types of subtraction problems Is not known. Studies 

by Steffe, (1966); LeBlanc, (1968); and Underhill and Shores, (1975) have 

already established strong developmental relationships between quantitative 

comparisons and problem solving skills. The present study will examine 

this relationship under trained conditions.

SUMMARY OF STUDY

This study will Involve training methods In modeling and solving 

additive subtraction problems, solving Inclusion tasks, and a control 

group which will engage In geometrical activities. Information on the 

following questions is sought: Are there significant differences in sub

traction accuracy and modeling scores of trained and developmental groups? 

Are there significant differences In class Inclusion accuracy scores of 

trained and developmental groups? Is there transfer to accuracy on sub

traction problem solving caused by one of the specific treatments? Is 

there transfer to accuracy on solving Inclusion tasks caused by additive 

subtraction training? Can children who can make quantitative comparisons 

be trained to solve Inclusion tasks and subtraction story problems?

DEFINITIONS

Take-away Subtraction. A story problem where n(B) Is given; n(A) 

Is given: A<8. A Is removed from B, and n(A>) Is to be determined. The 

counting sequence Is as follows:

2) Count A 3) Count A11) Count B
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Exanple: Joe has six balls and gives two of them to Bob. How many balls 

did Joe have left?

Additive Subtraction. A story problem where n(A) Is given; n(B) Is 

given with A<B; n(A‘) Is to be determined. The counting sequence Is:

1) Count A, 2) Count B, 3) Count A, Count A1. 

Example: Mary has two dolls but needs five dolls In all. How many more 

dolls should Mary get?

Comparative Subtraction. A story problem where n(A) Is given; n(B) 

Is given: n(A), n(B), and n(B) - n(A) Is to be determined. The counting 

sequence Is:

1) Count A, 2) Count B, 3) Count C, where C Is a subset of A and 

n(C) " n(A)A, 4) Count C*.

Example: Mary has five coins and Joe has three coins. How many more 

coins does Mary have than Joe?

Transfer. Instances selected as Indicators of transfer are those 

on which the learner has received Instruction In related concepts or 

skills, then shows learning In related concepts or skills not specifically 

taught. In this study, students will receive Instruction In class 

Inclusion and tested for transfer to subtraction. Also, students who 

receive Instruction In additive subtraction will be tested for transfer 

to Inclusion, and other subtraction situations.

Inclusion Relation. The ability to view subclasses and their supra- 

ordinate class In a state of reversible equilibrium.

A + A* » B

The subclasses A and A1 are perceived as Individual classes and a subset 

of B simultaneously. In this study, Inclusion will be studied from a 

numeric standpoint only.
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Concrete Learning. Those learning experiences In which the learner 

performs responses with concrete referents. There is learner use of 

"hand-on*1 materials In such a way that the manipulations model or exem

plify the mathematical concepts under Investigation.

STATEMENT OF THE PROBLEM

Developmental research has shown that children’s abilities to perform 

quantitative comparison tasks are positively and highly correlated with 

subtraction problem solving accuracy. However, little research has been 

done to see If this ability can be Increased through training. Research 

has also shown that class Inclusion can be taught, (Kohnstamm, 1967; 

Sheppard, 1973; Mouw and Hecht, 1973) but little research, with the 

exception of Howlett (1973) has studied the transfer effect of class 

Inclusion to subtraction problem solving. The problems to be Investigated 

In this study are:

1. Are there significant differences in subtraction accuracy 
and modeling scores among learners trained In additive 
subtraction, learners trained In Inclusion and untrained 
groups?

2. Are there significant differences In class inclusion accuracy 
scores among learners trained In additive subtraction, 
trained tn inclusion, and untrained groups?

3. Can children who can make quantitative comparisons be trained 
to solve Inclusion task and subtraction story problems?

h. Is there transfer to accuracy on subtraction problem solving 
caused by elther of the treatments?

5. Is there transfer to accuracy on Inclusion tasks caused by 
either of the treatments?

6. Is there transfer to modeling on subtraction caused by either 
one of the treatments?
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In this study, three experimental groups will be established among 

first grade subjects: (1) Additive Subtraction Training, (2) Class 

Inclusion Training, and (3) Control for (1) and (2).

NULL HYPOTHESES

H0|: There Is no significant difference between the mean Inclusion 

and additive subtraction accuracy score of the groups trained In Inclusion 

and additive subtraction respectively, and the corresponding mean score of 

the control group.

HO]']: There Is no significant difference between the mean inclusion 

score of the group trained to solve Inclusion problems and the mean 

Inclusion score of the control group.

HO| 2: There Is no significant difference between the mean additive 

subtraction accuracy score of the group trained to solve additive sub

traction problems and the mean additive subtraction accuracy score of 

the control group.

H02: There Is no significant difference between the mean additive 

subtraction modeling score of the group trained to model additive subtrac

tion problems and the mean additive subtraction modeling score of the 

control group.

Ho^: There Is no significant difference between the mean Inclusion, 

take-away and comparison subtraction accuracy score of the group trained 

to solve additive subtraction and the mean Inclusion, take-away and com

parison subtraction accuracy score of the control group.
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HOj j: There Is no significant difference between the mean Inclusion 

score of the group trained to solve additive subtraction problems and the 

mean Inclusion score of the control group.

^°3.2! There Is no significant difference between the mean take-away 

subtraction accuracy score of the group trained to solve additive sub

traction problems and the mean take-away subtraction accuracy score of 

the control group.

Ho3.3: There Is no significant difference between the mean comparison 

subtraction accuracy score of the group trained to solve additive subtrac

tion problems and the mean comparison subtraction accuracy score of the 

control group.

Ho^i There Is no significant difference between the mean, take-away, 

comparison, and additive subtraction accuracy score of the group trained 

to solve inclusion problems and the mean take-away, comparison, and addi

tive subtraction score of the control group,

Hoj^ p There Is no significant difference between the mean take-away 

subtraction accuracy score of the group trained to solve class Inclusion 

problems and the mean take-away subtraction accuracy score of the control 

group,

Ho^ 2: There Is no significant difference between the mean comparison 

subtraction accuracy score of the group trained to solve class Inclusion 

problems and the mean conparlson subtraction accuracy score of the control 

group.
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Ho^ y There Is no significant difference between the mean additive 

subtraction accuracy score of the group trained to solve class Inclusion 

problems and the mean additive subtraction accuracy score of the control 

group.

Hog! There Is no significant difference between the mean take-away 

and comparison subtraction modeling score of the group trained to model 

additive subtraction and the mean take-away and comparison subtraction 

modeling score of the control group.

Ho^j: There Is no significant difference between the mean take-away 

modeling score of the group trained to model additive subtraction and the 

mean take-away modeling score of the control group.

^°5.2: ^ere Is no significant difference between the mean comparison 

modeling score of the group trained to model additive subtraction and the 

mean comparison modeling score of the control group.

Ho&: There is no significant difference between the mean take-away, 

comparison, and additive subtraction modeling score of the group trained 

to solve class Inclusion problems and the corresponding mean score of the 

control group.

Hog j! There Is no significant difference between the mean take-away 

modeling score of the group trained to solve class Inclusion problems and 

the mean take-away modeling score of the control group.

Ho^ 2: There Is no significant difference between the mean comparison 

modeling score of the group trained to solve class inclusion problems and
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the mean comparison modeling score of the control group.

H°6 j: There Is no significant difference between the mean addi

tive subtraction modeling score of the group trained to solve class 

Inclusion problems and the mean additive subtraction modeling score of 

the control group.



CHAPTER 2

REVIEW OF THE LITERATURE

The purpose of this chapter Is to review the literature related to 

this study. Research related to this study Is discussed In four cate

gories; (1) addition and subtraction problem solving, (2) class 

Inclusion, (3) transfer, and (A) concrete learning.

Problem Solving

In this section, studies of addition and subtraction problem solving 

abilities of young children will be reviewed. Many efforts have been 

made to demonstrate the relations between quantitative comparisons and 

addition and subtraction problem solving skills of young children (Steffe, 

1966; LeBlanc, 1968; Steffe and Johnson, 1970; and Underhill and Shores, 

1975* 1976.) The results of these studies and others are summarized.

Schell and Burns (1962) attempted to answer the questions: (1) What 

comparative emphasis do textbooks place upon the three subtraction 

situations (take-away, additive, and comparative)? (2) Do children In 

the second grade do better on one type of subtraction than another? and 

(3) What types of subtraction situation do children consider easiest and 

hardest?

In this study, 23 second grade pupils were asked 36 subtraction 

problems, 12 of each type. The problems were arranged In groups of three 

which included. In mixed order, a problem Involving each of the different
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types. To find out which type of subtraction situation children con

sidered easiest or hardest, the pupils were asked, following each set of 

three problems, to check which problem was the easiest, which was the 

hardest, or whether they were of the same difficulty. To find the 

answer to the relative amount of emphasis In textbooks upon the three 

subtraction situations, six children’s textbooks were surveyed to locate 

the number of each type of subtraction problem presented In the book.

Schell and Bums found In the children’s arithmetic textbooks 

examined, considerably greater opportunity for work with take-away situ

ations. Additive subtraction situations received least attention. The 

pupils performed best on take-away subtraction situations and least well 

on comparison situations. The pupils felt that take-away situations were 

the easiest to work, and the ones on which they did less accurate work 

the harder.

Steffe (1966) Investigated the performance of first grade children 

at four levels of ability to make quantitative comparisons; that Is, to 

be able to specify that If two sets are matched one-to-one, the number 

of objects In each set Is the same, regardless of the arrangement or re

arrangements of the two sets. He administered tests of addition problems 

and found that children at the lowest level of quantitative comparison 

ability performed significantly less well than did children In the upper 

three levels. He also found that problems accompanied by pictorial and 

physical aids seemed to be of about equal difficulty, but problems with 

no aids were significantly more difficult. Addition problems with trans

formations were found to be significantly easier than problems without 

transformations.
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LeBlanc (1968) performed a parallel study with subtraction problems 

and facts. He found that problems with no aids and no transformations 

were significantly more difficult than all other problem types, and 

problens with aids and transformations were significantly easier than all 

other problem types. He also found that problems without aids (manlpu- 

latives) were significantly more difficult than problems with aids. 

LeBlanc suggested that a test of quantitative comparisons would provide a 

basis for a readiness test In arithmetic problem solving.

Underhill and Shores1 study (1975) Involved both addition and sub

traction problem solving. Kindergarten as well as first grade children 

were used and problems were ''chunked" (presented sentence by sentence). 

Their results confirmed Steffe’s and LeBlanc's findings that problems 

Involving transformations are easier than those without transformations. 

They also found that take-away problems are easier to model and solve than 

additive and comparison, and comparison Is the most difficult. Underhill 

and Shores found that the child’s quantitative comparison abilities have 

a highly significant effect upon additive subtraction (P « .005) and 

comparison (P ■ .02) modeling performances. Also, quantitative comparison 

abilities had no significant effect upon take-away subtraction accuracy 

(P ” ,47) and comparative subtraction accuracy (P » .06), but It did have 

a significant effect upon additive subtraction accuracy (P * .00).

Sumnary. Schell and Burns found that young children are exposed 

more to take-away subtraction situations, and they also perform best on 

take-away subtraction problems. This leaves one to wonder If children 

were exposed more to one of the other subtraction situations (additive 

and comparison) they would perform better on problems Involving these 
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situations. This study will Investigate the possibility using additive 

subtraction situations as the subtraction problem type. The studies by 

Steffe (1966); IeBlanc (1968); and Steffe and Johnson (1970) were 

developmental; this leaves one to wonder If training will enhance the 

subtraction problem solving skills of young children. Underhill and 

Shores (1975) accounted for training In their study by examining kinder

garten and first grade children. However, no attempt was made to train 

any specific method of subtraction. In this study, an attempt will be 

made to train first grade children In additive subtraction.

Transfer

When children acquire some Information In educational settings. It 

Is Intended that something o^ general use Is learned, l.e., that what Is 

learned Is not completely situatlonally specific. Inferences about the 

extent to which this Is true Is inferred from performances on transfer 

tasks. A problem Is presented In which the solution Is dependent upon 

the use of the previously acquired Information. Successful solution 

Implies that theinformatlon Is transferred.

Travers (1955) describes transfer in two ways: (1) when the effect 

of transfer Is on subsequent learning (proactive transfer), and (2) when 

the effects of transfer Is to enhance or depress the retention of some 

previous learning (retroactive transfer). Proactive transfer will be 

investigated tn this study.

Early research on transfer was more concerned with whether transfer 

occurred (Woodrow, 1927; Pond, 1938); whereas current research ts generally 

aimed at determining why transfer occurs (Porter and Duncan, 1953; Young 

and Underwood, 195^; and Postman, 1962).
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According to Ellis (1965), there are five factors that Influence 

transfer of learning. These factors are: (1) task similarity, (2) time 

Interval elapsing between tasks, (3) degree of original task learning, 

(4) variety of previous tasks, and (5) task difficulty.

A number of studies (Gibson, 1941; Hamilton, 1943; Osgood, 1949; 

Bugelskl and Cadwallader, 1956; Dal let, 1962; and Camplone, 1973) have 

shown that similarity between original and transfer tasks Is a major 

factor Influencing the degree of transfer learning. These studies seem 

to Indicate that the greater the degree of similarity between the two 

tasks, the greater the amount of positive transfer obtained.

Bunch (1936), In one of the first studies on the transfer-time 

problem, found that transfer of training remains roughly constant with 

varying Intervals of time elapsing between the original and transfer tasks. 

He required students to learn a problem solving task, and then tested 

Independent groups at 0, 2, 14, 30, and 90 days, requiring them to learn 

a problem solving task of the Identical type, Gladls (I960) used 

children of various ages In a similar study. He found that transfer of 

training remained roughly constant with Intervals of 0, 2, and 14 days 

elapsing between the tasks. Ellis and Hunter (1961) reported the same 

results as the two studies above. In the present study, time elapsing 

between the completion of the training and transfer tasks will be one day.

Several researchers (Sllpola and Israel, 1935; Underwood, 1949; 

Handler, 1962; and Postman, 1962) have demonstrated that the effect of 

degree of original learning on transfer Is that positive transfer 

Increases with increasing practice on the original task. Sllpola and 

Israel had subjects learn to pair telegraph codes of letters of the
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alphabet. The transfer task required learning new code-alphabet com

binations; 12, 25, S6, and 208 trials prior to the transfer tasks were 

given. They found that positive transfer Increased with the number of 

trials. Similar results were obtained In studies by Underwood and 

Handler.

Studies by Harlow (19^9), Duncan (1968), and McGeoch (1952) Indicate 

the following: (1) the amount of transfer Increased as a result of 

Increased amounts of practice, and (2) transfer increased as a direct 

function of Increased variety of original training.

Summary. The previous studies Indicate the following:

1. The greater the degree of similarity between the two tasks, 
the greater the amount of positive transfer obtained.

2. Transfer of training remains roughly constant regardless 
of Intervals of time elapsing between the original and 
transfer tasks.

3. Positive transfer Increases with Increasing practice on the 
original tasks.

4. Transfer Increases as a direct function of Increased variety 
of original training.

Due to the above Implications, In this study the additive subtraction 

treatment group will be trained using only additive subtraction problems 

and the Inclusion group will be trained using only Inclusion tasks; 

however, the presentation and numbers used will vary to obtain a variety 

of training and problems. The original and transfer tasks for subtrac

tion and Inclusion will not contain any problem with a number larger than 

lo. The original tasks for additive subtraction and Inclusion will 

require a counting strategy. The transfer task for subtraction will also 

require a counting strategy. The transfer task for Inclusion will not 

require a counting sequence, however, counting will be allowed. There
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will be a one day Interval between training and post testing. All 

subjects In the additive subtraction and the Inclusion treatment groups 

will be exposed to at least five problems a day over a six day period. 

These procedures will be employed so that transfer will be optimized.

Class Inclusion

Related to the child's nimbleness In adding and subtracting classes 

Is the mastery of the Inclusion relation. In essence, It refers to the 

ability to view subclasses and their supraordinate class In a state of 

reversible equilibrium: A + A' •» B 

The subclass A and A1 being seen as Individual classes In their own right 

and at the same time as members of B.

Piaget asserts that many children have difficulty simultaneously 

thinking of the total set and the parts; they forget the whole set when 

thinking of the subsets and vice-versa, even though they understand the 

definitions of the sets. Elklnd (1961), In a Plagetian replication study, 

found that fifty percent of six-year-olds had trouble responding to the 

question, "Are there more boys (or girls) or children In your class?" 

It must be noted that this question Involves three sets: (1) boys, 

(2) girls, and (3) children, each with a different name. In Piaget's 

works, socio-economic background has never been studied or mentioned as 

an Important variable In the acquisition of class inclusion. However, In 

a study by Smedslund (1961), It appeared that the number of children who 

could solve the Inclusion problem spontaneously at a certain age was 

very dependent upon the socio-economic level of the parents. This finding 

was confirmed by Kohnstamm (1963).
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In studies by Kohnstamm (1967), Sheppard (1973), and Mouw and 

Hecht (1973), It was found that the concept of class Inclusion could be 

taught. In Mouw and Hecht's study, class Inclusion was considered In 

the Gagn6 framework of a cumulative learning model. It was hypothesized 

that subjects trained on a set of tasks requiring the use of classifi

cation would evidence transfer of classification skills to other tasks 

of different subject matter, but still requiring classification. They 

concluded that the notion of hierarchical classification of class 

Inclusion did In fact transfer to other tasks and that the subjects did 

learn to conceptualize organizations Into hierarchies. The subjects for 

this study were third and fourth grade students, the age Just prior to 

which Piaget Indicates class-inclusion skills should develop.

Kohnstamm*s study (1967) was carried out with sixty (60) five-year- 

old kindergarten children. They were divided Into three groups of twenty. 

The first group was trained Inclusion relations using only verbally 

presented classes. Group II was trained Inclusion relations using pic

torially presented classes, and Group III was trained using Lego building 

blocks of various colors and sizes. He found that all three methods 

produced some learning effect. However, the block material (Group III) 

had a much greater learning effect than the pictorially presented materials 

or the verbal material. The verbal material was the least effective.

Sheppard's study was designed to use a training program for developing 

an awareness of class Inclusion by applying a three-step sequence of 

logical analysis. Training consisted of ten trials, each Involving the 

logical sequence mentioned above. The child was Initially presented with 

two equal quantities of an object, for example, Aj and Aj of seven roses
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each. A new, smaller category was Introduced (e.g., two tulips), and 

combined with set of seven roses to produce the supraordinate larger 

quantity of flowers, B. The student was then questioned to elicit the 

logical sequence of: (1) the roses alone are equal to these roses (A| ■ 

^2)* (2) the flowers are more than the roses alone (B>Aj), and (3) there

fore these flowers are more than these roses If the child failed

to develop this sequence, his attention was redirected to the logic 

Involved and was required to mark off the sets when discussing them. If 

necessary, he was allowed to count the number of elements. The children 

for this study were 104 six-year-olds from three state schools. Sheppard 

found that significant learning had occurred from pre- to post-testing In 

the experimental group. He concluded that the training schedule was 

effective In assisting children to Improve their performances on class 

inclusion.

Summary. The studies that were mentioned make the following Impli

cations:

1. Class Inclusion can be taught.

2. The mastery of class Inclusion by young children Is dependent 
on the socio-economic level of the parents.

3. The use of concrete materials enhance the understanding of 
class Inclusion.

This study will attempt to train class Inclusion to first grade 

children. Concrete materials will be used In all training procedures. 

The majority of subjects for this study will come from middle middle class 

families.



Concrete Learning

Mathematical Ideas taught In elementary school can be represented 

by at least two types of models: concrete and symbolic. Many studies 

have attempted to provide Insight Into the role of concrete and symbolic 

models. Some of these studies will be reviewed In this section.

Fennema (1972) examined the question: Are there differences In the 

learning of groups of children who learn a specific principle represented 

by a concrete model or by a symbolic model? Ninety-five (approximately 

seven years old) were randomly assigned to one of eight groups, each of 

which was then given either a concrete or a symbolic treatment taught 

all groups for IS Instructional sessions. After these sessions, a test 

of recall and two tests of transfer were used to assess learning. The 

results of the recall test Indicated that It was possible for children 

to learn a mathematical Idea to the point of direct recall by using 

either a concrete or symbolic model. However, when learning was defined 

to Include transfer, children who used the symbolic model performed 

better than those who used the concrete model. It should be pointed out 

that the children In this study had also participated the previous year 

In the mathematical program, ’’Patterns In Arithmetic” (Van Engen, 1967), 

which emphasized manipulation of concrete objects. Fennema concluded 

that since these children had these presymbol Ic experiences, they were 

able to learn with symbols.

Weber (1969) examined the question: "What effects do Introductory 

methods of Instruction have on mathematical understandings of first grade 

children? Six classes of first grade children were assigned to one of 

two treatment groups. The two treatment groups were (I) reinforcement
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of mathematical concepts through the use of paper and pencil follow-up 

activities, and (2) reinforcement of mathematical concepts through the 

use of manipulative and concrete material for follow-up activities. Weber 

found that there was no significant difference between methods although a 

definite trend favored manipulative materials. Children from the mani

pulative materials group scored significantly higher on the Oral Test of 

Understanding, both In number of correct responses and In levels of 

understanding.

In studies mentioned earlier (Steffe, 1368; LeBlanc, 1968; Underhill 

and Shores, 1975), It was found that children perform better when manlpu- 

1 atIves were present. Steffe (1968) found that problems with accompanying 

physical and pictorial aids were significantly less difficult than 

problems with no aids, and LeBlanc (1968) reported that problems accom

panied by aids were significantly easier than problems without aids. In 

the study by Underhill and Shores (1976), the use of manlpulatlves was 

controlled In three ways. One-third of the subjects were presented with 

manlpulatlves which they were required to use; one-third of the subjects 

had manlpulatlves present, but their use was optional; the other third 

had no manlpulatlves. They found that the subjects required to use manl

pulatlves performed better on accuracy as well as modeling of problems, 

than those who did not use manipuiatlves.

Summary. All of the studies examined, except Fennema’s (1972), 

found that children performed better when manlpulatlves were present. 

Even Fennema qualified her finding by stating that the subjects In her 

study had previously been exposed to concrete and manipulative materials. 

In view of these findings, all training procedures In the present study 

will utilize manipulative materials*
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Summary

This study will examine the effects of training, using one of the 

subtraction story types (additive subtraction) and class Inclusion on the 

subtraction and class Inclusion problem solving skills of first grade 

children. The experlement will be conducted in a way to optimize transfer 

of training. The time elapsing between the original tasks and transfer 

tasks will be one day. Taking the findings of Handler, (1362) and Post

man (1962) into consideration (positive transfer Increases with 

Increasing practice of the original tasks), each subject In this study 

will be given at least 30 tasks over a six-day period prior to the trans

fer tasks. There Is no general consensus on whether a more difficult 

task results In greater transfer. Therefore, in this study, no attempt 

will be made to make problems more or less difficult.

This study will attempt to reconfirm findings of Mouw and Hecht 

(1373), Kohnstamm (1367) and Sheppard (1973) on class Inclusion using 

first grade children as subjects. The subjects will be selected from 

the Cypress-Falrbanks School District, where the average family is 

generally middle middle class. Hence, according to Kohnstamm, their 

probability of success should be optimized. This study will also attempt 

to determine the relation between the child's understanding of class 

Inclusion and their subtraction problem solving skills. Manipulative 

materials will be used In all training procedures.



CHAPTER 3

PROCEDURES

The purpose of this chapter Is to describe the methods used In the 

collection of data for this study. The procedures for analyzing data 

will be given In Chapter IV.

The present study Investigated training and transfer effects of 

additive subtraction and class Inclusion experiences. Transfer from 

class Inclusion training to all subtraction types was studied. Transfer 

from additive subtraction training to both class Inclusion and the other 

two subtraction types was studied. The experiment was conducted In 

four phases as follows:

Phase I - Planning: Selection of Population

Phase II - Pre-test, Assignment of Subjects and Teachers
to Treatment Groups

Phase III - Training

Phase IV - Post-test, Treatment of Data

Each of the above phases are discussed In detail In the following pages.

Phase I - Planning: Selection of Population

Population. Subjects for the experiment were first grade students 

of Bane Elementary School In the Cypress Fairbanks Independent School 

District. Bane Is located In northwest Houston and serves a geographical 

area bounded by Algiers Road on the West, Highway 149 on the North, Single
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Road on the East, and Clay Road on the South. Vocations of the patrons 

of this area vary from laborers to highly trained space scientists. The 

pop 1at ion is predominantly middle class Caucasian, but many ethnic groups 

are represented. Most families would be classified as lower middle or 

middle middle class. Bane's student population Is 10 percent black, 12 

percent brown, 76 percent white, and 2 percent other. There are "Ikk 

students enrolled In the school, of which 135 are first grade students. 

Of the 135 first grade students, 75 were used in this study, A sample 

of size 75 was used so as to be representative of the population.

Description of Learning Environment In Bane Elementary School, The 

open concept of education Is subscribed to In Bane Elementary School. A 

team of teachers Is assigned a group of children for one year. These 

teachers are responsible for planning and Implementation of the 

Instructional program for their students for the school year. Indivi

dualized instruction Is stressed. Diagnostic testing Is used to Identify 

the particular needs of Individuals. Heterogeneous and homogeneous 

groups are formed to Insure contact between all types of students.

There are eight sections of mathematics for the first grade. The 

average size of each section Is 15. Students are placed on one of four 

levels, depending on their performance on a diagnostic test. The students 

are tested on the following:

Numeration and place value Measurement
Whole numbers Arithmetic reasoning
Fractions Geometric concepts

After receiving Instructions on the above concepts, each student Is

given a skill test and a level test. If he Is successful on both of 

these tests, he Is moved to the next level. This process Is repeated 

until each child has successfully progressed through all four levels.
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The Experimental Design. The experimental design was of the 

following form:

°1 R X1 °4 °7 °10 °13

°2 R X2 °5 °8 °11 °14

°3 R x3 °6 °9 °12 °15

Observations Instrument

0]» ^2’ ®3 ---------- TQC

0^, 0^, 0g Class Inclusion

Oy* 0g, 0<j --------- - Take-away Subtraction Subtest

0i o» 0|j, 0|2 --------------------- - Comparison Subtraction Subtest

®13» ®14» 0l5 ---------- Additive Subtraction Subtest

This design does not fall In the standard classifications given by 

most texts on experimental designs. Hence, some consideration of the 

possible sources of internal and external validity was necessary. Campbell 

and Stanley (1963) defined Internal validity to be the basic minimum with

out which any experiment is unlnterpretable: Did the experimental treat

ments make a difference in the specific experimental Instance? They 

describe eight variables which jeopardize Internal validity: (1) history, 

(2) maturation, (3) testing, (4) Instrumentation, (5) statistical 

regression, (6) selection, (7) experimental mortality, and (8) selection

maturation interaction.

History is the events occurring between the first and second measure

ment in addition to the experimental variable. History was controlled In 

this design Insofar as events other than specific training, that might 

have produced 0| - O4 - 0^ - O^q - Ojj differences would also produce
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®2*®5*^8‘*6|| ” an<* ’* " ^11 * ®|6 dlfferences« The

elapsed time between pretesting end posttesting was IN days for all 

experimental groups. Intrasession history was controlled by assigning 

the students and experimental periods at random to experimental or 

control conditions.

Maturation refers to the biological or psychological processes which 

occur with the passage of time, Including growing older, growing hungrier, 

growing more tired, etc. It was controlled In that It was manifested 

equally In experimental and control groups. The time elapsing between 

pre-test and post-test was the same for experimental and control groups. 

The length of time for each session was the same for all groups.

Testing Is the effect of taking a test upon the scores of a second 

testing. In this study, all Instruments administered were designed to 

measure different things and there was no prescribed order of testing. 

Hence testing did not Jeopardize Internal validity.

Instrumentation refers to the effects of changes In the observational 

technique or measurement Instrument. As was mentioned earlier, all Instru

ments were administered by three people: the researcher, a fellow doctoral 

student, and a university Instructor. The researcher and doctoral student 

were familiar with the Instruments from a previous study. The Instructor 

was trained by the researcher to administer one Instrument, which was the 

only one administered by her. The children were not Identified by groups 

at any time during the testing period.

Statistical regression Is concerned with extreme scores (high or 

low) which may notably affect final results. It was controlled In this 

study by uniformly assigning students who made the same score on the pretest 
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to the three experimental groups by a table of random numbers, 

Blases resulting In differential selection Is another rival hypothesis. 

In this study, all subjects were randomly assigned to experimental groups, 

thus ruling out any difference due to selection.

Mortality Is another source of possible threat to Internal validity. 

It Is the discontinuation of a subject In an experiment after taking a 

pre-test. In this study, any child missing more than two days of training 

was to be dropped from the experiment. It was not necessary to drop any

one from the experiment due to this criterion. However, one student broke 

her arm and was unable to take the post-test, hence the groups had 25, 25, 

and 24 subjects respectively at the end of the experiment.

External validity Is Interaction effects Involving the treatment and 

some other variable. It asks the question of generalizability: to what 

populations, settings, treatment variables, and measurement variables can 

this effect be generalized (Campbell and Stanley, 1963), According to 

Campbell and Stanley (1963), there are four factors that Jeopardize 

external validity: (1) the reactive or Interaction effect of testing,

(2) the Interaction effects of selection biases and experimental variable,

(3) reactive effects of experimental arrangements, and (4) multiple

treatment Interference.

The reactive or Interaction effect of testing refers to the effects 

that a pre-test may have on a subject's responsiveness to the experimental 

treatment that Is to be generalized to the unpretested universe from 

which the subjects were selected. In this study, the pre-test was the 

Test of Quantitative Comparison. An examination of the math curriculum 

showed that all of these students had previously been taught to make 

quantitative comparisons. Hence this effect was minimal.
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The Interaction effects of selection biases and the experimental 

variable Is concerned with a treatment having differential effects on 

subjects of different levels of ability, attitude biases, levels of 

education, or sex. While the groups were equated by TQC scores, the 

design did not specifically control this factor. A post hoc analysis 

could answer the question: Did one of the treatments have differential 

effects from the others based on TQC scores?

Reactive arrangements Is the generalization about the effect of 

the experimental variable upon persons being exposed to It In nonexperl- 

mental settings. It Is the effects caused by subjects knowing they are 

In an experiment. In this study, regular classroom teachers were used 

as facilitators, and the treatment sessions were held according to the 

student's regular mathematics class. No subject was told he was In an 

experiment.

Multiple-treatment interference refers to the effect caused by 

subjects being exposed to more than one treatment. This effect was con

trolled In the design. Ito subject received more than one treatment.

Instruments. The instruments used in this study were designed to 

measure: (1) children's abilities to make quantitative comparisons, 

(2) children's abilities to perform inclusion tasks, and (3) chldlren's 

abilities to model and solve three types of subtraction problems. Three 

Instruments were administered to each child tn the study. (1) TQC (Test 

of Quantitative Comparisons), (2) Class Inclusion Test, and (3) the Sub

traction Subtest of the Houston Addition and Subtraction Problem Solving 

Test. The TQC was administered five days prior to the training period, and 

the other Instruments were administered on the day following the training 

period.
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TQC. The Instrument is designed to measure the child’s ability to 

make quantitative comparisons. It was developed by Harper and Steffe 

(1968) for kindergarten and first grade students. It consists of 19 

Items, four warm-up Items and 15 test Items. Of the 15 test Items, seven 

require manipulations of objects, eight do not. Of the eight Items that 

do not require manipulations, six Involve sets with the same number of 

elements, thus requiring extensive quantitative Judgments. The other two 

require Intensive quantitative judgments. Of the seven Items that require 

manipulation of objects, five require the child to make a one-to-one 

correspondence before moving one of the sets. Eleven of the test Items 

contained equivalent sets and four do not. The configurations were 

eight lines, three circles, one triangle, and three rectangles. The 

Internal consistency rellabl1Ity was .87 with 12^ kindergarten children 

and ,75 with 136 first grade children. (See Appendix A).

Class Inclusion Test. The Instrument was designed to measure first 

grade children’s abilities to solve class Inclusion tasks. It was 

developed by Steffe (1975) as a five-1 tern test. The Instrument was used 

in a previous study by Steffe (1975). The tasks that comprise the Instru

ment are as follows:

(1) the subject Is asked to point to a subclass A

(2) the subject Is then asked to point to a subclass A’

(3) the subject Is then asked to point to the supraordinate class B

VO the subject Is then asked whether there are more of A or B.

N(A), N('), A + A’ » B

The problems were administered In random order. (See Appendix A).
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Houston Addition and Subtraction Problem Solving Test - Subtraction 

Subtests. The instrument Is designed to measure children's abilities to 

model and solve two types of addition and three types of subtraction 

problems. It was developed by Underhill and Shores (1975) as an elevan 

Item test with four addition Items, one transition item, and six sub

traction items. The Subtraction Subtests consist of the following: 

(1) two take-away subtraction Items, (2) two additive subtraction Items, 

and (3) two comparison subtraction Items. The test has been used In two 

previous studfas by Underhill and Shores (1975, 1976). Accuracy and 

modeling scores were obtained from the test. Modeling refers to the 

subject's ability to "act out" the sequence of statements which constituted 

the problem. In each modeling sequence the subject received zero, one, 

or two points.

Take-Away Subtraction: The subject received one point if he built 

the one set required to solve the problem with an error margin 

of t 1 chip. He received one additional point if he also 

removed the correct subset with an error margin of t one chip. 

Comparison Subtraction: The subject received one point If he built 

the two sets required to solve the problem with an error margin 

of t 1 chip each. He received one additional point If he also 

gave a physical or verbal (such as counting) one-to-one corres

pondence.

Additive Subtraction: The subject received one point If he built 

the Initial set required to solve the problem with an error margin 

of t 1 chip. He received one additional point If he also enlarged 

the set to the correct size with an error margin of t 1 chip.
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Accuracy referred to the correctness of the subject's verbal numerical 

description of the answer to the problem. "Zero" was recorded for each 

wrong response, and "one" was recorded for each correct response. Since 

each subject responded to two problems of each type, the accuracy point 

range for each problem type was 0 to 2, and the range for the entire test 

was 0 to 6. The Subtraction Subtest Is shown In Appendix A.

Phase II ~ Pre-test, Assignment of Subjects and Teachers to Treatment 

Groups.

Phase II of the experlement was begun on May 13, 1976. Of 135 first 

grade students In Bane Elementary School, 75 were randomly selected for 

the Investigation. Of the teachers assigned to the grade level, the 

first three volunteers served as facilitators for the experimental groups.

Thirty-eight of the students selected were males, and 37 were females 

ranging tn age from 80 months to 96 months. The sample consisted of 

browns, blacks, and whites.

All 75 chlH-en In the study were administered the TQC as a pre-test, 

and those who made the same score were assigned consecutive numbers from 

one to the total number In the group. They were then assigned to the three 

experimental groups, until the number of children with the same TQC score 

was exhausted. This procedure was started with the highest score and 

proceeded to the next highest score without breaking the group number 

sequence. This process was continued until 25 students had been assigned 

to each of the three experimental groups. The original purpose of adminis

tering the TQC was to distinguish those subjects who could make quantita

tive comparisons from those subjects who could not make quantitative 

comparisons. The effects of training additive subtraction and class
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inclusion were to be compared between the two groups. However, results 

of the TQC revealed that all subjects In the study could make quantitative 

comparisons, hence the above procedures were undertaken.

Administration of TQC. The TQC was administered by the researcher 

and a fellow doctoral candidate one day between the hours of 8:45 a.m. 

and 2:00 p.m. Both examiners had participated in a previous study which 

used the TQC. The testing was conducted In two separate rooms; three 

subjects were tested simultaneously. The order of the problems was the 

same for s'l students. Each student was located so as not to disturb 

or Influence the decisions of the other two students. All subject 

answers were Indicated by pointing. Each administration took approximately 

15 minutes.

Phase III - Training

Phase III was begun May 18, 1976. The experimental groups were 

assigned treatments as follows;

Group I - Additive subtraction 

Group If - Class Inclusion 

Group III * Control

The control group was taught geometrical concepts not related to 

concepts taught In groups I and II. The time Interval for each treatment 

was 25 minutes each day for six consecutive school days. Each teacher 

taught each experimental group twice on a rotating basis. The lessons 

and structure of treatment for each group Is shown In Appendix B.

Phase IV - Post-testing, Treatment of Data

The post-tests were given May 26, 1976, one day after completion of 

training. The post-tests consisted of The Class Inclusion Test and The
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Subtraction Subsets of the Houston Addition and Subtraction Problem 

Solving Test.

Administration of Post-tests. The Class Inclusion Test was 

administered on a one-to-one basis by the researcher and a University 

Instructor who was trained to administer the test. The different order 

of problems was randomly generated for each subject. The test was 

given between the hours of 8:45 a.m. and 2:30 p.m. The administration 

of each test required approximately ten minutes. Four students were 

absent and the researcher tested them the next day (Appendix A).

The Subtraction Subtests of the Houston Addition and Subtraction 

Problem Solving Test were administered on a one-to-one basis by the 

researcher and a fellow doctoral candidate. Both examiners had established 

Interrater reliability on the test from a previous study. The order of 

the problems were randomly generated. The Class Inclusion Test and the 

Subtraction Subtests were given on the same day In the same room. How

ever, care was taken to arrange students so as one would not disturb the 

others. The test was administered between the hours of 8:45 a.m. and 

2:30 p.m. Four students were absent, and the researcher tested them the 

following day. The average testing time was twelve minutes.

Data Bank. The following data were collected on each child In the 

study: (I) age (In months), (2) sex, (3) a score (0, 1) for each of the 

four warm-up items and 15 TQC Items, (4) treatment group (I, 11, or III),

(5) a score (0, 1) for each of the five class Inclusion test items,

(6) an accuracy score (0, 1) for each of the six subtraction sub-test 

Items, (7) a modeling score (0 - 2) for each of the six subtraction sub

tests, (8) observer for TQC, (9) observer for class Inclusion, and observer 

for subtraction subtest.
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The subtraction subtest scores were further subdivided as follows: 

(1) Items 1 and 2 were take-away subtest, (2) Items 3 and 4 were the 

comparison subtest, and (3) Items 5 and 6 were additive subtest.

Treatment of Data. All of the hypotheses Involve a comparison of 

means of Independent groups. An appropriate test for significant 

differences tn means Is the ftest for Independent groups. The t-test 

will be used for all hypotheses.

Sunmary

Seventy-five first grade students at Bane Elementary School In the 

Cypress Fairbanks School District, Houston, Texas, were randomly placed 

Into control and experimental groups after taking a pretest on quantita

tive comparisons. Each group was trained for six consecutive school days 

for 25 minutes per day. The concept taught Group I was additive sub

traction. Group II was taught class Inclusion, and the control Group III 

was taught geometrical concepts not related to Treatments I and II. (See 

Appendix A). The experimental groups had the use of manipulative aids. 

Each student was administered two post tests: (1) Class Inclusion Test 

and (2) The Houston Addition and Subtraction Problem Solving Test - Sub

traction Subtests. These data were collected and appropriate statistical 

analyses were performed.



CHAPTER 4

PRESENTATION AND ANALYSIS OF DATA

The findings of the statistical analysis of the data are presented 

In this chapter. The primary purpose of this study was to determine if 

there are differences In transfer or achievement of first grade children 

trained to solve additive subtraction problems and class Inclusion tasks 

and those not trained to solve additive subtraction problems and class 

Inclusion tasks. Nineteen hypotheses were tested In attempting to Iden

tify factors that may Influence transfer and achievement. Each of the 

respective hypotheses was placed In one of two categories.

Category one, consisting of four hypotheses, pertained to achievement 

of first grade children. The mean achievement score of the trained group 

and the corresponding mean score of the control group were compared for 

both accuracy and modeling. Category two, consisting of fifteen hypo

theses, pertained to transfer of training of first grade children. These 

hypotheses were also tested on accuracy and modeling. In each of the 

respective categories, the hypotheses will be stated In null form, followed 

by a report of the finding In both narrative and tabular form.

Category One - Achievement

The null hypotheses tested in this category represent an attempt to 

Identify the effects of training on achievement scores. These Include 

class Inclusion achievement accuracy, additive subtraction achievement 

accuracy, and additive subtraction modeling.
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Hypothesis 1: There Is no significant difference between the 
the mean achievement accuracy score of the groups trained 
to solve additive subtraction and class Inclusion problems 
and the corresponding mean score of the control group.

°5 * °13 " °6 * °15

In Hypothesis One, the additive subtraction scores of the group 

that was trained In additive subtraction was pooled with the class 

Inclusion scores of the group that was trained class Inclusion. A one 

tailed t-test was then used to compare the mean achievement score of the 

trained group with the corresponding mean score of the control group. 

Table I contains the results of the t-test. The T value of 4.06 with 72 

degrees of freedom was significant at the .05 level, thus the null 

hypothesis was rejected.

Hypothesis 1.1: There Is no significant difference between the 
mean class Inclusion score of the group trained to solve 
class Inclusion problems and the mean class Inclusion score 
of the control group.

°5 " °6

Hypothesis 1.1 compared the mean class Inclusion score of the group 

trained class Inclusion and the mean class Inclusion score of the control 

group. The data In Table 2 show the scores of the trained group resulted 

In a mean score of with a standard deviation of 1.327. The control 

group had a mean score of 2.083 with a standard deviation of 1.3^9« The 

one-talled t-test yielded a significant difference at the .05 level. 

Therefore the null hypothesis was rejected.

Hypothesis 1.2: There Is no significant difference between the 
mean achievement accuracy score of the group trained to 
solve additive subtraction problems and the corresponding 
mean score of the control group.

o3 - o5



Table 1

(Achievement)

Comparison of Additive Subtraction and Class Inclusion 

Scores of Trained Groups with Corresponding Scores 

of the Control Group

Groups 
Compared

Mean Standard Degrees y t
Number Score Deviation Freedom Value Probability

Tralned 50 2.74 1.192

72 A.06 .000
Control 24 1.833 .719



Table 2

Comparison of Class Inclusion Achievement Scores of Trained Group

With Class Inclusion Scores of Control Group

Groups 
Compared Number

Mean 
Score

Standard 
Deviation

Degrees 
of 

Freedom
T 

Value
t 

Probabi1i ty

Trained 
(Class Inclusion)

25 3.48 1.327

47 3-65 .0005

Control 24 2.083 1.349

JS- 
N
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In this hypothesis, the one-tailed t-test was used to determine If 

a significant difference existed between the group trained to solve 

additive subtraction and the controlled group. A mean score of 2.00 on 

the additive subtraction subtest with a standard deviation of 0.0 was 

determined for the group trained additive subtraction. The control group 

provided a mean score of 1.58 with a standard deviation of .717. The 

null hypothesis was rejected at the .05 level of significance based upon 

a T value of 2.91. Table 3 contains the data pertinent to this hypo

thesis.

Hypothesis 2: There Is no significant difference between the 
mean achievement modeling score of the group trained to 
model additive subtraction and the corresponding mean 
score of the control group.

0|3 - 015

In Hypothesis 2, the mean additive subtraction modeling score of 

the trained group was compared with the mean additive subtraction 

modeling score of the control group. The t-test was used to test this 

hypothesis. The data In Table U shows the scores of the trained group 

resulted In a mean score of 4.0 with a standard deviation of 0.0. The 

control group had a mean score of 3.66. The null hypothesis was 

rejected at the .05 level of significance.

Category Two

Hypotheses which make up this category relate to the transfer of 

training from additive subtraction to class inclusion accuracy and 

accuracy and modeling of other subtraction types, and from class 

Inclusion to subtraction modeling and accuracy.



Table 3

Comparison of Additive Subtraction Achievement Scores of Trained

Group With Additive Subtraction Scores of Control Group

Groups Mean Standard Degrees 
of T t

Compared Number Score Deviation Freedom Value Probabi1i ty

Trained 25 2.000 0
(Additive Subtraction)

Control 24 1.5833

4? 2.19 .003

.717

4S- X-



Table 4

Comparison of Additive Subtraction Modeling Achievement Scores of 

Trained Group with Additive Subtraction Modeling Scores 

of the Control Group

Groups 
Compared Number

Mean 
Score

Standard 
Deviation

Degrees 
of 

Freedom
T 

Value
t 

Probabi1ity

Trained 25 4.00 .00
/■ -

(Additive Subtraction)
47 2.38 .011

Control 24 3.66 .702
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Hypothesis 3$ There Is no significant difference between the 
pooled mean inclusion, take-away, and comparison subtraction 
accuracy score of the group trained to solve additive sub
traction and the mean Inclusion, take-away, and comparison 
subtraction accuracy score of the control group.

°4 * °7 * °10 " °6 + °9 + °12

In this hypothesis the Inclusion scores, take-away subtraction 

accuracy scores, and comparison subtraction accuracy scores of the 

group trained to solve additive subtraction were pooled. The t-test was 

then used to compare the mean transfer accuracy score of the trained 

group with the corresponding mean score of the control group. As shown 

by the data In Table 5, there Is no significant transfer of additive 

subtraction training to class Inclusion and other subtraction accuracy 

skills. Based upon the findings of the one-tailed t-test, null 

Hypothesis 3 was not rejected. The mean scores of the groups, while 

not statistically significant, was higher for the group trained additive 

subtraction problem solving.

Hypothesis 3.1? There is no significant difference between the 
mean Inclusion score of the group trained to solve additive 
subtraction problems and the mean Inclusion score of the 
control group.

Oz, " o6
Results of the test of Hypothesis 3«1 are presented In Table 6. The 

group trained additive subtraction problem solving had a mean Inclusion 

score of 2.36> with a standard deviation of 1.287. The control group 

provided a mean Inclusion score of 2.08 with a standard deviation of 

1.349* The t-test of differences between the trained group and the con

trol group does not permit rejection of null Hypothesis 3-1*



Table 5

Conparison of Pooled Transfer (I. elusion, Take-away, and Comparison Subtraction) 

Accuracy Scores of the Group Trained to Solve Additive Subtraction 

With Corresponding Scores of the Control Group

Group 
Compared Number

Mean 
Score

Standard 
Deviation

Degrees 
of 

Freedom
T 

Value
t 

Probabi1ity

Trained 25 5.^0 1.936
U7 .57 .286

Control 2/» 5.08 1.95S



Table 6

Comparison of Class Inclusion Transfer Accuracy Scores of Group Trained

To Solve Additive Subtraction with Class Inclusion Scores

of the Control Group

Groups 
Compared

Mean Standard Degrees T t
Number Score Deviation Freedom Value Probability

Trained 25 2.36 1.287

A? .73 .2335
Control 24 2.08 1.349

*• co
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Hypothesis 3.2: There Is no significant difference between the 
mean take-away accuracy score of the group trained to solve 
additive subtraction problems and the mean take-away sub
traction accuracy score of the control group.

°7 " °9

The mean score of the trained group was 2.0 with a standard 

deviation of 0.0. The mean score for the control group was 1.95 with a 

standard deviation of .204. Null Hypothesis 3*2 was not rejected, 

based on a significant t-test score of .156. Table 7 contains the data 

from this test.

Hypothesis 3.3: There Is no significant difference between the 
mean comparison subtraction accuracy score of the group 
trained to solve additive subtraction problems and the mean 
comparison subtraction accuracy score of the control group.

°10 “ °12

Null Hypothesis 3*3 was not rejected at the .05 level. The group 

that had been trained additive subtraction problem solving had a mean 

score of 1.040 with a standard deviation of .978. The control group had 

a mean score of 1.0417 with a standard deviation of .999. Upon close 

examination of the statistics, It Is found that the control group per

formed slightly better on comparison subtraction than the trained group, 

however not significantly better. Results of the test of this hypothesis 

are presented In Table 8.

Hypothesis 4: There Is no significant difference between the 
mean take-away, comparison, and additive subtraction accu
racy score of the group trained to solve Inclusion problems, 
and the mean take-away, comparison, and additive score of 
the control group.

°8 * °11 + °14 “ °9 * °12 * °15

The take-away accuracy scores, comparison accuracy scores, and addi

tive subtraction accuracy scores of the group trained to solve Inclusion



Table 7 
(Transfer)

Comparison of Take-away Accuracy Scores of Group Trained to Solve

Additive Subtraction with Take-away Scores

Of the Control Group

Groups 
Compared

Mean Standard Degrees y t
Number Score Deviation Freedom Value Probability

Trained 25 2.00 .00
47 U02 .156

Control 24 1.95 .204

VI 
o



Table 8
(Transfer)

Comparison of Comparison Subtraction Accuracy Scores of Group Trained 

To Solve Additive Subtraction with Comparison Subtraction

Accuracy Scores of the Control Group

Groups 
Compared

Mean Standard Degrees j
Number Score Deviation Freedom Value Probability

Trained 25 1.0400 .978

47 1.02 .156
Control 24 1.0417 .999

U1
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problems were pooled. The t-test was then used to compare the mean 

transfer accuracy of the trained group with the corresponding mean score 

of the control group. Table 9 contains the results of the t-test. The 

t probability of .40 with 4? degrees of freedom was not significant at 

the .05 level, thus the null hypothesis was not rejected.

Hypothesis 4.1: There Is no significant difference between the 
mean take-away subtraction accuracy score of the group 
trained to solve class inclusion problems and the mean 
take-away subtraction accuracy score of the control group.

°8 " °9

The data In Table 10 show the performance of the group trained to 

solve class Inclusion problems resulted In a mean score of 1.96 with 

a standard deviation of .200 on the Take-away Subtraction Subtest. 

The control group had a mean score of 1.95 with a standard deviation of 

.204. Null Hypothesis 4,1 was not rejected at the ,05 level of signi

ficance.

Hypothesis 4.2: There Is no significant difference between the 
mean comparison subtraction accuracy score of the group 
trained to solve class Inclusion problems and the mean 
comparison subtraction accuracy score of the control group.

°H " °I2

Results of the test of Hypothesis 4.2 are presented In Table 11. 

The class Inclusion trained group had a mean score of 1.040 with a 

standard deviation of .935. The control group provided a mean score of 

1.0417 with a standard deviation of .999. Results of the t-test fall 

to reject the null hypothesis at the 0.05 level of significance.



Table 9 

(Transfer)

Comparison of Pooled (Take-away, Comparison, and Additive Subtraction) Accuracy 

Scores of Group Trained to Solve Class Inclusion Tasks With 

Corresponding Accuracy Scores of the Control Group

Groups Mean
Compared Number Score

Standard Degrees T t
Deviation _ °' . Value ProbabilityFreedom

Trained 25 4.68 1.435

47 .25 .402

Control 24 4.5833 1.283

VI



Table 10

(Transfer)

Comparison of Take-away Accuracy Scores of Group Trained to Solve 

Class inclusion Tasks with Take-away Accuracy Scores 

of the Control Group

Groups 
Compared

Degrees
Mean Standard of T t

Number Score Deviation Freedom Value Probability

Trained 25 1.56 -200

A? .03 .A88

Control 24 1.95 .204

un



Table 11
(Transfer)

Comparison of Comparison Subtraction Accuracy Scores of Group Trained

To Solve Class Inclusion Tasks with Comparison Subtraction 

Accuracy Scores of the Control Group

Groups 
Compared

Mean Standard Degrees y t
Number Score Deviation Freedom Value Probability

Trained 25 1.0400 .935

4? -.01 .497
Control 24 1.0417 *999
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Hypothesis U.3: There Is no significant difference between the 
mean additive subtraction accuracy score of the group 
trained to solve class Inclusion problems and the mean 
additive subtraction accuracy score of the control group.

°14 “ 015

The data In Table 12 show that the group trained to solve class 

Inclusion problems had a mean score of 1.68 with a standard deviation of 

.690. The control group had a mean score of 1.58 with a standard devi

ation of 1.58. Results of the ftest shows that the mean differences are 

not significant at the .05 level, thus the null hypothesis was not 

rejected.

Hypothesis 5: There Is no significant differences between the 
mean take-away and comparison subtraction modeling score of 
the group trained to model additive subtraction and the 
mean take-away and comparison subtraction modeling score of 
the control group.

°7 * °10 " °9 * °12

The take-away subtraction modeling scores and the comparison 

modeling scores of the group trained to model additive subtraction were 

pooled and a mean transfer subtraction modeling score was obtained. 

This mean was compared with the corresponding mean of the control group. 

The results of the t-test Is presented In Table 13» The trained group

had a mean of 4.00 with a standard deviation of 00. The control group

had a mean of 4.00 with a standard deviation of 00. Results of the

t-test Indicated that the null hypothesis should not be rejected at the

.05 level of significance.

Hypothesis 5.1: There Is no significant difference between the 
mean take-away modeling score of the group trained to solve 
additive subtraction and the mean take-away modeling score 
of the control group.

o7 - o9



Table 12 

(Transfer)

Comparison of Additive Subtraction Accuracy Scores of Group Trained

To Solve Class Inclusion Tasks with Additive Subtraction 

Scores of the Control Group

Groups Mean
Compared Number Score

Standard De^ees T t
Deviation Freedom Value Probability

Trained 25 1.68 .690

47 .48 .316
Control 24 1.58 .717



Table 13 

(Transfer)

Comparison of Pooled (Take-away and Comparison Subtraction) Modeling Scores of the 

Group Trained to Model Additive Subtraction Problems and 

Corresponding Modeling Scores of the Control Group

Groups 
Compared Number

Mean 
Score

Standard 
Deviation

Degrees 
of 

Freedom
T

Vai ue
t 

Probabi1ity

Trained 25 4.00 .00

47 0 .500

Control 24 4.00 .00

VI 
oo
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Result of Hypothesis 5 made It unnecessary to test Hypothesis 5«1« 

Since the trained group and the control group both had perfect modeling 

scores on the pooled take-away and comparison subtraction problems, the 

take-away modeling scores considered alone would also Indicate a perfect 

modeling score for both trained and control groups. Hence, there Is no 

significant difference between the mean scores of the two groups.

Hypothesis 5»2: There Is no significant difference between the 
mean comparison modeling score of the group trained to solve 
additive subtraction and the mean comparison modeling score 
of the control group.

°IO * °12

As was stated above. Hypothesis 5 made testing of this hypothesis 

unnecessary. It can be Inferred that there Is no significant difference 

between the mean modeling scores of the trained and control groups.

Hypothesis 6: There Is no significant difference between the 
mean take-away, comparison, and additive subtraction 
modeling score of the group trained to solve class Inclu
sion problems and the corresponding mean score of the 
control group.

Og + Qu ♦ Oji, - Og + O12 + O15

The take-away subtraction modeling scores, comparison modeling 

scores, and additive subtraction modeling scores of the group trained to 

model class Inclusion problems were pooled and a mean Inclusion transfer 

modeling score was obtained. This mean was compared with the corres

ponding mean score of the control group. Table 14 presents the results 

of the t-test. The trained group had a mean score of 11.52 with a 

standard deviation of 1.085- The control group had a mean score of 

11.66 with a standard deviation of .702. The researcher failed to reject 

the null hypothesis at the .05 level of significance.



Table 1A 

(Transfer)

Comparison of Pooled (Additive, Take-away, and Comparison Subtraction) Modeling 

Scores of the Group Trained Class Inclusion Tasks and Corresponding 

Modeling Scores of the Control Group

Groups 
Compared Number

Mean 
Score

Standard 
Deviation

Degrees
of

Freedom
T 

Vai ue
t 

Probabi1ity

Trained 25 11.52 1.085

41.30 - .56 .288

Control 24 11.66 .702

os o
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Hypothesis 6.1: There Is no significant difference between the 
mean take-away modeling score of the group trained to solve 
class Inclusion problems and the mean take-away modeling 
score of the control group.

°8 ” °9

Results of the test of Hypothesis 6.1 are presented In Table 15.

The trained group had a mean score of 3.96 with a standard deviation of

.200. The control group had a mean score of k.00 with a standard 

deviation of .00. The t-test of differences between the trained group 

and the control group does not permit rejection of the null hypothesis.

Hypothesis 6.2: There Is no significant difference between the 
mean comparison modeling score of the group trained to solve 
class Inclusion problems and the mean comparison modeling 
score of the control group.

°11 ** °12

Null Hypothesis 6.2 was not rejected at the .05 level of signifi

cance. The subjects who had been trained to model class Inclusion 

problems had a mean score of 4.00 with a standard deviation of .00.

The control group had a mean score of 4,00 with a standard deviation of

.00. The results are shown In Table 16.

Hypothesis 6.3: There Is no significant difference between the 
mean additive subtraction modeling score of the group trained 
to solve class inclusion problems and the mean additive sub
traction modeling score of the control group.

°14 * °15

As shown by the data In Table 17. class Inclusion training has no 

significant effect on modeling additive subtraction problems. Based on 

the t-test, null Hypothesis 6.3 was not rejected.



Table 15 

(Transfer)

Comparison of Take-away Modeling Scores of the Group Trained Class inclusion

And Take-away Modeling Scores of the Control Group

Groups 
Compared Number

Mean 
Score

Standard 
Deviation

Degrees 
of 

Freedom
T 

Value
t 

Probabl1ity

Trained 25 3.96 .200

Control 24 4.00 .00

47 - .98 .166



Table 16 

(Transfer)

Comparison of Comparison Subtraction Modeling Scores of the Group Trained 

Class Inclusion and Comparison Subtraction of the Control Group

Groups 
Compared

Mean Standard Degrees y
Number Score Deviation Freedom Value Probability

Trained 25 4.00 .00

47 .00 .500

Control 24 4.00 .00

ox



Table 1? 

(Transfer)

Comparison of Additive Subtraction Modeling Scores of the Group Trained 

Class Inclusion and Additive Subtraction Scores

Of the Control Group

Groups 
Compared

Mean Standard Degrees y t
Humber Score Deviation Freedom Value Probability

Trained 25 3.56 1.003

43.04 - .43 .3335

Control 24 3.66 .702

ox
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Summary

While not all of the nineteen null hypotheses forming the two cate

gories (achievement and transfer) were rejected, the basic purpose of the 

study was accomplished. The study was conducted to determine if there 

are differences In transfer and achievement of subjects trained additive 

subtraction and class Inclusion, and subjects not trained additive sub

traction and class Inclusion. The mean achievement accuracy score of 

the trained groups was 2.7^, while the corresponding mean score of the 

untrained subjects was I.83. The mean modeling score of the trained 

group was 3-66. These results Indicate that training has a significant 

effect on achievement.

Results of the pooled transfer scores (Table 5) Indicate training 

additive subtraction has a favorable effect on transfer to class inclusion, 

comparison, and take-away subtraction problem solving accuracy. However, 

additive subtraction training was not significantly transferred to 

either of the other two subtraction situations. Training was found to 

have no significant effect on transfer from class inclusion to the three 

subtraction situations. However, examination of the pooled transfer 

scores (Table 9,) shows that training class Inclusion does have a favor

able effect on subtraction problem solving. Results of the modeling 

scores Indicated that training has no transfer effect on modeling.

In category one, all of the null hypotheses were rejected. In 

category two, none of the null hypotheses were rejected. Chapter V will 

include the summary, conclusions, and recommendations.



CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose of this study was to determine the effects of training 

additive subtraction and class Inclusion on achievement and transfer on 

first grade students. The purpose of this chapter Is to discuss the 

Implications and recommendations for the study.

In Chapter 1, the three types of subtraction were discussed and the 

relation between class Inclusion and subtraction was stated. However, 

the functional nature of the relation was unclear and the extent to 

which training would Influence achievement and transfer from one to the 

other was not known.

The research reviewed In Chapter 2 revealed that kindergarten and 

first grade children perform better on take-away subtraction than on 

additive and comparison subtraction. However, limited research had been 

conducted with regard to training subtraction skills. Review of the 

literature also revealed that class inclusion could be taught and that 

the socio-economic level of the parents Is an important variable In the 

acquisition of class Inclusion. Children with middle class socio-economic 

backgrounds are more apt to solve the Inclusion problem at a certain age 

than children with low class socio-economic backgrounds. The literature 

also revealed that children perform better when manlpulatlves are present.

The population for this Investigation consisted of first grade chil

dren In Bane Elementary School. Bane Elementary School Is In the Cypress
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Fairbanks Independent School District located in the Northwest section 

of Harris County. From a population of 135 first grade children, a sample 

of 75 was randomly selected to take part In the study. Each child was 

administered the Test of Quantitative Comparison and then randomly assigned 

to one of three experimental groups. Assignment to experimental groups 

was done In a manner to assure an equal representation of high scores and 

low scores on the TQC In each group. Group I then received additive 

subtraction training with the use of manlpulatlves for six consecutive 

school days. Group II received class Inclusion training with the use of 

manlpulatlves for the same six consecutive school days. Upon the com

pletion of training, each subject In the study was administered two 

Instruments, the Class Inclusion Test and the Subtraction Subtests of 

the Houston Addition and Subtraction Problem Solving Test. The appropriate 

statistical technique was then performed, using the scores of the two 

instruments to test the 19 null hypotheses Included in the Investigation.

The null hypotheses tested In the study were grouped Into two cate

gories. Category one contained two major hypotheses, and two sub-hypotheses, 

all of which pertain to the effect of training on achievement.

I. There Is no significant difference between the mean Inclusion 

and additive subtraction accuracy score of the groups trained Inclusion 

and additive subtraction respectively, and the corresponding mean score 

of the control group.

1,1. There Is no significant difference between the mean Inclusion 

score of the group trained to solve Inclusion problems and the mean 

Inclusion score of the control group,

1,2« There is no significant difference between the mean additive 

subtraction accuracy score of the group trained to solve additive
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subtraction problems and the mean additive subtraction accuracy score of 

the control group.

2. There Is no significant difference between the mean additive 

subtraction modeling score of the group trained to solve additive sub

traction problems and the mean additive subtraction modeling score of 

the control group.

The second category consisted of four major hypotheses and eleven 

sub-hypotheses, all of which pertained to the effects of training on 

transfer.

3. There Is no significant difference between the mean Inclusion, 

take-away, and comparison subtraction accuracy score of the group trained 

to solve additive subtraction, and the mean Inclusion, take-away, and 

comparison subtraction accuracy score of the control group.

3.1. There Is no significant difference between the mean Inclusion 

score of the group trained to solve additive subtraction problems and 

the mean Inclusion score of the control group.

3.2. There Is no significant difference between the mean take-away 

subtraction accuracy score of the group trained to solve additive sub

traction problems and the mean take-away subtraction accuracy score of 

the control group.

3.3. There Is no significant difference between the mean comparison 

subtraction accuracy score of the group trained to solve additive sub

traction problems and the mean comparison subtraction accuracy score of 

the control group.

4. There Is no significant difference between the mean take-away, 

comparison, and additive subtraction accuracy score of the group trained 
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to solve Inclusion problems and the mean take-away, comparison, and 

additive subtraction score of the control group.

A.1. There is no significant difference between the mean take-away 

subtraction accuracy score of the group trained to solve class inclusion 

problems and the mean take-away subtraction accuracy score of the control 

group.

A,2. There Is no significant difference between the mean comparison 

subtraction accuracy score of the group trained to solve class inclusion 

problems and the mean comparison subtraction accuracy score of the control 

group.

A.3» There is no significant difference between the mean additive 

subtraction accuracy score of the group trained to solve class inclusion 

problems and the mean additive subtraction accuracy score of the control 

group.

5. There is no significant difference between the mean take-away 

and comparison subtraction modeling score of the group trained to solve 

additive subtraction and the mean take-away and comparison subtraction 

modeling score of the control group.

5.1. There is no significant difference between the mean take-away 

modeling score of the group trained to solve additive subtraction and 

the mean take-away modeling score of the control group.

5.2, There Is no significant difference between the mean comparison 

modeling score of the group trained to solve additive subtraction and the 

mean comparison modeling score of the control group.

6. There Is no significant difference between the mean take-away, 

comparison, and additive subtraction modeling score of the group trained 
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to solve class Inclusion problems and the corresponding mean score of 

the control group.

6.1. There is no significant difference between the mean take-away 

modeling score of the group trained to solve class Inclusion problems 

and the mean take-away modeling score of the control group.

6.2. There Is no significant difference between the mean comparison 

modeling score of the group trained to solve class Inclusion problems and 

the mean comparison modeling score of the control group.

6.3. There Is no significant difference between the mean additive 

subtraction modeling score of the group trained to solve class Inclusion 

problems and the mean additive subtraction modeling score of the control 

group.

Hypotheses pertaining to means were tested with the t-test for a 

significant difference between means. Test for significant difference 

was done at the .05 level.

Results of this study revealed that training has a significant 

effect on achievement. This Is true from a modeling standpoint, as well 

as accuracy. Even though training had no significant effect on transfer, 

all mean accuracy scores of the trained groups were higher than the mean 

accuracy scores of the control group, except on comparison subtraction.

Implications and Conclusions

Based upon a review of the literature on this topic and the findings 

of this study, the following conclusions are presented:

1. First grade children can be trained to solve class Inclusion 

tasks
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2. Additive subtraction training does enhance performance of first 

grade children In additive subtraction problem solving.

3. There Is no significant transfer of class Inclusion training to 

subtraction problem solving accuracy.

U. Additive subtraction training does not significantly enhance 

performance of first grade children In subtraction problem modeling.

5. There Is no significant transfer of additive subtraction 

training to success on class Inclusion tasks.

6. Class Inclusion training has no significant effect on additive 

comparison and take-away subtraction problem solving success.

The results of this study verify KohnStamm's and Sheppard's finding 

that first grade children can be taught to solve class Inclusion tasks. 

However, Piaget maintains that If a child has a true understanding of a 

concept, this understanding Is transferable to other related tasks. In 

this study. It was found that there Is no significant transfer of class 

Inclusion training to subtraction problem solving, which are two related 

concepts, according to Piaget. Hence, It Is concluded that whereas 

children can be taught to solve class Inclusion tasks, their understanding 

of the concepts Is still questionable. More research Is needed In this 

area. Also, there Is no significant transfer of additive subtraction 

training to class Inclusion problem solving.

Upon close examination of the data, one finds that the trained groups 

(additive subtraction and class Inclusion) had higher mean scores on take

away and additive subtraction, but a lower mean score on comparison sub

traction than the control group. This study does not attempt to explain 

these findings. However, It Is suggested that research be done to verify 

and explain these findings.
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Recommendations

In view of the results discussed In Chapter IV, and the conclusions 

drawn In this chapter, the following recommendations are made:

1. Replication of this study with one or more of the following 

components altered: length of treatment, age of subjects, social 

background of subjects, and statistical design.

2. Similar studies with semi-concrete materials being used, as 

well as concrete materials in the training procedures.

3. Similar study with comparison subtraction being trained 

along with class Inclusion.

U. Similar study that relates class Inclusion and take-away 

subtraction.

5. Studies of the effects that the use of physical objects have 

on an individual's ability to perform class Inclusion tasks.
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APPENDIX A

INSTRUMENTS



TEST OF QUANTITATIVE COMPARISONS

DIrectlons

W-1, Look at the squares on both pages. Are there the same number 

of squares on both pages? Or does one page have more than the other? 

Show me by pointing. Don't talk out loud. If you think both pages 

have the same number of squares, put a finger on both pages.

W-2. Look at the squares on both pages. Remember what you are 

supposed to do with your hands. Listen carefully. Are there the same 

number of squares on both pages? Or does one page have more than the 

other? Show me by pointing.

W-3. Count three pennies. Put the pennies on the squares. Now 

move the pennies to cover the dots. Are there the same number of pennies 

as squares? Or are there more of one than the other? Show me by pointing.

W-4. Count one penny. Place the penny on the dot. Are there the 

same number of squares as pennies? Or are there more of one than the 

other? Show me.

1. Look at the squares on both pages. Are there the same number 

of squares on both pages? Or does one page have more than the other? 

Show me.

2. Count six pennies. Put the pennies on the squares. Move the 

pennies to cover the dots. Are there the same number of pennies as 

squares? Or are there more of one than the other? Show me.
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3. Count five pennies. Put the pennies on the squares. Now cover 

the dots with the pennies. Are there the same number of pennies as 

squares? Or are there more of one than the other? Show me.

A. Count five pennies. Put the pennies on the squares. Move the 

pennies to cover the dots. Are there the same number of pennies as 

squares? Or are there more of one than the other? Show me.

5. Look at the squares on both pages. Are there the same number 

of squares on both pages? Or does one page have more than the other? 

Show me.

6. Count five pennies. Put the pennies on the squares. Move 

the pennies to cover the dots. Are there the same number of pennies as 

squares? Or are there more of one than the other? Show me.

7. Look at the dots In both rows. Are there the same number of 

dots In both rows? Or does one row have more than the other? Show me.

8. Look at the squares on both pages. Are there the same number 

on both pages? Or does one page have more than the other? Show me.

9. Count six pennies. Cover each dot with a penny. Are there

the same number of squares as pennies? Or are there more of one than the 

other? Show me.

10. Count eight pennies. Put the pennies on the squares. Move the 

pennies to cover the dots. Are there the same number of squares as 

pennies? Or are there more of one than the other? Show me.

11. Look at the dots on both pages. Are there the same number of 

dots on both pages? Or does one page have more than the other? Show me.

12. Look at the dots In both rows. Are there the same number of 

dots In both rows? Or does one row have more than the other? Show me.



80

13- Look at the dots on both pages. Are there the same number of 

dots on both pages? Or does one page have more than the other? Show me

1^. Look at the dots In both rows. Are there the same number of 

dots in both rows? Or does one row have more than the other? Show me.

15. Count six pennies. Put the pennies on the squares. Move the 

pennies to cover the dots. Are there the same number of squares as 

pennies? Show me.
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*

CUSS INCLUSION

Item 1•

POINT TO THE AIRPLANES, POINT TO THE HORSES, POINT TO THE TOYS.

WHICH ARE THERE MORE OF, TOYS OR AIRPUNES?

WHICH ARE THERE MORE OF, AIRPLANES OR TOYS?
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Item 2,

POINT TO THE FLOWERS, POINT TO THE WHITE FLOWERS, POINT TO 
THE RED FLOWERS,

WHICH ARE THERE MORE OF, RED FLOWERS OR FLOWERS?

WHICH ARE THERE MORE OF, FLOWERS OR RED FLOWERS?
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Item 3*

«

POINT TO THE RED SHAPES.

POINT TO THE SQUARE SHAPES.

POINT TO THE ROUND SHAPES*

WHICH ARE THERE MORE OF, ROUND SHAPES OR RED SHAPES?

WHICH ARE THERE MORE OF, RED SHAPES OR ROUND SHAPES?
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Item 4.

POINT TO THE DOGS.

POINT TO THE CATS.

POINT TO THE ANIMALS.

WHICH ARE THERE MORE OF, ANIMALS OR CATS?

WHICH ARE THERE MORE OF, CATS OR ANIMALS?



85

Item 5.

POINT TO THE BUTTONS♦

POINT TO THE WHITE BUTTONS.

POINT TO THE BLACK BUTTONS.

WHICH ARE THERE MORE OF, BLACK BUTTONS OR BUTTONS?

WHICH ARE THERE MORE OF, BUTTONS OR BLACK BUTTONS?
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The Houston Addition and Subtraction Problem Solving Test

Subtraction Subtests

Problem Type
First
Verb

First
Number

Second 
Verb

Second
Number

1. Subtraction 
Take-away has 7 gives 4

2. Subtraction 
Take-away has 5 gives 3

3. Subtraction 
Comparison has 5 has 3

4. Subtraction 
Comparison has 4 has 6

5. Subtraction 
Additive has 5 needs 8

6. Subtraction 
Additive has 3 needs 7



APPENDIX B

TREATMENTS



Structure of Treatments

Each teacher Is given a mimeographed list of additive subtraction 

problems or class Inclusion problems depending on the treatment she Is 

to Instruct that day. The following table depicts the three-step treat

ment for additive subtraction and class Inclusion.

Oral Problem Teacher Models Learner Models Indicate
Presented and Count Problem and Count Problem Answer

(1) X X X

(2) X X XX

(3) X XX

ADDITIVE SUBTRACTION TREATMENT

Day 1:

Materials: (1) Ten plastic spoons of one color per student

(2) One paper plate per student, divided Into two spaces 
by a strip of tape

(3) One doll per student

1. Each student Is given the materials listed above.

2. Teacher gives students brief Introduction.

3. Teacher models additive subtraction problem for class.

Example: Teacher says, "Dick (the doll) has three spoons." (Teacher 

counts three spoons from the pile and places them In one of the 

spaces on the paper plate). "But he needs five spoons altogether." 

(Teacher adds enough spoons to the set of three spoons to make five 

spoons, being sure to place these spoons in the empty space on the
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plate.) "How many spoons did Dick need in order to have five spoons 

altogether?" (Teacher explains the answer Is two, because two 

spoons had to be added to the original three spoons to make five.)

4. Teacher will repeat problem In example with student modeling along 

with her.

5. Teacher will then answer any questions about the problem.

6. Teacher will then ask the students to model additive subtraction 

problems as she reads them aloud (at least five problems). Students 

will Indicate their answer by a show of fingers as teacher passes 

their desk.

Day 2;

Same as Day 1, except two paper plates will be used instead of one.

Day 3:

Same as Day 2 except soldiers and boxes will be used Instead of 

spoons and plates.

Day 4:

Same as Day 1, except paper plate will not have a strip of tape. 

There will be no partition between sets, visual or positional.

Pay 55

Same as Day 4, except one box and soldiers will be used Instead of 

the paper plate and spoons.

Day 6:

Same as Day 5, except a paper cup and chips will be used Instead of 

a box and soldiers.
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Additive Subtraction Problems

First First
Verb Number

has 4

has 5

has 2

has 1

need 7

need 4

has 4

has 1

need 2

need 3

has 4

has 5

need 6

need 7

has 2

has 4

has 6

has 3

has 5

has 7

Second Second
Verb Number

need 6

need 8

need 8

need 9

has 5

has 3

need 10

need 5

has 0

has 1

need 10

need 9

has 8

has 4

need 10

need 8

need 7

need 5

need 9

need 10
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INCLUSION TREATMENT

Days 1 and 2:

Materials: (1) ten forks and five spoons per student

(2) two boxes per student (labed Box 1 and Box 2)

1. Each student will be given the materials listed above.

2. Teacher will introduce concept that is to be taught. The teacher 

might say: "Today we are going to study the Inclusion relation, 

that Is, how two sets of objects are different but still a member 

of one set."

3. Teacher will model class inclusion problem. Example: Teacher wl11 

say: "Count out five forks and put them in Box 1." (Teacher performs 

operation). "Count out five more forks and put them in Box 2." 

(Teacher performs operation). "Count two spoons and place them In 

Box 2." (Teacher performs operation). "Pick up the forks." 

Teacher picks up forks In both boxes.) "Pick up the things to eat 

with." (Teacher picks up forks and spoons). "Are there more forks

or more things to eat with?" (Teacher explains that there are more 

things to eat with, because forks and spoons are things to eat with.) 

if. Teacher will repeat example with students modeling with her.

5. Teacher will answer any questions about problem.

6. Teacher will then ask students to model Inclusion problems as she 

reads them aloud (as many as possible). Students will Indicate 

their answers by pointing to the larger set.
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Problems (Day 1 and Day 2)

Box 1 Box 2

1. 1 fork 1 fork, 1 spoon

2. 2 forks, 1 spoon 2 forks

3. 3 forks, 1 spoon 3 forks

4. 4 forks 4 forks, 1 spoon

5. 5 forks, 1 spoon 5 forks

6. 1 fork 1 fork, 2 spoons

7. 2 forks 2 forks, 2 spoons

8. 3 forks, 2 spoons 2 forks

9. 4 forks 4 forks, 2 spoons

10. 5 forks, 2 spoons 5 forks

11. 1 fork 1 fork, 3 spoons

12. 2 forks, 3 spoons 2 forks

13. 3 forks 3 forks, 3 spoons

14. 4 forks 4 forks, 3 spoons

15. 5 forks, 3 spoons 5 forks

16. 1 fork, 4 spoons 1 fork

17. 2 forks 2 forks, 4 spoons

18. 3 forks, 4 spoons 3 forks

19. 4 forks 4 forks, 4 spoons

20. 5 forks 5 forks, 4 spoons

21. I fork 1 fork, 5 spoons

22. 2 forks, 5 spoons 2 forks

23. 3 forks 3 forks, 5 spoons

24. 4 forks, 5 spoons 4 forks

25. 5 forks 5 forks, 5 spoons
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Days 3, 4, and 5:

ten soldiers and firemen per student

(2) two boxes per student (label Box 1 and Box 2)

Is given the materials listed above.Each student

Teacher gives brief Introduction.2.

3.

Count out five soldiers and put them

and put them In Box 2.

two firemen and place them In

amount of soldiers In Box 1 and Box 2? (Teacher explains there Is

the same amount because only five soldiers were placed In each box.)

"Are there more or the same amount of toys In Box 1 or Box 2?!

(Teacher explains that there are more toys In Box 2, since two fire

men were added to the soldiers and both are toys.)

4. repeats example with students modeling with her.Teacher

then answers any questions about problem.5. Teacher

6 then asks students to model Inclusion problems as she readsTeacher

pointing to the larger set.

Problems (Day 3 and Day 4)

Box 2

4 soldiers

soldier, 3 firemen

soldiers5

soldiers, 3 firemen2

In Box 1." (Teacher performs

Box 2." (Teacher performs operation.) "Are there more or the same

Teacher Illustrates class Inclusion problem. Example: Teacher says:

aloud (as many as possible). Students will Indicate their answer by

(Teacher performs operation). "Count

operation). "Count out five soldiers

Materials: (1)

Box 1

1. 2 soldiers, 3 fl remen

2, 2 soldiers

3. 3 soldiers, 2 fl remen

4. 3 soldiers, 2 fl remen
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Box 1 Box 2

5. 4 soldiers 2 soldiers, 2 f i remen

6. 4 soldiers, 2 firemen 5 soldiers

7. 5 soldiers 5 firemen

8. 6 soldiers 4 soldiers, 4 fl remen

9. 3 soldiers 4 soldiers. 1 f1 reman

10. 3 soldiers, 2 firemen 4 soldiers

11. 5 soldiers, 1 fireman 4 soldiers, 3 firemen

12. 8 soldiers 2 soldiers, 5 firemen

13. 7 soldiers, 1 fireman 3 soldiers, 4 firemen

14. 5 soldiers 5 soldiers, 3 firemen

15. 7 soldiers, 1 fireman 5 soldiers, 3 firemen

16. 3 soldiers, 1 fireman 6 soldiers

17. 6 soldiers 2 soldiers. 2 fl remen

Day 6:

Materials: 10 forks, 10 spoons

1. Students are given the materials.

2. Teacher models problem. Example: "Count five spoons." (Teacher 

counts five spoons). "Count three forks." (Teacher counts three 

forks.) "Are there more spoons or things to eat with?" (Teacher 

explains that there are more things to eat with.)

3. Students and teacher model problem.

4. Teacher will then read several problems aloud as students model 

them. Students will Indicate their answer by pointing.

Problems (Day 6)

Spoons

1. 3

Forks

4
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Spoons Forks

2. 2 1

3. 8 3

4. 5 0

5. 10 2

6. 7 10

7. 6 4

8. 5 7

9- 9 5

10. 1 4

11. 10 10

12. 7 0

PLACEBO TREATMENT (Geometric Concepts)

Days 1 and 2

Materials: 1 square, 1 triangle, 1 circle, and 1 rectangle per child

1. Teacher gives definition of each geometrical shape, but falls to 

point out each shape.

2. Children are asked to Identify each shape.

3. Chi Iren are asked to compare shapes.

A. Children are asked to relate positions of objects, such as above, 

under. Inside-outside, over-below.

Days 3 and U

Materials: paper and one pencil per child

1. Each child Is Issued the above materials.

2. Each child Is asked to draw the geometric shapes of a circle, square 

triangle, and rectangle from memory.
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Days 5 and 6

Materials: None

1. Teacher gives definition of open and closed curves.

2. Students are asked to Identify open and closed curves as teacher 

draws on chalkboard.

3. Students are asked to locate points in, on, and outside of closed 

and open curves.



APPENDIX C

MATHEMATICS CONTINUUM FOR

BANE ELEMENTARY SCHOOL



Name

Date
Diag.
Pre
Test

Skill 
Test

Level 
Test

JIulH) JIu ■ —— — page 1

Behavorial Ob. ectives

Teacher_____

Houghton 
Mifflin

Addison 
Wesley

SRA

I. NUMERATION AND PLACE VALUE
A. Pattern designs

1. The child can identify simple pattern designs.
Primer 
15-20

• 2. The child can distinguish likenesses and differences. 3-4 Primer 
2-6,9-14

3. The child can manipulate patte rns. Concrete Objec:ts

B. Sets (0-6)
1. Given a group of objects, the child can recognize it as a set. 1-2
2. Given two sets of objects, the child can indicate which s'et

has more or less. 9-10
Primer 21-24 

.. 1, 2, 7-10
25, 26

3. Given sets of objects, the chile, can match members of sets
one to one.

5-10 Primer 25-
34,3-6

1-4

C. Cardinal Numbers and Numerals (0-6)
1. Given a set, the child can idendfy the number of the set. 11-31

11-22,35-38, 
Primer 35-54, 
56

5-8,21-22, Si
ll, 12, 17, 18

2. Given a set, the child can identify the numeral for the number
of the set.

Orally

3. Given any of the numerals 0-6, the child can place them in countin
order.

g Primer 55 27

II. WHOLE NUMBERS (Readiness, for addition and subtraction)
’ A. The child can construct and join sets. (0-6) Concrete Obje<:ts

B. The child can separate subsets from the original set. (0-6) Concrete Obje<:ts

III., FRACTIONS (oral discussion)
A. Using concrete objects, the child car. identify one-half of an object

or set. Concrete Objei :ts
B. The child can use the terms whole ar.d one-half in reference to

objects or sets of objects.
1 , 

Concrete Objects
IV. MEASUREMENT ( Oral discussion)

*A. Time
,r 1. The child has an understanding of the uses of a clock

2. The child is aware of on-the-hour time.
3. The child knows names for days of the week.

Concrete Obje
Concrete Obje

2t8
:ts

271
B. Money

1. The child can identify pennies and nickels. Concrete Qbje<:ts

u> 
co



1T<i ini yV M' TTn — — — — page 2
Diag. 
Pre-
Test

Skill 
Test

Level 
Test Behavorial Objectives Houghton 

Mifflin
Addison 
Wesley

SRA

V. ARITHMETIC REASONING

VI. GEOMETRIC CONCEPTS
A. Using concreteobjects, the child can identify and compare shapes

of a square, triangle, circle, and rectangle.
Concrete Object 3 -

B. The child can relate position of objects such as above-under, ■ '
inside-outside, over-below, on. Primer

1,7,8

•

VO k£>



JLEWffiJL. A

RESOURCE CENIER TAPES AND RECORDS

I. A. 2. ESP Readiness 
Imperial #16

#4,5, 6, 7, 8, 11, 12 IV.

B. Countdown # 1, 
SRA Sets # 2

2, 3
V.

B 2 ESP Readiness # 9, 10

C. 1. ESP Readiness # 2, 3 VI. A. ESP Readiness # 1

II.

IH.

100



Name  = Teacher 

Date _ 
Diag. 
Pre
Test

Skill 
Test

Level 
Test

Kw IB ■ —— - pa,g6 1

Behavorial Objectives Houghton 
Mifflin

Addison 
Wesley

SRA

I. NUMERATION AND PLACE VALUE
A. Sets (0-10)

1. Given a set o.f objects, the child can write the numeral for the set. 32-40,47-48 23-31,39-48 15-16,33-34, 
41, 45, 46, 51, 
52, 68, 69

2 . Given two sets, the child can indicate which set is larger of 
smaller. 41-42 63-64

B. Given two numerals, the child can correctly mark, using the
symbols, which numeral is greater than (>), less than (< ), or 
or equal to ( = ) .

43-46,49-53 51-56

C. Given any of the numerals (0-10) the child can place them in
correct counting order. 54-56

Primer 65, 75 
49-50

57, 58

II. WHOLE NUMBERS (0-10)
A. The child can construct and join sets.

89,90,83-85, 
57-60,62-70

57-60

B. The child can separate subsets from the original set. 71-74,76-82

IH. FRACTIONS (Oral discussion)
A. Using concrete objects, the child can identify one half and cne-third

of an object or a set. Concrete Objects
B. The child can use terms whole, one-half a.nd one-third in reference

to objects or sets of objects. Concrete Objects
IV. MEASUREMENT

A. ' Time 
1. The child can recognize time on the hour. . Concrete Objects

B. Money
1. The child can - count pennies . 33-34

V. ARITHMETIC REASONING
A. The child can.solve one step oral problems. Concrete Objects

VI. GEOMETRIC CONCEPTS
A. The child can draw the geometric shapes of a circle, square, triangle,

and rectangle from memory.
189-194 -

o
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I. A. Countdown # 9, 10, 11, 12, 13, 14

,B. Imperial # 1

C. ESP Level 1 # 1

n.

in.

IV.

V.

VI. A. Imperial #35
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I. NUMERATION AND PLACE VALUE
A. Given sets of tens,-the child can identify numbers greater than ten.

121-126, 128-
130,213, 245,
246

119-122,124

• B. Given the numerals (0-40) the child can ph.ce them in correct
counting order.

131-135-145- 
147,150, 213, 
245,246

C. Given concrete objects, the child can assemble them into groups
of ten and then count how many tens. (0-40). 123

11. WHOLE NUMBE RS
A. Addition and Substraction

1. Give the plus (?) or minus (-) sign the child can perform the
operation.

61,75, 106 61, 75,106, 
156

103, 112, 129, 139

2 . Given the sum of one (1) the child can give the related facts.
Ex: 1+0 0 + 1 1-1 1-0 2,86-87,95

3. Given the sum of two (2), the child cz.n give the related facts. 3, 86, 87 77, 84, 86-94, 96- 
102

4. Given the sum of three (3), the child can give the related facts. 4, 86-87, 151- 
152

78-84, 86-94, 96- 
102

5. Given the sum of four (4), the child can give the related facts. 86, 87, 91, 93, 
94,151,154

95, 99, 96, 102

6. Given the sum of five (5), the child can give the related facts. 6, 86, 87, 92, 93,
94,151,153,
154

105, 109

7. Given the sums of one (1), two (2), three (3) four (4), and five 
(5), the child can find the sum or missing addend in mixed 
practice.

105,108,119-120 
95-98, 155, 158

61-79,81-96 104,106,108, 110, 
111

8. Shows mastery of addition and subtraction facts 0-5.
•

9. Can write addition and subtraction facts both vertically and
horizontally.

107,157

B. Basic Principles
1. Given an addition or subtraction equation with zero (0) as an 

addend, the child knows that the sum of any number plus zero 
(0) is that number.

101-102 80 115-116
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2. The child can add numerals within parentheses first as the
basis to illustrate the associative (grouping) principle using 
addend 0-5 and when adding three or more addends together .

Ex: (3 + 2) + 1 = 3 •• ( 2 + 1)

175-177 133-134, 141

QI. FRACTIONS
A. The child can indicate a whole , one-half, and one-third of a region. 113,114,199,

200
297,299-300

IV. MEASUREMENT
A. Time

1. Given a clock, the child can show time to the hour. 115,116 195,197 261,264
B. Money

1. The child can count pennies and nickels. 99,100 123„ 124 213,214
C. Linear

1. The child can distinguish the relationship of longest and
shortest.

205-206

V. ARITHMETIC REASONING
A. The child can solve one-step oral problems.

VI. GEOMETRIC CONCEPTS (Maintain Levels A and B)

•

o 
4^
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I. B. ESP Level 1 # 2 IV.

II. A. 8. SRA Addition #1,3 V.
SRA Subtraction # 1

VI.
HI.
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Teacher _____

Houghton 
Mifflin

Addison 
Wesley

5RA

I. NUMERATION AND PLACE VALUE
A. Given a group of objects , the child will assemble them into groups of

ten and ones and then count the groups to determine the number.

137,139,140, 
247-248

153-156, 163-
164, 167-170

156,186,189

B. Given a numeral the child can write hov' many ones and how may tens
are in the numeral. 161,162 157,158

C. Given the number of tens and ones the child can write the numeral# 141-144, 253 157-160, 165, 
166,173-174, 
239-242

144,146

D. The child is able to count in order numerals through 100. 254-256 171-172,175-
178,181-184

175

II. WHOLE NUMBERS
A. Addition and Subtraction

1. Given the sum of six (6), the child can give the related facts.
159-165,171- 
174

97, 99, 103, 104 125,127,131

2. Given the sum of seven (7), the child can give the related facts. 165-170,171-
174

109,111,115,
116

135,137,140

3. Given the sum of eight (8), the child can give the related facts. 219-224 125-127, 131, 
132

147,149,151

4. Given the sum of nine (9)> the child can give the related facts. 225-230 139,141,142,
145,146

159,161,166

5. Given the sum of ten (10), the child can give the related facts. 233-239 199-201,203-
204,209-210,
212,235-238

177,179,181,
182

6. Given the sums six (6), seven (7), eight (8), nine (9), and ten 
(10), the child can find the sum cr missing addend in mixed 
practice.

239-244 98, 100-102,105- 
107,110, 112,113 
114,117-120,128 
130,133-138 
140,144, 147- 
149,151,152, 
202,206, 208, 
211,213-217,

218

126,128,130,1 
,136, 138,148,1 
,152, 160, 162-1 
169-170,178,1

7.' Shows mastery of addition and subtraction facts 0-10.

8. Given three one-digit numerals, the child can find the sum. 175,178,179, 
215,216,218, 
232,307

154,172,292,3

o CFx
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*9. Given two (2), two-place numerals, the child can add or 
subtract without regrouping

249,250, 263- 
272, 275, 295, 
300

■ 203,207-211, 
314,319, 320 
322,324

B. Basic Principles
1. The child can add numbers within parentheses first as the basis 

to illustrate the associative (grouping) principle using addends 
0-10.

176,177, 217,
277,279, 280,
285,286,292

227-234, 
243,248

142, 153, 171

UI. FRACTIONS
A. Given a set or region divided into halves, thirds, or fourths, the child

can recognize one-half, one-third, or one-fourth.
201-204 277-280 298

IV MEARUREMENT
A. Time

1. The child can show the time to the half-hour on a clock. 117-118 198 265-268
B. Money

1. The child can identify a penny, nickel, and dime. 127,138 179,180
2. The child can indicate the amount of money in a collection

of pennies, nickels, and dimes.
238,273 193-194, 220, 

257,265-266
215,221

C. Linear
1. The child can measure inches with a ruler. 207-212 281-284 . 293

D. Liquid
1. The child can tell which is more or less: a pint, a quart,

or a gallon 109-112 285,286 296
V. ARITHMETIC REASONING

A. • The child can solve addition and subtraction story problems
involving one step. 197-198 85

VI. GEOMETRIC CONCEPTS
A. The child can identify "closed and open cvrves. 183-184

•

B. The child can locate points in, on, and outside of closed and
open curves. 185-188

•

o
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RESOURCE CENTER TAPES AND RECORDS

I. A. Countdown # 9» 10, 11, 12, 13, 14 IV.

B. ESP Level 1 # 8

C. Imperial #30 V. A. Imperial # 22

D. ESP Level 1 # 3, 4, 7
Imperial #10

VI.

II. A. 6 SRA Subtraction # 2
Countdown # 15, 16, 17, 18, 19, 26, 

27, 28, 29
Imperial # 3, 5
ESP Level 1 # 5
Situational Lab I # 1, 2

A. 7 Let's Learn to Subtract Sides, 1, 2, 3
Let's Learn to Add Sides 1, 2, 3
SRA Addition # 2, 4, 6, 7, 8, 9
SRA Subtraction #3,4

in.


