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ABSTRACT

The Carroll Model of School Learning

The Carroll model of school learning is a paradigm
describing the degree of learning that occurs in a school
setting as a function of time spent on a learning task
divided by time needed for its mastery. Five variables
comprise the model: opportunity, perseverance, aptitude,
ability to understand instruction, and guality of instruc-
tion. Opportunity and perseverance determine time spent
while aptitude, ability to understand instruction, and

quality of instruction determine time needed.

Purpose

Past research éoncerning the vertical structuring of
schools has endeavored to demonstrate the superiority of
nongradedness over gradedness as the more viable organiza-
tional approach for accommodating the individual differences
among students. No attempts have been made, however, to
examine critically the theoretical basis for school organi-
zation. The objectives of this investigation, therefore,
encompassed the following:

1. To utilize the Carroll model as a framework for
implementing a mastery learning strategy in a nongraded

setting.
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2. To identify the Carroll model as a possible theo-
retical basis for administrative decisions regarding the
organizational structuring of schools.

3. To test certain hypotheses derived from the model

which have implications concerning school organization.

Methodology and Procedures

Seventeen null hypotheses were investigated relative
to the following three dependent variables: (a) degree of
learning, (b) classes spent, and (c) perseverance. The vari-
ous null hypothéses pertained to the following three areas:
(2) main effects of guality of instruction relative to degree
of learning, classes spent, and perseverance; (b) interaction
effects of ability to understand instruction and quality of
instruction relative to degree of learning, classes spent,
and perseverance; and (c) correlations between and among
degree of learning, classes spent, perseverance, and ability
to understand instruction.

The sample was identical to a population of 169 stu-
dents enrolled in an Algebra I unit which focused upon the
four basic operations. This sample was divided into three
ability levels based upon intelligence quotient scores.
Students within each ability level were randomly assigned
to two levels of treatment. The mastery learning group was
exposed to a high guality of instruction characterized by

performance objectives and feedback/correction procedures.
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The control group wasvgxposed to a low quality of instruc-
tion characterized only by performance objectives.

The experimental design used was a logical extension
of the Posttest—Oniy Control Group Design. The crossing of
three ability levels with two treatment levels resulted in
a 3 X 2 fixed~effects factorial design. The major statisti-
cal techniques used included the following: analysis of

variance, analysis of covariance, and Pearson product-moment

correlation.

Findings

1. Main effects of treatment relative to degree of
learning and classes spent were significant at the .001 level
and favored the mastery learning group.

2. Main effects of treatment relative to perseverance
were not significant.

3. Interaction effects of ability to understand in-
struction and quality of instruction relative to degree of
learning were significant at the .05 level and favored
Carroll's hypothesized interaction.

4. Interaction effects of ability to understand in-
struction and guality of instruction relative to classes
spent and perseverance were not significant.

5. The mastery learning and control groups' correla-
tion coefficients for perseverance and ability to understand

instruction were significantly different at the .05 level.
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6. The mastery learning and control groups' correla-
tion coefficients for various other combinations of variables

were not significant.

Conclusions

1. A high quality of instruction characterized by
feedback/correction procedures fostered a significantly
greater degree of learning among students and a significantly
greater number of classes spent by students than did a low
quality of instruction characterized by the absence of
feedback/correction procedures.

2. Carroll's hypothesized interaction between ability
to understand instruction and quality of instruction relative
to degree of learning was confirmed statistically. |

3. The mastery learning and control groups' correla-
tion coefficients for perseverance and ability to understand
instruction were differentially affected to a significant

degree by the treatments.

xvi



CHAPTER 1

Introduction

It has been observed by Goodlad (1962) that ".
school organization profoundly influences the answers which
will be given to classic educational questions such as who
shall be educated, what shall be taught, and when specified
learnings shall be introduced. Determining school structure
appropriate to the educational processes deemed desirable is
a pressing problem (p. 210)." One aspect of this issue
which has received an abundance of attention concerns the
vertical pattern of school organization, that is, the organi-
zational structure of a school which dictates the manner in
which students progress upward along the various curricular

sequences from year to year.

Alternative Forms of School Organization

. Reflecting upon the orgaﬁizational structuring of
schools, Bloom (1968) noted that the vast majority of educa-
tional institutionS'thrbughout the world are organized on a
graded basis, that is, organized to provide group instruc-
tion with specified and limited periods of time allowed for
the mastery of a given learning task. It is his position
that "whatever the amount of time allowed by the school and
the curriculum for particular subjects or learning tasks, it
is likely to be too much for some students and not enough

for other students (p. 7)."
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In recognition of the apparent inébility of the graded
form of organization to accommodate the individual differ-
ences among students, the nongraded approach to school
organization has been suggested as a viable alternative.
Smith (1970) described nongradedness as providing for the
". . . continuous progression of all students, with recog-
nition of the variability among them in all aspects of their
development. This type of school organization provides for
differentiated rates and means of progression toward achieve-
ment of educational goals (p. 21)." Furthermore, Franklin
(1967) asserted that nongradedness is ". . . primarily an
administrative arrangement that recognizes individual dif-
ferences; meets a student where he is; provides for his
continuous progress at his own speed; . . . discards grade
labels {(i.e., first, second, third, etc.); replaces grade
standards and uniform academic requirements with sequential
subject-matter levels; . . . (p. 331)."

In essence, then, the nongraded form of organization
purports to accommodate the varying academic needs and
learning rates among students by way of making feasible the
progression of a student through the contents of a given
subject independent of any constant time boundaries. In
other words, the subject matter is the constant while the
time allowed for the mastery of the topics is the variable.
Due to this unrestricted variability of time, the adminis-
trative structure of the school allows for the eventuality

that a student may complete a given course irrespective of



his grade level, chronological age, and/or month of the

school year.

Past Approaches Taken in Research on
School Organizational Structuring

The theoretical rationale which has been identified as
the basis for nongradedness is the position that individual
learners differ with respect to their potentialities for
achievement and interest in various subject areas and, there-
fore, must be permitted to operate under a form of school
organization which is amenable~-and indeed conducive--to
each student progressing at a rate dictated by his own capa-
bilities.

As a result of this theoretical orientation, past
research concerning.the'vertical structuring of schools has
attempted to demonsérate the superiority of nongradedness
over gradedness as the more viable organizational approach
for accommodating the individual differences among students.
After having examined 4] research reports which endeavored
to evaluate nongraded programs, Otto (1971) asserted that
the results are contradictory and inconclusive. Though not
included in Otto's review, similar results of a contra-
dictory and inconclusive nature were found in and/or among
individual studies by Bowman {1971), Hunt (1970), Jackson
(1965), Killough (1971), Ramayya (1971), Remacle (1970),
Steere (1968), and Zerby (1960).

It is the contention of this writer that what is

needed in the way of research concerning the organizational



structuring of schools is not just simply a comparison of
nongradedness with gradedness on various dependent variables.
Although this methodological approach undoubtedly has some
merit by virtue of its comparative nature, it appears that a
research strategy which looks directly at the theoretical

basis for school organization is in dire need.

Purpose of the Study

The literature currently available on alternative forms
of school organization can be characterized as barren with
respect to the identification and investigation of a specific
model which might serve as a theoretical justification for
the manner in which schools are organized. Though not
specifically presented as a conceptual paradigm underlying
school organizational patterning, John B. Carroll's (1963)
model of school learning does represent at least a poten-
tially tenable basis for decisions in this area of adminis-
tration.

With this in mind, then, the objectives of this study
included the following:

1. To utilize the Carroll model of school learning as
a framework for implementing a mastery learning strateéy in
a nongraded setting.

2. To identify the Carroll model as a possible theo-
retical basis for administrative decisions regarding the
organizational structuring of schools.

3. To test certain hypotheses derived from the model

which have implications concerning school organization.



The Carroll Model of School Learning

Overview of the Model

According to Carroll (1963), there does exist a defi-
nite need for ". . . a schematic design or conceptual model
of factors affecting success in school learning and of the
way they interact (p. 723)." Working from a recognition of
this need, Carroll has formulated a model of school learning
which asserts that the success a student achieves in master-
ing a given learning task is contingent upon thel extent to
which he spends the amount of time that he needs to learn
the task. More specifically, the Carroll model is a theo-
retical paradigm which maintains that in a school setting
degree of learning is a function of the time spent on a
learning task divided by the time needed for its mastery.
The basic formulation of the model is expressed as follows:

Degree of _ (Time Spent)
Learning (Time Needed)

Encompassed within Carroll's model is a total of five
factors or variables which independently and through inter-
actions serve to determine the degree of learning that takes
place with respect to a learning task. Three of the hypothe-
sized variables determine how much time a student needs to
spend in order to master a learning task; the remaining two
variables determine the amount of time a student spends

actively engaged in learning.




Components and Operations of the Model

The five factors or variables which comprise the
Carroil model include the following: aptitude, ability to
understand instruction, quality of instruction, opportunity,
and perseverance. While aptitude, ability to understand
instruction, and quality of instruction function as deter-
minants of time needed, opportunity and perseverance serve
as determinants of time spent. Each of these five compo-
nents, as well as the manner in which they operate to
determine the denominator (time needed) and the numerator
(time spent) of the model, has been defined and explicated
by Carroll (1963, 1965, 1970) in the following manner:

Aptitude. As one of the_three determinants of time
needed for learning, aptitude pertains to the amount of time
required by a student to master a given task under optimal
instructional conditions. The optimal conditions of instruc-
tion referred to include the following: (a) the implemen-
tation of those teaching techniques deemed most appropriate
for a given student's own learning needs, () the provision
of an ample amount of time during which the student could
master the task, and (c) a willingness on the part of the
student to spend the necessary time required to attain mas-
tery. As viewed from the perspective of the model, aptitude
refers to potential learning rate rather than potential
level or complexity of learning and, hence, differs from the
conventional psychometric connotations associated with the

expression.



Ability to understand instruction. Proposed as a

variable independent of aptitude, but contributing to the
determination of time needed nonetheless, ability to under-
stand instruction refers to the ability of a student to
perceive and to understand (a) the nature of the learning
task with which he is confronted and (b) the procedures he
must follow in order to master the task. This component of
the model can be thought of as the generalized ability of

a student to benefit from the explanations of teachers and
instructional materials. Due to the generalized nature of
this variable as well as the highly verbal orientation of
our schools, appropriate indices of ability to understand
instruction include measures of general intelligence, verbal
ability, reading comprehension, listening skills, or some
combination thereof.

Quality of instruction. The third determinant of time

needed, quality of instruction, is defined as the extent to
which the various elements of a learning task are organized,
presented, and explained in a manner commensurate with the
special needs and characteristics of the learner. 1In elabo-
rating upon this variable, Carroll (1970) asserted that the
following three items are of particular importance in the
endeavor to provide a high quality of instruction: (a) the
specification of objectives for the purpose of identifying
exactly what the learning task is, (b) the appropriate
sequencing of learning subtasks, and (c) the employment of

formative or diagnostic tests along with the accompanying



prescription of alternative resources for remedial and/or
enrichment activities.

Carroll's hypothesized interaction between ability to

understand instruction and quality of instruction. Two of

the determinants of time needed for learning, ability to
understand instruction and quality of instruction, are
hypothesized to interact in such a way that students low in
ability to understand instruction will suffer more with
respect to degree of learning when subjected to low quality
of instruction than will students high in ability to under-
stand instruction. It is reasoned that
learners with high ability . . . will be able to figure
out for themselves what the learning task is and how they
can go about learning it; they will be able to overcome
the difficulties presented by poor quality of instruction
by perceiving concepts and relationships in the teaching
materials which will not be grasped by those with lesser

ability (1963, p. 727).

The determination of time needed for learning. In

those situations where quality of instruction is less than
optimal for a given learner, additional time will be needed
beyond that already required by virtue of his aptitude for
the particular task being confronted. Furthermore, the
amount of extra time required will be inversely related to
the student's ability to understand instruction.

Thus, the actual time needed by a student for the
mastery of a given learning task can be expressed as a func-
tion of his aptitude (amount of time required for learning
under optimal instructional conditions) plus the interaction

between ability to understand instruction and quality of




instruction {(additional time needed for learning as deter-
mined by the student's level of abkility to understand
instruction and the extent to which the quality of instruc-

tion deviates from that which is optimal for the learner).

Opportunity. Opportunity, thelﬁitst of two determi-
nants of time spent, refers to the total amount of time
allowed or made available for learning. The allotment of a
given amount of time for learning which is less than either
the time needed by the student or the time he is willing to
spend servas to reduce the degree of learning and, thus,
results in incomplete learning. This type ©of situation which
involves inadequate time allotments is especially detrimental
to the student who is confronted with a poor quality of

instruction and/or possesses a low ability to understand

2
v

instruction.

Perseverance. As the second factor of the model which

determines time spent in learning, perseverance is defined

as the amount of time a student is willing to spend actively
engaged in a learning task. In those instances where the
perseverance of a student is restricted due to insufficient
time allotments (opportunity) or is less than the time needed
by the student, the degree of learning that results is less
than optimal. Though not explicitly stated in the model, it
can be inferred logically that ability to understand instruc-
tion and quality of instruction do exert an interactive

effect upon perseverance in a manner similar to their hypothe-

sized interactive effect upon degree of learning.
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The determination of time spent in learning. The time

actually spent in learning by a student is viewed as being
equal to the smallest of the following three factors: (a)
opportunity, (b) perseverance, and (c) time needed. <Concern-
ing the rationale b=hind the use of time needed as a poten-
tial determiner of time spent, a basic assumption in the
model is that a student will never spend more time than he
actually needs to master a given task. Hence, when the time
allowed (opportunity) for learning permits the student to
persevere to mastery, time spent is then equal to time

needed.

Summary of the Model

The five factors of the model, aptitude, ability to
understané instruction, quality of instruction, opportunity,
and perseverance, have been placed by Carroll (1963) into a
tentative formula which asserts that the degree of learning
achieved by the ith individual with respect to the tth task
"is a function of the ratio of the time actually spent in
learning to the time needed for learning. Hence,

Degree of _ (Time Spent)
Learning (Time Needed)

The time actually spent in learning is always equal to the
smallest of the following three quantities: (a) opportunity,
(b) perseverance, and (c) time needed. The time needed for
learning is always equal to the aptitude which a student has

for a particular learning task, increased by whatever



11
additional time is required as a result of the interaction
between ability to understand instruction and the quality of
instruction when the latter is less than optimal. When the
time spent by the student on the learxning task is identical

to the time needed to learn the task, the degree of learning

will be 1.00, thus implying total mastery.

Concluding Observations Relative to the Model

Having examined the various components and operations
of the model, it is appropriate at this point to acknowledge
certain observations forwarded by Carroll (1963) which may
serve to clarify the intent of the model as well as the
parameters under which it functions. These include the
following:

1. The reality of the learning process is an a priori
assumption of the model. Consequently, the model of school
learning should not be thought of as a "learning theory"
which analyzes the necessary conditions for learning and
tries to formulate a systematic explanation of this phenome-
non. Instead, the model simply purports to contain, directly
or indirectly, every element which influences a student's
success or failure in school learning.

2. Carroll's model endeavors to provide a mathematical
description of how various factors influence the degree to
which a learning task is mastered. Within the context of
the model, a learning task represents the student's ". . .
going from ignorance of some specified fact or concept to

knowledge or understanding of it, or of proceeding from
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incapability of performing some specified act to capability
of performing it . . . (p. 723)." 1In order for a learning
task to be applicable to the model, it is mandatory that two
conditions be met: (a) the task must be unequivocally
described and (b) appropriate means must be specified which
will provide a valid indication of when the task has been
accomplished satisfactorily.

3. The model is not applicable to those goals of a
.school which are of an affective nature. Although learning
tasks may very well contribute to the cognitive support of
certain attitudes and dispositions deemed desirable bv the
school, it is assumed that the acquisition of affective
behaviors adheres to a theoretical paradigm which differs
from that involved in learning tasks.

4. Although the model is formulated in terms of the
degree of learning attained on one learning task. ". . . it
should be possikle in principle to describe the pupil's
success in learning a series of tasks . . . by summating the
results of applying the model successively to each component
task (p. 724)."

5. Any reference in the model to "time spent" is
intended to mean "time actually spent" in learning. "'Time'
is therefore not 'elapsed time' but the time during which

the person is oriented to the learning task, and actively

engaged in learning (p. 725)."
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Assumptions Pertinent to the Study

Certain basic assumptions explicitly stated or implic-
itly suggested by Carroll (1963) in his model of school
learning have specific relevance to the hypotheses tested
in this study. These assumptions include the following:

l. As quality of instruction increases, there is a
corresponding decrease in the time needed by a student for
learning, thus resulting in a closer approximation of 1.0C
degree of learning, or mastery learning. The general assump-
tion, then, is that high quality of instruction implies a
greater degree of learning than does low quality of instruc-
tion.

2. Success in learning serves to increase one's
willingness to persevere on a learning task more than does
failure in learning. This assumption is related to the role
of positive reinforcement in the context of operant condi-
tioning as developed by Skinner (1954, 1968, 1971).

3. High quality of instruction implies a greater
degree of learning than does low quality of instruction.
Success in learning can be viewed as a positive reinforcer
of cne's willingness to persevere on a learning task. There-
fore, it can be concluded logically that high quality of
instruction implies a greater amount of perseverance on a
learning task than does low guality of instruction.

4. Low ability to understand instruction implies a
lesser degree of learning than does high ability to under-

stand instruction. Low guality of instruction implies a
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lesser degree of learning than does high guality of instruc-
tion. As explicitly hypothesized by Carroll, then, the
interaction between ability to understand instruction and
guality of instruction relative to degree of learning is
such that students low in ability to understand instruction
will suffer more when subjected to low quality of instruc-
tion than will students high in ability to understand
instruction.

5. Low ability to understand instruction implies a
greater need for perseverance on a learning task than does
high ability to understand instruction. High quality of
instruction implies a greater amount of perseverance on a
learning task than dces low quality of instruction. There-
fore, though not explicitly stated in the model, it can be
logically inferred that the interaction between ability to
understand instruction and quality of instruction relative
to perseverance on a learning task is such that students low
in ability to understand instruction will persevere more when
subjected to high quality of instruction and less when sub-
jected to low quality of instruction than will students high
in ability to understand ihstructioﬁ.

6. Low ability to understand instruction implies a
lesser degree of learning than does high ability to under-
stand instruction. High quality of instruction implies a
greater degree of learning than does low quality of instruc-
tion. Therefore, degree of learning is less a direct func-
tion of ability to understand instruction under high gquality

of instruction than under low guality of instruction.
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7. Low ability to understand instruction implies a
greater need for perseverance on learning tasks than does
high ability to understand instruction. High quality of
instruction implies a greater amount of perseverance on a
learning task than does low guality of instruction. There-
fore, perseverance on a learning task 1is inversely related
to ability to understand instruction under high quality of
instruction but directly related to ability to understand
instruction under low quality of instruction.

8. Carroll has implicitly suggested that, with all
other variables in the mcdel held constant, degree of
learning is a function of the amount of perseverance on a

learning task.

Definition of Terms

In additicn to the terms which have -already been
defined, the following definitions are listed for the pur-
pose of ensuring the proper interpretation of the terminology
used in this study:

1. Mastery learning refers to a student's attainment

of a prespecified degree of proficiency with respect to a
given learning task. In terms of Carroll's model, mastery
learning is in evidence when the ratio of time actually
spent to time needed is equal to 1.00.

2. Mastery learning strategy refers to an instruc-

tional approach which accommodates the individual differences

among students in such a way that the vast majority of the




16
students attain mastery of the learning task or tasks under
consideration.

3. Formative evaluation refers to the continuval

assessment of a student's progress at various intermittent
stages prior to the completion of a unit of instruction
{Scriven, 1967). 1In this study the purpose of the formative
evaluation procedures was to provide both the student and
the teacher with on-going feedback relative to learning
deficiencies experienced by the student as well as the
alterations most needed in the instructional materials and
strategies. The evaluative instruments used to accomplish
this objective are labeled "formative trial tests."

4., The expression learning correctives refers to

prescriptive exercises of a review and/or remedial nature
assigned for the purpose of correcting any learning defi-
ciencies experienced by the student as identified by the
formative trial tests.

5. Mastery learninéﬁq;oup (MLG) refers to those stu-

dents in the sample who were exposed to a mastery learning
strategy which included (a) the specification of performance
objectives, (b) the use of formative trial tests, and (c) the
prescription of learning correctives of a review and/or
remedial nature. From the perspective of Carroll's model,
this instructional strategy can be viewed as comprising a
high quality of instruction.

6. Control group {(CG} refers to those students in the

sample who were exposed to an instructional strategy which
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employed the specification of performance objectives but did
not include any procedures of a feedback/correction nature.
From the perspective of Carroli's model, this pedagogical
approach can be viewed as comprising a low gquality of instruc-
tion.

7. Summative evaluation refers to the final assessment

of a student's total accomplishments at the conclusion of a
unit of instruction (Scriven, 1967). 1In this study the
purpose of the summative evaluation procedures was to assign
numerical grades to students as an indication of the per-
centage of learning material mastered. The evaluative
instruments used to accomplish this objective are labeled
"summative posttests."

8. Degree of learning refers to the percentage of

learning material mastered by each student and reported in
the form of an achievement raw score on a summative posttest
covering algebraic topics. This measure represents one of
the three dependent variables investigated in this study.

9. Perseverance refers to the total number of minutes

and seconds spent by each student on a difficult learning
task administered subsequent to the summative posttest. As
one of the three dependent variables investigated in the
study, this highly controlled measure is consistent with
Carroll's definition of perseverance as the amount of time

a student is willing to spend actively engaged in a learning
task. The evaluative instrument used to obtain this measure

is labeled "assessment of perseverance."
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10. The expression classes spent refers to the total

number of instructional periods in an algebra course attended
by each student while completing the unit of instruction
used in this study. As one of the three dependent variables
investigated in the study, it is acknowledged that this
measure represents only an approximation of the highly con-
trolled variable of perseverance identified in the Carroll
model. |

11. Ability to understand instruction refers to the

total intelligence quotient score attained by each student

on the cCalifornia Short-Form Test of Mental Maturity, 1963

Revision. This measure is consistent with Carroll's descrip-
tion of ability to understand instruction as & generalized
ability inclusive of both general intelligence and verbal

ability.

Statement of the Problem

The educational setting in which this study was imple-
mented can be described in the following manner: The mastery
learning group and the control group operated within a non-
araded form of school organization which provided students
with unlimited time opportunity for the attainment of a
maximum degree of learning over a series of learning tasks.
Hence, the school organizational pattern permitted the expen-
diture of whatever amount of time was needed by the students
in their quest for total mastery learning.

Based upon the assumptions that were identified ecar-

lier, this investigation endeavored to answer the following
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major gquestion: Given a nqggraded school organizational
structure that provides students with unlimited time allot-
ments for the mastery of a series of learniné tasks, what
are the main and interactive effects of quality of instruc-
tion and ability to understafid instruction relative to the
degree of learning attained and the amount of perseverance
manifested by students?

More specifically, this study attempted to answer the
following questions:

1. How will quality of instruction affect degree of
learning in a setting of unlimited opportunity?

2. What will be the interaction bhetween ability to
understand instruction and quality of instruction relative
to degree of learning in a setting of unlimited opportunity?

3. What will be the correlation between degree of
learning and ability to understand instruction in a setting
of unlimited opportunity while under a high quality of
instruction? while under a low quality of instruction?

4. With the effects due to a rough estimate of perse-
verance held constant, how will quality of instruction affect
degree of learning in a setting of unlimited opportunity?

5. Withathe effects due to a rough estimate of perse-
verance held constant, what will be the interaction between
ability to understand instruction and quality of instruction
relative to degree of learning in a setting of unlimited
opportunity?

6. With the effects due to a rough estimate of perse-

o verance held constant, what will be the correlation between

ERIC

IToxt Provided by ERI
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degree of learning and ability to understand instruction in
a setting of unlimited opportunity while under a high quality
of instruction? while under a low gquality of instruction?

7. How will quality of instruction affect a rough
estimate of perseverance in a setting of unlimited oppor-
tunity?

8. What will be the interaction between ability to
understand instruction and quality of instruction relative
to a rough estimate of perseverance in a setting of unlimited
opportunity?

9. What will be the correlation between a rough esti-
mate of perseverance and ability to understand instruction
in a setting of unlimited opportunity while under a high
guality of instruction? while under a low quality of
instruction?

10. What will be the correlation between degree of
learning and a rough estimate of perseverance in a setting
of unlimited opportunity while under a high guality of
instruction? while under a low quality of instruction?

11. How will quality of instruction affect persever-
ance in a setting of unlimited opportunity?

12. What will be the interaction between ability to
understand instruction and quality of instruction relative
to perseverance in a setting of unlimited opportunity?

13. What will be the correlation between perscverance
and ability to understand instruction in a setting of unlim-
ited opportunity while under a high quality of instruction?

while under a low quality of instruction?
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14. With the effects due to degree of learning held
constant, how will guality of instruction affect perseverance
in a setting of unlimited opportunity?

15. With the effects due to degree of learning held
constant, what will be the interaction between ability to
understand instruction and gquality of instruction relative
to perseverance in a setting of unlimited opportunity?

16. With the effects due to degree of learning held
constant, what will be the correlation between perseverance
and ability to understand instruction in a setting of unlim-
ited opportunity while under a high quality of instruction?
while under a low quality of instruction?

17. What will be the correlation between degree of
learning and perseverance in a setting of unlimited oppor-
tunity while under a high quality of instruction? while

under a low guality of instruction?

Significance of the Study

John B. Carroll's model of school learning purports to
contain, directly or indirectly, every element required to
account for an individual's success or failure in school
learning. More importantly, the specific components of
opportunity and perseverance have particular relevance to a
form of school organization such as nongradedness which has
as 1ts primary objective the provision of unlimited time
opportunity during which a student can engage actively in a
learning task until the time spent is commensurate with the

time needed.



Wwhat is needed in the area of research on school
organization, then, is an investigation of the degree of
learning and the amount of perseverance that actually occur
under varyving conditions of quality of instruction and
ability to understand instruction when unlimited time oppor-
tunity is made available to students. The collection and
analysis of data which substantiate the aforementioned
assumptions and the corresponding hypotheses which follow
would indeed be indicative of the validity of Carroll's
model as a viable theoretical paradigm for justifying the

nongraded structuring of schools.

Research Hypotheses

Based upon the various components of Carroll's model
and the previously cited assumptions, the following research
hypotheses were identified as eing of significant relevance
to this study and, therefore, were tested:

Research hypothesis 1. There will be a significant
di fference between the mastery learning group and the control
group relative to degree of learning. More specifically, the

mastery learning group will attain a significantly greater
degree of learning than will the control group.

Expefimental consegquence. The mastery learning group
will achieve significantly higher on a summative posttest
than will the control group.

Where MACMLG = the mean achievement score on a summative

posttest for the mastery learning group
anad
MACCG = the mean achievement score on a summative

posttest for the control group,
it is predicted that:

MACMr o > MACHg
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Research hypothesis 2. There will be a significant
ordinal interaction between abillity to understand instruc-
tion and quality of instruction relative to degree of learn-
ing. More specifically, as students decrease in ability to
understand instruction, their degree of learning will
decrease in both the mastery learning group and the control
group; however, the extent of decrease will be sigrificantly
greater in the control group than in the mastery learning
group.

Experimental consequence. In the control group
achievement scores on a summative posttest will be more
severely retarded for students low in ability to understand
instruction than for students high in ability tec understand
instruction. (See Figure 1 for an illustration of the
hypothesized ordinal interaction between ability to under-
stand instruction and quality of instruction relative to
summative posttest achisvement scores.)

achievément scores on a summative posttest for the
mastery learning group which is divided into low-
average-, and high-ability levels, respectively,

U
3
o

MACCﬁ LAb ¢ MACCG ARDL ! and MACCG HADb = the mean
achieVement scoreS on a summative posttest for the
control group which is divided into low-, average-,
and high-ability levels, respectively,

it is predicted that:

MACMrG,1ab ~ MACcg,nab 2 MACmig,anb - MACcg,aab 7

MACMrG,HAL ~ MACCG,nab

Research hypothesis 3. There will be a significant
difference between the mastery learning group and the control
group relative to the correlation between degree of learning
and ability to understand instruction. More specifically,
the correlation between degree of learning and ability to
understand instruction will not deviate significantly from
zero in the mastery learning group but will be significantly
positive in the control group, and these correlations will
differ significantly from each other.

Experimental consequence. The relationship between
achievement scores on a summative posttest and ability to
understand instruction will be indiscernible in the mastery
learning group but will be of a significantly direct nature
in the control group, and these relationships will differ
significantly from each other.
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Fig. 1. Illustration of the hypothesized ordinal
interaction between ability to understand instruction and
gquality of instruction relative to summative posttest
achievement scores.
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Where Lacab, MLG = the correlation between achievement scores
on a summative posttest and ability for the mastery
learning group

and
LacADb,CG = the correlation between achievement scores
on a summative posttest and ability for the control
group,

it i1s predicted that:

1. ~ 0

“achb, MLG

2. Tacab,c - O

3. Ipeapw,cG T Tacab,MmiG 7 O

Research hypothesis 4. With adjustments made for
differences in classes spent, there will be a significant
difference between the mastery learning group and the control
group relative to degree of learning. More specifically,
with adjustments made for differences in classes spent, the
mastery learning group will attain a significantly greater
degree of learning than will the control group.

Experimental consegquence. With adjustments made for
differences in the number of classes spent in completing a
given unit of instruction, the mastery learning group will
achieve significantly higher on a summative posttest than
will the control group.

Where MAc(adj.)y;g = the mean achievement score on a summa-

tive posttest for the mastery learning group with
adjustments made for differences in the number of
classes spent in comple~ing a given unit of instruction
and
MAc (adj.) g = the mean achievement score on a summative
posttest for the control group with adjustments made
for differences in the number of classes spent in com-
pleting a given unit of instruction,

it is predicted that:

MAc(adj.)yrg 2 MAc(adj.)q

Research hypothesis 5. With adjustments made for
differences in classes spent, there will be a significant
ordinal interaction between ability to understand instruction
and quality of instruction relative to degree cof learning.
More specifically, with adjustments made for differences in
classes spent, as students decrease in ability to understand
instruction, their degree of learning will decrease in both
the mastery learning group and the control group; however,
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the extent of decrease will be significantly greater in the
control group than in the mastery learning group.

Experimental consequence. With adjustments made for
differences in the number of classes spent in completing a
unit of instruction, the control group's achievement scores
on a summative posttest will be more severely retarded for
students low in ability to understand instruction than for
students high in ability to understand instruction. (See
Figure 2 for an illustration of the hypothesized ordinal
interaction between ability to understand instruction and
quality of instruction relative to summative posttest
achievement scores with adjustments made for differences in
the number of classes spent.)

Where MAc(ad?;)MLG’LAb ’ MAc(adj')MLG,AAb , and
MAc(adj.)MLG HAb = the mean adhievement scores on a
summative poéttest for the mastery learning group
which is divided into low-, average-, and high-ability
levels, respectively, with adjustments made for dif-
ferences in the number of classes spent in completing
a2 given unit of instruction

and
MAc(adj’)CG,LAb » MAc(adj.)ecg. anp + and
MAc(adj.)CG rab = the mean achievement scores on a
summative pésttest for the control group which is
divided into low-, average-, and high-ability levels,
respectively, with adjustments made for differences in
the number of classes spent in completing a given unit
of instruction,

it 1s predicted that:

Research hypothesis 6. With the effects due to classes
spent partialed out, there will be a significant difference
between the mastery learning group and the control group
relative to the correlation between degree of learning and
ability to understand instruction. More specifically, with
the effects due to classes spent partialed out, the corre-
lation between degree of learning and ability to understand
instruction will not deviate significantly from zero in the
mastery learning group but will be significantly positive in
the control group, and these correlations will differ sig-
nificantly from each other.

Experimental consequence. With the effects due to the
number of classes spent in completing a given unit of
instruction partialed out, the relationship between achieve-
ment scores on a summative posttest and ability to understand
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Fig. 2. Illustration of the hypothesized ordinal
interaction between ability to understand instruction and
guality of instruction relative to summative posttest
achievement scores with adjustments made for differences in

the number of classes spent.
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instruction will be indiscernible in the mastery learning
group but will be of a significantly direct nature in the
control group, and these relationships will differ signifi-
cantly from each other.

Where racAb.CS,MLG = the partial correlation between achieve-

ment scores on a summative posttest and ability with
adjustments made for differences in the number of
classes spent in completing a given unit of instruction
for the mastery learning group

and
Tacab.cs,cg = the partial correlation between achieve-
ment scores on a summative posttest and ability with
adjustments made for differences in the number of
classes spent in completing a given unit of instruction
for the control group,

it is predicted that:

1.

Iacab.cs, Mg ™0

2. Tpcab.cs,cg 20
3. facab.cs,cG ~ Facab.cs,MiG # O

Research hypothesis 7. There will be a significant
difference between the mastery learning group and the control
group relative to classes spent. More specifically, the
mastery learning group will spend a significantly greater
number of classes than will the control group.

Experimental consequence. The mastery learning group
will spend a significantly greater number of classes in
completing a given unit of instruction than will the control
group.

Where MCSp;~ = the mean number of classes spent by the
mastery learning group in completing a given unit of
instruction

and
MCSp; = the mean number of classes spent by the control

group in completing a given unit of instruction,
it is predicted that:

MCSyrg > MCScq

Research hypothesis 8. There will be a significant
ordinal interaction between ability to understand instruction
and quality of instruction relative to classes spent. More
specifically, as students decrease in ability to understand
instruction, the number of classes spent will increase in the
mastery learning group but will decrease in the control group.
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" Experimental consequence. In the control group the
number of classes spent in completing a given unit of
instruction will be more severely limited for students low
in ability to understand instruction than for students high
in ability to understand instruction. (See Figure 3 for an
illustration of the hypothesized ordinal interaction between
ability to understand instruction and quality of instruction
relative to the number of classes spent.)

Where MCSMLG LADb MCSMLG Aab ¢+ and MCSMLG HAb — the mean
number of classes spent in completlng a given unit of
instruction by the mastery learning group which 1is
divided into low-, average-, and high-ability levels,
respectively,

and
MCScq,1.ab ¢ MCSCG App » and MCSCG HAb = the mean number
of classes spent in completing a glven unit of instruc-
tion by the control group which is divided into low-,
average-, and high-ability levels, respectively,

it is predicted that:

MCSyr,1ab ~ MCScqg,Lab > MCSwig,aab ~ MCScg,aab 2
MCSmrg,uab ~ MCScq,HAb

Research hypothesis 9. There will be a significant
difference between the mastery learning group and the control
group relative to the correlation between classes spent and
ability to understand instruction. More specifically, the
correlation between classes spent and ability to understand
instruction will be significantly negative in the mastery
learning group but significantly positive in the control
group, and these correlations will differ significantly from
each other.

Experimental consequence. The relationship between
the number of classes spent in completing a given unit of
instruction and ability to understand instruction will be of
a significantly inverse nature in the mastery learning group
but of a significantly direct nature in the control group,
and these relationships will differ significantly from each
other.

Where csab, MILG = the correlation between number of classes
spent in completing a given unit of instruction and
ability for the mastery learning group

and
Iogab,cG = the correlation between number of classes
spent in completing a given unit of instruction and
ability for the control group,
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Fig. 3. Illustration of the hypothesized ordinal
interaction between ability to understand instruction and
quality of instruction relative to the number of classes
spent.
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it is predicted that:

L. regap, Mg € ©
3. resab,ce ~ Fesab,mig * O

Research hypothesis 10. There will be a significant
difference between the mastery learning group and the control
group relative to the correlation between degree of learning
and classes spent. More specifically, the correlation
between degree of learning and classes spent will be signifi-
cantly negative in the mastery learning group but signifi-
cantly positive in the control group, and these correlations
will differ significantly from each other.

Experimental consequence. The relationship between
achievement scores on a summative posttest and the number of
classes spent in completing a given unit of instruction will
be of a significantly inverse nature in the mastery learning
group but of a significantly direct nature in the control
group, and these relationships will differ significantly
from each other.

Where LacCS, MLG = the correlation between achievement scores
on a summative posttest and number of classes spent in
completing a given unit of instruction for the mastery
learning group

and
Laccs,cG = the correlation between achievement scores
on & summative posttest and number of classes spent in
completing a given unit of instruction for the control
group,

it is predicted that:

L. rpecs,mre € O
2. Tpees,ce 20
3. Iaces,cG ~ Faccs,Mig * O

Research hypothesis 1ll. There will be a significant
difference between the mastery learning group and the control
group relative to perseverance. More specifically, the
mastery learning group will manifest a significantly greater
amount of perseverance than will the control group.

Experimental consequence. The mastery learning group
will spend a significantly greater number of minutes in
persevering on a difficult learning task than will the con-
trol group.
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Where MPy;~ = the mean number of minutes spent by the mastery
learning group in persevering on a difficult learning
task

and
MPno = the mean number of minutes spent by the control

group in persevering on a difficult learning task,
it is predicted that:

MP > MP

MLG CG

Research hypothesis 12. There will be a significant
ordinal interaction between ability to understand instruction
and quality of instruction relative to perseverance. More
specifically, as students decrease in ability to understand
instruction, the amount of perseverance manifested will
increase in the mastery learning group but will decrease in
the control group.

Experimental consequence. In the control group the
number of minutes spent in persevering on a difficult learn-
ing task will be more severely limited for students low in
ability to understand instruction than for students high in
ability to understand instruction. (See Figure 4 for an
illustration of the hypothesized ordinal interaction between
ability to understand instruction and quality of instruction
relative to the number of minutes spent in persevering.)

Where MPMLG,LAb ' MPMLG,AAb , and MPMLG,HAb = the mean number
of minutes spent 1n persevering on a difficult learning
task by the mastery learning group which is divided
into low-, average-, and high-ability levels, respec-
tively,

and
MPCG,LAb » MPag apb ¢ @nd MPCG,HAb = the mean number
of minutes spenk in persevering on a difficult learning
task by the control group which is divided into low-,
average-, and high-ability levels,

it is predicted that:

MP

MP >

MLG,LAb ~ MPeg,rap 2 MPuing, anb ~ MPeg, anb

MPyrg,uab ~ MPce,Hab

Research hypothesis 13. There will be a significant
dif ference between the mastery learning group and the control
group relative to the correlation between perseverance and
ability to understand instruction. More specifically, the
correlation between perseverance and ability to understand
instruction will be significantly negative in the mastery
learning group but significantly positive in the control
group, and these correlations will differ significantly Ffrom
each other.
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Experimental consequence. The relationship between
the number of minutes spent in persevering on a difficult
learning task and ability to understand instruction will be
of a significantly inverse nature in the mastery learning
group but of a significantly direct nature in the control
group, and these relationships will differ significantly
from each other.

Where rPAb,MLG = the correlation between number of minutes

spent 1n persevering on a difficult learning task and
ability for the mastery learning group

and
Tpab,CG = the correlation between number of minutes
spent in persevering on a difficult learning task and
ability for the control group,

it is predicted that:

1. rpap,mpg €O
2. TIppp,cg >0
3. TIpap,cc - Yeab,mig 7 O

Research hypothesis 14. With adjustments made for
differences in degree of learning, there will be a signifi-
cant difference between the mastery learning group and the
control group relative to perseverance. More specifically,
with adjustments made for differences in degree of learning,
the mastery learning group will manifest a significantly
greater amount of perseverance than will the control group.

Experimental consequence. With adjustments made for
differences in achievement scores on a summative posttest,
the mastery learning group will spend a significantly greater
number of minutes in persevering on a difficult learning
task than will the control group.

Where MP(adj.)MLG = the mean number of minutes spent by the

mastery learning group in persevering on a difficult
learning task with adjustments made for differences in
achievement scores on the summative posttest

and
MP(adj.)o; = the mean number of minutes spent by the
control group in persevering on a difficult learning
task with adjustments made for differences in achieve-
ment scores on the summative posttest,

it is predicted that:

MP(ac'ij.)MLG > MP(adj.)cG
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Research hypothesis 15. With adjustments made for
differences in degree of learning, there will be a signifi-
cant ordinal interaction between ability to understand
instruction and quality of instruction relative to perse-
verance. More specifically, with adjustments made for
differences in degree of learning, as students decrease in
ability to understand instruction, the amount of persever-
ance manifested will increase in the mastery learning group
but will decrease in the control group.

Experimental consequence. With adjustments made for
differences in achievement scores on a summative posttest,
the control group's number of minutes spent in persevering
on a difficult learning task will be more severely limited
for students low in ability to understand instruction than
for students high in ability to understand instruction.
(See Figure 5 for an illustration of the hypothesized ordinal
interaction between ability to understand instruction and
gquality of instruction relative to the number of minutes
spent in persevering with adjustments made for differences
in summative posttest achievement scores.)

Where Mp(adj‘)MLG,LAb . MP(adj‘)MLG,AAb , and
Mp(adj‘)MLG,HAb = the mean number of minutes spent in
persevering on & difficult learning task by the mastery
learning group which is divided into low-, average-,
and high-ability levels, respectively, with adjustments
made for differences in achievement scores on the
summative posttest

and
MP(adj.)CG,LAb ’ MP(adj.)CG'AAb , and MP(adj.)CG'HAb =
the mean number of minutes spent in persevering on a
difficult learning task by the control group which is
divided intc low-, average-, and high-ability levels,
respectively, with adjustments made for differences in
achievement scores on the summative pousttest,

it 1s predicted that:

MP(ad3-)yrg,1ap ~ MP(add )eg,1ap 2 MP (393 D vig, anp

MP (adj.) g, aab > MP(ad) ) yrg,uap ~ MP(adj-)eg, uab

Research hypothesis 16. With the effects due to
differences in degree of learning partialed out, there will
be a significant difference between the mastery learning
group and the control group relative to the correlation
between perseverance and ability to understand instruction.
More specifically, with the effects due to degree of learning
partialed out, the correlation between perseverance and
ability to understand instruction will be significantly nega-
tive in the mastery learning group but significantly positive
in the control group, and these correlations will differ
significantly from each other.
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Fig. 5. 1Illustration of the hypothesized ordinal
interaction between ability to understand instruction and
quality of instruction relative to the number of minutes
spent in persevering with adjustments made for differences
in summative posttest achievement scores.
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Experimental conscquence. With the effects due to
achievement scores on a summative posttest partialed out,
the relatlonshlp between the number of minutes spent in
persevering on a difficult learning task and ablllty to
understanl instruction will be of a significantly inverse
nature in the mastery learning group but of a significantly
direct nature in the. control group, and these relationships
will differ significantly from each other.

Where rpay o MLG = the partial correlation betwveen number
of minutes spent in persevering on a difficult learn-
ing task and ability with adjustments made for differ-
ences in achievement scores on the summative posttest
for the mastery learning group

and
pab.Ac,cg = the partial correlation between number of
minutes spent in persevering on a difficult learning
task and ability with adjustments made for differences
in achievement scores on the summative posttest for
the control group,

it is predicted that:

L. fpap.ac,Mic ¢ O

2. Tpap.ac,cq > O

3. Ipab.ac,cG ~ YPab.Ac,MLG 7 O

Research hypothesis 17. There will be a significant
difference between the mastery learning group and the control
group relative to the correlation between degree of learning
and perseverance. More specifically, the correlation between
degree of learning and perseverance will be significantly
negative in the mastery learning group but significantly
positive in the control group, and these correlations will
differ significantly from each other.

Experimental consequence. The relationship between
achievement scores on a summative posttest and the number of
minutes spent in persevering on a difficult learning task
will be of a significantly inverse nature in the mastery
learning group but of a significantly direct nature in the
control group, and these relationships will differ signifi-
cantly from each other.

Where LAcP, MLG = the correlation between achievement scores
on a summative posttest and number of minutes spent in
persevering on a difficult learning task for the mas-
tery learning group

and

LpcP,CG = the correlation between achievement scores

on a summative posttest and number of minutes spent in
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persevering on a difficult learning task for the con-
trol group,

it is predicted that:

1. rpep,mic <O
2. rpaep,cg 29
3.

Lacp,cG ~ Facp,MLG 7 ©




CHAPTER 2

Review of the Literature

Mastery Learning and the Carroll Model As
Viewed from an Historical Perspective

A consideration of the historical antecedents of any
educational practice can undoubtedly serve to enhance the
awareness and understanding which one brings to bear upon
its genesis, development, and implications for current
practice. The attention presently being directed toward
such topics as mastery learning and the Carroll model by
theorists and practitioners alike is certainly no exception.

As early as the 1920's evidence can be found of
attempts by educators to formulate curricular programs and
instructional strategies in such a way as to enhance the
probability of content mastery being attained by the vast
majority of students. The contributions of Carleton Washburne
(1922) in the Winnetka Plan and Henry C. Morrison (1926} at
the University'of Chicago Laboratory School are two class&c
examples of such endeavors.

As Superintendent of Schools in Winnetka, Illinois,
Washburne (1322) developed an educational program that repre-
sented a break from the conventional practice of allowing
time units to serve as the constant in a school setting

while student achievement fluctuated according to individual

ability. More specifically, he sought to make units of
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achievement the constant while permitting the time factor to
vary in accordance with the individual capabilities of the
students. In order to effect this shift in emphasis from
time units to achievement units, the following steps were
deemed necessary by Washburne (pp. 198, 200, 206):

1. Establishment of goals or subject-matter units of
achievement which must be mastered in sequential order

2. Construction of unit achievement tests which would
diagnose the weakness of each student relative to lack of
knowledge

3. Preparation of self-corrective practice exercises
which would help students remediate those deficiencies iden-
tified by the diagnostic tests.

Student learning under the Winnetka Plan, then, was of
a self-paced nature; that is, each student wés allotted
whatever amount of time he needed in order to attain mastery.

Morrison {1926), likewise, was sensitive to the
efiphasis assigned to the time and achievement factors in a
school situation. From his perspective, "a given series of
essentlal learnings is not necessarily acquired in a given
restricted time merely because such would be administratively
convenienct. The constant is the learning; the variable is
the time required (p. 69)." Consistent with this view of
learning as the constant and time as the variable, Morrison
suggested the following pedagogical technigue which he iden-
tified as a mastery formula: "Pre-test, teach, test the

result, adapt procedure, teach and test again to the point
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of actual learning (p. 8l)." 1t was intended that feedback
from the testing aspect of the mastery formula would permit
the teacher to make one of the following determinations:

(a) the teaching act was successful; hence, the teacher
could then proceed to the next learning unit, or (b) the
teaching act was unsuccessful; hence, a modification of the
instructional procedure was needed prior to reteaching.

According to Morrison's mastery approach, then, each
student was allctted whatever amount of time was required by
his teacher to bring the majority of students to mastery.

In a summarization of the major features permeating
both the Winnetka Plan and Morrison's approach, Block (1971)
identified the following six commonalities:

1. Educational objectives were used to specify exactly
what the student was expected to master.

2. Specific learning units formed the basis around
which instruction was organized.

3. Each learning unit had to be mastered in a sequen-
tial fashion.

4, Feedback from ungraded, diagnostic tests revealed
the adequacy of the student's learning at the completion of
each unit.

5. Contingent upon the diagnostic feedback, appro-
priate learning correctives were specified as a supplement
to the original instruction.

6. The time factor was considered the variable in the

attempt to individualize instruction and thereby foster

Y mastery learning.
ERIC

IToxt Provided by ERI
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In his discussion of the history of mastery learning,
Block (1971) made the following points: Mastery strategies
persisted well into the 1930's but eventually disappeared
due to the failure of educational technology to support such
a methodological approach. The idea of mastery learning
finally reappeared, however, during the late 1950's in asso-
ciation with programed instruction. .Although programed
instruction did function as a valuable tool for some students
by virtue of its frequent drill and reinforcement, it did not
provide a useful model upon which could be based a mastery
iearning strategy for the vast majority of students.

The publication of John B. Carroll's (1963) model of
school learning, however, provided a conceptual paradigm
which later was to serve as a catalyst for the resurgence of
mastery learning strategies. Reflecting upon the genesis of
his model, Carroll (1970) noted that it was originally
developed in the context of his work on the prediction of
success in foreign language training. More specifically,
Carroll had discovered tha; it was ". . . possible to state
approximately how much training time would be needed by a
person with a given level of foreign language aptitude to
get to a given level of proficiency in a given foreign lan-
guage {(p. 40)."” Carroll (1962) thought it desirable to
develop a model which would encompases not only the variables
of aptitude and motivation but also variables related to the
instructional process and which would not bhe restricted to

the area of foreign language learning. He identified the

Q ppropriate variables as follows:

E119
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Instructional Variables.

p. = adequacy of presentation of task j (on a scale
J from 0 to 1).

oy = the time allowed, "opportunity," for learning
task j. . .

Individual Difference Variables.

9; < that characteristic, general intelligence or
verbal intelligence, which determines the extent
to which the individual will be able to under-
stand directions and explanations or to infer
such directions and explanations from the total
content of the instruction even when they are
lacking. . .

ajy = the time which would be needed by individual i
to learn task j to a specified criterion of
learning, on the assumption that . . . the task
is presented well enough for him to understand
the task in the light of his gy).

mij = the maximum amount of time individual i would
apply himself to the learning of task j (pp. 121-
122).

A brief recall of the Carroll model as presented in Chapter 1 -
will make it readily apparent that the two instructional

variables correspond to the components of quality of instruc-

tion and opportunity while the, three individual difference

variables correspond to the components of ability to under-

stand instruction, aptitude, and perseverance, respectively.

As alluded to earlier, it was Carroll's model which
served as a catalyst for the resurgence of interest in and
subsequent deveiopment of a mastery learning strategy by
B. S. Bloom and his associates at the University of Chicago.
Bloom {1968} acknowledged that there are nﬁmerous alternative
strategies for mastery learning (for example, tutoring, self-

pacing, tracking or streaming, and nongrading); however, it
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is his contention that each must incorporate some way oOf
accommodating the five variables contained in the Carroll
model.

The particular mastery learning strategy developed
recently at the University of Chicago by Bloom and his
colleagues can be described in the following manner: The
preconditions of the strategy encompass the specification of
objectives and subject-matter content as well as the trans-
lation of these into summative evaluation procedures with
absolute performance standards established (Bloom, 1968).
The operating procedures of the strategy center around
(a) the use of ungraded, diagnostic-progress tests which are
designed to provide formative feedback to students and
teachers and (b) the specification of learning correctives
which are based upon the diagnostic feedback and, therefore,
function to remedy specific learning deficiencies {(Block,
1971).

In summation, then, .the Bloom strategy for mastery
learnipg is one which serves ". . . to supplement regular
group instruction by using diagnostic procedures and alter-
native instructional methods and materials in such a way as
to bring a large proportion of the students to a predeter-
mined standard of achievement (Bloom, 1968, p. 7)." Despite
the great similarity between this procedure and the earlier
mastery learning approaches of Washburne (1922) and Morrison
(1926), Block (1971) contended that the Bloom strategy for

mastery learning is a great advance over previous strategies



by virtue of its access to improved formative feedback

instruments and a greater variety of learning correctives.

Current Status of Research Related to the
Operations of the Carroll Model

Feedback/Correction Procedures As a High Quality of
Instruction

As was noted in the previous section, Carroll's model
of school learning has served as a catalyst and framework
for the development of feedback/correétion strategies for
mastery learning. PFurthermore, research studies which
employed the aforementioned strategy but which were conducted
prior to either Carroll's publication of the conceptual model
{1963) or Bloom's transformation of it into a wquing para-
digm (1968) have also been interpreted in termsgof the model.
Irrespective of the timing of the research, though, conclu-
sive findings have been reported which tend to justify
feedback/correction procedures as a high quality of instruc-
tion capable of increasing substantially the degree of
learning on the part of students (Airasian, 1967:; Baley,
1972; Block, 1970; Carroll & Spearritt, 1967; Céllins, 1969,
1970; Gentile, 1970; Keller, 1968; Kersh, 1970; Kim et al.,
1969, 1970; Mayo, Hunt, & Tremmel, 1968; Merrili, Barton, &
Wood, 1970; Moore, Mahan, & Ritts, 1968; Sherman, 1967;
Silkerman & Coulson, 1964; Thompson, 1941) as well as the
efficiency of their time spent in learning (Airasian, 1967;
Block, 1970; Carroll & Spearritt, 1967; Merrill et al.,
1970) .
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Investigations of the Interaction Effects of Ability To
Understand Instruction and Quality of Instruction Upon
Degyree of Learning and/or Time Spent

The practice of basing the development of an instruc-
tional strategy upon a conceptual paradigm such as Carroll's
model is certainly a laudable attempt by educators to explain
and justify the rationale behind their actions. FPar too
often, though, the theoretical assumptions contained either
implicitly or explicitly in Carroll's model have been ac-
cepted uncritically as valid and, thus, have not been sub-
jected to rigorous empirical verification (Gaines, 197,
1973). cCarroll himself has insisted that the various
components and operations of his model are in need of further
investigation (1963, 1970). Indeed, his own research has
even suggested the direction of possible modifications of
the model (Carroll & Spearritt, 1967).

One of the most interesting aspects contained in the
Carroll model concerns the hypothesized interaction effects
of ability to understand instruction and quality of instruc-
tion upon degree of learning and/or perseverance. The nature
of this hypothesized interaction, as explicitly stated rela-
tive to degree of learning and logically inferred relative
to perseverance, 1s such that students low in ability to
understand instruction will suffer more when subjected to
low guality of instruction than will students high in ability
to understand instruction.

Given the definitions of ability to understand instruc-

tion and guality of instruction as specified by Carroll (sce
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Chapter |, pp. 7-8), the aforementioned interaction avails
itself of that genre of investigation known in the litera-
ture as aptitude-treatment interaction (ATI) research. 1In
relating Carroll's model to the aptitude-treatment inter-
action concept, Gaines & Jongsma (1973) made the following

observations: Quality of instruction is synonymous with

what is commonly referred to as ktreatment. There are two
dimensions along which treatment may profitably be defined.
The first dimension includes those factors that would be
expected to foster a high quality of instruction for all
learners; the second dimension, however, encompasses those
factors that would be expected to promote a high quality of
instruction for learners on an individual basis. With

respect to the variable labeled ability to understand in-

struction, this expression is synonymous with terms such as

complex or generalized aptitude. The use of the expression

aptitude in the context of the model, though, is intended to
connote the same meaning frequently associated with the terms

simple or task-specific aptitude. It follows, then, that

Carroll's notion of aptitude . . . is conceptually related
to the dimension of quality of instruction that accommo-
dates the individual learner's special needs and charac-
teristics. On the other hand, Carroll's notion of ability
to understand instruction is conceptually related to the
dimension of quality of instruction that involves factors
which are generalizable across learners (p. 6).

Despite the obvious necessity for basic research on
the validity of Carroll's model as well as the amenability
of the model to a research approach of the aptitude-treatment

interaction type, the literature is currently limited to only
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two studies which were designed intentionally to investigate
Carrxoll's hypothesizoed interaction (Carroll & Spearritt,
1967; Gaines, 1971) and two studies which lend themselves to
interpretation in terms of the hypothesized interaction (Kim
et al., 1969; Silberman & Coulson, 1964). 1In each of these
four studies some manifestation of a feedback/correction
procedure was cmployed on the assumption that it represented
a high quality of instruction for all learners. Consistent
with this view of a treatment generalizable across learners
was the identification of some type of complex or generalized
aptitude for each student. The remaining paragraphs of this
section endeavor to elaborate upon the specifics of each of
these four investigations.

Carroll & Spearritt (1967) attempted to assess the
interactive effects of ability to understand instruction and
quality of instruction upon two dependent variables: time
to criterion on the main learning task and perseverance on a
difficult post-experimental task. The sample consisted of
208 sixth graders who were categorized into threé levels of
IQ: high, above average, and average-low. For the purpose
of reaching an artificial foreign language known as "Midimo,"
two forms of a self-instructional booklet were prepared and
randomly assigned to the students within each level of
ability. Form A represented a high quality of instruction
by virtue of its inclusion of a highly organized and sequen-
tial presentation of content, formative testing for the

purpose of identifying learning errors, and the explanation
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of the errors via correction/review procedures. Form B
represented a low guality of instruction in that it involved
the disorganized presentation of all content simultaneously
and the absence of correction/review procedures that could
have served to explain those errors identified by the forma-
tive testing.

Among the research findings and conclusions resulting
from this study were the following:

1. There was no significant interaction between IQ
and guality of instruction relative to the time taken to
reach criterion on the main learning task. Even when adjust-
ments were made for differences in perseverance on the
difficult post-experimental task, the same finding of no
significant interaction resulted. Contrary to the predic-
tion of the model, then, high ability students were just as
much affected by poor quality of instruction as were students
of average and low ability.

2. There was a significant disordinal interaction
(p € .05) between IQ and quality of instruction relative to
perseverance on a difficult post-experimental task. The
direction of this interaction was such that those students
exposed to the low gquality of instruction were less willing
to spend time on a difficult post-experimental task if they
were in the high- or low- but not middle-ability level. This
finding is not consistent with the hypothesized ordinal
interaction of ability to understand instruction and quality

of instruction relative to degree of learning or time nceded.
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Hence, it could be inferred that a modification of the model
might be needed, even if only in reference to the manner in
which ability to understand instruction and quality of
instruction interact to influence perseverance, or time
spent.

In recognition of the dire need for research on the
operations of Carroll's model, Gaines (1971) investigated the
interaction between ability to understand instruction and
guality of instruction relative to degree of learning. Bascd
upon a sample of 28 classes ranging from the fifth through
the eighth grades, six levels of reading achievewment were
identified. Two variations of a mastery learning stratogy
were developed for and implemented in the teaching of a
social studies unit on anthropology. The first variation,
Treatment 1, was regarded as the high quality of instruction.
This treatment encompassed such items as performance objoc-
tives, =gccific feedback from mastery tests of a formative
nature, and correction procedures via prescriptive rercading
and/or reteaching. The second variation, Treatment 2, was
characterized as low quality of instruction. This approach
involved the use of performance objectives and general feod-
back from workbooks which provided self-correcting exercises.

The findings and conclusions of this study which relate
directly to the hypothesized interaction were as follows:
There was no significant interaction between reading level
and treatment relative to degree of learning., Given the

context and limitations of the study, especially the lack of
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sufficiently sharp distinctions between treatments, it was
not possible to confirm Carroll's hypothesized interaction.

While not designed with the intention of investigating
the operations of Carroll's model, a study conducted by
Kim et al. (1969) provided findings which can be interpreted
in terms of the interactive effects of ability to understand
instructicn and quality of instruction upon degree of learn-
ing. Working with a sample of 272 seventh-graders who were
classified into three levels of intelligence, an attempt was
made to contrast the effectiveness of mastery and non-mastery
learning strategies for the teaching of a unit on geometry.
The mastery or experimental group could be considered the
recipient of a high quality of instruction in that it was
exposed to an instructional strategy consisting of the
following elements: performance objectives; feedback from
formative tests with a criterion level of 80 percent; and
learning correctives by way of rcmnedial programed instruction,
review questions, and student tutors. The non-mastery or
control group, however, received only the performance objec-
tives; hence, this group could be viewed as having received
a low qguality of instruction.

Included among the findings reported by Kim et al.
were the following: For those students with below-average
intelliyence, 50_perceﬁﬁ of thé mastery groﬁb'as compared to
only 8 percent of the non-mastery group attained the crite-
rion level set for a summative achicvement test. With

respect to those students whose intelligence quotient placed
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them at the above-average level, 95 percent reached the
criterion level while working under mastery conditions as
compared to only 64 percent of the non-mastery group.

Although the findings cited immediately above were
not subjected to a statistical test of interaction, they did
suggest that students low in ability to understand instruction
suffered more when subjected to a low guality of instruction
than did students high in ability to understand instruction.
This pattern would have provided evidence in support of
Carroll's hypothesized interaction had it been subjected to
statistical analysis and found to be significant.

Silberman & Coulson (1964), likewise, reported a study
which did not investigate Carroll's model but which did pro-
vide evidence potentially supportive of Carroll's hypothesized
interaction. This report described the use of a tutorial
strategy for evaluéting and revising instructional programs
in high school geometry, junior high school Spanish, and
first-grade reading and arithmetic. Whenever a student
manifested deficiencies in a given program, tutorial assist-
ance was provided. This type of intervention contributed to
a collection of records indicating common student difficulties
encountered as well as the specific tutorial correctives that
remedied them. Those correctives which proved to be effec-
tive were included in periodic revisions of each program.
After several such revisions a comparison was made »f the
final version and the original version of each program.

Hence, each final version could be thought of as a

high gquality of instruction in that it contained components




53
which had been demonstrated to be effective in correcting
common sources of confusion for students. In contrast, each
original version could be viewed as a low quality of instruc-
tion in that it was void of any component that was the result
of formative evaluation procedures,

The findings which emanatéd from the comparison of
the final version and the original version of each program
demonstrated that the mean student achievement was signifi-
cantly higher for students working with the revised program.
Furthermore, it was observed that the more intelligent stu-
dents tended to be less affected by deficient programs than
were the less intelligent students. Although this latter
finding is reminiscent of the interaction hypothesized by
Carroll, the data were not subjected to a statistical test
of interaction and, hence, cannot be judged as supportive or
nonsupportive of that operation of the model.

The research findings contained in the four studies
just reviewed did not represent conclusive evidence which
could be used to support or reject completely Carroll's
hypothesized interaction between ability to understand
instruction and quality of instruction. More specifically,
the various investigations whicn were summarized served to
fulfill the following purposes: to indicate the absence of a
significant interaction of the type hypothesized by Carroll
(Carroll & Spearritt, 1967; Gaines, 1971); to identify the
bresence of a significant interaction suggestive of possible

modifications needed in the model (Carroll & Spearritt, 1967);
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to present data consistent with the pattern of interaction
hypothesized by Carroll but lacking in a statistical test of
significance (Kim et al., 1969; Silberman & Coulson, 1964).

Investigations of the Correlational Aspects Inherent in the
Carroll Model

Research studies which seek to demonstrate the efficacy
of feedback/correction procedures, as well as those which
endeavor to test Carroll's hypothesized interaction, do not
exhaust the scope of investigations that can be performed in
relation to the Carroll model. Another path of investigation
which more often than not arises as a corollary of a much
larger study is that which considers the direction and size
of correlations between the various components of Carroll's
model.

Gaines (1971) and Baley {(1972) reported findings in
their studies which correlated degree of learning with
ability to understand instruction. Both of these investi-
gators relied upon feedback/correction procedures as the
basis for establishing a dichotomy between high and low
qualities of instruction and then proceeded to identify the
correlation coefficients that resulted in each instance.

More specifically, Gaines (1971) reported the following
correlation coefficients between anthropology posttest scores
and reading achievement scores across two treatment levels
and four grade levels (fifth, sixth, seventh, and eighth):
high qguality of instruction, .30, .64, .78, and .64; low

guality of instruction, .34, .71, .77, and .70. Seven of
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the eight coefficients were significant at the .05 or .01
level; however, there was no significant difference between
the two treatment groups relative to the correlation inves-
tigated. The suggestion, then, was that ". . . the relation-
ship between reading achievement scores and posttest scores
may not have been differentially affectea by treatments
(p. 93)."

In the case of Baley (1972), the following correlaticn
coefficients between guantitative ability scores and algebra
achievement scores were cited for each of two treatment
levels: high quality of instruction, .25; low gquality of
instruction, .57. No statistical tests of significance were
reported. The aforementioned data supported the researcher's
hypothesis that a high guality of instruction would result
in a correlation coefficient which approached zero and which
would be less than the coefficient recorded under a low
guality of instruction.

Airasian (1967) conducted an investigation which pro-
vided data relative to the correlation between total hours
spent in weekly study and achievement scores attained in a
graduate level course on test theory. Reporting only on the
findings emanating from a mastery learning group which had
the benefit of feedback/correction procedures, coefficients
for each of the ten weeks of the study were cited as ranging
from .07 to -.46.

Lewis (1969), while not defining his high gquality of

instruction in terms of feedback/correction procedures, also
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tested the hypothesis that the correlation between general
intelligence and degree of learning would be greater at a
low level of quality of instruction than at a higher level.
His findings, however, gave evidence of the exact opposite.
The correlation coefficients that resulted under the high
quality of instruction and the low guality of instruction
were .80 and .55, respectively. Furthermore, the difference
between the two treatment groups relative to the coefficients

just cited was significant at the .10 level.




CHAPTER 3

Methodology and Procedures

Description of the Sample

The sample used in this investigation was identical to
a population of 169 male students who were enrolled in the
second of six learning sequences (units) which comprised an
Algebra I course at the secondary school level. The nongraded
pattern of school organization under which these studenﬁs
functioned resulted in the sample not being restricted to
only those individuals from a given class level (for example,
freshman, sophomore, junior, or senior).

Intelligence quotient scores for this group as attained

on the California Short-Form Test of Mental Maturity, 1963

Revision, ranged from 8l to 133. Based upon descriptive
categories for classifying scores, as recommended by the

Guide to Interpretation which accompanied the aforementioned

instrument, three levels of ability were identified and
labeled as follows: high (108 and above), average (93 to
107), and low (92 and below). The high-, average-, and low-
ability levels contained 68, 72, and 30 students, respectively.
Experimental mortality which occurred during the imple-
mentation of this study (from September 24, 1973 to December 7,
1973), however, resulted in the reduction of the sample size
from 169 to 141 students. The loss of 28 students from the

initial sample of 169 was attributed to two causes: (a) the
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correction of scheduling assignments which erroneously had
placed some students in the second learning sequence in
algebra (entitled Learning Sequence 332) and (b) the with-
drawal of some students from Learning Sequence 332 for the
purpose of rescheduling a learning sequence in general
mathematics or business mathematics.

Hence, the statistical analyses performed on the data
collected in this study were based upon a final sample size
of 141 students. The number of students distributed across
the high-, average-, and low-ability levels were 60, 59, and

22, respectively.

Treatments

The students within each of the three ability levels
cited above were randomly assigned to two levels of treatment:
the mastery learning treatment and the control treatment.
Initially, there were 85 and 84 students in the mastery
learning group and the control group, respectively. As a
result of the experimental mortality described above, the
size of the mastery learning group and the control group was
reduced to 64 and 77 students, respectively. 2as alluded to
earlier, the students in this study were exposed to algebraic
topics contained within a learning sequence or unit entitled
as follows: "Learning Sequence 332: Polynomials and Equa-
tions." More specifically, the first part of this learning
sequence, which concerned the addition, subtraction, multi-

plication, and division of directed numbers, represented the

material upon which the two treatments were based.
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Due to the nongraded, continuous-progress approach to
instruction which comprised the educational seﬁting for the
students in this study, "instructional packets" were employed
as the primary means to organizing and presenting new mate-
rial. Appendices A and B contain the instructional packets
and, hence, the vehicles for the instructional treatments to
which the mastery learning group and the control group,
respectively, were exposed. The following three sections
endeavor to elaborate upon the commonalities as well as the
distinguishing components of each treatment.

Commonalities Permeating Both the Mastery Learning Treatmenk
and the Control Treatment

The following components were common to the instruc-
tional treatments under which both the mastery learning group
and the control group functioned:

1. A description of content which informed the student

of those specific mathematical topics to which he would be
exposed

2. A statement of performance objectives which apprised

the student of those particular learning tasks which he was
responsible for mastering

3. A specification of assignments which corresponded

to each performance objective and which represented learning
activities required of each student

4. An announcement of the point at which a summative
posttest must be taken for the purpose of demonztrating the

level of achievement attained
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5. A collection of instructional materials which

supplemented the explanations given in the student's text
and to which the student was referred in his agsignments

6. The provision of answer keys not contained within

the student's text.

Distinquishing Characteristics of the Mastery Learning
Treatment

The two elements of the mastery learning treatment
which were responsible for its being representative of a high
quality of instruction included the following: (a) the use
of formative trial tests and (b) the prescription of learning
correctives of a reyiew-remedial nature.

Formative trial tests. Students in the mastery learn-

ing group were subjected to formative trial tests at two
intermittent stages prior to the completion of the first
part of Learning Sequence 332. More specifically, Formative
Trial Test I was administered immediately subsequent to the
completion of the assignments associated with the addition
and subtraction of directed numbers (performance objectives
1 throughv4) while Formative Trial Test II was administered
immediately after the completion of the assignments associ-
ated with the multiplication and division of directed numbers
(performance objectives 5 through 8).

The rationale behind the use of this type of formative
evaluation was that the trial tests would provide both the
student and the teacher with on-going feedback relative to

the learning deficiencies experienced by the student as well
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as the alterations most needed in the instructional materials
and/or strategies.

For the purpose of ensuring the effectiveness of each
formative trial test, a criterion level of B0 percent mastery
was established. A score of 80 or higher on a 100-point
gcale entitled the student to proceed to the next group of
‘objectives (in the case of Formative Trial Test I) or to the
summative posttest (in the case of Formative Trial Test II).
A score which indicated less than 80 percent mastery, how-
evér, regquired that the student retake the trial test (that
is, a different form of it) until B0 percent mastery was
demonstrated. In.either situation, though, any test items
missed served to determine those learning correctives to
which the student was recycled.

Appendices C and E encompass the six forms of Formative
Trial Test I and Formative Trial Test I1II, respectively, which
were administered to members of the mastery learning group.

Learning correctives. Based upon the feedback provided

by the formative trial tests, exercises of a review-remedial
nature were prescribed for the purpose of correcting any
learning deficiencies experienced by a student. Upon the
initial unsuccessful attempt at attaining the criterion

gcore on either trial test, the student was recycled back to
additional asgignments of the same type as those he had
completed previously. However, upon any unsuccessful attempts
thereafter at attaining the criterion score on either trial

test, the student was provided with a bricf tutoring session
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in which a teacher or paraprofessional attempted to provide
the needed personalized assistance.

Appendices D and F include the learning correctives
whiich were based upon the results of Formative Trial Test I
and Formative Trial Test II, respectively, and which were

employed in the mastery learning treatment.

Distingquishing Characteristics of the Control Treatment

The characteristic which was most instrumental in the
control treatment being defined as a low quality of instruc-
tion was the complete absence of formative trial tests and
the corresponding learning correctives. Although the members
of the control group did have the benefit of the five common-
alities identified earlier, the most crucial, perhaps, being
the specification of performance objectives, they were
required to complete all assignments and to take the summa-
tive posttest without the assistance of the formal feedback/
correction procedures described above.

Concluding Remarks Relative to the Setting in Which the
Treatments Were Implemented

At this point it is imperative that acknowledgment be
given to the following facts which pertain to the setting in
which the two aforementioned treatments were implemented:

1. The sample of 141 students who were used in this
study spanned a total of three of the four class periods
during which the Algebra I course was offered. Contained
within each of these three classes were members of both the

mastery learning group and the control group. The only
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distinctions made between the members of the two groups were
in terms of (a) the contents of the instructional packets
and (b) the process of formative trial testing and the com-
pleting of learning correctives.

2. The mastery learning treatment and the control
treatment were implemented in a nongraded setting which
incorporated independent study, small~-group instruction, and
large~group motivational lectures. Of these three approaches
for organizing instruction, though, the reliance upon inde-
pendent study far outweighed the attention given to small-
group instruction and large-group motivational lectures.

The independent study was conducted in a large open area with
teachers and paraprofessionals circulating among the students
for the purpose of aiding those who were in need of assist-
ance. Quite obviously, then, members of the control group,

as well as those of the mastery learning group, had easy
access to this informal type of feedback/correction procedure.

3. The major components of the control treatment
represent the standard operating procedures which already had
been planned for implementation even before this researcher's
arrival at the site of the study.

4. The major components of the mastery learning
treatment, however, represent this researcher's alteraticn
of the school's standard operating procedure for the purpose
of constructing an instructional strategy more conducive to
the attainment of mastery learning by a greater percentage

of students.
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Development of Instrumwents

As a result of the nongraded setting in which the study
was conducted, students in the sample began and completed the
first part of Learning Sequence 332 in an extremely staggered
fashion. In anticipation of this occurrence, multiple forms
of the formative trial tests, as well as the summative post-
test, were developed. The sections which follow endeavor to
explain (a) the procedures taken in the preparation of thesge
two types of instruments and (k) their criterion-referenced
orientation. Also, the instrument labeled "Assessment of

Perseverance" is introduced and its development traced.

Formative Trial Tests I and II

Test construction. Five forms of Formatlve Trial

Test I (see Appendix C), as well as five forms of Formative
Trial Test II (see Appendix E), were developed. As mentioned
in a preceding section, it was intended that Formative Trial
Tests I and II be administered immediately subsequent to the
completion of the assignments associated with () the addition
and subtraction of directed numbers and (b) the multiplication
and division of directed numbers, respectively. Hence,
performance objectives 1 through 4 served as the basia for
the construction of Formative Trial Test I while performance
objectives 5 through 8 functioned as the basis for the devel-
opment of Formative Trial Test II.

The actual development of the five forms of cach forma-

tive trial test proceeded in accordance with four spccific
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steps. These procedures, aslapplied to the construction of
Formative Trial Test I, are discussed below:

1. It was recognized that the essence of performance
objectives 1 and 2 called for a knowledge of and the ability
to apply the rule for finding the sum of directed numbers
involving any combination of algebraic signs. Similarly, it
was recognized that the essence of performance objectives 3
and 4 focused upon a knowledge of and the ability to apply
the rule for subtraction of directed numbers involving any
combination of algebraic signs.

2. A decision was made to include a total of ten
items on Formative Trial Test I. Items 1 through 5 would be
based upon performance objectives 1l and 2 while items 6
through 10 would be based upon performance objectives 3 and 4.

3. Performancg objectives 1 and 2 referred to the
subject matter contained in sections 4-3 and 4-6 of the
algebra test (Dolciani, Berman, & Freilich, 1962) used by
the students. Performance objectives 3 and 4 pertained to
the algebraic topic encompassed within sections 4-4 and 4-7
of the same text. Founded upon a close scrutiny of the type
and complexity of problems treated in these sections of the
text, test items 1 through 5 and 5 through 10 were con-
structed in accordance with the specifications of performance
objectives 1 and 2 and performance objectives 3 and 4, respec-
tively. Obviously, no test item was written that was a
duplicate of a problem used as an example or given as an

assignment in the text itself.
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4. The three steps just cited represent the procedures
which were taken in the construction of Form A of Formative
Trial Test I. 1In addition to this first form, Forms B
through E of Formative Trial Test I were also developed.

The construction of the test items on these last five forms
resulted from the simple process of varying the numbers which
comprised each item on Form A. Careful attention, however,
was devoted to ensuring that (a) no given test item appeared
more than once among any of the forms and (b) the algebraic
signs associated with the numbers in the initial statement

of the problem, the steps needed for its solution, and the
final answer did not differ whatsoever for corresponding
items across the five forms.

As alluded to earlier, the four procedural steps that
were implemented in the development of the five forms of
Formative Trial Test I were also employed in the construction
of the five forms of Formative Trial Test II. 1In this latter
case of Formative Trial Test II, though, two differences of
a rather obvious nature were in effect: (a) the essence of
perfermance objectives 5 and 6 called for a knuwledge of and

ability to apply the rule for multiplying directed numbers

involving any combination of algebraic signs while the
essence of performance objectives 7 and 8 focused upon a
knowledge of and ability to apply the rule for dividing
directed numbers involving any combination of algebraic signs
and (L) the sections (4-4 and 4-7) of the algebra text to

which performance objectives 5 through 8 pertained, and upon
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which the type and difficulty of the test items were based,
were those which concerned the multiplication and division
of directed numbers.

Content validity. There existed a direct correspond-

ence between the various test items and the performance
objectives upon which they were based relative to subject-
matter content, required student behavior, and the conditions
under which the beshavior had to be demonstrated. Hence, the
assumption was made by this researcher that the content
validity of the various forms of the two formative trial
tests was ensured. This assumption was corroborated by the
professional judgment of the three certified mathematics

teachers whose students were involved in the study.

Summative Posttest

Test construction. Two forms of the summative posttest

(see Appendix G) were developed. As was the case with the
construction of the formative trial tests, the development

of the summative posttest was based upon those performance
objectives which spanned the entire range of topics for which
the students were to be held accountable. More specifically,
the test items which comprised the two forms of the summative
posttest were founded upon performance objectives 1 through 8.

The actual development of Summative Posttest Form I

proceeded in accordance with the same procedures utilized in
the construction of the formative trial tests. For purposes
of review and adaptation to the special case of the summative

posttest, these steps can be summarized as follows:
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1. Acknowledgment was given to the particular learning
task or tasks which comprised the essence of each performance
objective. In the case of Summative Posttest Form I, this
acknowledgment was directed toward performance objectives 1
through 8.

2. A decision was made relative to the number of test
items that should be included on the instrument. With
respect to Summative Posttest Form I, 25 items were included
for the following reasons: (2a) Given the time limitations
of a 55-minute class period as well as the algebraic topics
being considered, a total of 25 test items was viewed as the
maximum number that could be administered and still facili-
tate the "power" dimension instead of the "speed" dimension
of the instrument. (b) Given the division of the first part
of Learning Sequence 332 into the four topical areas of
adding, subtracting, multiplyving and dividing directed num-
bers as well as the specification‘of two performance objec-
tives per topical area, the allotment of approximately six
test items per topical area easilylserved to accommodate the
limit of 25 items previously discussed. The actuval number
of test items included on Summative Posttest Form I and the
performance objectives which they represented were as follows:
Items 1 through 8, performance objectives 1 and 2; items 9
through 13, performance objectives 3 and 4; items 14 through
19, performance objectives 5 and 6; and items 20 through 25,
performance objectives 7 and 8.

3. The actual construction of each test item was

performed not only in accordance with the content, behavioral,
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and conditional specifications of the pertinent performance
objective but also subsequent to a close examination of the
type and difficulty of problems treated in those sections of
the student's text which related to the topic being repre-
sented. Obviously, no test item was written that was a
duplicate of a problem used as an example or given as an
assignment in the text itself.

4. 1In addition to Summative Posttest Form I, a second
form of the instrument was also developed. The construction
of the test items on Summative Posttést Form II resulted
from the simple process of varying the numbers which com-
prised each item on the first form. Careful attention,
however, was devoted to ensuring that (a) no given test item
appeared on both forms of the summative posttest and (k) the
algebraic signs associated with the numbers in the initial
statement of the problem, the steps needed for its solution,
and the final answer did not differ whatsoever for corre-
sponding items across the two forms. Furthermore, attention
was given to guaranteeing that no test item appeared on
either form of the summative posttest which had already been
included on one of the forms of Formative Trial Tests I or II.

Although two forms of the summative posttest were
constructed, 1t was deemed necessary by the researcher to
project the image to the students in the study that a greater
number of forms were being used. The rationale for this
decision rested upon the assumption that due to the nongraded

nature of the school the 141 students in the sample would




70
begin and complete the first part of Learning Sequence 332
in a staggered fashion. This assumption later proved to be
very much the case. The implications of this factor relative
to the security of the test items which comprised Summative
Posttest Form I and Summative Posttest Form II are obvious.

The decision was made, then, to derive two additional
"forms" (Form III and Form V) from Summative Posttest Form I.
This was accomplished by the simple reordering of the test
items within each of the four "sections" of the summative
posttest. For example, test items 1 through 8 on Summative
Posttest Form I could be viewed as comprising a "section" of
problems related to the addition of directed numbers. The
corresponding "section" on Summative Posttest Form IIX,
therefore, consisted of exactly the same test items but
rearranged in & different order. Such was also the case for
the various test items which comprised the "sections" on
subtraction, multiplication, and division. Identical proce-
dures were taken in the "construction" of Summative Posttest
Form V.

In summation, Forms I, III, and V of the summative
posttest are in reality only one form, Form I. Summative
Posttest Form III and Summative Posttest form V, therefore,
are of a pseudo nature. With respect to the second authentic
form of the summative posttest, namely, Summative Posttest
Form II, procedures identical to those cited in the preceding
paragraph were followed in the "construction" of Form IV and

Form VI. Hence, Forms II, IV, and VI of the summative
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posttest are in reality only one form, Form II. Summative
Posttest Form IV and Summative Posttest Form VI, therefore,
are of a pseudo nature.

Finally, it must be pointed out that in addition to
the researcher's concern for the security of the summative
posttest, the procedures described above were adopted also
out of a concern for the potential threat to the reliability
of the instrument that would have accompanied the develop-
ment and implementation of three or more authentically
distinctive forms.

Content validity. The issue of content validity rela-

tive to the two fcrms of the summative posttest was approached
in a manner identical to the procedures used in demonstrating
the content validity of the formative trial tests. More
specifically, the assumption was made that the content
validity of Summative Posttest Form I and Summative Posttest
Form II was ensured due to the direct correspondence between
the various test items and the performance objectives upon
which they were based relative to subject~matter content,
required student behavior, and the condition under which the
behavior had to be demonstrated. Furthermore, this assump-
tion was corroborated by the professional judgment of the
three certified mathematics teachers whose students comprised
the sample in this study.

Reliability coefficients obtained in a pilot setting.

Prior to the commencement of the study on September 24, 1973,

both forms of the summative posttest were administered in a
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pilot setting for the purpose of investigating the following
technical characteristics of the instrument: parallel forms
reliability (by way of Pearson product-moment coefficient),
internal consistency reliability (by way of Kuder-Richardson
formula 20 coefficient), standard deviation, and standard
error of measurement.

The pilot setting for the initial administration of
Summative Posttest Form I and Summative Posttest Form II was
in a location other than the site of the investigation itself
and involved an Algebra I class of 31 male students who had
just recently completed a unit of work on the addition,
subtraction, multiplication, and division of directed num-
bers. The school in which the initial testing occurred was
organized on a conventional, graded basis; furthermore, all
mathematics classes were of a homogeneous nature. The par-
ticular class involved in the pilot testing was composed of
average to slightly below average students relative to
mathematics placement.

Summative Posttest Form I was administered to the
class of 31 students by the regular classroom teacher with
the understanding that the results were to be used for the
purpose of assessing their achievement on the unit of work
just completed. Exactly one week later Summative Posttest
Form II was administered with the understanding that a higher
gscore on the second form would replace the earlier score
attained on the first form but that a lower score on the

second form would not supersede or be averaged with the pre-

)
[]{B:‘vious score.,

IToxt Provided by ERI
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The parallel forms reliability coefficient for Summa-
tive Posttest Form I and Summative Posttest Form II was .89.
For Summative Posttest Form I the internal consistency
reliability coefficient was .68 with a standard deviation
and a standard error of measurement equal to 3.51 and 1.98,
respectively. For Summative Posttest Form II the internal
consistency reliability coefficient was .84 with a standard
deviation and a standard error of measurement egual to 4.68
and 1.88, respectively.

The data just cited, asgs well as any data reported in
this study relative to student achievement on the summative
posttest, are based upon a possible range of raw scores
extending from O to 25.

Reliability coefficients and item analysis data

obtained from the research sample. The purpose of this

section is to report findings relative to the following
technical characteristics of the two forms of the summative
posttest: internal consistency reliability, standard error
of measurement, item difficulty levels, and point-biserial
coefficients between individual items and total test score.
In order to accomplish this task, it was necessary ko analyze
Forms III and V as manifestations of Form I. 1In a similar
fashion, Forms IV and VI were analyzed as manifestations of
Form II. Hence, any further reference made in this study to
Summative Posttest Form I is to be interpreted as being
inclusive of Summative Posttest Form III and Summative Pogt-

test Form V. Likewise, any further reference made in this
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study to Summative Posttest Form II is intended as being
inclusive of Summative Posttest Form IV and Summative Post-
test Form VI.

As indicated in Table 1, the internal consistency
reliability coefficient of Summative Posttest Form I for the
combination of the mastery learning and the control groups
was .86 with a standard deviation and a standard error of
measurement equal to 5.28 and 1.96, resgpectively. The
reliability coefficient for the mastery learning group was
.77 with a standard deviation and é standard error of meas~-
urement equal to 3.92 and 1.89, respectively. The reliability
coefficient for the control group was .85 with a standard
deviation and a standard error of measurement equal to 4.98
and 1.96, respectively,

Tables 2 and 3, as well as Appendix K, present item
analysis data relative to Summative Posttest Form I. Table 2
summarizes the number of items associated with ten possible
ranges of item difficulty indices. This informacion, in
conjunction with data presented in BAppendix K, gives evidence
of the following:

1. When both groups are congidered in combination,

16 of the 25 items appear in the medium range of difficulty
indices (.31 to .70).

2. When only the mastery learning group is considered,
7 of the 25 items appear in the medium range of difficulty
indices (.31 to .70). This is contrasted with the control

group which shows 10 of the 25 items appearing io Lhoe medium

EBJ(; range.
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TABLE 1

Internal Consistency Reliability Coefficients, Standard
Deviations, and Standard Errors of Measurement
for Summative Posttest Form I

Variables
Group
n Reliability?@ S. D. S. E. M.
MLG 37 .77 3.92 1.89
CG 34 .85 4,98 1.96
MLG & CG 71 .86 5.28 1.96

dUsing Kuder~Richardson formuls 20.
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3. When both groups are considered in combination,
50 percent or more of the students answered correctly 18 of
the 25 items.

4. When both groups are not considered in combination,
50 percent or more of the mastery learning group responded
correctly to 24 of the 25 items while the same percentage of
the control group answered correctly 15 of the 25 items.

Contained in Table 3 is an account of the number of
items associated with ten possible ranges of item discrimi-
nation indices. This information, in conjunction with the
point-biserial correlation coefficients presented in Appendix
K, provides the following evidence:

1. When both groups are considered in combination,
24 of the 25 items have point-biserial correlation coeffi-
cients greater than .30.

2. When only the mastery learning group is considered,
22 of the 25 items have point-biserial correlation coeffi-
cients greater than .30. 1In the control group, 21 of the 25
items have point-biserial correlation coefficients greater
than .30.

3. In all instances every item was of a positively
discriminating nature.

As indicated in Table 4, the internal consistency
reliability coefficient of Summative Posttest Form II for
the combination of the mastery learning and the control
groups was .36 with a standard deviation and a standard

error of measurement equal to 5.41 and 2.03, respectively.
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TABLE 4

Internal Consistency Reliability Coefficients, Standard
Deviations, and Standard Errors of Measurement
for Summative Posttest Form II

Varlables
Group
n Reliability@d S. D. s. E. M.
MLG 27 .75 3.88 1.92
CG 43 .83 4,97 2.04
) 2.03

MLG & CG 70 .86 5.41 <

Aysing Kuder-Richardson formula 20.
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The reliability coefficient for the mastery learning group
was .75 with a standard deviation and a standard error of
measurement equal to 3.88 and 1.92, respectively. The
reliability coefficient for the control group was .83 with a
standard deviation and a standard error of measurement equal
to 4.97 and 2.04, respectively.

Tables 5 and 6, as well as Appendix L, present item
analysis data relative to Summative Posttest Form II.
Table 5 summarizes the number of items associated with ten
possible ranges of item difficulty indices. This informa-
tion, in conjunction with data presented in Appendix L,
gives evidence of the following:

1. When both groups are considered in combination,
l4 of the 25 items appear in the medium range‘of difficulty
indices (.31 to .70).

2. When only the mastery learning group is considered,
10 of the 25 items appear in the medium range of difficulty
indices (.31 to .70). This is contrasted with the control
‘group which shows 15 of the 25 items appearing in the medium
range.

3. When both groups are considered in combination,
50 percent or more of the students answered correctly 17 of
the 25 items.

4., When both groups are not considered in combination,
50 percent or more of the mastery learning group responded
correctly to 23 of the 25 items while the same percentage of

the control group answered correctly 15 of the 25 items.
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Contained in Table 6 is an account of the number of
items associated with ten possible ranges of item discrimi-
nation indices. This information, in conjunction with
the point-biserial correlation coefficients presented in
Appendix L, provides the following evidence:

1. Wwhen both groups are considered in combination, 23
of the 25 items have point-biserial correlation coefficients
greater than .30.

2. When only the mastery learning group is considered,
19 of the 25 items have point-biserial correlation coeffi-
cients greater than or equal to .30. In the control group,
23 of the 25 items have point-biserial correlation coeffi-
cients greater than .30.

3. In all instances every item was of a positively

discriminating nature.

Criterion-Referenced Measurement

The formative trial tests and the summative posttest
described above were of a criterion-referenced nature in that
their purpose was to assess the performance of each student
relative to a predetermined criterion. This was in contrast
with a norm-referenced testing situation in which the purpose
is to assess the performance of each student relative to his
comparative position within the group. The objective of
this section is twofold: (a) to acknowledge the criterion-
referenced orientation of the procedure identified earlier
for the construction of the formative trial tests and the

summative posttest and'(g) to reflect from a criterion-
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referenced perspective upon the reliability coefficients and

item analysis data reported in preceding sections.

Test construction. The procedure identified by Popham &
Husek (1969) for the construction of criterion-referenced
test items was adhered to in the development of the formative
trial tests and the summative posttest. More specifically,
the chief concern in the construction of the instruments was
to ensure that each test item accurately reflected the
desired criterion behavior. The selection of an item for
inclusion on an instrument was not based upon the extent to
which it represented an item of "average difficulty" as
opposad to one of "extreme easiness" or "extreme difficulty."
In other words, the intention of the researcher was not to
include or to exclude an item solely because of the antici-
pated degree to which it would produce variability among the
students. Regardless of its apparent ease or difficulty, an
item was deemed acceptable if it represented the class of
kehaviors defined by the criterion.

Consistent with the discussion immediately above and
relevant to the use made of the summative posttest in this
study is the assertion by Glaser (1963) that

. « .« achievement tests used primarily to provide infor-
mation about differences in treatments need to be con-
structed so as to maximize the discriminations made
between groups treated differently and to minimize the
differences between the individuals in any one group.
Such a test will be sensitive to the differences pro-
duced by instructional conditions. For example, a test
designed to demonstrate the effectiveness of instruction
would be ccnstructed so that it was generally difficult

for those taking it before training and generally easy
after training. The content of the test used to
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differentiate treatments should be maximally sensitive to
the performance changes anticipated from the instructional
treatments (p. 520).

Reliability. As alluded to earlier, test items on a

criterion-referenced instrument are written for the purpose
of assessing student performance relative to established
criteria. Furthermore, one possible application of such
items is to maximize discriminations between instructional
treatments, a function in direct opposition to the use made
of norm-referenced items in maximizing discriminations among
students within a group.

With respect to determining the reliability of crite-
rion-referenced tests, Popham & Husek (1969) made the follow-
ing observatiéns: Since the use of test items to discriminate
among individuals within a group is not consistent with a
criterion-referenced instrument, the appeal to classical
procedures for determining the reliability of such a test,
procedures that are contingent upon variability of scores
within a group, is not totally appropriate. Unfortunately,
alternative procedures have not yet been identified. The
point that must be kept in mind, however, is not that conven-
tional reliability indices cannot be used to support the
consistency of a test but rather that ". . . a criterion-
referenced test could be highly consistent, either internally
or temporarily, and yet indices dependent on variability
might not reflect that consistency (pp. 5-6)."

Hence, the reliability coefficients reported earlier

on Summative Posttest Form I and Summative Posttest Form I1I,

O
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.86 and .86, respectively, can be viewed as evidence which
supports the internal consistency of the two forms.

Item analysis data. Based upon what has already been

indicated relative to a criterion-referenced instrument's
independence of score variability among individuals within
a group, one is inclined to question the value of reporting
item analysis data such as indices of item difficulty and
item discrimination.

With respect to the use of item difficulty indices,
comparisons can be made between treatment groups relative to
the number of items answered correctly by a given proportion
of students. Furthermore, when the data from both groups
are considered in combination, such indices can be utilized
to ascertain the degree of rigor demonstrated by the instru-
ment. Both of these concerns have been addressed in a
previous presentation and discussion of the data contained
in Tables 2 and 5 and Appendices K and L.

With respect to the use of item discrimination indices,
Popham & Husek (1969) made the following assertions: Stand-
ards conventionally associated with the discrimination indices
of norm-referenced items can be relaxed in a criterion-
referenced situation. An item which fails to discriminate
need not be viewed as a poor item provided that it reflects
the desired criterion behavior. 1In terms of a positively
discriminating item, just as much respectability should be
afforded it in a criterion-referenced test as is done in a

norm-referenced instrument. Regarding a negatively
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discriminating item, the need for suspicion and careful
analysis is just as real in a criterion-referenced setting
as it is in a norm-referenced situation.

As already indicated in an earlier summarization of
the data contained in Tables 3 and & and Appendices K and L,
every item that appeared on either form of the summative
posttest was of a positively discriminating nature, with the
vast majority exceeding a point-biserial correlation coeffi-

cient of .30.

Assessment of Perseverance

construction of instructional material and test item.

An instrument referred to as Assessment of Perseverance
(see Appendix H) was developed. It was intended that this
instrument be administered to each student for the pﬁrpose
of determining the amount of time he would be willing to
spend actively engaged with new instructional material and
a single test item associated with the same. The data
obtained by the Assessment of Perseverance are considered
a representative measure of the perseverance variable as
defined by Carroll and, hence, should not be confused with
the rough approximation of this variable as represented by
the number of classes spent by each étudent. With respect
to the actual construction of the Assessﬁént of Perseverance,
the following steps were implemented:

1. It was recognized that the second part of Learning

Sequence 332 (with which the study was not directly concerned)
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would require the student to apply his knowledge of the four
basic operations to the solution of open sentences.

2. The decision was made to provide each student with
a one-page explanation of how to solve an open sentence that
required the use of either the multiplication or division
property of equality. As far as could be ascertained, this
brief set of instructional material represented the first
exposure of each student to the aforementiéned topic.

3. Having thus prepared the explanatory material
which was to introduce the new topic, it was necessary to
construct a single test item which would confront the stﬁdent
with the task of solving an open sentence. More specifically,
an equation was constructed which required that both the
multiplication and division properties of equality be used
in its solution. PFurthermore, the equation was constructed
in such a way that the student would first have to simplify
the numerator and denominator on both sides of the eguation
prior to being able to recognize it as a rather simple open
sentence. It was intended that the development and use of
this type of test item would require the student to apply
not only his newly acguired knowledge of solving open sen-
tences but also his knowledge of the four basic operations.

4. The combination of the instructional material and
the single test item was judged as being sufficiently repre-
sentative of a difficult learning task. The complexity of
the task was assumed to be such that mastery of it would be

just beyond attainment by practically all students in the
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sample. (The mastery of the task by only one student out of
a total of 141 corroborated the aforementioned assumption.)
It was reasoned that only by the presentation of an extremely
challenging task could a valid measure of perseverance be
achieved.

5. Due to the high complexity level of the single
test item and the assumed inability of the vast majority of
students to master it, only one form of the instrument was
deemed necessary.

Construct validity. The instrument just described was

used for the purpose of obtaining data thought to be repre-
sentative of the variable identified by Carroll as persever-
ance. Due to the manner in which this variable is defined

as well as the unavailability of a second instrument which
purported to measure perseverance, the construct validity of
the instrument labeled Assessment of Perseverance was assumed

rather than demonstrated empirically.

Data Collection Procedures

California Short-Form Test of Mental Maturity, 1963 Revision

In order to obtain for each student a measure of ability
to understanrd instruction consistent with Carroll's definition

of this wvariable, the California Short-Form Test of Mental

Maturity, 1963 Revision, was administered to the 169 students
who comprised the initial sample. Each intelligence quotient
score which resulted represented a composite of a language

subscore and a non-language subscore.
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Due to the size of the sample, two group-testing
sessions were conducted by the researcher with the assist-
ance of two proctcors. The first session, which occurred on
Tuesday, September 11, 1973, involved a total of 68 students;
the second session, which took place the following day,
encompassed the remaining 101 students. In both instances
the mid-morning part of the school'day was used. Although
the group testing sessions spanned a period of two days, no
unusual events occurred on either day which might have jeop-

ardized the accuracy of the resulting scores.

Summative Posttest

The various forms of the summative posttest were
administered for the purpose of assessing the achievement
of students relative to the eight performance objectives
specified in their instructional packet. In the mastery
learning group, the summative posttest was administered to
a student during the mathematics class immediately subsequent
to his successful completion of Formative Trial Test II and
the necessary learning correctives (if any were prescribed).
In the control group, the summative posttest was administered
to a student during the mathematics class immediately subse-
quent to his successful completion of all the assignments
which corresponded to performance objectives 1 through 8.

The assignment of the various forms of the summative
posttest to given students was made in sequential order
(that is, Form I through Form VI). The actual administration

of the summative posttest was conducted in a regular-sized
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classroom designated as the "testing room" and was supervised
by paraprofessionals. As mentioned earlier, each form of the
summative posttest consisted of 25 test items; hence, raw
data which resulted from the scoring of each test had a
possible range extending from 0 to 25. For the purposes of
this study, only the actual raw scores were considered; no
attempt was made by the researcher to assign grades to the

students, although this was done by the regular teacher.

Assessment of Perseverance

The instrument labeled Assessment of Perseverance was
intended to measure the amount of time a student would be
willing to spend actively engaged with a difficult learning
task. Each‘student in the sample was administered this
instrument during the mathematics class immediately subse-
quent to his completion of the summative posttest.

In each instance the purpose of the exercise as
explained on the cover page and the directions as stated
at the top of the second page (see Appendix H) were read to
the student prior to his actual commencement of work on the
learning task. Due to the obvious role played by the instruc-
tional material and test item in terms of introducing the
student to a forthcoming topic, no mention was made relative
to the researcher's ultimate purpose behind the administra-
tion of this instrument. Furthermore, no questions were
posed by any of the students relative to the title "Assess-
ment of Perseverance." Though not included in the instrument

ERIC
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itself, directions were given to each student relative to
the fact that his performance on the test item would not be
used for grading purposes.

The act of administering the Assessment of Perseverance
was conducted by the researcher himself. The actual type of
data obtained was in terms of the total number of minutes
and seconds spent by each student (as measured by a stopwatch)
while engaged with the instructional material and the test
item. The time devoted to the reading of the statement of
purpose and the directions was not included. Due to the
staggered fashion in which the students completed their
summative posttest, this aspect of the study never involved

a group of more than iive students per class session.

Tabulation of Classes Spent

For the duration of the study, an accurate account was
maintained of the total number of instructional periods in
algebra attended by each student while completing the desig-
nated unit of instruction. This record was amassed by way
of a simple attendance check on those students who were
involved with part one cof Learning Sequence 332 at a given
time. Excluded from this tabulation were the two class
sessions devoted by each student to the completion of the
summative posttest and the Assessment of Perseverance.
Included in this tabulation, though, were the number of
class sessions spent by each member of the mastery learning

group in completing the two formative trial tests.
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Appendix I includes the form entitled "Record of Classes
Spent by Student" that was used in the study; Appendix J
encompasses the form labeled "Record of Student Activity and
Performance" that served as a summarization sheet for all
pertinent data collected during the duration of the investi-

gation.

Research Design

The experimental design employed in the implementation
of this study can be characterized as a logical extension
and concurrent replication of the Posttest-Only Control Group
Design presented by Campbell & Stanley (1963). A symbolic

representation of the design used in this study follows:

R E 0]
HAb

R C O

R © B 0]
AAb

R C 0]

R E 0o
LAb

R C O

The HAb, AAb, and LAb symbolize the high-, average-, and low-
ability levels into which the initial sample of 169 students
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was divided. The E and the C represent the experimental
(mastery learning) group and the control group, respectively.
The R's in the second column indicate the random assignment
of students in each ability level to the two treatments.
Finally, the O's in the fourth column denote the observed
measures for each group relative to the summative posttest,
the Assessment of Perseverance, and the tabulation of classes
spent.

The crossing of the three levels of ability to under-
stand instruction with the two levels of treatment resulted
in a 3 X 2 fixed-effects factorial design. This factorial
design, therefore, made possible the investigation of the
interaction between ability to understand instruction and
quality of instruction relative to the three dependent
variables.

As might be inferred from the illustration and discus-
sion of the design immediately above, a basic assumption of
the study was the contention that any observed differences
between the mastery learning group and the control group
relative to the dependent variables were a result of the
differences in the quality of instruction of each treatment.
Hence, it was assumed that the remaining variables of the
model, aptitude, ability to understand instruction, oppor-
tunity, and perseverance (when not used as a dependent
variable), did not differ between the two groups and, hence,
were not responsible for any significant differences between

the two treatments relative to degree of learning. When
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perseverance (classes spent in completing the designated
unit of instruction and minutes of active engagement on a
difficult learning task) was investigated as a dependent
variable, it was hypothesized to differ significantly between
groups due to the differences in the quality of instruction
of each group. 1In effect, then, the essence of this entire
paragraph is a restatement of the law of the single variable
or the method of difference as defined by Mill (1873).
Table 7 provides a summary of the various bases used to

substantiate the aforementioned assumptions.

Data Analysis Procedures

Statistical techniques that were employed to analyze
the data in this study included the following: two-way
fixed-effects analysis of variance (unweighted means), two-
way fixed-effects analysis of covariance (unweighted means),
Pearson product-moment correlation coefficient, partial
correlation coefficient, and Fisher's Z-transformation of r.
Furthermore, the Scheffe test for multiple comparisons was
used to investigate significant main effects of ability to
understand instruction. Also, post hoc comparisons for
interaction as developed by Marascuilo & Levin (1970) were
utilized to explore significant interaction effects of
ability to understand instruction with guality of instruction.

The correspondence between the various statistical
procedures just cited and the research hypotheses to which
they were applied was as follows: two-way fixed-effects
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analysis of variance (unweighted means)--research hypotheses
1, 2, 7, 8, 11, and 12; two-way fixed-effects analysis of
covariance (unweighted means)~-research hypotheses 4, 5, 14,
and 15; Pearson product-moment correlation coefficient--
research hypotheses 3, 9, 10, 13, and 17; partial correlation
coefficient--research hypotheses 6 and 16; Fisher's 2-
transformation of r--research hypotheses 3, 6, 9, 10, 13, 16,
and 17; Scheffé's test for multiple comparisons--research
hypotheses 1 and 4; Marascuilo & Levin's (1970} post hoc
comparisons for interaction--research hypotheses 2 and 5. The
testing of the null form of each of the research hypotheses
was conducted at the .05 level of significance.

Consideration was given to the basic assumptions under-
lying analysis of variance: (a) additive nature of the
component contributions to the total variance:; (b) random
sampling to ensure independent observations within groups;

(c) normally distributed population values within groups; and
(d) homogeneity of variances within groups. According to
Glass, Peckham, & Sanders (1972), whether or not the addi-
tivity assumption is violated should be of little concern to
the researcher. With respect to the second assumption, the
randomization and the design used in this study served as an
appropriate safeguard. Concerning the third and fourth
assumptions, reliance was placed upon the contention made by
Dayton (1970) that ", . . analysis of variance is virtually
unaffected by violations of normality and homogeneity of

variance if the samples entering into the analysis are of

the same, or approximately the same, size (p. 35)."
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Attention was devoted also to the basic assumptions
underlying analysis of covariance: (a) randomization,

(k) normality, (c) homogeneity of variances, (d) homogeneity
of regression, (e) linearity, (£f) covariate measured without
error, and (g) covariate independent of treatment. As was
the case with analysis of variance, the assumption of random
sampling to ensure independent observations was met by virtue
of the randomization and the design used in this study. With
respect to the assumptions of normality and homogeneity of
variances, Cochran (1957) and Winer (1962) have indicated
that the robustness of analysis of variance to violations of
these two assumptions extend into analysis of covariance.
Concerning the assumption of homogeneity of regression,

Glass et al. (1972) contended that ". . . it appears that

one is not very likely to make Type I errors due to hetero-
geneity of regression slopes alone (p. 277)." Regarding the
necessity for a linear relationship between the dependent
variable and the covariate, scatter piots for each treatment
group gave evidence that this assumption was met.

The analysis of covariance assumptions which demand
that the covariate be measured without error and that the
covariate be independent of treatment necessitate a special
discussion. Concerning the former assumption, the variables
classes spent and degree of learning were used as covariates.
The measurement of classes spent involved simply the review
of student atteﬁdance records and the tabulation of the number

of pertinent instructional periods attended. Obviously, the
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accuracy of this type of measurement is easily corroborated
by an independent observer. With respect to the measurement
of degree of learning, both forms of the summative posttest
gave evidence of acceptable parallel forms and internal
consistency reliability coefficients.

Regarding the rationale behind the assumption that the
covariate is independent of treatment, Elashoff (1969) made
the following observation: "When the covariate . . . is
affected by the treatment, the regression adjustments may
remove part of the treatment effect or produce a spuriocus
treatment effect (p. 388)." This assumption was not met
relative to either classes spent or degree of learning.
However, though admittedly unorthodox, it is the contention
of this researcher that the dependence of the two covariates
upon treatment did not render the use of analysis of covari-
ance inappropriate-but rather served to accommodate a specific
type of investigation undertaken in this study. 1In order to
illustrate this point, a description follows of the objective
underlying the designation of degree of learning as a covari-
ate when perseverance was investigated as a dependent variable:
The third assumption pertinent to this study as specified in
Chapter 1 demonstrated the indirect influence of treatment
upon perseverance by asserting that a high quality of instruc-
tion implies a high degree of leérning which in turn implies
a large amount of perseverance. If one is interested in
investigating the direct impact of treatment upon persever-

ance with the intermediate step involving degree of learning
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removed, then the situation described earlier by Elashoff
is exactly what is needed. Hence, the removal of thét part
of the treatment related to degree of learning was desirable
in order to assess the direct effect of treatment (though
modified) upon perseverance. The justification behind the
use of analysis of covariance to investigate degree of
learning as a dependent variable with classes spent as the

covariate followed the same argument as that just cited.

Limitations

The various limitations inherent in this study included
the following:

1. The reactive effects of experimental procedures
upon students represented a threat to the external validity
of the study. More specifically, the formative trial tests
and the learning correctives to which the mastery learning
group was subjected served to emphasize to those students
the distinctive treatment received by them. Although the
members of both groups were integrated in all three of the
class periods designated in this study, it is safe to assume
that the students in the mastery learning group were eminently
aware of the special tests and materials prepared for then.
Hence, it is feasible that their reactions to the various
learning tasks were not only a result of the treatment per se
but also a consequence of their having been singled out for
special attention.

2. Due to the relatively long duration of the investi-

Q gation--September 24, 1973 to December 7, 1973--that threat
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to the internal validity of the study known as contempcrary
history was present. Although the number of classes spent
by the various students in completing the designated work
ranged only from 2 to 28, the staggered manner in which the
students entered the study resulted in the collection of
dependent-variable data in an equally staggered fashion.

For example, some students completed their summative post-
test and Assessment of Perseverance in the last week of
September while others did not complete the same exercises
until the first week of December. It is suggested, then,
that the vast discrepancies among students relative to the
actual time at which their dependent-variable measures were
made might very well have contributed to performances which
were either hampered or enhanced by specific events.

3. A total of 28 students were lost to the study as a
result of experimental mortality. This threat to the internal
validity of the investigation is especially important when
one considers the fact that 21 of the 28 students that were
eliminated from the study had been assigned previously to
the mastery learning group. Certainly the retention of these
students in the mastery learning group would have contributed
to a more accurate assessment of the impact of a mastery
learning treatment upon the designated dependent variables.

4, As alluded to earlier, the dependent variable
designated as classes spent is only a rough approximation of
the variable identified by Carroll as perseverance. Quite

obviously, mere attendance during a particular class period
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was not necessarily indicative of time actively spent on a
learning task. Hence, the data collected on this extremely
rough measure of perseverance should be interpreted accord-
ingly.

5. The Assessment of Perseverance instrument always
was administered during a given class session to either a
single individual or a group not in excess of five students.
A measurements limitation of this study relative to perse-
verance as a dependent variable encompassed the fact that
students who were tested individually were not subjected to
the peer-group influence which was a part of those situations
in which a collection of two to five students were involved.
In this latter instance, it is assumed that the extent of
perseverance by any given student or combination of students
served to contribute to the extent of perseverance displayed
by the remaining students. Restrictions in terms of the
availability of testing areas and time precluded the constant
provision of an individual, one-on-one situation for assessing

the perseverance of students.




CHAPTER 4

Presentation and Discussion of the Findings

Presentation of the Findings

That aspect of the research design which involved the
crossing of the three ability levels with the two treatment
levels was intended to reduce the experimental error involved
in testing for the main effects of treatment and the inter-
action effects of ability to understand instruction and
quality of instructibn relative to the three dependent vari-
ables. Though not hypothesized in this study, significant
main effects of ability to understand instruction relative‘
to the three dependent variables were expeéted due to the
relationship between each of the three dependent variables

and ability to understand instruction.

Hypotheses Related to Degree of Learning

Preface to hypotheses 1 through 3. Table 8 presents

the cell summary for the unweighted means analysis of
variance of achievement scores for both treatment groups
crossed with the three ability levels. The row or ability
level means were 17.77, 14.47, and 13.26 for the high-,
average-, and low-ability levels, respectively. Table 9
presents the summary table for the unweighted means analysis
of variance of achievement scores for both treatment groups

crossed with the three ability levels. The F ratio for the
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TABLE 8

Cell Summary for Unweighted Means Analysis of Variance
of Achievement Scores for Mastery Learning
and Control Groups Crossed With
Three Ability Levels

Factor A: Factor B:
Ability Treatments
MLG CG Rows
n Mean n Mean n Mean
High 27 20.37 33 15.64 60 17.77
Average 26 17.73 33 11.91 59 14.47
Low 11 18.00 11 8.73 22 13.36

Columns €4 18.89 77 13.05
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Unweighted Means Analysis of Variance of Achievement
Scores for Mastery Learning and Control Groups
Crossed With Three Ability Levels

Degrees Sum
of ' ‘of Mean

Source of Variance Freedom Squares Squares F
Ability Levels 2 425.04 212.52 12.42%%*
Treatments 1 1236.67 1236.67 72.27%%
Ability Levels X

Treatments 2 105.98 52.99 3.10%*
Error 135 2309.96 17.11
Total 140 4077.64

*Significant at the
**Significant at the

.05 level.
.001 level.
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main effects of ability to understand instruction equaled
12.42 and was significant at the .001 level.

Table 10 presents the Scheffe method of multiple
comparisons as applied to the achievement scores for the
thrce ability levels. The contrast between the high-ability
and average-ability levels and the contrast between the
high-ability and low-ability levels were both significant
at the .001 level. Based upon the comparisons among the
row or ability level means cited earlier, this significant
finding favored the high-ability level. The contrast between
the average-ability and low-ability levels, however, was not
of a significant nature. Hence, significant findings perti-
nent to two of the three possible contrasts involving ability
levels resulted.

Hypothesis 1. The first question to which an answer

was sought in this study asked how quality of instruction
would affect degree of learning in a setting of unlimited
opportunity. Research hypothesis 1 predicted that there
would be a significant difference between the mastery learn-
ing group and the control group relative to degree of learn-
ing. More specifically, it was predicted that the mastery
learning group would attain a significantly greater degree
of learning than would the control group. Stated in null
form, this hypothesis can be represented as follows:

Hol: MAcMLG - MAcCG = 0

where MACyIG and MACHq equal the mean achievement scores on
a summative posttest for the mastery learning group and the
O 1trol group, respectively.
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As presented in Table 8, the column or treatment means
were 18.89 for the mastery learning group and 13.05 for the
control group. According to Table 9, the F ratio for the
main effects of treatment equaled 72.27; hence, the null
hypothesis was rejected at the .001 level of siyunificance.
As evidenced by the aforementioned comparison between column
or treatment means, the prediction of the experimental conse-
quence which accompanied research hypothesis 1 was accurate

in that MACMT G > MACHq -

Hypothesis 2. The second question to which an answer

was sought in this study asked what the interaction would be
between ability to understand instruction and quality of
instruction relative to degree of learning in a setting of
unlimited opportunity. Research hypothesis 2 predicted that
there would be a significant ordinal interaction between
ability to understand instruction and quality of instruction
relative to degree of learning. More specifically, it was
predicted that as students decrease in ability to understand
instruction, their degree of learning would decrease in both
the mastery learning group and the control group; however,
the extent of decrease would be significantly greater in the
control group than in the mastery learning group. Stated in
null form, this hypothesis can be represented as follows:
Ho2: MACM1g,1ap ~ MACcg,1ab = MACuig,aab ~ MACcg,aab =
) MACM1G,Hab ~ MACcG,uab
where MACMLG,LAb ' MACMLG,AAb , and MACMLG,HAb equal the mean

achievement scores on a summative posttest for the mastery
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learning group which is divided into low-, average-, and
high-ability levels, respectively, and MACCG,LAb ' MACCG,AAb '

and MAc equal the mean achievement scores on a summative

CG,HADb
posttest for the control group which is divided into low-,
average-, and high-ability lewvcls, respectively.

As indicated in Table 9, the F ratio for the interaction
effects of ability to understand instruction and treatment
equaled 3.10; hence, the null hypothesis was rejected at the
.05 level of significance. Figure 6 illustratés the graph
of the significant ordinal interaction found between ability
to understand instruction and quality of instruction relative
to achievement scores.

For the purpose of ensuring an accurate description of
the combination of cells which contributed to the significant
ordinal interaction, Table 1l presents the post hoc compari-
sons of the differences between the differences in cell means.
As can be seen from this table, the tetrad difference involv-
ing the high- and low-ability levels was significant at the
.05 level. The four cells involved in this particular tetrad
difference, therefore, combined to effect the significant
ordinal interaction between ability to understand instruction
and quality of instruction. The tetrad differences involving
the high- and average-ability levels, as well as the average-
and low-ability levels, were not of a significant nature and,
hence, did not encompass cells which contributed to the

significant ordinal interaction. The prediction of the experi-

mental consequence which accompanied research hypothesis 2,
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Fig. 6. Illustration of the significant ordinal
interaction found between ability to understand instruction
and quality of instruction relative to achievement scores.
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though, was accurate in that MACMLG,LAb - MACCG,LAb >

Mac >

MACeG, aab » MACHrG, HAD

MLG, AAb MACHG, HAD®

Hypothesis 3. The third question to which an answer

was sought in this study asked what the correlation would be
between degree of learning and ability to understand instruc-
tion in a setting of unlimited opportunity while under a

high quality of instruction or a low quality of instruction.
Research hypothesis 3 predicted that there would be a signifi-
cant difference between the mastery learning group and the
control group relative to the correlation between degree of
learning and ability to understand instruction. More specifi-
cally, it was predicted that the correlation between degree

of learning and ability to understand instruction would not
deviate significantly from zero in the mastery learning group
but would be significantly positive in the control group,

and these correlations would differ significantly froﬁ each
other. Stated in null form, this hypothesis can be repre-

sented as follows:

HO3: l- rACAb,MLG = O
2. Tpeab,cg = O
3.

Yacab,cG ~ Facab,mrg ~ O
where L achAb, MLG and T achb,CG equal the correlations between
achievement scores on a summative posttest and ability for
the mastery learning group and the control group, respec-
tively.

Table 12 presents the coefficients of correlation
between achievement scores and intelligence quotient scores

ERIC
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as well as the standard deviations for both treatment groups.
The correlation coefficient for the mastery learning group
equaled .29 and was significant at the .025 level; hence, the
first part of the null hypothesis was rejected. Contrary to
the prediction of the first experimental consequence which
accompanied research hypothesis 3, it was found that
* AcAb,MLG X 0-

The correlation coefficient for the control group
equaled .48 and was significant at the .01 level; hence, the
second part of the null hypothesis was rejected. This finding
was in accordance with the prediction of the second experi-
mental consequence which accompanied research hypothesis 3 in
that rp.an,cq > 0.

Table 13 presents the test for a significant difference
between treatment groups relative to the coefficients of
correlation between achievement scores and intelligence guo-
tient scores. Fisher's Z-transformation of the correlation
coefficients .29 and .48 produced Z.'s of .30 and .52 for the
mastery learning group and the control group, respectively.
The resulting Z equaled 1.27 and was not significant; hence,
the third part of the null hypothesis was not rejected. The
prediction of the third experimental consequence which accom-
panied research hypothesis 3 was contradicted in that
racAb,CG ~ FAcab,MLG # 0 failed to occur at a significant
level.

Preface to hypotheses 4 through 6. Table 14 presents

the cell summary for the unweighted means analysis of covari-

ance of achievement scores (with number of classes spent as
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TABLE 12

Coefficients of Correlation Between Achievement Scores
and Intelligence Quotient Scores for Mastery
Learning and Control Groups

Intelligence
Achievement Quotient
r S. D.'s S. D.'s N
MLG CG MLG CG MLG CG MLG CG
. 29%* LA8%* 3.93 5.01 11.35 11.85 64 77

*Significant at the .025 level.
**Significant at the .0l level.
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TABLE 13

Test for Significant Difference Between Mastery Learning
and Control Groups Relative to Coefficients of
Correlation Between Achievement Scores
and Intelligence Quotient Scores

Zy S. E. of
MLG CG MLG CG Diff. Z, Diff.

Nl

.29 .48 .30 .52 .22 .17 1.27
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the covariate) for both treatment groups crossed with the
three ability levels. The adjusted row or ability level
means were 17.76, 14.49, and 13.33 for the high-, average-,
and low-ability levels, respectively. Table 15 presents the
summary table for the unweighted means analysis of covariance
of achievement scores (with number of classes spent as the
covariate) for both treatment groups crossed with the three
ability levels. The F ratio for the main effects of ability
to understand instruction equaled 13.31 and was significant
at the .00l level.

Table 16 presents the Scheffe method of multiple
comparisons as applied to the achievement scoﬁés (adjusted
for differences in number 0f classes spent) fof.ﬁhe three
ability levels. The contrast between the highfability and
average-ability levels and the contrast.between_tﬂe high-
ability and low-ability levels were both significant at the
.001 level. Based upon the comparisons among the adjusted
row or ability level means cited earlier, this significant
finding favored the high-ability level. The contrast between
the average-ability and low-ability levels, however, was not-
of a significant nature. Hence, significant findings perti-
nent to two of the three possible contrasts involving ability
levels resulted.

Hypothesis 4. The fourth question to which an answer

was sought in this study asked how quality of instruction
would affect degree of learning in a setting of unlimited

opportunity with the effects due to a rough estimate of
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TABLE 15

Unweighted Means Analysis of Covariance of Achievement
Scores (With Number of Classes Spent As the
Covariate) for Mastery Learning and
Control Groups Crossed With
Three Ability Levels

Degrees Sum
of of Mean

Source of Variance Freedom Squares Squares F
Ability Levels 2 437.01 218.51 13.31*%*
Treatments 1 1256.87 1256.87 70.58%*%
Ability Levels X

Treatments 2 101.45 50.72 3.09%*
Error 134 2199,29 16.41
Total 139 3994.62

*Significant at the .05 level.

**Significant at the .001 level.
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nerseverance held constant. Research hypothesis 4 predicted
that with adjustments made for differences in classes spent,
there would be a significant difference between the mastery
learning group and the control group relative to degree of
learning. More specifically, it was predicted that with
adjustments made for differences in classes spent, the
mastery learning group would attain a significantly greater
degree of learning than would the control group. Stated in
null form, this hypothesis can be presented as fcllows:

Ho4d : MAc(adj.)MLG - MAc(adj.)CG = 0

where MAc(adj.)MLG and MAc(adj.)CG equal the mean achievement
scores on a summative posttest for the mastery learning group
and the control group, respectively, with adjustments made
for differences in the number of classes spent in completing
a glven unit of instruction.

As presented in Table 14, the adjusted column or treat-
‘ment means were 19.57 for the mastery learning group and
12.49 for the control group. According to Table 15, the F
ratio for the main effects of treatment equaled 76.58; hence,
the null hypothesis was rejected at the .00l level of sig-
nificance. As evidenced by the aforementioned comparison
between column or treatment means, the prediction of the
experimental consequence which accompanied research hypothe-

sis 4 was accurate in that MAc(adj.)MLG > MAc(adj.)CG.

Hypcth

siz 5., The fifth question to which an answer

D

was sougnt in this study asked what the interaction would be

&
between ability to understand instruction and quality of
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instruction relative to degree of learning in a setting of
unlimited opportunity with the effects due to a rough esti-
mate of perseverance held constant. Research hypothesis 5
predicted that with adjustments made for differences in
classes spent, there would be a significant ordinal inter-
action between ability to understand instruction and quality
of instruction relative to degree of learning. More specifi-
cally, it was predicted that with adjustments made for dif-
ferences in classes spent, as students decrease in ability
to understand instruction, their degree of learning would
decrease in both.the mastery learning group and the control
group; however, the extent of decrease would be significantly
greater in the control group than in the mastery learning
group. Stated in null form, this hypothesis can be repre-
sented as follows:

Hob5: MAc(adj‘)MLG,LAb - MAc(adj‘)CG,LAb =
MAc(adj‘)MLG,AAb - MAC(adj')CG,AAb =
MAc (adj.) ypg,gap ~ MAC(adi.) g, map
where MAc(adj‘)MLG,LAb ) MAC(adj')MLG,AAb , and
MAc(adj‘)MLG,HAb equal the mean achlevement scores on a
summative posttest for the mastery learning group which is
divided into low-, average-, and high-ability levels, respec-
tively, with adjustments made for differences in the number
of classes spent in completing a given unit of instruction,
gnd MAC(adj‘)CG,LAb ’ MAc(adj')CG,AAb , and MAC(adj‘)CG,HAb
equal the mean achlevement scores on a summative posttest

for the control group which is divided into low-, average-,
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and high-ability levels, respectively, with adjustmenis made
for differences in the numbher of classes spent in completing
a given unit of instruction.

As indicated in Table 15, the F ratio for the inter-
action effects of ability to understand instruction and
treatment equaled 3.09; hence, the null hypothesis was
rejected at the .05 level of significance. Figure 7 illus-
trates the graph of the significant ordinal interaction found
between ability to understand instruction and quality of
instruction relative to achievement scores with adjustments
made for differences in the number of classes spent.

For the purpose of ensuring an accurate description of
the combination of cells which contributed to the significant
ordinal interaction, Table 17 presents the post hoc compari-
sons of the differences between the differences in cell means.
As can be seen from this table, the tetrad difference involv-
ing the high- and low-ability levels was significant at the
.05 level. The four cells involved in this particular tetrad
difference, therefore, combined to effect the significant
ordinal interaction between ability to understand instruction
and quality of instruction. The tetrad differences involving
the high~ and average-ability levels, as well as the average-
and low-ability levels, were not of a significant nature and,
hence, did not encompass cells which contributed to the
significant ordinal interaction. The prediction of the experi-

mental consequence which accompanied research hypothesis 5,
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Fig. 7. Illustration of the significant ordinal
interaction found between ability to understand instruction
and quality of instruction relative to achievement scores
with adjustments made for differences in the number of
classes spent.
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though, was accurate in that MAC(adj')MLG,LAb - MAC(adj-)CG,LAb >
MAc(adj')MLG,AAb - MAc(adj‘)CG,AAb > MAC(adj-)MLg,HAb -
MAc(adj')CG,HAb'

Hypothesis 6. The sixth guestion to which an answer

was sought in this study asked what the correlation would be
between degree of learning and ability to understand instruc-
tion in a setting of unlimited opportunity while under a high
quality of instruction or a low quality of instruction with
the effects due to a rough estimate of perseverance held
constant. Research hypothesis 6 predicted that with the
effects due to classes spent partialed out, there would be
a significant difference between the mastery learning group
and the control group relative to thé correlation between
degree of learning and ability to understand instruction.
More specifically, it was predicted that with the effects due
to classes spent partialed out, the correlation between degree
of learning and ability to understand instruction would not
deviate significantly from zero in the mastery learning group
but would be significantly positive in the control group, and
these correlations would differ significantly from each other.
Stated in null form, this hypothesis can be represented as
follows:
HO6: 1. rpoap og,mic = ©

2+ Tacab.cs,cg - O

3+ Tacab.cs,cG " FacAb.cs,mig - O
where L acAb.CS,MLG and YAcAb.CS, CG equal the partial corre-

lations between achievement scores on a summative posttest
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and ability with adjustments made for differences in the
number of classes spent in completing a given unit of instruc-
tion for the mastery learning group and the control group,
respectively.

Table 18 presents the coefficients of partial correla-
tion between achievement scores and intelligence quotient
scores (with the effects due to the number of classes épent
partialed out) as well as the standard deviations for both
treatment groups. The partial correlation coefficient for
the mastery learning group equaled .29 and was significant
at the .025 level; hence, the first part of the null hypothe-
sis was rejected. Contrary to the prediction of the first
experimental consequence which accompanied research hypothe-
sis 6, it was found that rAcAb.CS,MLGcw 0.

The partial correlation coefficient for the control
group equaled .50 and was significant at the .01 level;
hence, the second part of the null hypothesis was rejected.
This finding was in accordance with the prediction of the
second experimental consequence which accompanied research
hypothesis 6 in that X acAb.CS,CG > 0.

Table 19 presents the test for a significant difference
between treatment groups relative to the coefficients of par-
tial correlation between achievement scores and intelligence
quotient scores with the effects due to the number of classes
spent partialed out. Fisher's Z-~transformation of the par-
tial correlation coefficients .29 and .50 produced Z,.'s of .30

and .55 for the mastery learning group and the control group,
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TABLE 19

Test for Significant Difference Between Mastery Learning
and Control Groups Relative to Coefficients of Partial
Correlation Between Achievement Scores and
Intelligence Quotient Scores With Effects
Due to Number of Classes Spent
Partialed Out

Zy S. E. of
MIG CG MLG CG Diff. Zr Diff.

NI

.29 .50 .30 .55 .25 .17 1.45
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respectively. The resulting z equaled 1.45 and was not
significant; hence, the third part of the null hypothesis
was not rejected. The prediction of the third experimental
consequence which accompanied research hypothesis 6 was
contradicted in that LacAb.CS,CG ~ TAcAb.CS,MLG # 0 failed

to occur at a significant level.

Hypotheses Related to Classes Spent

Preface to hypotheses 7 through 10. Table 20 presents

the cell summary for the unweighted means analysis of vari-
ance of the number of classes spent by both treatment groups
crossed with the three ability levels. The row or ability
level means were 12.40, 12.51, and 12.23 for the high-,
average-, and low-ability levels, respectively. Table 21
presents the summary table for the unweighted means analysis
of variance of the number‘of classes spent by both treatment
groups crossed with three ability levels. The F ratio for
the main effects of ability to understand instruction equaled
.19 and was not significant. Hence, it was assumed that the
failure to obtain significant differences among the three
ability levels would serve to preclude the discovery of a
significant ordinal interaction between ability to understand
instruction ‘and quality of instruction relative to classes
spent as predicted in research hypothesis 8.

Hypothesis 7. The seventh question to which an answer

was sought in this study asked how quality of instruction
would affect a rough estimate of perseverance in a setting

of unlimited opportunity. Research hypothesis 7 predicted
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TABLE 20

Cell Summary for Unweighted Means Analysis of Variance
of Number of Classes Spent by Mastery Learning
and Control Groups Crossed With
Three Ability Levels

Factor A: Factor B:
Ability Treatments
MLG CG Rows
n Mean n Mean n Mean
High 27 16.33 33 9.18 60 12.40
Average 26 16.92 33 39.03 59 12.51
Low 11 15.64 11 8.82 22 12.23

- ———— . ———— ———— —— " —————————————— — — i ———————— - T T o —— Y ————— ——— —
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TABLE 21

Unweighted Means Analysis of Variance of Number
of Classes Spent by Mastery Learning and
Control Groups Crossed With
Three Ability Levels

Degrees Sum
of of Mean

Source of Variance Freedom Squares Squares F
Ability Levels 2 11.21 5.60 .19
Treatments 1 1503.41 1503.41 51.38%
Ability Levels X

Treatments 2 5.71 2.86 .10
Error 135 3949.91 29.26
Total 140 5470.23

*Significant at the .001 level.
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that there would be a significant difference between the
mastery learning group and the control group relative to
classes spent. More specifically, it was predicted that the
mastery learning group would spend a significantly greater
number of classes than would the control group. Stated in
null form, this hypothesis can be represented as follows:

Ho7: MCS - MCSCG =0

MLG

where MCS and MCS(q equal the mean number of classes spent

MLG
by the mastery learning group and the control group, respec-
tively, in completing a given unit of instruction.

As presented in Table 20, the column or treatment means
were 16.45 for the mastery learning group and 9.06 for the
control group. According to Table 21, the F ratio for the
main effects of treatment equaled 51.38; hence, the null
hypbthesis was rejected at the .00l level of significance.

As evidenced by the aforementioned comparison between the
column or treatment means, the prediction of the experimental

consequence which accompanied research hypothesis 7 was

accurate in that MCSp1g > MCSCG.

Hypothesis 8. The eighth question to which an answer

was sought in this study asked what the interaction would be
between ability to understand instruction and quality of
instruction relative to a rough estimate of perseverance in
a setting of unlimited opportunity. Research hypothesis 8
predicted that there would be a significant ordinal inter-
action between ability to understand instruction and guality

of instruction relative to classes spent. More specifically,
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it was predicted that as students decrease in ability to
understand instruction, the number of classes spent would
increase in the mastery learning group but would decrease in
the control group. Stated in null form, this hypothesis can

be represented as follows:

Ho8: MCSMLG,LAb - MCSCG,LAb = MCSMLG,AAb - MCSCG,AAb =
MCSurG,Hab ~ MCScg,nab-

where MCSyrc 1ap + MCSyrg aap » and MCSMLG:HAb equal the
mean number of classes spent in completing a given unit of
instruction by the mastery learning gréup which is divided
into low-, average-, and high-ability lewvels, respectively,
and MCSCG,LAb ' MCSCG,AAb , and MCSCG,HAb equal the mean
number of classes spent in completing a given unit of instruc-
tion by the control group which is divided into low-, average-,
and high-ability levels, respectively.

As indicated in Table 21, the F ratio for the inter-
action effects of ability to understand instruction and treat-
ment equaled .10 and was not significant; hence, the null
hypothesis was not rejected. Figure 8 illustrates the graph
of the nonsignificant ordinal interaction discovered between
ability to understand instruction and quality of instruction
relative to the number of classes spent. Though not to a
significant extent, the prediction of the experimental conse-

guence which accompanied research hypothesis 8 was contra-

dicted in that MCSy1G,aab ~ MCScq, aab > MCSyrG,Hab ~ MCScg,map >

MCSwrc, Lap ~ MCScg, Lab-
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Fig. 8. Lllustration of the nonsignificant ordinal
interaction found between ability to understand instruction
and quality of instruction relative to the number of classes
spent.
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Hypothesis 9. The ninth question to which an answer

was sought in this study asked what the correlation would be
between a rough estimate of perseverance and ability to
understand instruction in a setting of unlimited opportunity
while under a high quality of instruction or a low quality

of instruction. Research hypothesis 9 predicted that there
would be a significant difference between the mastery learning
group and the control group relative to the correlation between
classes spent and ability to understand instruction. More
specifically, it was predicted that the correlation between
classes spent and ability to understand instruction would be
significantly negative in the mastery learning group but
significantly positive in the control group, ana these
correlations would differ significantly from each other.

Stated in null form, this hypothesis can be represented as

follows:
1'109: l. rCSAb,MLG = O
2. Tegap,ce = O
3.

Yecsab,cG T Fesab,mrc = O

whera fosab, MLG and Lesab, CG equal the correlations between
number of classes spent in completing a given unit of instruc-
tion and ability for the mastery learning group and the
control group, respectively.

Table 22 presents the coefficients of correlation
between the number of classes spent and intelligence quotient
scores as well as the standard deviations Ffor both treatment
groups. The correlation coefficient for the mastery learning

O group equaled -.004 and was not significant; hence, the first
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TABLE 22

Coefficients of Correlation Between Number of Classes
Spent and Intelligence Quotient Scores for
Mastery Learning and Control Groups

Classes Intelligence
Spent Quotient
r S. D.'s S. D.'s N
MLG cG MLG CG MLG CG MLG CG
-.004 .C4 5.49 5.21 11.35 11.85 64 77
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part of the null hypothesis was not rejected. Even though
the direction of this correlation was negative, the predic-
tion of the first experimental consequence which accompanied
research hypothesis 9 was contradicted in that rcSAb, MLG <0
failed to occur at a significant level.

The correlation coefficient for the control group
equaled .04 and was not significant; hence, the second part
of the null hypothesis was not rejected. Even though the
direction of cthis correlation was positive, the prediction
of the second experimental consequence which accompanied
research hypothesis 9 was contradicted in that r'cSab,CG >0
failed to occur at a significant level.

Table 23 presents the test for a significant difference
between treatment groups relative to coefficients of corre-
lation between the number of classes spent and intelligence
quotient scores. Fisher's Z-transformation of the correlation
coefficients -.004 and .04 produced Z,'s of -.004 and .04 for
the mastery learning group and the control group, respectively.
The resulting Z equaled .24 and was not significant; hence,
the third part of the null hypothesis was not rejected. The
prediction of the third experimental consequence which accom-
panied research hypothesis 9 was contradicted in that
Legab,cG ~ Yesab, MLG # 0 failed to occur at a significant
level.

Hypothesis 10. The tenth question to which an answer

was sought in this study asked what the correlation would be

between degree of learning and a rough estimate of perseverance



TABLE 23

Test for Significant Difference Between Mastery Learning
and Control Groups Relative to Coefficients of
Correlation Between Number of Classes Spent
and Intelligence Quotient Scores

138

Z S. E. of
MLG cG MLG cG Diff. 2, Diff.

-.004 .04 -.004 .04 .04 .17

.24
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in a setting of unlimited opportunity while under a high
guality of instruction or a low quality of instruction.
Research hypothesis 10 predicted that there would be a
significant difference between the mastery learning group
and the control group relative to the correlation between
degree of learning and classes spent. More specifically, it
was predicted that the correlation between degree of learning
and classes spent would be significantly negative in the
mastery learning group but significantly positive in the
control group, and these correlations would differ signifi-
cantly from each other. Stated in null form, this hypothesis
can be represented as follows:

0

HolG: 1. rAcCS,MLG =

2. Tpecs,ce = O

faccs,cG ~ Faccs,mig ~ O
where rreCS, MLG and L AcCS, CG equal the correlatinns between
achievement scores on a summative posttest and number of
classes spent in completing a given unit of instruction for
the mastery learning group and the control group, respectively.
Table 24 presents the coefficients of correlation
between achievement scores and the number of classes spent
as well as the cstandard deviations for both treatment groups.
The correlation coefficient for the mastery learning group
equaled -.16 and was not significant; hence, the first part
of the null hypothesis was not rejected. Even though the
direction of this correlation was negative, the prediction
of the first experimental consequence which accompanied

ERIC
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TABLE 24

Coefficients of Correlation Between Achievement Scores
and Number of Classes Spent for Mastery
Learning and Control Groups

Classes
Achievement Spent
r S. D.'s S. D.'s N
MLG CG MLG CG MLG CG - MLG CG

-.16 -.22 3.93 5.01 5.49 5.21 64 77
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research hypothesis 10 was contradicted in that LacCS, MLG <o
failed to occur at a significant level.

The correlation coefficient for the contrel group
equaled -.22 and was not significant; hence, the second part
of the null hypothesis was not rejected. The prediction of
the second experimental consequence which accompanied research
hypothesis 10 was contradicted in that LpcCs, CG < 0, though
not to a significant extent.

Table 25 presents the test for a significant difference
between treatment groups relative to coefficients of corre-
lation between achievement scores and the number of classes
spent. Fisher's Z-transformation of the correlation coeffi-
cients ~.16 and -.22 produced Z 's of -.16 and -.22 for the
mastery learning group and the control group, respectively.
The resulting z equaled .35 and was not significant; hence,
the third part of the null hypothesis was not rejected. The
prediction of the third experimental consequence which accom-
panied research hypothesis 10 was contradicted in that
Laccs,cG - TAcCS,MLG # 0 failed to occur at a significant

level.

Hypotheses Related to Perseverance

Preface to hypotheses 11 through 13. Table 26 presents

the cell summary for the unweighted means analysis of vari-
ance of the number of minutes spent in persevering by both
treatment groups crossed with the three ability levels. The
row or ability level means were 8.96, 9.40, and 9.14 for the

high-, average-, and low-ability levels, respectively.



TABLE 25

Test for Significant Difference Between Mastery Learning
and Control Groups Relative to Coefficients of
Correlation Between Achiievement 3cores and
Number of Classes Spent

142

r Zr
Zy S. E. of
MLG CG MLG CG Diff. 2, Diff. Z
-.16 -.22 ~-+l6 -.22 .06 .17 .35
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TABLE 26

Cell Summary for Unweighted Means Analysis of Variance
of Number of Minutes Spent in Persevering by
Mastery Learning and Control Groups
Crossed With Three Ability Levels

Factor A: Factor B:
Ability Treatments
MILG CG Rows
n Mean n Mean n Mean
High 27 8.26 33 9.53 60 B.96
Average 26 10.29 33 8.70 59 9.40
Low 11 10.15 11 8.14 22 9.14

- — . " — . — — T\ — — — — - W ———— = oy W . = e " " — — — s ————— " —— ———— —— —— . — -

Columns 64 9.41 77 8.97
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Table 27 presents the summary table for the unweighted means
analysis of variance of the number of minutes spent in perse-
vering by both treatment groups crossed with the three ability
levels. The P ratio for the main effects of ability to
understand instruction equaled .20 and was not significant.
Hence, it was assumed that the failure to obtain significant
differences among the three ability levels would serve to
preclude the discovery of a significant ordinal interaction
between ability to understand instruction and quality of
instruction relative to perseverance as predicted in research
hypothesis 12.

Hypothesis 1ll1. The eleventh question to which an answer

was sought in this study asked how guality of instruction
would affect perseverance in a setting of unlimited oppor-
tunity. Research hypothesis 11 predicted that there would
be a significant difference between the mastery learning group
and the control group relative to perseverance. More specifi-
cally, it was predicted that the mastery learning group would
manifest a significantly greater amount of perseverance than
would the control group. Stated in null form, this hypothesis
can be rej:resented as follows:

Holl: MPMLG - MPCG =0
where MPura and MP~o equal the mean number of minutes spent
by the mastery learning group and the control group, respec-
tively, in persevering on a difficult learning task.

As presented in Table 26, the column or treatment means
were 9.41 for the mastery learning group and 8.97 for the
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TABLE 27

Unweighted Means Analysis of Variance of Number
of Minutes Spent in Persevering by Mastery
Learning and Control Groups Crossed
With Three Ability Levels

Degrees Sum
of of Mean
Source of Variance Freedom Squares Squares F
Ability Levels 2 6.81 3.41 .20
Treatments : 1 17.05 17.05 1.00
Ability Levels X
Treatments 2 59.81 29.90 1.76
Error 13% 2293.36 16.99

Total 140 2377.03
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control group. According to Table 27, the ¥ ratio for the
main effects of treatment egqualed 1.00 and was not signifi-
cant. The prediction of the experimental consequence which
accompanied research hypothesis 11 was contradicted in that

MPMLG > MPCG failed to occur at a significant level.

Hypothesis 12. The twelfth question to which an answer

was sought in this study asked what the interaction would be
between ability to understand instruction and quality of
instruction relative to perseverance in a setting of unlimited
opportunity. Research hypothesis 12 predicted that there
would be a significant ordinal interaction between ability
to understand instruction and quality of instruction relative
to perseverance. More specifically, it was predicted that as
students decrease in ability to understand instruction, the
amount of perseverance manifested would increase in the mas-
tery learning group but would decrease in the ccntrcl group.
Stated in null form, this hypothesis can be represented as
follows:

Hol2: MPyrg,rab ~ MPeg,rab = MPmrc,amb ~— MPeg, aab =

MPyrG,Hab ~ MPeg, HAb-

where MPMLG,LAb , MPMLG,AAb , and MPMLG,HAb equal the mean
number of minutes spent in persevering on a difficult learn-
ing task by the mastery learning group which is divided into
low-, average-, and high-ability levels, respectively, and
MPCG,LAb , MPCG,AAb , and MPCG,HAb equal the mean number of

minutes spent in persevering on a difficult learning task by
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the control group which is divided into low—,‘average-, and
high-ability levels, respectively.

As indicated in Table 27, the F ratio for the inter-
action effects of ability to understand instruction and
treatment equaled 1.76 and was not significant; hence, the
null hypothesis was not rejected. Figure 9 illustrates the
graph of the nonsignificant disordinal interaction discovered
between ability to understand instruction and quality of
instruction relative to the number of minutes spent in perse-
vering. The prediction of the experimental consequence which
accompanied research hypothesis 12 was contradicted in that
MPyrg,Lab ~ MPeg,1ab 2 MPmig,anb - MPog,anb 2 MPmrc,HAb T
MPCG,HAb failed to occur at a significant level and contrib-
uted to a disordinal rather than an ordinal interaction.

Hypothesis 13. The thirteenth guestion to which an

answer was sought in this study asked what the correlation
would be between perseverance and ability to understand
instruction in a setting of unlimited oppcrtunity while under
a high quality of instruction or a low quality of instruction.
Research hypothesis 13 predicted that there would be a sig-
nificant difference between the mastery learning group and the
control group relative to the correlation between perseverance
and ability to understand instruction. More specifically, it
was predicted that the correlation between perseverance and
ability to understand instruction would be significantly
negative in the mastery learning group but significantly posi-

tive in the control group, and these correlations would differ
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Fig. 9. Illustration of the nonsignificant disordinal
interaction found between ability to understand instruction
and quality of instruction relative to the number of minutes
spent in persevering.
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significantly from each other. Stated in null form, this
hypothesis can be represented as follows:

Hol3: 1. =0

Ipab, MLG
2- rPAb,CG = O

Tpab,cG ~ Tpab,mic = O

where I'pab, MLG and 'pab,CG equal the correlations between
number of minutes spent in persevering on a difficult learn-
ing task and ability for the mastery learning group and the
control group, respectively.

Table 28 presents the coefficients of correlation
between the number of minutes spent in persevering and intel-
ligence quotient scores as well as standard deviations for
both treatment groups. The corfelation coefficient for the
mastery learning group equaled -.19 and was not significant;
hence, the first part of the null hypothesis was not rejected.
Even though the direction of this correlation was negative,
the prediction of the first experimental consequence which
accompanied research hypothesis 13 was contradicted in that
Cpap, MLG ¢ 0 failed to occur at a significant level.

The correlation coefficient for the control group
equaled .15 and was not significant; hence, the second part
of the null hypothesis was not rejected. Even though the
direction of this correlation was positive, the prediction
of the second experimental consequence which accompanied
research hypothesis 13 was contradicted in that Lpab, CG >0
failed to occur at a significant level.

Table 29 presents the test for a significant difference

between treatment groups relative to coefficients of
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TABLE 28

Coefficients of Correlation Between Number of Minutes
Spent in Persevering and Intelligence Quotient
Scores for Mastery Learning and
Control Groups

Intelligence

Perseverance Quotient
r S. D.'s S. D.'s N
MLG CG MLG CG MLG CG MLG CG

-.19 .15 4.06 4.19 11.35 11.85 64 77
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correlation between the number of minutes spent in persever-
ing and intelligence guotient scores. Fisher's Z-transforma-
tion of the correlation coefficients -.19 and .15 produced
Z2,'s of -.19 and .15 for the mastery learning group and the
control group, respectively. The resulting Z equaled 1.97:
hence, the third part of the null hypothesis was rejected
at the .05 level of significance. This finding was in

accordance with the prediction of the third experimental

consequence which accompanied research hypothesis 13 in that

Ypab,cG ~ fpap,Mng 7 O-

Preface to hypotheses 14 through 17. Table 30 presents

the cell summary for the unweighted means analysis of covari-
ance of the number of minutes spent in persevering (with
achievement scores as the covariate) for both treatment

groups crossed with the three ability levels. The adjusted
row or ability level means were 8.98, 9.39, and 9.12 for the
high-, average-, and low-ability levels, respectively.

Table 31 presents the summary table for the unweighted means
analysis of covariance of the number of minutes spent in
persevering (with achievement as the covariate) for both
treatment groups crossed with the three ability levels. The

F ratio for the main effects of ability to understand instruc-
tion equaled .17 and was not significant. Hence, it was
assumed that the failure to obtain significant differences
among the three ability levels would serve to preclude the
discovery of a significant ordinal interaction between ability

to understand instruction and quality of instruction relative
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TABLE 29

Test for Significant Difference Between Mastery Learning
and Control Groups Relative to Coefficients of
Correlation Between Number of Minutes
Spent in Persevering and
Intelligence Quotient

Scores
r Zy
Zy S. E. of
MLG CG MLG CG Diff. Z, Diff. Z
-.19 .15 -.19 .15 .34 .17 1.97*

*Significant at the .05 level.
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TABLE 31

Unweighted Means Analysis of Covariance of Number of
Minutes Spent in Persevering (With Achievement
Scores As the Covariate) for Mastery Learning
and Control Groups Crossed With
Three Ability Levels

Degrees Sum

of of Mean
Source of Variance Freedom Squares Squares F
Ability Levels 2 5.96 2.98 .17
Treatments 1 12.95 12.95 .76

Ability Levels X

Treatments 2 59.37 29,69 1.73

Error 134 2293.16 17.11

Total 139 2371.44
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to perseverance (with adjustments made for differences in
degree of learning) as predicted in research hypothesis 15.

Hypothesis 14. The fourteenth question to which an

answer was sought in this study asked how quality of instruc-
tion would affect perseverance in a setting of unlimited
opportunity with the effects due to degree of learning held
constant. Research hypothesis 14 predicted that with adjust-
ments made for differences in degree of learning, there would
be a significant difference between the mastery learning
group and the control group relative to perseverance. More
specifically, it was predicted that with adjustments made

for differences in degree of learning, the mastery learning
group would manifest a significantly greater amount of perse-
verance than would the control group. Stated in null form,
this hypothesis can be represented as follows:

Hol4: MP(adj.) - MP(adj.)CG = 0

MLG
where MP(adj.)MLG and MP(adj.)CG equal the mean number of
minutes spent by the mastery learning group and the control
group, respectively, in persevering on a difficult learning
task with adjustments made for differences in achievement
scores on the summative posttest.

As presented in Table 30, the adjusted column or treat-
ment means were 9.44 for the mastery learning group and 8.95
for the control group. According to Table 31, the F ratio
for the main effects of treatment equaled .76 and was not
significant; hence, the null hypothesis was not rejected.
The prediction of the experimental conseguence which
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accompanied research hypothesis 14 was contradicted in that
MP(adj.)MLG > MP(adj.)CG failed to occur at a significant
level.

Hypothesis 15. The fifteenth question to which an

answer was sought in this study asked what the interaction
would be between ability to understand instruction and
guality of instruction relative to perseverance in a setting
of unlimited opportunity with the effects due to degree of
learning held constant. Research hypothesis 15 predicted
that with adjustments made for differences in degree of
learning, there would be a significant ordinal interaction
between ability to understand instruction and quality of
instruction relative to perseverance. More specifically,

it was predicted that with adjustments made for differences
in degree of learning, as students decrease in ability to
understand instruction, the amount of perseverance manifested
would increase in the mastery learning group but would de-
crease in the control group. Stated in null form, this
hypothesis can be represented as follows:

Hol5: MP(adj')MLG,LAb - MP(adj‘)CG,LAb =
MP(adi.)yrg, anb ~ MP(adi.)eg, pap =
MP(adj.)yrg,uap ~ MP(2dd-)cg uab

where MP(adj‘)MLG,LAb , MP(adj')MLG,AAb , and MP(adj')MLG,HAb
equal the mean number of minutes spent in persevering on a
difficult learning task by the mastery learning group which
is divided into low-, average-, and high-~ability levels,
respectively, with adjustments made for differences in
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achlievement scores on the summative posttest, and
MP(adj')CG,LAb , MP(adj')CG,AAb , and MP(adj')CG,HAb equal
the mean number of minutes spent in persevering on a diffi-
cult learning task by the control group which is divided into
low-, average-, and high-ability levels, respectively, with
adjustments made for differences in achievement scores on the
summative posttest.

As indicated in Table 31, the F ratio for the inter-
action effects of ability to understand instruction and
treatment equaled 1.73 and was not significant; hence, the
null hypothesis was not rejected. Figure 10 illustrates the
grapb of the nonsignificant disordinal interaction discovered
between ability to understand instruction and quality of
instruction relative to the number of minutes spent in per-
severing with adjustments made for differences in achievement
scores. The prediction of the experimental consequence which
accompanied research hypothesis 15 was contradicted in that
MP(adj.)y1q, pap ~ MP(adi-leg,Lap > MP(adi-)mrc,anb
MP(adj')CG,AAb > MP(adj')MLG,HAb - MP(adj')CG,HAb failed to
occur at a significant level and contributed to a disordinal
rather than an ordinal interaction.

Hypothesis 16. The sixteenth question to which an

answer was sought in this study asked what the correlation
would be between perseverance and ability to understand
instruction in a setting of unlimited opportunity while under
a high quality of instruction or a low guality of instruction
with the effects due to degree of learning held constant.
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Fig. 10. 1Illustration of the nonsignificant disordinal
interaction found between ability to understand instruction
and gquality of instruction relative to the number of minutes
spent in persevering with adjustments made for differences in
achievement scores.
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Research hypothesis 16 predicted that with the effects due
to degree of learning partialed out, there would be a
significant difference between the mastery learning group
and the control group relative to the correlation between
perseverance and ability to understand instruction. More
specifically, it was predicted that with the effects due to
degree of learning partialed out, the correlation between
perseverance and ability to understand instruction would be
significantly negative in the mastery learning group but
significantly positive in the control group, and these
correlations would differ significantly from each other.
Stated in null form, this hypothesis can be represented as
follows:

Hol6: 1. 0

Ipab.Ac,MLG ~

2. 0

Ipab.ac,CG ~

2 -
“+ TIpab.Ac,cG ~ Ypab.Ac,MLG

=0
where Ibab.Ac, MLG and Cpab.Ac, CG equal ﬁhe partial correla-
tions between number of minutes spent in persevering on a
difficult learning task and ability with adjustments made for
differences in achievement scores on the summative posttest
for the mastery learning group and the control group, respec-
tively.

Table 32 presents the coefficients of partial correla-
tion between the number of minutes spent in persevering and
intelligence quotient scores {with the effects due to

achievement scores partialed out) as well as the standard

deviations for both treatment groups. The partial correlation
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coefficient fér-the mastery learning group equaled -.24 and
was not significant; hence, the first part of the null
hypothesis was not rejected. Even though the direction of
this partial correlation was negative, the prediction of the
first experimental conseguence which accompanied research
hypothesis 16 was contradicted in that pab.Ac, MLG € 0 failed
to cccur at a significant level.

The partial correlation coefficient for the control
group equaled .22 and was not significant; hence, the second
part of the null hypothesis was not rejected. Even though
the direction of this partial correlation was positive, the
prediction of the second experimental consequence which
accompanied research hypothesis 16 was contradicted in that
Ibab.Ac,CG > 0 failed to occur at a significant level.

Table 33 presents the test for a significant difference
between treatment groups relative to coefficients of partial
correlation between the number of minutes spent in persever-
ing and intelligence quotient scores with the effects due to
achievement scores partialed out. Fisher's Z-transformation
of the partial correlation coefficients -.24 andl.zz produced
Zy's of -.25 and .22 for the maétery learning group and the
control group, respectively. The resulting 2z equaiéd 2.72;
hence, the third part of the null hypothesis was rejected at
the .0l level of significance. This finding was in accord-
ance with the prediction of the third experimental consequence

which accompanied research hypothesis 16 in that Tpab.Ac,CG

Lpab.ac,MLc 7 O
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TABLE 33

Test for Significant Difference Between Mastery Learning
and Control Groups Relative to Coefficients of Partial
Correlation Between Number of Minutes Spent in
Persevering and Intelligence Quotient Scores
' With Effects Due to Achievement

' Scores Partialed Out

r Zy
. Zy S. E. of
MLG CG MLG CG Diff. 7, Diff. 3
_.24 .22 -.25 .22 .47 17 2.72%

*Significant at the .01 level.
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Hypothesis 17. The seventeenth gquestion to which an

answer was sought in this study asked what the correlation
would be between degree of learning and perseverance in a
setting of unlimited opportunity while under a hig.. quality
of instruction or a low quality of instruction. Research
hypothesis 17 predicted that there would be a significant
differehce between the mastery learning group and the control
group relative to the correlation between degree of learning
and perseverance. More specifically, it was predicted that
the correlation between degree of learning and perseverance
would be significantly negative in the mastery learning group
but significantly positive in ﬁhe control group, and these
correlations would differ significantly from each other.

Stated in null form, this hypothesis can be represented as

follows:
Hol7: 1. Lacp,MLG — 0
2. TIpcp,cg T O
3. =0

“acp,cG T Tacp, MLG
where Lacp, MLG and acP,CG equal the correlaticns between
achievement scores on a summative posttest and number of
minutes spent in persevering on a difficult learning task
for the mastery learning group and the control group, respec-
tively.

Table 34 presents the coefficients of correlation
between achievement scores and the number of minutes spent
in persevering as well as the standard deviations for both

treatment groups. The correlation coefficient for the mastery
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TABLE 34

Coefficients of Correlation Between Achievement Scores
and Number of Minutes Spent in Persevering for
Mastery Learning and Control Groups

Achievement Perseveranace
r S. D.'s S. D.'s N
MLG CG MLG CcG MLG CG MLG CG

.13 -.08 3.93 5.01 4.06 4.19 64 77
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learning group equaled .13 and was not significant; hence,
the first part of the null hypothesis was not rejected.

The prediction of the first experimental consequence which
accompanied research hypothesis 17 was contradicted in that
rAcP,MLG > 0, though not to a significant extent.

The correlation coefficient for the control group
equaled -.08 and was not significant; hence, the second part
of the null hypothesis was ot rejected. The prediction of
the second experimental consequence which accompanied research
hypothesis 17 was contradicted in that LAcP,CG < 0, though
not to a significant extent.

Table 35 presents the test for a significant difference
between treatment groups relative to ccefficients of correla-
tion between achievement scores and the number of minutes
spent in persevering. Fisher's Z-transformation of the
correlation coefficients .13 and -.08 produced Z,'s of .13
and -.08 for the mastery learning group and the control group,
respectively. The resulting Z equaled 1.21 and was not
significant; hence, the third part of the null hypothesis
was not rejected. The prediction of the third experimental
consequence which accompanied research hypothesis 17 was
contradicted in that Lacp,cG = TAcP, MLG # 0 failed to occur

at a significant level,.

Summary
The 17 null hypotheses that were tested in this study

resulted in the following decisions: null hypothesis 1,

rejected at the .001 level of significance; null hypothesis 2,



TABLE 35

Test for Significant Difference Between Mastery
Learning and Control Groups Relative to
Coefficients of Correlation Betwzen
Achievement Scores and Number of
Minutes Spent in Persevering

lo6

r Zy
2r S. E. of
MLG CG MLG CG Diff. Zy Diff. z
.13 -.08 .13 -.08 .21 .17 1.21
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rejected at the .05 level of significance; null hypothesis 3
(first part), rejected at the .025 level of significance;
null hypothesis 3 (second part), rejected at the .0l level
of significance; null hypothesis 3 (third part), failed to
reject; null hypothesis 4, rejected at the .00l level of
significance; null hypothesis 5, rejected at the .05 level
of significance; null hypothesis 6 (first part), rejected at
the .025 level of significance; null hypothesis 6 (second
part), rejected at the .01 level of significance; null
hypothesis 6 (third part), failed to reject; null hypothesis 7,
rejected at the .00l level of significance; null Hypothesis 8,
failed to reject; null hypothesis 9 (first, second, and third
parts), failed to reject; null hypothesis 10 (first, second,
and third parts), failed to reject; null hypothesis 11, failed
to reject; null hypothesis 12, failed to reject; null hypothe-
sis 13 (first and second parts), failed to reject; null
hypothesis 13 (third part), rejected at the .05 level of
significance; null hypothesis 14, failed to reject; null
hypothesis 15, failed to reject; null hypothesis 16 (first
and second parts), failed to reject; null hypothesis 16 (third
part), rejected at the .0l level of significance; and null
hypothesis 17 (first, second, and third parts), failed to
reject.

Table 36 presents a convenient summary of the findings

as applied to each null hypothesis.
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Discussion of the Findings

Degree of Learning

Main effects of treatment. Research hypothesis 1

predicted that the mastery learning group would attain a
significantly greater degree of learning Ehan would the
control group. The same assertion was posited by research
hypothesis 4 but with the qualification that adjustments
would be made for differences in classes spent. In both
instances significant results at the .00l level were found
in favor of the mastery learning group and, hence, served to
confirm that which had been hypothesized.

These results are consistent with the findings of
previously cited studies which demonstrated the efficacy
of feedback/correction procedures as a high quality of in-
struction capable of increasing substantially the degree
of learning attained by students {Airasian, 1967; Baley,
1972; Block, 1970; Carroll & Spearritt, 1967, Collins, 1969,
1970; Gentile, 1970; Keller, 1968; Kersh, 1970; Kim et al.,
1969, 1970; Mayo et al., 1968; Merrill et al., 1970; Moore
et al., 1968; Sherman, 1967; Silberman & Coulson, 1964;
Thompson, 1941).

Interaction effects of ability to understand instruc-

tion and quality of instruction. Research hypothesis 2

predicted that a significant ordinal interaction between

1
ability to understand instruction and quality of instruction
relative to degree of lear:iiing would be found in accordance

with the following pattern: as students decrease in ability
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to understand instruction, their degree of learning would
decrease in both the mastery learning group and the control
grcup; however, the extent of decrease would be significantly
greater in the control group than in the mastery learning
group. The same assertion was posited by research hypothe-
sis 5 but with the gualification that adjustments would be
made for differences in classes spent. In both instances
that which had been hypothesized was confirmed by virtue of
the following three occurrences: (a) the discovery of a
significant interaction at the .05 level; (b) the graphing
of the adjusted and unadjusted cell means which indicated
the ordinal nature of the interaction; and (c) the identifi-
cation of a tetrad difference significant at the .05 level
and involving the high- and low-ability levels.

These findings are especially noteworthy in that they
represent the first instance in which Carroll's hypothesized
interaction between ability to understand instruction and
quality of instruction has been validated empirically by a
statistical test of significance. Although Kim et al. (1969)
and Silberman & Coulson (1964) presented data consistent
with the pattern identified in Carroll's hypothesized inter-
action, in each of these studies statistical tests of
significance were omitted.

In order to test effectivély the nature of Carroll's
hypothesized interaction, it was necessary that sharp dis-
tinctions among the three abjility levels be present. A very

important finding in this study concerned the main effects
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of ability to understand instruction relative to degree of
learning which were found to be significant at the .00l level.
The application of Scheffé's method of multiple comparisons
gave evidence that two of the three possible contrasts
involving the three ability levels were significant at the
.00l level. Hence, an appropriate situation did exist for a
reasonable test of the hypothesized interaction even though
one contrast was found to be nonsignificant.

Another finding worthy of mention concerned the absence
of a significant tetrad difference involving the high- and
average-ability levels as well as the average—'and low-ability
levels. The various cells so involved apparently failed to
contribute to the significant ordinal interaction that re-
sulted. This is perhaps attributable to the ineffectiveness
of the treatments in terms of being distinct and powerful
enough to affect differentially students of fairly similar
rather than just extremely high or low abilities. It must
be remembered, though, that Carroll's hypothesized interaction
addresses itself to extreme differences in levels of student
ability.

Correlation between degree of learning and ability to

understand instruction. Research hypothesis 3 predicted that

the correlation between degree of learning and ability to
anderstand instruction would not deviate significantly from
zero in the mastery learning group but would be significantly
positive in the control group, and these correlations would

differ significantly from each other. The same assertion was
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posited by research hypothesis 6 but with the qualification
that the effects due to classes spent would be partialed out.

Two of the three findings that resulted were as follows:
(a) the correlation and partial correlation coefficients in
the mastery 1earning group were significantly positive at the
.025 level and (p) the correlation and partial correlation
coefficients in the control group were significantly positive
at the .01 leve;. As evidenced by these first two findings,
a significant relationship of a direct nature existed between
degree of learning and éﬁility to understand instruction in
both treatment groups; however, the extent of this direct
relationship wag less pronounced in the mastery learning
group than in the control group, thus suggestiné that a high
guality of instruction might be potentially more effective
than a low qua%ity of instruction in effecting a lesser
dependence of student achievement upon student ability. These
results are consistent with data reported by Gaines (1971) and
Baley (1972) in which positive correlations between achieve-
ment scores and ability scores were in evidence under both
high and low qualities of instruction but were less pronounced
under the former type of instruction than under the latter.
Lewis (1969), however, repdrted findings in which the corre-
lation coefficients for deqgree of learning and general intel-
ligence were .80 and .55 under instances of high quality of
instruction and low guality of instruction, respectively. !
The third finding which resulted was that the correla—f

tion and partial correlation coefficients extant in each of
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the two treatment groupé did not differ significahtly from
each other. Based upon this result, it appears that the
relationship between degree of learning and ability to
understand instruction might not have been differentially
affected by the treatments. Similar results were reported
by Gaines (1971). Lewis {(1969), however, discovered a
significant difference between high and low qualities of
instruction relative to the correlation between the achieve-
ment and intelligence scores.

Summary. Degree of learning was investigated as a
dependent variable in a setting of unlimited opportunity.
From this perspective, the results of the study can be
summarized as follows:

1. A high quality of instruction characterized by
feedback/correction procedures fostered a significantly
greater degree of 1earning amiong students than did a low
quality of instruction characterized by the absence of
feedback/correction procedures.

2. The interaction between ability to understand
instruction and quality of instruction relative to degree
of learning was of a significantly ordinal nature; further-
more, ;he difection of the interaction was such that stu-
dents low in ability to understand instruction achieved
to a lesser extent when subjected to a low quality of in-
struction than did students high in ability to understand
instruction. This finding was, in effect, a confirmation of

the interaction between ability to understand instruction
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and quality of instruction as explicitly hypothesized by
Carroll relative to degree of learning.

3. The relationship between degree of learning and
ability to understand instruction was of a significantly
direct nature under both a high gquality of instruction and
a low quality of instruction. Whether this relationship was
less direct under a high quality of instruction than under a
low guality of instruction could not be confirmed statisti-
cally; however, the data generally supported this view.
Concerning this latter point, a feasible explanation might
be that the relationship between degree of learning and
ability to understand instruction was léss direct under a
high gquality of instruction than under a low quality of
.instruction due to the fact that the mastery learning group
manifested less variance among its achievement scores than

did the control group.

Classes Spent

Main effects of treatment. Research hypothesis 7

predicted that the mastery learning group would spend a sig-
nificantly greater number of classes than would the control
group. A significant finding at the .00l level was discovered
in favor of the mastery learning group and, hence, served to
confirm that which had been hypothesized. Although the
mastery learning group, to the exclusion of the control group,
was compelled to spend at least two classes in formative trial
test sessions, this requirement did not preclude students in

the control group from spending as many class sessions as
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they thought were necessary in order to master the material.
Since the mastery learning group spent a significantly
greater number of classes than did the control group, it is
inferred that the various components of the mastery learning
strategy were more effective in ensuring that those students
so involved would invest whatever amount of time was neces-
sary in order to attain a high degree of subject-matter
mastery.’

The finding reported in conjunction with research
hypothesis 7, however, is not consistent with the results
of an investigation conducted by Merrill et al. (1970). 1In
the aforementioned study the total time spent by students
in a mastery learning group on lessons, quizzes, and specific
review material was slightly less than the total time spent
by members of the control group, even though the former group
received more material than the latter. The discrepancy
between the finding related to research hypothesis 7 and the
results reported by Merrill et al. is perhaps attributable
to differing levels of complexity associated with the learn-
ing tasks and/or the treatments.

Interaction effects of ability to understand instruc-

tion and guality of instruction. Research hypothesis 8

predicted that a significant ordinal interaction between
ability to understand instruction and quality of instruction
relative to classes spent would be found in accordance with
the following pattern: as students decrease in ability to

understand instruction, the number of classes spent would
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increase in the mastery learning group but would decrease
in the control group. Although the graph of the cell means
indicated an ordinal interaction in which students of low
ability to understand instruction spent fewer classes when
subjected to a low quality of instruction than did students
high in ability to understand instruction, no significant
finding was discovered relative to this hypothesis.

This apparent trend, however, is consistent with the
pattern of interaction explicitly hypothesized by Carroll
relative to degree of learning and logically inferred rela-
tive to classes spent. A thorough review of the literature
failed to result in the identification of any research
evidence that could be compared or contrasted with that
which was investigated in research hypothesis 8.

The failure to £find the significant ordinal interaction
as hypothesized was largely attributable to the nonsignifi-
cant result which was obtained for the main effects of
ability to understand instruction relative to classes spent.
Due to the nature of Carroll's hypothesized interaction, a
significant finding with respect to the main effects of
ability to understand instruction was a prerequisite to the
discovery of the type of significant ordinal interaction
predicted by research hypothesis 8.

Correlation between ability to understand instruction

and quality of instruction. Research hypothesis 9 predicted

that the correlation between classes spent and ability to

understand instruction would be significantly negative in the
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mastery learning group but significantly positive in the
control group and that these correlations would differ
significantly from each other. The three findings which
resulted were as follows: (a) the correlation coefficient
in the mastery learning group was negative, though not to a
significant extent; (b) the correlation coefficient in the
control group was positive, though not to a significant
extent; and (c) the correlation coefficients extant in each
of the two treatment groups did not differ significantly
from each other.

Although none of the findings occurred at a significant
level, the relationship between classes spent and ability to
understand instruction was of an inverse nature in the mas-
tery learning group but of a direct nature in the control
group. Though not confirmed statistically, this is possibly
suggestive of the potential effectiveness of a high quality
of instruction in encouraging students of low ability to
spend a greater amount of time attempting to attain mastery
than would students of comparable ability who are exposed to
a low gquality of instruction. With respect to the third
finding, it appears that the relationship between classes
spent and ability to understand instruction might not have
been differentially affected by the treatments.

Correlation between degree of learning and classes

spent. Research hypothesis 10 predicted that the correlation
between degree of learning and classes spent would be sig-

nificantly negative in the mastery learning group but
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significantly positive in the control group, and these
correlations would differ significantly from each other.

The three findings which resulted were as follows: (a}) the
corrxelation coefficient in the mastery learning group was
negative, though not to a significant extent; (b) the corre-
lation coefficient in the control group, likewise, was
negative, though not to a significant extent; and (c) the
correlation coefficients extant in each of the two treatment
groups did not differ significantly from each other.

Although none of the findings occurred at a signifi—
cant level, the relationship between degree of learning and
classes spent was of an inverse nature in both the mastery
learning group and the control group. The first finding
reported above is consistent with data reported by Airasian
(1967) in which the correlation between achievement scores
and total hours spent in weekly study by students in a
mastery learning group resulted in coefficients which ranged
from .07 to -.46 over a ten-week period. With respect to
the third finding, it appears that the relationship between
degree of learning and classes spent might not have been
differentially affected by the treatments.

Summary. The dependent variable labeled classes spent
was investigated as a rough estimate cof perseverance in a
setting of unlimited opportunity. From this perspective,
the results of the study can be summarized as follows:

1. A high quality of instruction characterized by

feedback/correction procedures fostered a significantly
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greater number of classes spent by students than did a low
guality of instruction charactérized by the absence of
feedback/correction procedures.

2. The interact;pn between ability to understand
instruction and quality of instruction relative to classes
spent was of a nonsignificantly ordinal nature; furthermore,
the direction of the interaction was such that students low
in ability to understand instruction spent a fewer number of
classes when subjected to a low guality of instruction than
did students high in ability to understand instruction. The
direction of the interaction was consistent with the inter-
action explicitly hypothesized by Carroll relative to degree
of learning and logically inferred relative to classes spent.

3. Though not confirmed statistically, the relation-
ship between classes spent and ability to understand instruc-
tion was of an inverse nature under a high quality of
instruction but of a direct nature under a low quality of
instruction; furthermore, it appeared that the relationship
between classes spent and ability to understand instruction
was not differentially affected by the treatments.

4. Though not confirmed statistically, the relation-
ship between degree of learning and classes spent was of an
inverse nature under both a high quality of instruction and
a low quality of instruction. Whether this relationship was
less of an inverse nature under a high quality of instruction
than under a low guality of instruction could not be confirmed

statistically; however, the data generally supported this view.
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Conéerning this latter point, a feasible explanation might
be that the relationship between degree of learning and
classes spent was less of an inverse nature under a high
quality of instruction than under a low quality of instruc-
tion due to the fact that the mastery learning group mani-
fested less variance among its achievement scores than did

the control group.

Perseverance

Main effects of treatment. Research hypothesis 11

predicted that the mastery learning group would manifest a
significantly greater amount of perseverance than would the
control group. The same assertion was posited by research
hypothesis 14 but with the qualification that adjustments
would be made for differences in degree of learning. Although
in both instances the mastery learning group persevered for
a longer period of time than did the control group, no sig-
nificant differences resulted. It appears, therefore, that
the perseverance of students on a difficult learning task
might not have been differentially affected by the treatments
to the extent hypothesized. These findings are consistent
with the results reported by Carroll & Spearritt (1967) in
which perseverance on a difficult post-experimental task was
greater in a mastery learning group than in a control group,
though not to a significant extent.

Interaction effects of ability to understand instruc-

tion and quality of instruction. Research hypothesis 12

predicted that a significant ordinal interaction between
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ability to understand instruction and quality of instruction
relative to perseverance would be found in accordance with
the following pattern: as students decrease in ability to
understand instruction, the amount of perseverance manifested
would increase in the mastery learning group but would de-
crease in the control group. The same assertion was posited
by research hypothesis 15 but with the qualification that
adjustments would be made for differences in degree of learn-
ing. 1In both instances a nonsignificant disordinal inter-
action was discovered in which students of low ability to
understand instruction manifested a lesser amount of perse-
verance when subjected to a low quality of instructicon than
did students high in ability to understand instruction. The
direction of this disordinal interxaction Qas such that the
difference between treatment groups relative to perseverance
increased as students decreased in ability to understand
instruction; furthermore, only at the high-ability level did
the control group manifest a greater amount of perseverance
than did the mastery learning group.

The disordinal (though nonsignificant) interaction
reported here, but not the direction of it, is similar to
the findings of a previously cited study by Carroll &
Spearritt (1967) in which a significant disordinal inter-
action between ability to understand instruction and quality
of instruction relative to perseverance was discovered.

This present study differs somewhat from the investigation

reported by Carroll & Spearritt in that the former does not
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give evidence of a pattern of interaction which would
contradict a logical extension of Carroll's hypothesized
interaction to the effect that students of low ability
persevere less while under a low quality of instruction than
do students of high ability. As discussed in Chapter 2, the
study by Carroll & Spearritt gave evidence that students
exposed to a low quality of instruction were less willing
to persevere on a difficult post-experimental task if they
were in the high- or low- but not middle-ability level.

It is assumed that the nonsignificant interaction
which resulted is largely attributable to the absence of a
significant main effects of ability to understand instruction
relative to perseverance. Due to the nature of Carroll's
hypothesized interaction, a significant finding with respect
to the main effects of ability to understand instruction was
a prerequisite to the discovery of the type of significant
ordinal interaction predicted by research hypotheses 12 and 15.

Correlation between perseverance and ability to under-

stand instruction. Research hypothesis 13 predicted that the
correlation between perseverance and ability to understand
instruction would be significantly negative in the mastery
learning group but significantly positive in the control
group, and these correlations would differ significantly from
each other. The same assertion was posited by research
hypothesis 16 but with the qualification that the effects

due to degree of learning would be partialed out. In both

instances the following three findings were reported:
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(g) the correlation and partial correlation coefficients in
the mastery learning group were negative, though not to a
significant extent; (b} the correlation and partial correla-
tion coefficients in the control group were positive, though
not to a significant extent; and (c) the correlation coef-
ficients extant in each of the two treatment groups differed
significantly from each other at the .05 level while the
partial correlation coefficients extant in each of the two
treatment groups differed significantly from each other at
the .01 level.

Although the first two findings were not reported at a
significant level, the relationship between perseverance and
ability to understand instruction was of an inverse nature
in the mastery learning group but of a direct nature in the
control group. Though not confirmed statistically, this is
possibly suggestive of the potential effectiveness of a high
quality of instruction in encouraging students of low ability
to manifest a greater amount of perseverance on a difficult
learning task than would students of comparable intelligence
who are exposed to a low quality of instruction. With re-
spect to the third group of findings, the relationship
between perseverance and ability to understand instruction
was differentially affected by the treatments.

Correlation between degree of learning and perseverance.

Research hypothesis 17 predicted that the correlation between
degree of learning and perseverance would be significantly

negative in the mastery learning group but significantly
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positive in the control group, and these correlations would
differ significantly from each other. The three findings
which resulted were as follows: (a) the correlation coef-~
ficient in the mastery learning group was positive, though
not to a significant extent; (b) the correlation coefficient
in the control group was negative, though not to a signifi-
cant extent; and (c) the correlation coefficients extant in
each of the two treatment groups did not differ significantly
from each other.

Although none of the findings occurred at a significant
level, the relationship between degree of learning and perse-
verance was of a direcﬁ nature in the mastery learning group
but of an inverse nature in the control group. With respect
to the third finding, it appears that the relationship
between degree of learning and perseverance might not have
been differentially affected by the treatments.

Summary. Perseverance was investigated as a dependent
variable in a setting of unlimited opportunity. As alluded
to earlier, a limitation of this study relative to the
measurement of perseverance encompassed the fact that stu-
dents who were tested individually were not subjected to the
peer-group influence which was a part of those situations in
which a group of two to five students were involved. From
the perspective of perseverance as a dependent variable, the
results of the study can be summarized as follows:

1. A high quality of instruction characterized by

feedback/correction procedures did not foster a significantly
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greater amount of perseverance among students than did a
low gquality of instruction characterized by the absence of
feedback/correction procedures.

2. The interaction between ability to understand
instruction and quality of instruction relative to persever-
ance was of a nonsignificantly disordinal nature; further-
more, the direction of the interaction was such that students
low in ability to understand instruction persevered less when
subjected to a low quality of instruction than did students
high in ability to understand instruction. The direction of
the interaction was consistent with the interaction explic-
itly hypothesized by Carroll relative to degree of learning
and logica' .y inferred relative to perseverance.

3. Though not confirmed statistically, the relation-
ship between perseverancé and ability to understand instruc-
tion was of an inverse nature under a high quality of
instruction but of a direct nature under a low quality of
instruction. To a significant extent, though, the relation-
ship between perseverance and ability to understand instruc-
tion was differentially affected by the treatments.

4. Though not confirmed statistically, the relation-
ship between degree of learning and perseverance was of a
direct nature under a high quality of instruction but of an
inverse nature under a low quality of instruction. Whether
these two opposite types of relationships differed substan-
tially from each other could not be confirmed statistically;

however, the data generally supported this view. Concerning
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this latter point, a feasible explanation might be that the
direct relationship between degree of learning and persever-
ance under a high quality of instruction and the inverse
relationship between degree of learning and perseverance
under a low quality of instruction appeared to differ sub-
stantially from each other due to the fact that the mastery
learning group manifested less variance among its achievement

scores than did the control group.




'CHAPTER 5

Summary, Conclusions, Implications, and Recommendations

Summary

The Carroll Model of School Learning

John B. Carroll's (1963) model of school learning is
a paradigm which déscribes the degree of learning that takes
place in a school setting as a function of the time spent on
a learning task divided by the time needed for its mastery.

The basic formulation of the model can be expressed as

follows:
Degree of _ (Time Spent)
Learning (Time Needed)
The following five variables comprise the model: (a) oppor-

tunity--the amount of time allowed or made available for
learning; (b) perseverance--the amount of time the learner
is willing to spend actively éngaged in a learning task;
(c) aptitude--the amount of time the student will need to
learn the task under optimal instructional conditions;

(d) ability to understand instruction-~the ability of the
learner to understand the nature of the task he is to learn
and the procedures he is to follow in the learning of the
task, a combination of general and verbal intelligence;

(e) quality of instruction--the degree to which the presen-

tation, explanation, and ordering of elements of the task to
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be learned approach the optimum for a given learner. Oppor-
tunity and perseverance function as determinants of time
spent while aptitude, ability to understand instruction, and

A

quality of instruction serve as determinants of time needed.

Purgose

The theoretical rationale frequently identified as the
basis underlying the nongraded organizational structuring of
schools has been the position that individual learners differ
with respect to their potentialities for achievement and
interest in various subject areas and, therefore, must be
permitted to operate under a form of school organization
which is amenable--~and indeed conducive--to each student
progressing at a rate dictated by his own capabilities. Due
to this theoretical orientation, past research concerning
the vertical structuring of schools has attempted to demon-
strate the superiority of nongradedness over gradedness as
the more viable organizational approach for accommodating the
individual differences among students. Unfortunately, the
literature currently available on alternative forms of school
organization can be characterized as barren relative to the
identification and investigation of a specific model which
might serve as a theoretical justification for the manner in
which schools are organized. This study, however, asserted
that Carroll's (1963) model of school learning does represent
at least a potentially tenable basis for decisions in this

area of administration.
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Predicated upon the aforementioned facts, the objec-
tives of this investigation encompassad the following:

1. To utilize the Carroll model as a framework for
implementing a mastery learning strategy in a nongraded
setting.

2. To identify the Carroll model as a possible theo-
retical basis for administrative decisions regarding the
organizational structuring of schools.

3. To test certain hypotheses derived from the model

which have implications concerning school organization.

Research Questions

The implementation of this study sought to provide
answers to the following guestions:

1. How will quality of instruction affect degree of
learning in a setting of unlimited opportunity?

2. What will be the interaction between ability to
understand instruction and guality of instruction relative
to degree of learning in a setting of unlimited opportunity?

3. What will be the correlation between degree of
learning and ability to understand instruction in a setting
of unlimited opportunity while under a high quality of
instruction? while under a low quality of instruction?

4. With the effects due to a rough estimate of perse-
verance held constant, how will quality of instruction affect
degree of learning in a setting of unlimited opportunity?

5. With the effects due to a rough estimate of perse-

verance held constant, what will be the interaction between
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ability to understand instruction and quality of instruction
relative to degree of learning in a setting of unlimited
opportunity?

6. With the effects due to a rough estimate of perse-
verance held constant, what will be the correlation between
degree of learning and ability to understand instruction in
a setting of unlimited opportunity while under a high quality
of instruction? while under a low quality of instruction?

7. How will quality of instruction affect a rough
estimate of perseverance in a setting of unlimited oppor-
tunity?

8. What will be the interaction between ability to
understand instruction and quality of instruction relative
to a rough estimate of perseverance in a setting of unlimited
opportunity?

9. What will be the correlation between a rough esti-
mate of perseverance and ability to understand instruction
in a setting of unlimited opportunity while under a high
quality of instruction? while under a low guality of
instruction?

10. What will be the correlation between degree of
learning and a rough estimate of perseverance in a setting
of unlimited opportunity while under a high quality of
instruction? while under a low quality of instruction?

11. How will guality of instruction affect persever-

ance in a setting of unlimited opportunity?
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12. What will be the interaction between ability to
understand instruction and guality of instruction relative
to perseverance in a setting of unlimited opportunity?

13. What will be the correlation between perseverance
and ability to understand instruction in a setting of unlim-
ited opportunity while under a high quality of instruction?
while under a low gquality of instruction?

14. With the effects due to degree of learning held
constant, how will quality of instruction affect perseverance
in a setting of unlimited opportunity?

15. With the effects due to degree of learning held
constant, what will be the interaction between ability to
understand instruction and gquality of instruction relative
to perseverance in a setting of unlimited opportunity?

16. With the effects due to degree of learning_held
constant, what will be the correlation between perseverance
and ability to understand instruction in a setting of unlim-
ited opportunity while under a high quality of instruction?
while under a low quality of instruction?

17. What will be the correlation between degree of
learning and perseverance in & setting of unlimited oppor-
tunity while under a high quality of instruction? while

under a low quality of instruction?

Research Hypotheses

The following research hypotheses were identified as
being of significant relevance to this study and, hence, were

investigated:
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Research hypothesis 1. There will be a significant

difference between the mastery learning group and the control
group relative to degree of learning. More specifically, the
mastery learning group will attain a significantly greater
degree of learning than will the control group.

Research hypothesis 2. There will be a significant

ordinal interaction between ability to understand instruc-
tion and quality of instruction relative to degree of learn-
ing. More specifically, as students decrease in ability to
understand instruction, their degree of learning will
decrease in both the mastery learning group and the control
group; however, the extent of decrease will be significantly
greater in the control group than in the mastery learning
group.

Research hypothesis 3. There will be a significant

difference between the mastery learning group and the control
group relative to the correlation between degree of‘learning
and ability to understand instruction. More specifically,
the correlation between degree of learning and ability to
understand instruction will not deviate significantly from
zero in the mastery learning group but will be significantly
positive in the control group, and these correlations will
differ significantly from each other.

Research hypothesis 4. With adjustments made for

differences in classes spent, there will be a significant
difference between the mastery learning group and the control

group relative to degree of learning. More specifically,
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with adjustments made for differences in classes spent, the
mastery learning group will attain a significantly greater
degree o0of learning than will the control group.

Research hypothesis 5. With adjustments made for

differences in classes spent, there will be a significant
ordinal interaction between ability to understand instruction
and quality of instruction relative to degree of learning.
Mcre specifically, with adjustments made for differences in
classes spent, as students decrease in ability to understand
instruction, their degree of learning will decrease in both
the mastery learning group and the control group; however,
the extent of decrease will be significantly greater in the
control group than in the mastery learning group.

Research hypothesis 6. With the effects due to classes

spent partialed out, there will be a significant difference
between the mastery learning group and the control group
relative to the correlation between degree of learning and
ability to understand instruction. More specifically, with
the effects due to classes spent partialed out, the corre-
lation between degree of learning and ability to understand
instruction will not deviate significantly from zero in the
mastery learning group but will be significantly positive in
the control group, and these correlations will differ sig-~
nificantly from each other.

Research hypothesis 7. There will be a significant

difference between the mastery learning group and the control

group relative to classes spent. More specifically, the
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mastery learning group will spend a significantly greater
number of classes than will the control group.

Research hypothesis 8. There will be a significant

ordinal interaction between ability to understand instruction
and guality of instruction relative to classes spent. More
specifically, as students decrease in ability to understand
instruction, the number of classes spent will increase in the
mastery learning group but will decrease in the control group.

Research hypothesis 9. There will be a significant

difference between the mastery learning group and the control
group relative to the correlation between classes spent and
ability to understand instruction. More specifically, the
correlation between classes spent and ability to understand
instruction will be significantly negative in the mastery
learning group but significantly positive in the control
group, and these correlations will differ significantly from
each other.

Research hypothesis 10. There will be a significant

difference between the mastery learning group and the control
group relative to the correlation between degree of learning
and classes spent. More specifically, the correlation
between degree of learning and classes spent will be signifi-
cantly negative in the mastery learning group but signifi-
cantly positive in the control group, and these correlations
will differ significantly from each other.

Research hypothesis 11. There will be a significant

difference between the mastery learning group and the control
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group relative to perseverance. More specifically, the
mastery learning group will manifest a significantly greater
amount of perseverance than will the control group.

Research hypothesis 12. There will be a significant

ordinal interaction between ability to understand instruction
and quality of instruction relative to perseverance. More
specifically, as students decrease in ability to understand
instruction, the amount of perseverance manifested will
increase in the mastery learning group but will decrease in
the control group.

Research hypothesis 13. There will be a significant;

difference between the mastery learning group and the control
group relative to the correlation between perseverance and
ability to understand instruction. More specifically, the
correlation between perseverance and ability to understand
instruction will be significantly negative in the mastery
learning group but significantly positive in the control
group, and these correlations will differ significantly from
each other.

Research hypothesis 14. With adjustments made for

differences in degree of learning, there will be a signifi-
cant difference between the mastery learning group and the
control group relative to perseverance. More specifically,
with adjustments made for differences in degree of learning,
the mastery learning group will manifest a significantly
greater amount of perseverance than will the control group.

Research hypothesis 15. With adjustments made for

. differences in degree of learning, there will be a significant
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ordinal interaction between ability to understand instruc-
tion and quality of instruction relative to perseverance.
More specifically, with adjustments made for differences
in degree of learning, as students decrease in ability to
understand instruction, the amount of perseverance manifested
will increase in the mastery learning group but will decrease
in the control group.

Research hypothesis 16. With the effects due to

differences in degree of learning partialed out, there will
be a significant difference between the mastery learning
group and the control group relative to the correlation
between perseverance and ability to understand instruction.
More specifically, with the effects due to degree of learning
partialed out, the correlation between perseverance and
ability to understand insitruction will be significantly nega-
tive in the mastery learning group but significantly positive
in tke control group, and these correlations will differ
significantly from each other.

Research hypothesis 17. There will be a significant

difference between the mastery learning group and the control
group relative to the correlation between degree of learning
and perseverance. More specifically, the correlation between
degree of learning and perseverance will be significantly
negative in the mastery learning group but significantly
positive in the control group, and these correlations will

differ significantly from each other.
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Research Sample

The sample used in this investigation was identical to
a population of 169 male students who were enrolled in the
second of six learning sequences which comprised an Algebra I
course at the secondary school level. Intelligence guotient
scores were used for dividing this sample into three levels
of ability. The students within each of the three ability
levels were randomly assigned to two levels of treatment
designated as the mastery learning group and the control
group. Initially, there were 85 and 84 students in the mas-
tery learning group and the control group, respectively.
As a result cf experimental mortality, the size of the mastery
learning group and the control group was reduced to 64 and 77
students, respectively; hence, the final sample size egualed

141 students.

Treatments

The treatment to which the mastery learning group was
exposed included (a) the specification of performance objec-
tives, (b) the use of formative trial tests, and (c) the
prescription of learning correctives of a review and/or
remedial nature. From the perspective of Carroll's model,
this instructional strategy was viewed as comprising a high
quality of instruction.

The treatment to which the control group was exposed
included the specification of performance objectives but did

not encompass any procedures of a feedback/correction nature.
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From the perspective of Carroll's model, this pedagogical
approach was viewed as comprising a low quality of instruc-

tion.

Data Collection Procedures

Degree of iearning, number of classes spent, and perse-
verance on a difficult learning task were the three dependent
variables investigated in this study. Degree of learning was
assessed by way of achievement scores attained on a summative
posttest based upon the specific learning tasks to which the
students were exposed.

Concerning the tabulation of the number of classes
spent, an accurate account was maintained of the total number
of instructional periods in algebra attended by each student
while completing the designated unit of instruction. This
record was amassed by way of a simple attendance check.
Excluded from this tabulation were the two class sessions
devoted by each student to the completion of the summative
posttest and the Assessment of Perseverance. Included in
this tabulation, though, were the number of class sessions
spent by each member of the mastery learning group in com-—
pleting the two formative trial tests.

The instrument labeled Assessment of Perseverance was
used to measure the amoun;_of time a student would be willing
to spend actively engaged with a difficult learning task.
Subsequent to the completion of the summative posttest, each
student was given the Assessment of Perseverance instrument

which consisted of (a) explanatory material on a new algebraic
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topic and (b) a single mathematical problem pertaining to
the same topic. In a highly controlled setting, each student
was requested to read the instructional material and then to
solve the problem. Measures of perseverance were then ob-
tained by way of the total number of minutes and seconds

spent by each subject on the learning task.

Research Design and Data Analysis Procedures

The experimental design used in this study can be
characterized as a logical extension and concurrent replica-
tion of the Posttest-Only Control Group Design as presented
by Campbell & Stanley (1963). The crossing of three ability
levels with two treatment levels resulted in a 3 X 2 fixed-
effects factorial design.

The various statistical techniques that were employed
included the following: two-way fixed-effects analysis of
variance (unweighted means), two-way fixed-effects analysis
of covariance {unweighted means), Pearson product-moment
correlation, partial correlation, Fisher's Z-transformation
of r, Scheffe's test for multiple comparisons, and Marascuilo &

Levin's (1970) post hoc comparisons for interaction.

Limitations

The various limitations inherent in this study inciuded
the following:

1. The reactive effects of experimental procedures
upon students represented a threat to the external validity

of the study.
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2. The relatively long duration of the investigation--
September 24, 1973 to December 7, 1973--represented a threat
to the internal validity of the study known as contemporary
history.

3. Experimental mortality accounted for a total of 28
students who were lost to the study and, hence, threatened
the internal validity of the investigation. Twenty-one of
the twenty-eight students who were eliminated had been mem-
bers of the mastery learning group.

4. The dependent variable designated as classes spent
was admittedly only a rough approximation of the variable
identified by Carroll as perseverance.

5. A measurements limitation of this study relative
to perseverance as a dependent variable encempassed the fact
that students who were administered the Assessment of Perse-
verance individually were not subjected to the peer-group
influence which was a part of those situations in which a

group of two to five students were tested simultaneously.

Findings

The findings reported in this study relative to each
of the seventeen null hypotheses are summarized in this
section. In order to facilitate the synthesis of these find-
ings, the various null hypotheses are grouped according to
pertinent dependent variables and statistical techniques used:

Degree of learning.

Hol and Ho4: The null hypothesis of no significant

difference between the mastery learning group and the control
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group relative to degree of learning, inclusive or exclusive
of the effects due to classes spent, was rejected at the .00l
level of significance in favor of the mastery learning group.

Ho2 and Ho5: The null hypothesis of no significant
interaction of ability to understand instruction and treat-
ment relative to degree of learning, inclusive or exclusive
of the effects due to classes spent, was rejected at the .05
level of significance in favor of an ordinal interaction.

Ho3: The null hypothesig of no significant difference
between (a) the mastery learning group's correlation coef-

ficient for degree of learning and ability to understand

s

o

instruction and (b) zero was rejected at the .025 level of
significance in favor of a positive coetfficient. The null
hypothesis of no significant difference between (a) the
control group's correlation coefficient for degree of learn-
ing and ability to understand instruction and (b) zero was
rejected at the .01 level of significance in favor of a
positive coefficient. The null hypothesis of no significant
difference between the mastery learning and the control
groups' correlation coefficients for degree of learning and
ability to understand instruction was not rejected.

Ho6: The null hypothesis of no significant difference
between (a) the mastery learning group's partial correlation
coefficient for degree of learning and ability to understand
with the effects due to classes spent partialed out and
(b) zero was rejected at the .025 level of significance in

favor of a positive coefficient. The null hypothesis of no
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significant difference between (a) the control group's
partial correlation coefficient for degree of learning and
ability to understand instruction with the effects due to
classes spent partialed out and (b) zero was rejected at the
.01 level of significance in favor of a positive coefficient.
The null hypothesis of no significant difference between the
mastery learning and the control groups' partial correlation
coefficients for degree of learning and ability to understand
instruction with the effects due to classes spent partialed

out was not rejected.

Classes spent.

Ho7: The null'hypothesis of no significant difference
between the mastery learning group and the control group
relative to classes spent was rejected at the .00l level of
significance in favor of the mastery learning group.

Ho8: The null hypothesis of no significant interaction
of ability to understand instruction and treatment relative
to classes spent was not rejected.

Ho9: The null hypothesis of no significant difference
between (a) the mastery learning group's correlation coef-
ficient for classes spent and ability to understand instruc-
tion and (b) zero was not rejected. The null hypothesis of
no significant difference between (a) the control group's
corrxelation coefficient for classes spent and ability to
understand instruction and (b) zero was not rejected. The
null hypothesis of no significant difference between the

mastery learning and the control groups' correlation
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coefficients for classes spent and ability to understand
instruction was not rejected.

HolO: The null hypothesis of no significant difference
between (a) the mastery learning group's correlation coef-
ficient for degree of learning and classes spent and (b) zero
was not rejected. The null hypothesis of no significant
difference between (a) the control group's correlation coef-
ficient for degree of learning and classes spent and (b) zero
was not rejected. The null hypothesis of no significant
difference between the mastery learning and the control
groups' correlation coefficients for degree of learning and
classes spent was not rejected.

Perseverance.

Holl and Hol4: The null hypothesis of no significant
difference between the mastery learning group and the control
group relative to perseverance, inclusive or exclusive of the
effects due to degree of learning, was not rejected.

Hol2 and Hol5: "The null hypothesis of no significant
interaction of ability to understand instruction and treat-
ment relative to perseverance, inclusive or exclusive of the
effects due to degree ¢f learning, was not rejected.

Hol3: The null hypothesis of no significant difference
between (a) the mastery learning group's correlation coef-
ficient for perseverance and ability to understand instruc-
tion and (b} zero was not rejected. The null hypothesis of
no significant difference between (a) the control group's

correlation coefficient for perseverance and ability to
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understand instruction and (b) zero was not rejected. The
null hypothesis of no significant difference between the
mastery learning and the control groups' correlation coef-
ficients for perseverance and ability to understand instruc-
tion was rejected at the .05 level of significance.

Hol6: The null hypothesis of no significant difference
between (a) the mastery learning group's partial correlation
coefficient for perseverance and ability to understand in-
struction with the effects due to degree of learning partialed
out and (b) zero was not rejected. The null hypothesis of no
significant difference between (a) the control group's partial
correlation coefficient for perseverance and ability to under-
stand instruction with the effects due to degree of learning
partialed out and (b} zero was not rejected. The null
hypothesis of no significant difference between the mastery
learning and the contrecl groups' partial correlation coef-
ficients for perseverance and ability to understand instruc-
tion with the effects due to degree of learning partialed
out was rejected at the .01 level of significance.

Hol7: The null hypothesis of no significant differencé
between (a) the mastery learning group's correlation coef-
ficient for degree of learning and perseverance and (b) zero
was not rejected. The null hypothesis of no significant
difference between (a) the control group's correlation coef-
ficient for degree of learning and perseverance and (b) zero
was not rejected. The null hypothesis of no significant

difference between the mastery learning and the control groups'
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correlation coefficients for degree of learning and perse-

verance was not rejected.

Conclusions

Based unon a careful analysis of the findings presented
in this study, it would seem that the following conclusions
are warranted:

1. A high quality of instruction characterized by
feedback/correction procedures fostered a significantly
greater degree of learning among students than did a low
guality of instruction characterized by the absence of
feedback/correction procedures. This conclusion serves to
confirm statistically the following assumption inherent
within the Carroll model: As quality of instruction increases
while the other components remain constant, there is a corre-
sponding decrease in the time needed by a student for learn-
ing, thus résulting in a closer approximation of mastery
learning.

2. The interaction between ability to understand
instruction and quality of instruction relative to degree of
learning was of a significantly ordinal nature; furthermore,
the direction of the interaction was such that students low
in ability to understand instruction achieved to a lesser
extent when subjected to a low quality of instruction than
did students high in ability to understand instruction.

This conclusion serves to confirm statistically the inter-

action between ability to understand instruction and quality



209
of instruction as explicitly hypothesized by Carroll relative
to degree of learning as well as the following logical argu-
ment which undergirds it: (a) Low ability to understand
instruction implies a lesser degree of learning than Jdoes
high ability to understand instruction. (k) Low guality of
instruction implies a lesser degree of learning than does
high quality of instruction. (c) Therefore, as explicitly
hypothesized by Carroll, the interaction between ability to
understand instruction and quality of instruction relative
to degree of learning is such that students low in ability
to understand instruction achieve less when subjected to low
quality of instruction than do students high in ability to
understand instruction.

3. The relationship between degree of learning and
ability to understand instruction was of a significantly
direct nature under both a high guality of instruction and
a low quality of instruction. Whether this relationship was
less direct under a high quality of instruction than under a
low quality of instruction could not be confirmed statisti-
cally although the data generally supported this view.
Hence, the following logical argument was not confirmed
statistically: (a) Low ability to understand instruction
implies a lesser degree of learning than does high ability
to understand instruction. (b) High quality of instruction
implies a greater degree of learning than does low quality
of instruction. (c) Therefore, degree of learning is less a

direct function of ability to understand instruction under



210
high gquality of instruction than under low quality of in-
struction.

4. A high quality of instruction characterized by
feedback/correction procedures fostered a significantly
greater acmount of perseverance (roughly éstimated) among
students than did a low quality of instruction characterized
by the absence of feedback/correction procedures. Hence,
the following logical argument was confirmed statistically:
(a) High guality of instruction implies a greater degree of
learning than does low quality of instruction. (b) Success
in learning can be viewed as a positive reinforcer of one's
willingness to persevere on a learning task. (c) Therefore,
though not explicitly hypothesized by Carroll, it can be
logically concluded that high quality of instruction implies
a greater amount of perseverance on a learning task than does
low quality of instruction.

5. A high guality of instruction characterized by
feedback/correction procedures did not foster a significantly
greater amount of perseverance (highly controlled) among
students than did a low quality of instruction characterized
by the absence of feedback/correction procedures. Hence, the
logical argument relative to perseverance cited in the pre-
ceding paragraph was not confirmed statistically. However,
due to the highly controlled manner in which the second
measure of perseverance was made, it is possible that the
distinction between treatments was not severe enough to

affect differentially the dependent variable. Also, it is
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feasible that as quality of instruction increases with the
other variables remaining constant, perseverance does not
respond in a manner similar to degree of learning. This
latter contention is quite feasible since perseverance more
than degree of learning is assumed to be reflective of the
motivational or affective aspects of the learner--an area
not addressed by the operations of the model.

6. The interaction between ability to understand
instruction and quality of instruction relative to a rough
estimate of perseverance was of a nonsignificantly ordinal
nature. The interaction between ability to understand in-
struction and quality of instruction relative to a highly
controlled measure of perseverance was of a nonsignificantly
disordinal nature. In both instances the direction of the
interaction was such that students low in ability to under-
stand instruction persevered less when subjected to a low
quality of instruction than did students high in ability to
understand instruction. Due largely to the failure to obtain
significant main effects of ability relative to perseverance,
it was not possible to confirm statistically the significant
ordinal interaction between ability to understand instruction
and quality of instruction relative to perseverance as logi-
cally inferred from the model and described in the following
argument: (a) Low ability to understand instruction implies
a greater need for perseverance on a learning task than does
high ability to understand instruction. (b) High quality of

instruction implies a greater amount of perseverance on a
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learning task than does low quality of instruction. (c)
Therefecre, though not explicitly stated in the model, it can
be logically inferred that the interaction between ability
to understand instruction and quality of instruction relative
to perseverance on a learning task is such that students low
in ability to understand instruction will persevere more
when subjected to high guality of instruction and less when
subjected to low quality of instruction than will students
high in ability to understand instruction.

7. Though not confirmed statistically, the relation-
ship between a rough estimate of perseverance and ability to
understand instruction was of an inverse nature under a high
quality of instruction but of a direct nature under a low
quality of instruction; furthermore, it appeared that the
relationship between a rough estimate of perseverance and
ability to understand instruction was not differentially
affected by the treatments. Hence, although the appropriate
patterns were present under the high quality of instruction
and the low quality of instruction, the following logical
argument was not confirmed statistically: (a) Low ability
to understand instruction implies a greater need for perse-
verance on learning tasks than does high ability to under-
stand instruction. (b) High quality of instruction implies
a greater amount of perseverance on a learning task than does
low guality of instruction. (c) Therefore, perseverance on
a learning task is inversely related to ability to understand

instruction under high quality of instruction but directly
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related to ability to understand instruction under low

guality of instruction.

!

Though not confirmed statistically, the relation-
ship between a highly controlled measure of perseverance and
ability to understand instruction was of an inverse nature
under a high guality of instruction but of a direct nature
under a low quality of instruction. To a significant extent,
though, the relationship between a highly controlled measure
of perseverance and ability to understand instruction was
differentially affected by the treatments. Hence, that as-
pect of the following logical argument which implies differ-
entially effective treatments was confirmed statistically:
(a) Low ability to understand instructicn implies a2 greater
need for perseverance on learning tasks than does high
ability to understand instruction. (k) High gquality of
instruction implies a greater amount of perseverance on a
learning task than does low quality of instruction. (c)
Therefore, perseverance on a learning task is inversely re-
lated to ability to understand instruction under high quality
of instruction but directly related to ability to understand
instruction under low quality of instruction.

9. Though not confirmed statistically, the relation-
ship between degree of learning and a rough estimate of
perseverance was of an inverse nature under both a high
quality of instruction and a low quality of instruction.
Whether this relationship was less of an inverse nature under

a high quality of instruction than under a low quality of
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instruction could not be confirmed statistically although
the data generally supported this wview. Also, though not
confirmed statistically, the relationship between degree of
learning and a highly controlled measure of perseverance was
of a direct nature under a high quality of instruction but
of an inverse nature under a low quality of instruction.
Whether these two opposite types of relationships differed
substantially from each other could not be confirmed statis-
tically although the data generally supported this view.
Hence, it was not possible to confirm statistically the exact
nature of the function alluded to in Carroll's implicit sug-
gestion that, with all other variables in the model held
constant, degree of learning is a function of the amount of

perseverance on a learning task.

Implications for Education

The findings and conclusions of this study have the
following implications for education:

l. Further empirical verification was provided regard-
ing Carroll's assumption that an increase in quality of
instruction while the other components of the model remain
constant serves to decrease the time needed by a student for
learning, thus resulting in a closer approximation of mastery
learning. Furthermore, the first instance of empirical
support was provided regarding Carroll's hypothesized inter-
action between ability to understand instruction and quality

of instruction relative to degree of learning. Hence,
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educational administrators, instructional strategists, and
curriculum developers alike have available a theoretical
paradigm accompanied by supporting evidence which can serve
as a basis for arriving at decisions in their respective
areas.

2. Previous research has failed to address itself to
the theoretical basis underlying administrative decisions
regarding the organizational structuring of schools. The
present study, however, served to fill this void and, in so
doing, established empirical verification cf a number of
basic assumptions inherent in the“éarroll model. Due to its
heavy reliance upon the time factor in learning, the Carroll
model represents an excellent basis for the theoretical
justification of a form of school organization such as non-
grading which has as its primary objective the provision ofl
flexible time allotments during which a student can actively
engage in a learning task until his time spent is commensurate
with his time needed.

3. The employment of feedback/correction procedures
in this study for the purpose of constructing a high quality
of instruction served to demonstrate the efficacy of this
particular instructional strategy. Though not contingent
upon a nongraded or continuous-progress setting for implemen-
tation, the effectiveness of a pedagogical approach charac-
terized by feedback/correction procedures is enhanced by a
school organizational structure which provides unlimited time

opportunity for learning.
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4, The organizational structuring of schools in terms
of a nongraded pattern as well as the construction of an
instructional strategy based upon feedback/correction pro-
cedures would seem to be related very directly to decisions
of a curricular nature. Of particular importance would be
those decisions that foster (a) the segmenting of courses
into various learning sequences and (b) the emphasizing of

time as a variable and subject-matter mastery as a constant.

Recommendations for Future Research

The following recommendations are forwarded regarding
future research in the area of this investigation:

1. Additional research needs to be directed toward
the interaction between ability to understand instruction and
quality of instruction relative to degree of learning. The
present study was only the third attempt thus far to inves-
tigate Carroll's hypothesized interaction and the only one
of the three which corroborated the‘interaction hypothesis.

2. Research is also needed regarding Carroll's
hypothesized interaction when different measures of ability
to understand instruction are used. Of interest would be the
interaction effects of ability to understand instruction and
quality of instruction relative to degree of learning when
specific measures of intelligence--such as verbal ability,
reading comprehension, listening skills, or some combinaticn
thereof--are employed.

3. Though not hypothesizéd by Carroll, the interaction

between ability to understand instruction and quality of
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instruction relative to perseverance should receive addi-
tional study. Despite the fact that the present investiga-
tion did not confirm statistically an interaction pattern
relative to perseverance, it may be that the perseverance of
a learner is significantly influenced by quality of instruc-
tion to a degree that is predictable from his abkility to
understand instruction.

4. The possibility of a three-way interaction among
aptitude, ability to understand instruction, and quality of
instruction relative to degree of learning should be inves-
tigated. Also worthy of consideration would be the three-way
interaction effects of aptitude, ability to understand in-
struction, and quality of instruction upon perseverance as a
dependent variable.

5. The three studies thus far which have investigated
the various operations of the Carroll model have employed
only two levels of quality of instruction. Investigations
incorporating three or more treatments are needed and could
possibly lead to some type uf empirically-based descriptive
classification of quality of instruction along a continuum
from high to low.

6. Additional studies should be conducted concerning
the extent to which perseverance and degree of learning are
influenced similarly by the operations of Carroll's model.
Of prime importance regarding research into this area would
be the necessity for valid descriptions of learner bhehaviors

indicative of perseverance as well as the accurate measure-

ment of such behaviors.




218

7. The Carroll model contends that degree of learn-
ing is a function of the ratio of time spent to time needed.
Investigations should be conducted to determine the exact
nature of this.function.

8. Studies which further explore the relationship
between and among such variables as degree of learning, apti-
tude, ability to understand instruction, and perseverance
are needed. Such investigations should address themselves
to not only linear but also curvilinear relationships between

and among the different variables.
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INTRODUCTION

This packet, which concerns itself with the first
part of Learning Sequence 332: Polynomials and Equations,
is made available for the purpose of helping you to identify
the following:

1. The mathematical topics that you will be taught
(DESCRIPTION CF CONTENT) .

2. The tasks that you will be expected to perform
(PERFORMANCE OBJECTIVES).

3. The learning activities that will enable you to

master the necessary knowledge (ASSIGNMENTS).

4, The two trial-test stages at which your progress

will be measured (FORMATIVE TRIAL TESTS I & II).

5. The final posttest stage at which your total

level of achievement will be assessed (SUMMATIVE POSTTEST).

6. The instructional materials that will supplement

the explanations given in the textbook (SUPPLEMENTARY

EXPLANATION SHEETS) .

7. The correct responses to the oral exercises that

you will be assigned (ANSWERS TO ORAL EXERCISES).
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DESCRIPTION OF CONTENT

The first part of this learning sequence encompasses
the four basic operations of addition, subtraction, multi-
plication, and division with respect to directed numbers.
The student is provided with instruction and practice in
adding, subtracting, multiplying, and dividing two numbers
of like or unlike signs. This knowledge is eventually
extended and applied to mathematical problems in which more

than two terms are involved.

PERFORMANCE OBJECTIVES AND CORRESPONDING ASSIGNMENTS

For the purpose of demonstrating a working knowledge
of directed numbers, and after having completed the desig-
nated assignments, the student should be able to perform the
following tasks in writing:

1. State the rule for finding the sum of:

a. Two positive numbers
b. Two negative numbers
c. A positive and a negative number.

2. Add directed numbers.
Assignments:

Read & study: pp. 116-117, 124-126; Supple-
mentary Explanation Sheet #1, Rules for
Addition of Directed Numbers.

State in writing the rule for finding the sum
of two positive numbers.

State in writing the rule for finding the sum
of two negative numbers.

State in writing the rule for finding the sum
of a positive and a negative number.

Give three examples of each rule.

Work: p. 126, oral exercises 1-17 odd.

Work: p. 127, written exercises 1-17 odd.
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3. State the rule for subtraction of directed
numbers.

4. Subtract directed numbers.

Assignments:

Read & study: pp. 120-122, 128-130; Supple-
mentary Explanation Sheet #2, Rule for
Subtraction of Directed Numbers.

State in writing the rule for subtraction of
directed numbers.

Work: p. 130, oral exercises 1-9 odd and
17-39 odd.

Work: p. 131, written exercises 13-19 odd.

TAKE FORMATIVE TRIAL TEST I NOW. This trial test

will consist of ten problems. A score of 80 or higher will
permit you to proceed to the next group of objectives and
assignments. If, however, your score is below 80, then you
will have to retake the trial test until at least 80 percent
mastery is demonstrated. 1In either case, though, any test
problems missed will serve to determine those assignments or
"learning correctives" to which you will be recycled.
5. State the rules for multiplication of directed
numbers.
6. Multiply directed numbers.
Assignments:
Read & study: pp. 133-135; Supplementary
Explanation Sheet #3, Rules for Multiplication
of Directed Numbers.
State in writing the rules for multiplication of
directed numbers.
Work: p. 135, oral exercises 1-21 odd.
Work: p. 137, written exercises 1-19 odd.

(Do not use the distributive property.)
Work: pp. 122-123, written exercises 1--11 odd.
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7. State the rule for division of directed numbers.
8. Divide directed numbers.
Assignments:

Read & study: pp. 138-140; Supplementary
Explanation Sheet #4, Rule for Division of
Dixected Numbers.

State in writing the rule for division of

directed numbers.
Work: p. 140, oral exercises 1-17 odd.

TAKE FORMATIVE TRIAL TEST II NOW. This trial test

will consist of ten problems. A score of 80 or higher will
permit you to take the Summative Posttest which covers the
entire first part of this learning sequence. If, however,
your score is below 80, then you will have to retake the
trial test until at least 80 percent mastery is demon-—
strated. 1In either case, though, any test problems missed
will serve to determine those assignments or “learning

correctives" to which you will be recycled.

TAKE THE SUMMATIVE POSTTEST NOW. The posttest will

consist of 25 problems based upon the topics covered in
performance objectives 1-8 and their corresponding assign-

ments.
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SUPPLEMENTARY EXPLANATION SHEET #l

RULES FOR ADDITION OF DIRECTED NUMBERS

I. Like Signs: Add the two numbers together and take the
common sign for the sum.

Examples: +3 -8 +5 + 2 = 47
_t2 =2
+5 -10 -4 - 2 = -6
A. Positive number + positive number = positive number
Examples: +6 +9 + 2 = +11
+7
+13

B. Negative number + negative number = negative number

Examples: -5 -8 - 9 = =17
=4
-9
IZ. Unlike Signs: Subtract the smaller from the larger and

take the sign of the larger number in
magnitude.

Examples: -7 +9 -9 4+ 4 = -5
+4 -3
-3 +6 +10 - 2 = +8
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SUPPLEMENTARY EXPLANATION SHEET #2

RULE FOR SUBTRACTION OF DIRECTED NUMBERS

Change the sign of the subtrahend to its opposite and the
sign of the operation to addition and follow the rules for

addition.
Examples: +3 +3 +7 +7
- -6 +6 - +4 -4
+9 +3
+2 - (-4) = +2 + 4 = +6

-7 - (-2)

-7 + 2

I
l
wn
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SUPPLEMENTARY EXPLANATION SHEET #3

RULES FOR MULTIPLICATION OF DIRECTED NUMBERS

Like Signs: The product of two positive numbers or of
two negative numbers is a positive number.

Examples: {4) (5) = +20

{(-6) (-3) = +18

A. Positive number X positive number = positive number

Example: (2)(3) = +6

i

B. Negative number X negative number positive number

Example: (-2)(-3) = +6

Unlike ligns: The product of a positive and a negative
number 1s a negative number.

Example: (4)(-5) = =20

i

A. Positive number X negative number negative number
Example: (2)(-3) = -6

B. Negative number X positive number = negative number

Example: (-2)(3) = -6
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SUPPLEMENTARY EXPLANATION SHEET #4

RULE FOR DIVISION OF DIRECTED NUMBERS

To perform a division, replace the divisor by its reciprocal
and multiply.

THTRES P

3 _ .1y __ 3
A

50 = (-10) = 50(- 45) = = 22 = -5
S T R
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ANSWERS TO ORAL EXERCISES

page 126: 1. 13 11. -6.7
3. 2 13. ©
5. -2 15. 3
7. 7 17. =9
9. -9
page 130: 1. 5 17. 22 29. -3.9
3. -8 19. 3.3 31, 17
5. 10 21. .08 33, - —+
7. =35 23. -.8 35. 0
9. -25 25. -.2 37. 1
27. -.4 39. -1
Page 135: 1. 20 13. -6a2
3. -21 15. 4b>
5. 20 17. ©
7. -15 19. -8
9. 1 21. 162
11. 1
Page 140: 1. 4 1. - {%
3. -4 13. a
5. 0 15. -3a
7. 17. 5a
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INTROLDUCTION

This packet, which concerns itself with the first
part of Learning Sequence 332: Polynomials and Eguations,
is made available for the purpose of helping you to identify
the following:

1. 7The mathematical topics that you will be taught
(DESCRIPTION OF CONTENT).

2. The tasks that you will be expected to perform
(PERFORMANCE OBJECTIVES).

3. The learning activities that will enable you to

master the necessary knowledge (ASSIGNMENTS).

4, The posttest stage at which your total level of

achievement will be assessed (SUMMATIVE POSTTEST).

5. The instructional materials that will supplement

the explanations given in the textbook (SUPPLEMENTARY

EXPLANATION SHEETS).

6. The correct responses to the oral exercises that

you will be assigned (ANSWERS TO ORAL EXERCISES).
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DESCRIPTION OF CONTENT

The first part of this learning seguence encompasses
the four basic operations of addition, subtraction, multi-
plication, and division with respect to directed numbers.
The student is provided with instruction and practice in
adding, subtracting, multiplying, and dividing two numbers
of like or unlike signs. This knowledge is eventually
extended and applied to mathematical problems in which more

than two terms are involved.

PERFORMANCE OBJECTIVES AND CORRESPONDING ASSIGNMENTS

For the purpose of demonstrating a working knowledge
of directed numbers, and after having completed the desig-
nated assignments, the student should be able to perform the
following tasks in writing:

1. State the ruie for finding the sum of:

a., Two positive numbers
b. Two negative numbers
c. A positive and a negative number.

2. Add directed numbers.
Assignments:

Read & study: pp. 116-117, 124-126; Supple-
mentary Explanation Sheet #1, Rules for
Addition of Directed Numbers.

State in writing the rule for finding the sum
of two positive numbers.

State in writing the rule for finding the sum
of two negative numbers.

State in writing the rule for finding the sum
of a positive and a negative number.

Give three examples of each rule.

Work: p. 126, oral exercises 1-17 odd.

Wwork: p. 127, written exercises 1-17 odd.
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3. State the rule for subtraction of directed
numbers.

4, Subtract directed numbers.

Assignments:

Read & study: pp. 120-122, 128-130:; Supple-
mentary Explanation Sheet #2, Rule for
Subtraction of Directed Numbers.

State in writing the rule for subtraction of

directed numbers.
Work: p. 130, oral exercises 1-9 odd and

17-39 odd.
Work: p. 131, written exercises 13-19 odd.

5. State the rules for multiplication of directed
numbers.

6. Multiply directed numbers.

Assignments:

Read & study: pp. 133-135; Supplementary
Explanation Sheet #3, Rules for Multiplication

of Directed Numbers.

State in writing the rules for multiplication of
directed numbers.

Work: p. 135, oral exercises 1-21 odd.

Work: p. 137, written exercises 1-19 odd.
(Do not use the distributive property.)

Work: pp. 122-123, written exercises 1-11 odd.

7. State the rule for division of directed numbers.
8. Divide directed numbers.

Assignments:

Read & study: pp. 138-140; Supplementary
Explanation Sheet #4, Rule for Division of
Directed Numbers.

State in writing the rule for division of
directed numbers.

Work: p. 140, oral exercises 1-17 odd.

TAKE THE SUMMATIVE POSTTEST NOW. The posttest will

consist of 25 problems based upon the topics covered in per-

formance objectives 1-8 and their corresponding assignments.
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SUPPLEMENTARY EXPLANATION SHEET 31

RULES FOR ADDITION OF DPIRECTED NUMBERS

Like Signs: Add the two numbers together and take the

common sign for the sum.

Examples: +3 -8 +5 + 2 = +7
+2 -2
+5 -10 -4 - 2 = -6
A. Positive number + positive number = positive number
Examples: +6 +9 + 2 = +11
+7
+13
B. Negative number + negative number = negative number

Examples: -5 -8 - 9 = ~17
-4

-9

Unlike Signs: Subtract the smaller from the larger and

take the sign of the largexr number in

magnitude.
Examples: -7 +9 -8 + 4 = -5
+4 -3
-3 +6 +1C - 2 = +8
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SUPPLEMENTARY EXPLANATION SHELT #2

RULE FOR SUBTRACTION OF DIRECTED NUMBERS

Change the sign of the subtrahend to its opposite and the
sign of the operation to addition and follow the rules for
addition.

Examples: +3 +3 +7 +7
- =6 +6 - +4 -4
+9 +3

+2 - (-4) = +2 + 4 = +6

-7 + 2

'
~!
|
T
()
I
I
!
0
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SUPPLEMENTARY EXPLANATION SHEET #3

RULES FOR MULTIPLICATION OF DIRECTED NUMBERS

Like Signs: The product of two positive numbers or of
two negative numbers is a positive number.

Examples: (4)(5) = +20

(-6) (-3) = +18

positive number

I

A. Positive number X positive number

Example: (2)(3) = +6

B. Negative number X negative number = positive number

Example: (-2) (-3) = +6

Unlike Signs: The product of a positive and a negative
number is a negative number.

Example: (4)(-5) = =20

I

A. Positive number X negative number negative number
Example: (2) (-3) = -6

negative number

I

B. Negative number X positive number

Example: (~2}(3) = -6
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SUPPLEMENTARY EXPLANATION SHEET #4

RULE FOR DIVISION OF DIRECTED NUMBERS

To perform a division, replace the divisor by its reciprocal
and multiply.

Examples: :_}_%____12(_ '71,')_3
THPHES
S
50 = (-10) 50(--1%)=-%8=-5

T e
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ANSWERS TO ORAL EXERCISES

page 126: 1. 13 11. =-6.7
3. 2 13. 0
5. - {% 15. 3
7. 7 17. -9
9. -9
page 130: 1. 5 17. 22 29. =-3.9
3. -8 19. 3.3 31, 17
5. 10 21. .08 33, - {%
7. =35 23. -.8 35. 0
9. =25 25. -.2 37. 1
27. -.4 39. -1
page 135: 1. 20 13. -6a?
3. -21 15. 4p3
5. 20 17. ©
7. -15 19. -8
9. 1 21. 162
11. 1
Page 140: 1. 4 1i. - {%
3. -4 13. a
5. 0 15. -3a
7. 17. 5a
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FORMATIVE TRIAL TEST I
(FORM A)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: PFormative Trial Test I is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 1-4 and their corresponding assign-
ments. A score of 80 or higher will permit you to proceed
to the next group of objectives and assignments. If,
however, your score is below 80, then you will have to
retake the trial test until at least 80 percent mastery is
demonstrated. 1In either case, though, any test problems
missed will serve to determine those assignments or
"learning correctives"” to which you will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the
10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /."

1. (aad) -5 6. (Subtract) -6
+2 +7
-7
+3
2. -8 -4 -2 -3 7. -4 - (+5) - (-3) - (+6)
.
3. 3+ (=2) + 4 + (-3) 8. -(x+ 6) - (-3 - %)
4. y + (-8) + (-y) + 2 9. -7 - (+3 -1) - 2
5. -4 + (-8 - 2) 10. y - (y + 2)
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ANSWER KEY

FORMATIVE TRIAL TEST I

(FORM A)

1. (add) -5 6. (Subtract) -6

+2 +7

-7

+3 -13/
/=17

2. -8-4- 2 -3 7. -4 - (+5) - (=3) - (+6)
/-17/ -4 - 5+ 3 -6

-15 + 3
/=12/

3. 3+ (-2) + 4 + (-3) 8. -(x +6) - (-3 - x)
3-2+4 -3 -x - 6 + 3 + x
7-5 /=37
12/

4 v+ (-8) + (~y) + 2 9 -7 - (#3 - 1) - 2
y-8-y+ 2 -7 - (+2) - 2
/-6/ -7 - 2 -2

/-11/

5 -4 + (-8 - 2) 10 vy - (y + 2)
-4 + (-10) Yy -y - 2
-4 - 10 4—27
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FORMATIVE TRIAL TEST T
(FORM B)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: Formative Trial Test I is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 1-4 and their corresponding assign-
ments. A score of 80 or higher will permit you to proceed
to the next group of objectives and assignments. 1If,
however, your score is below 80, then you will have to
retake the trial test until at least 80 percent mastery is
demonstrated. 1In either case, though, any test problems
missed will serve to determine those assignments or
"learning correctives" to which you will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the

10 problems contained in this trial test. Please show all

steps involved in computing the correct response. Also, be
sure to eanclose your final answer in a box "/ /."

1. (add) -6 6. (Subtract) -4

+4 +6

-5

+3
2. -9 -1-3-5 7. =9 - (+6) - (~4) - (+2)
3. 4+ (-3) + 6 + (-6) 8. ~-(x+ 9) - (-4 - x)

4. y + (=7) -9 ~ (+4 - 3) - 4

+

D

<
+
521
e}

5. =5+ (-2 - 6) 10. y - (y + 3)
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ANSWER KEY

FORMATIVE TRIAL TEST I

(FORM B)
1. (add) -6 6. (Subtract) -4
+4 +6
-5
+3 /-10/
77
2. -9 - 1- 3 -5 7. =9 - (+6) - (-4) - (+2)
-18 -9 -6+ 4 - 2
-17 + 4
-13
3. 4+ (=3) + 6 + (-6) 8. ~(x+9) - (-4 - x)
4 - 3 +6 - 6 -X - 94+ 4 + x
10 - 9 /=57
yavy
4. y + (=7) + (-y) + 5 9. =9 - (44 - 3) - 4
Y-7-y+ 5 -9 - (+1) - 4
/=2/ -9 - 1-4
/=-14/
5. =5+ (-2 - 6) 10, v - (y + 3)
-5 + (-8) Yy -y-3
-5 - 8 {—37
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FORMATIVE TRIAL TEST I
(FORM C)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: Formative Trial Test I is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 1-4 and their corresponding assign-
ments. A score of 80 or higher will permit you to proceed
to the next group of cbjectives and assignments. 1If,
however, your score is below 80, then you will have to
retake the trial test until at least 80 percent mastery is
demonstrated. In either case, though, any test problems
missed will serve to determine those assignments or
"learning correctives" to which you will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the
10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /."

1. (aad) -9 6. (Subtract) -3
+5 +9
-4
+7
2. =7 -3 -4 - 2 7. =7 - (+4) - (-5) - (+1)
3. 5+ (-4) + 4 + (-2) 8. —-(x + 12) - (-3 - x)
4. y + (-6) + (~y) + 2 9. -6 - {(+9 - 2) - 3

5. =7 + (=3 - 2) 10. v - (y +7)




(Add)

-9
+5
-4

+7_

av

ANSWER KEY
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FORMATIVE TRIAL TEST I

-7 -3-4 -2

/-16/

5+ (-4) + 4 + (-2)

5 -4+ 4 - 2

9 - 6

/37

y + (-6)

+

(~y) + 2

y - 6 -y + 2

/=12/

(FORM C)

6.

7.

8.

10.

(Subtract) -

+
O w

!
|.—l
n

~N

-7 = (+4) = (=5) - (+1)
-7 -4 +5 -1
-12 + 5

77

~-(x + 12) - (-3 - x)

-x - 12 + 3 + x

y - (y+7)

y -y -7
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FORMATIVE TRIAL TEST I
{(FORM D)

Learning Sequence 332--Part I

(Date) {(Name)

(Period) (Score)

PURPOSE: Formative Trial Test I is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 1-4 and their corresponding assign--
ments. A score of 80 or higher will permit you to proceed
to the next group of objectives and assignments. If,
however, your score is below 80, then you will have to
retake the trial test until at least 80 percent mastery is
demonstrated. 1In either case, though, any test problems
nissed will serve to determine those assignments or
“"learning correctives" to which you will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the

10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /.

1. (Add) -4 6. (Subtract) -4
+1 +7
-8
+5
2. -6 -2 -5-1 7. =5 - (+1) - (-2) - (+6)
3. 6+ (-3) + 5 + (-4) 8. —-(x+ 9) - (-2 - x)
4, yv + (-9) + (-y) + 7 9. -4 - (+7 - 3) - 3

5. -9 + (-4 - 3) 10. y - (y + 4)
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ANSWER KEY

FORMATIVE TRIAL TEST I

(FORM D)
1. (aad) -4 6. (subtract) -4
+1 +7
...8 -
+5 /=11/
/=8/
2, -6 -2 -5--1 7. =5 - (+1) - (—2) - (+6)
/-14/ -5 -1+ 2 -6
-12 + 2
-10
3. 6+ (-3) +5 + (-4) 8. -(x+ 9) - (-2 - x)
6 -3+ 5-4 -X - 9 + 2 + X
11 - 7 4—77
/47
4., yv + (-9) + (-y) + 7 9. -4 - (+7 - 3) - 3
y -9 -y + 7 -4 - (+4) - 3
Very 4 -4 -3
/-11/
5 -9 + (-4 - 3) 10 y - (y + 4)
=9+ (=7) y-y -4
-9 - 7 /=47
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FORMATIVE TRIAL TEST I
(FORM E)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: Formative Trial Test I is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 1-4 and their corresponding assign-
ments. A score of 80 or higher will permit you to proceed
to the next group of objectives and assignments. 1If,
however, your score is below 80, then you will have to
retake the trial test until at least 80 percent mastery is
demonstrated. In either case, though, any test problems
missed will serve to determine those assignments or
"learning correctives" to which you will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the

10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ _ /."

1. {(add) -3 6. (Subtract) -9
+2 +8
-9
_*7_
2 -5 -1-6 -3 7. =2 - (+4) - (=5) - (+7)
3. 7+ (1) + 2 + (-3) 8. -—-(x + 10) - (-4 - x)
4., v + (-5) + (~y) + 4 9., -3 - (+8 - 4) - 4

5. -6+ (-7 - 5) 10. y -~ (y + 8)



260

ANSWER KEY

FORMATIVE TRIAL TEST I

(FORM E)
1. (add) -3 6. (Subtract) -9
+2 +8
-9
47 /177
/[=3/
2. -5-1-06-3 7. -2 - (+4) - (-5) - (+7)
-15 : -2 -4+ 5 -7
-13 + 5
/=8/
3. 7+ (1) + 2 + (=3) 8. -(x + 10) - (-4 - x)
7 -1+ 2-3 -x - 10 + 4 + x
9 - 4 {—67
/57
4. y + (-5) + (-y) + 4 9. -3 - (+8 - 4) - 4
y-5-y+ 4 -3 - (+4) - 4
/=1/ -3 -4 -4
-11
5. -6+ (-7 - 5) 10. y - (y + 8)
-5 + (-12) y -y - 8
-6 - 12 /-8/




APPENDIX D

Learning Correctives Based Upon
Formative Trial Test I Results




262

LEARNING CORRECTIVES BASED UPON

FORMATIVE TRIAL TEST I RESULTS

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

/_/ The score which you achieved on Formative Trial Test I

was 100 ; therefore, there are no learning correctives
which you must complete. Please proceed immediately

to performance objectives 5-% and their corresponding
assignments.

The score which you achieved on Formative Trial Test I
was . Tha test items which you missed are indi-
cated on the following pages. Please complete the
designated learning correctives before proceeding to
performance objectives 5-8 and their corresponding
assignments.

The score which you achieved on Formative Trial Test I
was . The test items which you missed are indi-
cated on the following pages. Please complete the
designated learning correctives and then retake
Formative Trial Test I. Remember, you must attain a
score of 80 or higher before proceeding to the next
group of objectives and assignments.



Test Item(s) Missed

/7 Any problem(s) /7

concerning addition

[ 7#1 L7

[ 7#2, /743, A4
[_/#4, or [ J#5

L /42, [ 743, L/
L 784, [ /#5

(Any two or more)
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Learning Correctives

Review: pp. 116-117, 124~
126; Supplementary
Explanation Sheet #1,
Rules for Addition of
Directed Numbers.

State in writing the rules
for finding the sum of
(1) two positive numbers,
(2) two negative numbers,
and (3) a positive and a
negative number.

Work: p. 126, oral exer-
cises 2, 4, 6, 8.

Work: p. 127, written
exercises 2, 6.

Work: p. 126, oral exer-
cises 16, 18.

Work: p. 127, written
exercise 14.

work: p. 126, oral exer-
cises 16, 17, 18.

Work: p. 127, written
exercises 8, 10, 12, 14.

// any problem(s) L/

concerning subtraction

/746 L7

/#7

N
N

Review: pp. 120-122, 128-
130; Supplementary
Explanation Sheet #2,
Rule for Subtraction of
Directed Numbers.

State in writing the rule
for subtraction of
directed numbers.

Work: p. 130, oral exep=. ..
cises 2, 6, 8, 10.

Work: p. 130, oral exer-
cises 20, 36. '

Work: p. 131, written
exercise 16.



Test Item(s) Missed

[ /48

264

Learning Correctives

/ / Work: p. 130, oral exer-

cises 37, 38.
Work: p. 131, written
exercises 15, 19, 20.

Work: p. 131, written
exercises 15, 17, 18.

Work: p. 130, oral exer-
cises 39, 40.

Your most recent taking of
Formative Trial Test I was
your / /2nd, / /3rd,
unsuccessful attempt at
obtaining a score of 80 or
higher. Please consult
with your teacher in order
to plan for individual
tutoring sessions.



ANSWERS TO ORAL EXERCISES AND

EVEN-NUMBERED WRITTEN EXERCISES

Page 126, Oral Exercises:

Page 127, Even—-Numbered
Written Exercises:

Page 130, Oral Exercises:

Page 131, Even-Numbered
Written Exercises:

l6.

18.

20.

16

—-68

-49-

-154

-22

16.

17.

18.

10.
12.

14.

36.
37.
38.
39.

40.
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Formative Trial Test II
(Forms A - E)

and

Answer Keys
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FORMATIVE TRIAL TEST II
(FORM A)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: Formative Trial Test II is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 5-8 and their corresponding assign-
ments. A score of 80 or higher will permit you to take the
Summative Posttest which covers the entire first part of
this learning sequence. If, however, your score is below
80, then you will have to retake the trial test until at
least 80 percent mastery is demonstrated. 1In either case,
though, any test problems missed will serve to determine
those assignments or "learning correctives" to which you
will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the
10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /.

1. -5(2)(~3) 6. (=30) + (-5)
2. 4(+3 + 2) 7. (-6a) — 3
3. -6(-2)3 8. =35
=7
- D)2 . T 2
5. -2(3x) + (-2)(-6) 10. -30x

15
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ANSWER KEY

FORMATIVE TRIAL TEST I1

(FORM Aa)

1. =5(2)(-3) 6. (-30) + (-5)
-10(-3) 1
e -30 (- ?)
/30/ _

/6/

2. 4(+3 + 2) 7. (-6a) + 3
4(+5) —6a(%)
20/

-2a

3. -6(-2)° 8. -35

-7

-6(-2) (-2) (-2)
1

12(=2) (-2) =35(- 37)
-24(-2) /[5/
/48/

4. 1 9 5
(- =) (-24) =
/127 L

5(- —5)
_ 5
9
5. =2(3x) + (=2)(-6) 10. -30x
15
-6x + (12)
/~6x + 12/ '30X(f%)

/=2x/




270

FORMATIVE TRIAL TEST II
(FORM B)

Learning Sequence 332—--Part I

(Date) (Name)

{Period) (Score)

PURPOSE: Formative Trial Test II is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 5-8 and their corresponding assign-
ments. A score 0of 80 or higher will permit you to take the
Summative Posttest which covers the entire first part of
this learning sequence. If, however, your score is below
80, then you will have to retake the trial test until at
least 80 percent mastery 1is demonstrated. 1In either case,
though, any test problems missed will serve to determine

those assignments or "learning correctives" to which you
will be recvcled.
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DIRECTIONS: Perform the indicated operation for each of the
10 problems contained in this trial test. Please show all
steps involved in computing the correct response. BAlso, bhe
sure to enclose your final answer in a box "/ /."

1. -2(6) (~3) 6. (-24) + (-8)
2. 3(+6 + 2) 7. (-18a) = 3
3. =5(-2)3 8. _—_—1_§_

- ) (-29) > L

5 -5(4x) + (—5)(—6)i 10 -25x%
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ANSWER KEY

FORMATIVE TRIAL TEST II
(FORM B)

w

-2(6) (-3)
~12(-3)

/[38/

3(+6 + 2)
3(+8)

[24/

_5(-2)°
-5(~2) (-2) (-2)
10(~2) (-2)
_20(-2)

/%7

(- =) (-24)

£8/

-5(4x) + (-5)(-6)

-20x + (30)

/-20%_+ 30/

(-24) + (-8)
~24(- &)
[37

(-18a) + 3
-18a (1)

-6a
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FORMATIVE TRIAL TEST II
(FORM C)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: Formative Trial Test II is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 5-8 and their corresponding assign-
ments. A score of 80 or higher will permit you to take the
Summative Posttest which covers the entire first part of
this learning sequence. If, however, your score is below
80, then you will have to retake the trial test until at
least 80 percent mastery is demonstrated. In either case,
though, zany test problems missed will serve to determine
those assignments or "learning correctives" to which you
will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the
10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ _/."

1. =3(3)(-2) 6. (-10) + (-5)
2. 7(+4 + 3) 7. (-l6a) = 2
3. -8(-2)3 8. =30

=5
o (- b (-20) 72
5. -6(5x) + (-6)(=3) 10. =-24x
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ANSWER KEY

FORMATIVE TRIAL TEST II

(FORM C)
-3(3) (-2) 6. (-10) + (-5)
-9(=2) -10(- )
/18/
l2/
7(+4 + 3) 7. (-léa) = 2
7+7) ~16a ()
/497
-8a/
-8(-2)” 8. -30
=5
-8(-2) (-2) (-2) .
16 (=2) (~2) -30(- %)
-32(-2) /&/
/64/
1 9. 4
(- 7;)(—20) 5
/37 4(- L)
5
4
-5/
~6(5x) + (~6) (=3) 10. -24x
)
~30x + (18)
S ~24x% ()
/-30% + 18/ 4
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FORMATIVE TRIAL TEST II
(FORM D)

Learning Sequence 332~-Part I

(Date) (Name)

(Period) (Score)

PURPOSE: Formative Trial Test II is designed to measure the
extent to which you have mastered the topics covered in

per formance objectives 5-8 and their corresponding assign-
-ments. A score of 80 or higher will permit you to take the
“Summative Posttest which covers the entire first part of
this learning sequence. If, however, your score is below
80, then you will have to retake the trial test until at
least 80 percent mastery is demonstrated. 1In either case,
though, any test problems missed will serve to determine
those assignments or “learning correctives" to which you
will be recycled.
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DIRECTIONS: Perform the indicated operation for each of the
10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /."

L. -4(5)(-3) 6. (-15) + (-5)
2. 2(+6 + 8) 7. (-28a) = 7
3. -1(-2)° 8. -14_
-2
4. L) (-18) 9. ___%_
5. =7(3x) + (=7)(=2) 10. =-32x
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ANSWER KEY

FORMATIVE TRIAL TEST II

(FORM D)
1. -4(5)(-3) 6. (-15) = (~-5)
-20(-3) ~15(- "é“)
VY4
2. 2(+6 + 8) 7. (-28a) + 7
2(+14) -28a(-§:,,—)
~43a
3. -1(-2)3 8. -14
-2
-1(-2) (-2) (-2) .
2(~2) (-2) -l4(- )
-a(-2) 7
/87
4 1l 9. 2
(- L) (-18) —
£/ 2(- &)
2
)
5. =7(3x) + (-7) (-2} 10. -32x
4
-21lx + (+14)
1
/=21x% + 14/ -32x ()

-8x/
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FORMATIVE TRIAL TEST II
(FORM E)

Learning Sequence 332--Part I

{Date) (Name)

(Period) (Score)

PURPOSE: Formative Trial Test II is designed to measure the
extent to which you have mastered the topics covered in
performance objectives 5-8 and their corresponding assign-
ments. A score of 80 or higher will permit you to take the
Summative Posttest which covers the entire first part of
this learning sequence. If, however, your score is below
80, then you will have to retake the trial test until at
least 80 percent mastery is demonstrated. In either case,
though, any test problems missed will serve to determine
those assignments or "learning correctives" to which you
will be recycled. ‘
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DIRECTIONS: Perform the indicated operation for each of the
10 problems contained in this trial test. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ _/."

1. =-8(2)(-2) 6. (-27) = (-3)
2. 6(+2 + 6) 7. (-24a) + 2
3. -7(-2)° 8. =27

=3
(- ) (-36) =
5. -8(5x) + (-8)(-2) 10. =-35x
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ANSWER KEY

FORMATIVE TRIAL TEST II

(FORM E)
-8(2) (-2) 6. (-27) <+ (-3)
-16 (~2) 1
-27 (- —5-)
/327
[3/
6(+2 + 6) 7. (-24a) + 2
6(+8) -24a(—%—)
/487
/=12a/
-7(-2)3 8. -27
=3
-7(~-2) (-2) (-2) .
14 (-2) (-2) =27(- 35)
-28(-2) /9
/56/
(- %) (-36) 7. 2
147 8 (- _%_
8
- ..9_/
-8(5x) + (-8)(-2) 10. -35x
5
-40x + (16)
1
/=40x% + 16/ =35x% (5-)
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Learning Correctives Based Upon
Formative Trial Test II Results
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LEARNING CORRECTIVES BASED UPON

FORMATIVE TRIAL TEST II RESULTS

Learning Sequence 332--Part I

(Date) (Name)

(Pexriod) (Score)

// The score which you achieved on Formative Trial Test II

was 100 ; therefore, there are no learning correctives
which you must complete. Please proceed immediately to
the Summative Posttest.

The score which you achieved on Formative Trial Test II
was . The test items which you missed are indi-
cated on the following pages. Please complete the
designated learning correctives before proceeding to the
Summative Posttest.

The score which you achieved on Formative Trial Test II
was . The test items which you missed are indi-
cated on the following pages. Please complete the
designated learning correctives and then retake
Formative Trial Test II. Remember, you must attain a
score of 80 or higher before proceeding to the Summative
Posttest.



Test Item(s) Missed

/_/ Any problem(s)
concerning multipli-
cation

L7#1

/742

L7432

L 744

L 745
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Learning Correctives

/_/ Review: pp. 133-135;
Supplementary Explanation
Sheet #3, Rules for Mul-
tiplication of Directed

Numbers.

State in writing the rules
for multiplication of
directed numbers.

/_/ Work: p. 135,

oral exer-

cises 2, 4, 7, 8, 9, 12,

14, 17.

/_/ Work: p. 137,

exercises 1,
16. (Do not
distributive

/_/ Work: p. 135,
cises 19, 20,

/ / Work: p. 135,
cises 10, 11,

[/ / Work: p. 137,

exercises 7,
1ll. (Do not
distributive

written »
2, 4, 6, 12,
use the
property.)

oral exer-
21.

oral exer-
16.

written

8, 9, 10,
use the
property.)

1:7 Any problem(s)
concerning division

/ /#6 and/ox / /#7

/_/ Review: pp. 138-140;
Supplementary Explanation
Sheet #4, Rule for Divi-
sion of Directed Numbers.
State in writing the rule

for division
numbers.

/_/ Work: p. 140,

of directed

Example 4

and oral exercises 14,
15, 16, 17, 18.
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Test Item(s) Missed Learning Correctives

[ /48 ' /7 Work: p. 140, Example 1
and oral exercises 1, 4,
8, 9.

£_/#9 and/or / _/#10 /7 Work: p. 140, Examples 2 &

3 and oral exercises 2,
3, 6, 10, 11, 12.

/_/ Your most recent taking of
Formative Trial Test II was
your / /2nd, / /3rd, //
unsuccess ful attempt at
obtaining a score of 80 or
higher. Please consult
with your teacher in order
to plan for individual
tutoring sessions.




ANSWERS TO ORAL EXERCISES AND

EVEN-NUMBERED WRITTEN EXERCISES

Page 135, Oral Exercises:

Page 137, Even-Numbered
Written Exercises:

Page 140, Oral Exercises:

10.

11.

10.

12
18
-15

28

21

-45

-20

12.

14.

l6.

17.

19.

20.

21.

10.
12.

16.

11.
12.
14.
15.
l6.
17.

18.

-200a?

74

=27

162

-52

54

-3b
5a

=)'

286
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SUMMATIVE POSTTEST
(FORM I)

Learning Sequence 332——-Part I

(Date) ' (Name)

(Period) (Score)

PURPOSE: The Summative Posttest is designed to measure the
extent to which you have mastered the topics covered in the
entire first part of Learning Sequence 332. More specifi-
cally, the content included in performance objectives 1-8
and their corresponding assignments is the basis for the 25
items which comprise the posttest.




&
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DIRECTIONS: Perform the indicated operation for each of the

25 problems contained in this posttest. Please show all

steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /"

1. (add) +9

-5

2. (pad) -7
+5
-9
+6

3. (Subtract) -7
+8

5. (-3) + (-6)

6.

10.

6 + (-4) + 8 + (-1)

y + (-6) + (-y) + 3

-6 + (-4 -~ 5)

(+9) - (+4)



11.

12.

13,

14.

15.

16.

-{x + 5) - (-3 - x)

-8 - (+10 - 4) - 3

y - (y + 5)

6(-5)

5(+2 + 6)

-4(2) (-4)

18.

19.

20.

21.

22.

3(-2)3

1
(- 7?)('27)

-4 (2x) + (-4)(=7)

(-25) < (-5)

12 - (=3)

(-14a) = 2

290
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23. -24 25. =28x

24.

1
\xlw
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ANSWER KEY

SUMMATIVE POSTTEST

(FORM TI)
1. (Add) +9 6. 6+ (-4) + 8 + (-1)
-5
_ 6 -4+8 -1
[+4/
14 - 5
13/
2. (add) -7 7. y+ (~-6) + (-y) + 3
+5
-9 y-6-y+ 3
+6 -
_/_'—3
/=57
3. (Subtract) -7 8. -6+ (-4 - 5)
+8
-6 + (-9)
-15/
-6 - 9
-15
4. -4 -3 -8-6 9. (+9) - (+4)
/-21/ 9 - 4
/57
5. (-3) + (-6) 10. -3 - (+2) - (-4) - (+8)
-3 -0 -3 -2+ 4 -8
/-9/ ~13 + 4

£=9/
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11. -(x + 5) = (-3 = x) 17, 3(-2)3
X - 5+ 3+ x 3(-2) (-2) (-2)
/=27 -6(-2) (~2)
12(-2)
/-24/
12. -8 - (+10 - 4) - 3 18. (- 1y (-am)
-8 - (+6) - 3
£37
-8 - 6 - 3
/=177
13. y - (y + 5) 19. -4(2x) + (-4)(-7)
y -y -5 -8x + (+28)
/=57 /-8x + 28/
14. 6(-5) 20.  (-25) = (-5)
£=30/ -25(- %—)
/57
15. 5(+2 + 6) 21. 12 = (-3)
5(+8) 12(- “J§‘)
/497 __
[=4/
16. -4(2) (-4) 22. (-14a) = 2
-8(-4) ~14a(3)
/327




23.

24.

-24

-8
~24(- )
/37
3

-7

3(- =)

294
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SUMMATIVE POSTTEST
(FORM II)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: The Summative Posttest is designed to measure the
extent to which you have mastered the topics covered in the
entire first part of Learning Sequence 332. More specifi-
cally, the content included in performance objectives 1-8

and their corresponding assignments is the basis for the 25
items which comprise the posttest.
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DIRECTIONS: Perform the indicated operation for each of the
25 problems contained in this posttest. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box " N

1. (ag@a) +7 6. 5 + (=3) +7 + (-2)
-2
2. (aada) -8 7. y + (=7) + (~y) + 2
+3
-6
+2
3. (Subtract) -5 8. -8 + (-5 - 6)
+9
4. -3 -5~ 7 -4 9. (+8) - (+5)

10. =2 = (+5) = (=3) = (+7)

ut
T
N
+
T
[0¢]



11.

12.

13.

14.

15.

le.

-(x + 6) - (-2 - x)

-5 - (+9 - 3) - 4

y - (y + 6)

4(-3)

E(+3 + 4)

-3(5) (-2)

17.

18.

19.

20.

21.

22.

4(-2)3
(- =) (-35)

-3(4x) + (-3)(-8)

(-16) + (-4)
14 = (~7)
(-15a) = 5

297
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23. -24 25. =2lx

o
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ANSWER KEY

SUMMATIVE POSTTEST

(FORM II)
1. (Add) +7 6. 5+ (-3) + 7 + (-2)
-2
5 -3+ 7 - 2
[*57
12 - 5
17
2. (add) -8 7. y+ (=7) + (-y) + 2
+3
-6 y =7 -y + 2
- 57
-5
/=87
3. (Subtract) -5 8. -8 4+ (-5 - 6)
+9
-8 + (-11)
-14
-8 - 11
~19
4 -3 -5-7 -4 9 (+8) - (+5)
/=157 8 - 5
/3/
5. (-4) + (-8) 10. =2 - (+5) = (=3) - (+7)
-4 - 8 -2 -5+ 3 -7
/-12/ -14 + 2
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11. -(x + 6) - (=2 - x) 17. 4(-2)3
-X -6 + 2 + x 4(-2) (-2) (-2)
/=-4/ -8(~2) (-2)

16 (-2)
/=327

12. -5 - (+9 - 3) - 4 18. 1.,

(= =) (-35)
-5 - (+6) - 4

[5/
-5 -6 - 4
/-15/

13. y = (y + 6) 19. -3(4x) + (-3)(-8)
y -y - € -12x + (+24)
/=6/ : [-12x + 24/

14. 4(-3) 20. (-16) = (-4)
£=12/ ~16 (- i%)

/47

15. 6(+3 + 4) 21. 14 = (-7)

e (+7) 1
o 14(- =)
142/

f-z/

16. =-3(5) (-2) 22. (-15a) = 5
"15-2) ~15a (1)
/39/

-3a




23.

24.

-24

;

-24 (- &)

147

1
e

(%)

301
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SUMMATIVE POSTTEST
(FORM III)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Score)

PURPOSE: The Summative Posttest is designed to measure the
extent to which you have mastered the topics covered im the
entire first part of Learning Sequence 332. More specifi-
cally, the content included in performance objectives 1-8
and their corresponding assignments is the basis for the 25
items which comprise the posttest.
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DIRECTIONS: Perform the indicated operation for each of the

25 problems contained in this posttest. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /."

1. -6 + (-4 - 5) 6. (Subtract) -7
. +8
2. -4 - 3 -8 -6 7. (add) +9
-5
3. y + (-6) + (-y) + 3 8. (add) -7
’ +5
-9
+6
4. (-3) + (-8) 9. y - (y + 5)

5. 6 + (-4) + 8 + (-1) 10.  (+9) - (+4)




11.

12.

14.

15.

-8 - (+10 - 4) - 3

3 - (+2) - (-4) - (+8)

-{x + 5) - (-3 - x)

-4 (2x) + (-4)(-7)

l6.

17.

18.

19.

20.

304

(= =) (-27)

5(+2 + 6)

3(-2)3

~4(2) (-4)

-28x%
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21.  (-25) + (~5) 24. -24
-8
22. 3 25. (-lda) = 2

23. 12 = (=3)

Qo
ERIC



ANSWER KEY
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SUMMATIVE POSTTEST

-6 + (-4 - 5)
-6 + (~9)

-6 -9

/=15/

-4 -3-8-56

[=21/

6 + (-4) + 8 + (-1)

6 -4+ 8-1
14 - 5

L3/

(FORM III)

10.

(Subtract) -7
+8

/=157

(Add) +9
-5
[+3/
(add) -7
+5
-9
+6
/=57
y - (y + 5)
Yy -y -5
f..s/
(+9) -~ (+4)
9 - 4
/57
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11, -8 - (+10 - 4) - 3 16. (. _%_)(_27)
-8 - (+6) - 3
-8 - 6 - 3 Z§7
=177
12, =3 = (+2) - (-4} - (+8) 17. 5(+2 4+ ©)
-3~ 24+ 4 -8 5(+-8)
-13 + 4 /40/
=9/
13. =(x + 5) =~ (-3 - x) 18. 3(-2)3
-X - 5+ 3 + X 3(-2)(=2)(-2)
=27 -6(-2) (-2)
12(-2)
/=247
14, -4(2x) + (-4)(-7) 19. -4(2) (-4)
~-Bx + (+28) -8(-4)
/=8x_+ 28/ /32/
15. 6(-5) 20. =-28x
357 7
—28x(€%ﬁ

—-4x
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21. (-25) = (-5) ' 24. =24
-8
~25 (- -+
> -24(- &)
[57 _
L3/
22. 3 25. (-14a) = 2
=7
~14a (k)
3(- ) 2
/=~7a/
3

23. 12 = (-3)
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SUMMATIVE POSTTEST
(FORM IV)

Learning Sequence 332--Part I

(Date) (Ngme)

(Period) (Score)

PURPOSE: The Summative Posttest is designed to measure the
extent to which ¥You have mastered the topics covered in the
entire first part of Learning Sequence 332. More specifi-
cally, the content included in performance objectives 1-8
and their corresponding assignments is the basis for the 25
items which comprise the posttest.
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DIRECTIONS: Perform the indicated operation for each of the
25 problems contained in this posttest. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /.

1. -8+ (-5 - 6) 6. (Subtract) -5
+9
2., -3 -5-7 -4 _ 7. (Add) +7
-2
3000y + (=7) + (-y) + 2 8. (Add) -8
+3
-6
+2
4. (-4) + (-8) 9. y - (y + 6)

w

5 4+ (=3) + 7 + (=2) 10. (ﬁé) - (+5)




11.

12.

13.

14.

15.

-5 - (49 - 3) - 4

2 - (+5) - (=3) = (+7)

-(x + 6) - (-2 - x)

-3(4ax) + (-3) (-8)

16.

17.

18.

19.

20.

1
(- —7-)(°35)

6(+3 + 4)

4(-2)3

-3(5) (-2)

-21x

311
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21.  (-16) = (-4) 24. =24
_6‘
22. 3 25. (-15a) = 5
-5

23. 14 = (=7)
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ANSWER KEY

SUMMATIVE POSTTEST

{FORM 1V)
i. -8 + (-5 - ©) 6. (Subtract) -5
o
-8 + (-11)
/137
-8 - 11
[—197
2. -3-5-7 -4 7. (Add) +7
-2
£=13/ —
+5/
3. vy + (=7) + (-y) + 2 8. (add) -8
+3
y -7-y+ 2 -6
— _t2
£=5/
£=9/
4 (-4) + (-8) 9. y - (y + 6)
-4 - 8 Yy -y -6
-12/ /=&/
5. 5+ (=3) + 7 + (-2) 10. (+8) - (+5)
5 -3+ 7 -2 8 - 5
12 - 5 /3/

[17




11.

12,

13.

14.

1s5.

-5 - (+9 - 3) - 4 16.
-5 - (+6) - 4

-5 -6 - 4

/=15/

-2 - (+5) - (=3} - (+7) 17.

-2 -5+ 3 -7

~14 + 3

/=11

/-11/

-(x + 8)

=X - 6 + 2 + x

/=47

-3(4x) + (-3)(-8) 19.
-12x + (+24)

/-12x + 24/

4 (-3) 20.
/=12/

- (-2 - x) 18.

314
(- 2 (-35)

/57

6(+3 + 4)
6({+7)

/42/

4(-2)3

4(-2) (-2) (-2)
-8(~2) (-2)

16 (~2)

———————

/[=32/

-3(5) (-2)
-15(-2)
39/

-21x

-21x(

\lli—'

)

- 3%
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21. (-16) = (-4) 24, =24
-6
1
-1l6(- =)
4 -24 (- +)
/47 __
14/
22. 3 25. (-15a) = 5
-5
1
-15a (=)
3(- +) >
/-3a/

23. 14 = (-7)
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SUMMATIVE POSTTEST
(FORM V)

Learning Sequence 332--Part I

(Date) (Name)

(Period) (Scoré)

PURPOSE: The Summative Posttest is designed to measure the
extent to which you have mastered the topics covered in the
entire first part of Learning Sequence 332. More specifi-
cally, the content included in performance objectives 1-8
and their corresponding assignments is the basis for the 25
items which comprise the posttest.
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DIRECTIONS: Perform the indicated operation for each of the
25 problems contained in this posttest. Please show all
steps invelved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /.

1. 6 + (-4) + 8 + (fl) 6. —-(x+ 5) - (-3 - x)
2. -4 -3 -8-0 7. (+9) - (+4)
3. -6 + (-4 - 5) 8. y - (v + 5)

4. (-3 + (-9) 9. -3 - (+2) - (-4) - (+8)
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11. (add) -7 17. -4(2) (-4)
+5
-9
+6
12. (Subtract) -7 18. 6(-5)
+8
13. (Add) +9 19. 1
(rdd) — +2 (- 2 (-27)
l4. 5(+2 + 6) 20. 12 = (-3)
15. 3(-2)3 21. -24
_8
16. -4(2x) + (-4)(=7) 22. -28x
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23.  (-l4a) ~ 2 25.

Yo

24,  (-25) = (-5)
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ANSWER KEY

SUMMATIVE POSTTEST

(FORM V)
1. 6+ (-4) + 8 + (-1) 6. -(x+ 5) - (-3 - x)
6 -4+ 8 -1 -Xx -5+ 3+ x
14 - 5 /[=2/
[5/
2. -4 - 3 -8-6 7. (+9) - (+4)
/-21/ 9 - 4
/5/
3 -6 + (-4 - 5) 8. v - (y + 5)
-6 + (-9) Yy -y -5
-6 - 9 /=5/
5—157
4., (-3) + (-6) 9. =3 - (+2) - (-4) - (+8)
-3 -6 -3 -2+ 4 -8
/=9/ ~13 + 4
/=9/
5. y+ (-6) + (-y) + 3 10. -8 - (+10 - 4) - 3
y -6 -y + 3 -8 - (+6) - 3
[=3/ -8 -6 -3

/=17/




11.

l2.

13.

14.

15.

16.

(pdd)y -7
+5
-9
+6

£=5/

(Subtract) -7

+8
4—157
(Add) +9
-5
[+4/
5(+2 + 6)
5(+8)
40/
3(-2)3
3(-2) (-2} (-2)
-6(-2) (-2)
12(-2)
~24/

17.

i8.

19.

20.

21.

321
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23. (-1l4a) = 2 25. _3
~7
—l4a(—l—-)
) 1
3=
/-73a/
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SUMMATIVE POSTTEST
(FORM VI)

L.earning Sequence 332--Part I

(Date) (Name)

(Perioqd) (Score)

PURPOSE: The Summative Posttest is designed to measure the
extent to which you have mastered the topics covered in the
entire first part of Learning Sequence 332. More specifi-
cally, the content included in performance objectives 1-8
and their corresponding assignments is the basis for the 25
items which comprise the posttest.
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DIRECTIONS: Perform the indicated operation for each of the

25 problems contained in this posttest. Please show all
steps involved in computing the correct response. Also, be
sure to enclose your final answer in a box "/ /"

1. 5+ (=3) + 7 + (-2) 6. ~-(x+ 6) - (-2 - x)

2. =3 -5~7 -4 7. (+8) - (+5)

3. -8 + (-5 - 6) 8. y - (y + 6)

4. (-4) + (-8) 9. =2 - (+5) - (=3) - (+7)

5.y + (=7) + (~y) + 2 10. -5 - (49 - 3) - 4




11. (adda) -8
+3
-6
+2

12. (Subtract) -5
+9

13. (add) +7
-2

14. 6(+3 + 4)

15. 4(-2)3

16. ~3(4x) + (~-3)(-8)

17. =3(5) (~2)

18. 4(-3)

A S ISEL)

20. 14 = (-7)

21. -24

-6
22. =21x

325
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23. (-15a) - 5 25.

§
mlw

24.  (-16) = (-4)
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ANSWER KEY

SUMMATIVE POSTTEST

(FORM VI)

1. 5 + (=3) + 7 + (-2) 6. -{(x + 6) - (-2 - x)
5 -3+ 7 -2 -%x - 6 + 2 + X
12 - 5 [=4/

[/

2. =3 -5-7-4 7. (+8) - (+5)

/-19/ 8 -5
[37

3. -8 + (=5 - 6) 8. y - (y + 6)
-8 + (-11) Yy -y -6
-8 - 1l [—6/

/=19/

4, (-4) + (-8) 9. =2 - {+5) - (=3) - (+7)
-4 - 8 ' -2 -5+ 3 -7
/=137 -14 + 3

-11

5. y + (-7} + (-y) + 2 10. ~5 - (49 - 3) - 4
y -7 -y + 2 -5 - (+5) - 4
/=57 -5 -6-4

-15
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11. (add) -8 ' 17. =3(5)(-2)
+3
-6 -15(-2}
+2
___ /30/
/=9/
12. {Subtract) -5 18. 4(-3)
+9
[-12
~14/
13. (add) +7 19. 1
-2 (— T) (—35)
/+5/ [5/
14, 6(+3 + 4) 20, 14 = (~7)
/42/ —
£=2/
15. 4(-2)3 21, -24
-6
4(-2) (-2) (-2) 1
~8(~2) (~2) -4 (- &
16 (-2) VZY
/=327
16. =3(4x) + (=3)(-8) 22. -21x
7
-12x + (+24)
1
/-12x + 24/ -21x (=~
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23. {(-15a) = 5 25. 3
-5
_]_Sa(_]_‘_)
5 1
3= =)
/-3a/

24. (-1le) = (-4)
~16(- =)

L4/
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Assessment of Perseverance
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ASSESSMENT OF PERSEVERANCE

(Date) (Name)

(Period) {Time) {Score)

PURPOSE: The first part of Learning Sequence 332, which you
have just recently completed, exposed you to the operations
of addition, subtraction, multiplication, and division with
irespect to directed numbers. In the second part of Learning
Seqguence 332 you will be called upon to apply your knowledge
of these four basic operations to the solution of open sen-
tences. The purpose of this exercise is twofold: (1) to
introduce you to some basic concepts needed in solving open
sentences by combining terms and using transformation prin-
ciples and (2) to present you with a problem which involves
the use of these concepts.
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DIRECTIONS: Section I consists of a brief explanation of
(1) the multiplication and division properties of equality
and (2) some guidelines for combining terms and using trans-
formation principles to solve open sentences. Section II
presents one problem which involves the concepts just
mentioned in solving an open sentence. Please study the
instructional material and then proceed immediately to solv-
ing the problem. Do only as much as you think you can and
then notify the instructional assistant.

SECTION TI: IMSTRUCTIONAL MATERIAL

I. Multiplication Property of Equality: For each a,

each b, and each ¢, if a = b, thena +- ¢c =D - cC.
Example: n _ . This process is called
4 transformation by multipli-
cation.
4 - =4 -6
T =

To "undo" a division you
n = 24 multiply.

II. Division Property of Ecuality: For each a, each b,

and each nonzero ¢, if a = b, then a _ b.
c c
Example: 6k = 84 This process is called
transformation by division.
&k _ 84
6 6
To "undo" a multiplication
k = 14 you divide.
III. 1Inverse Operations: Since the operations of multi-

plying and dividing by the same number are opposite in
effect, they are called inverse operations.

IV. Guidelines for Combining Terms and Using Transforma-
tion Principles To Solve Open Sentences:

A. Combine any similar terms in either member of the
eguation.

B. 1If there are any indicated multiplications or
divisions in the variable terms, use the inverse
operations to find the value of the variable.
(See the two preceding examples.)
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SECTION IT: PROBLEM IN SOLVING AN OPEN SENTENCE

Please show all steps involved in solving the following
equation:

(=32x + -8) + 5(+3x - 2x + X) - 2x(4) - 5(+2 + 4) + (=2) + 8
-32L—(—8 =10 - 4) - 3(+2 4 5 - 4) + 9(3)  -3(2)(3) + 8(+7 - 4)
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ANSWER KEY

ASSESSMENT OF PERSEVERANCE

(~32x + -8) + 5(+3x - 2x + x) - 2x(4) _5(+2+ 4) + (-2) + 8
—é—(-8- 10 - 4) - 3(+2 + 5 - 4) + 9(3) =3(2)(3) + 8(+7 - 4)
4x + 5(2x) - 8x _5(6) - 2 + 8

%(-22) - 3(3) + 27 -6(3) + 8(3)

4x + 10x - 8x 30 - 2 + 8

-11 - 9 + 27 -18 + 24
ox _ 36
7 6
o6x _
7 = 6
6X _ .
7 5 = 6 7
6x = 42
bx _ 42
6 6
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RECORD OF CLASSES SPENT BY STUDENT

Learning Sequence 332--—-Part I

(Treatment) {Name)

(Period) {Student Number)

Beginning Ending Testing Total
Activity Date Date Date Time

Performance Objectives
1-4 and Corresponding
Assignments

Formative Trial Test I,
Form

Learning Correctives
Based Upon Formative
Trial Test I

Performance Objectives
5-8 and Corresponding
Assignments

Formative Trial Test II,
Form

Learning Correctives
Based Upon Formative
Trial Test II

il

Summative Posttest,
Form




APPENDIX J

Record of Student Activity and Performance

Q.
ERIC
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RECORD OF STUDENT ACTIVITY AND PERFORMANCE

Learning Sequence 332--Part I

{Treatment) {Name)

(Period) (student Number)
Activit Date Performance
AHACTIVIEY rate

1. Learning Sequence 332--
Part I; Began N/A

2. Performance Objectives 1-4
and Corresponding AssSign-
ments; Completed Satisfactory

3. Formative Trial Test I,
Form Score:

4. Learning Correctives Based
Upon Formative Trial Test I;
Completed Satisfactory

Performance Objectives 5-8
and Corresponding Assign-
ments; Completed ' Satisfactoxry

(821

6. Formative Trial Test II,
Form Score:

7. Learning Correctives Based
Upon Formative Trial Test II;
Completed Satisfactory
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Activity Date Per formance
8. Summative Posttest, Form Score:
9. Assessment of Perseverance Time:

Score:




APPENDIX K

Indices of Difficulty and Discrimination for Each Item
Appearing on Summative Posttest Form I
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Indices of Difficulty and Discrimination for Each Item
Appearing on Summative Posttest Form I

Difficulty Index:

Discrimination Index:

Item Proportion Answering Ippi Between Item and
Number Item Correctly Total Tesc Score
MLG MLG
MLG CG & CG MLG CG & CG
1 .92 .85 .89 .33 .56 .42
2 .84 .82 .83 .70 .63 .57
3 .62 .32 .48 .42 .57 .53
4 .73 .32 .54 .38 .44 .50
5 .92 .82 .87 .49 .48 .50
6 .84 .79 .82 .36 .49 .37
7 .78 .53 .66 .65 .58 .64
8 .73 .53 .63 .41 .44 .49
9 .92 .76 .85 .31 .52 .43
10 .51 .24 .38 .63 .52 .61
11 .59 .21 .41 .38 .44 .51
12 .35 .29 .32 .37 .63 .46
13 .62 .15 .39 .42 .47 .6l
14 .86 .88 .87 .48 .55 .41
15 .92 .94 .93 .46 .25 .27
16 .81 .47 .65 .55 .25 .46
17 .84 .29 .58 .44 .42 .58
18 .84 .50 .68 .19 .43 .44
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Difficulty Index: Discrimination Index:
Item Proportion Answering Iobi Between Item and
Number Item Correctly Total Test Score

MLG MLG

MLG CG & CG MLG CG & CG

19 .54 .15 .35 .23 .54 .51
20 .89 .62 .76 .16 .54 .50
21 .86 .74 .80 .48 .47 .50
22 .86 .62 .75 .32 .35 .39
23 .78 .62 .70 .37 .55 .51
24 .59 .18 .39 .36 .29 .49

25 .76 .62 .69 .33 .28 .35




APPENDIX L

Indices of Difficulty and Discrimination for Each Item
Appearing on Summative Posttest Form II
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TABLE L

Indices of Difficulty and Discrimination for Each Item
Appearing on Summative Posttest Form II

Difficulty Index: Discrimination Index:
Item Proportion Answering Iobi Between Item and
Number Item Correctly Total Test Score
MLG MLG
MLG CG & CG MLG CG & CG
1 .89 .77 .81 .48 .54 .56
2 .81 .70 .74 .60 .48 .51
3 .70 .35 .49 .84 .64 .71
4 .70 .35 .49 .40 .33 .44
5 .93 .79 .84 .58 .45 .52
6 .85 .84 .84 ’ .70 .34 .42
7 .89 .58 .70 .30 .33 .43
8 .56 .47 .50 .03 .17 .18
9 .78 .88 .84 .29 .08 .07
10 .56 .19 .33 .30 .51 .55
11 .67 .16 .36 .30 .44 .53
12 .48 .21 .31 .39 .69 .63
13 .56 .21 .34 .55 .49 .62
14 .89 c77 .81 .58 .54 .58
15 .85 .65 .73 .11 .51 .43
16 .89 .53 .67 .30 .43 .51
17 .74 .33 .49 .57 .46 .58

18 .78 .51 .61 .04 .45 .44
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Difficulty Index: Discrimination Index:
Item Proportion Answering Iobi Between Item and
Number Item Correctly “Total Test Score

MLG MLG

MLG CG & CG MLG CG & CG

19 .44 .12 .24 .34 .51 .54
20 .89 .60 .71 .45 .38 .49
21 .89 .60 .71 .45 .51 .58
22 .81 .70 .74 .0l .38 .31
23 .89 .53 .67 .52 .51 .59
24 .67 .40 .50 .48 .47 .55

25 .70 .65 .67 .20 .48 .35
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