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THE RELATIVE EFFECTS OF MASSED VS. DISTRIBUTED
PRACTICE UPON THE LEARNING AND RETENTION

OF EIGHTH GRADE MATHEMATICS

CHAPTER I

THE PROBLEM

Introduction and Background of the Study

Educators generally agree that practice is an impor-
tant factor in the initial learning and the retention of con-
cepts and skills. The need for repetition to insure mastery
of subject matter has been established in the philosophical
and psychological literature [Ahrens (1957), Hilgard and
Bower (1966)]. Research has shown that simply varying the
amount of practice has no noticeable effect on retention
[Bayless (1963), Reynolds and Glaser (1964), and Cierpilowski
(1971)1.

Laing and Peterson (1973) described four organiza-
tional patterns for assigning practice exercises in mathe-
matics. First, the practice most commonly used in textbooks
and by teachers is the vertical pattern or massed practice
method in which one or more concepts or skills are introduced
and the bulk of experience with them is concentrated in one
or two assignments given immediately following the presenta-
tion of the new topic. Second, the distributed practice

1
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method extends the student's experience with a given topic
over a longer period of time than the massed practice method.
This pattern, which intersperses practice with intervals of
rest, permits additional time for the initial learning of new
concepts and provides review of previous concepts and skills.
Third, the semi-oblique organizational pattern is a method in
which students begin exploring a topic before the work on
the previous topic has been concluded. Fourth, the oblique
pattern is one in which the teacher provides exploratory work
on future concepts, immediate practice over the concepts
under discussion today, and reinforcement of concepts pre-
viously discussed.

While each of these organizational patterns has obvi-
ous advantages and disadvantages, very little research has
been conducted on the relative merits of these patterns for
" ¢classroom instruction. The problem related to the efficacy
of distributed versus massed practice has concerned educators
for a long time. The research on this problem involves both
human and animal studies. The animal studies reported by
Brdgden (1951) indicate a general trend favoring distributed
practice over massed practice. However, attempting to gen-
eralize such studies to a human population is questionable
since the subjects are obviously different and the learning
tasks involved do not particularly resemble those in which
humans are engaged. In most of the experiments involving

humans, rote memorization of non-meaningful material was
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studied, and as a result the practical implications of these
studies are questionable.

In spite of a dearth of conclusive research on dis-
tributed practice in mathematics, several educators have sug-
gested this method as a technique for assigning homework.
Dodes (1953), writing in the Twenty-first Yearbook of the Na-
tional Council of Teachers of Mathematics, discussed a tech-
nique developed by Sidney Berman that provided for a homework
assignment immediately after a topic is introduced and then
distributed further practice with the topic over an arbitrary
period of time. In a later National Council Yearbook, Lank-
ford (1959) gave examples from algebra and arithmetic which
showed how the distributed assignment procedure could be ap-
plied. Further support for the distributed practice procedure
came from Hillman (1967) and from Johnson and Rising (1967)
who advocated brief practice at spaced intervals. Theoretical
foundations for the procedure were described by Peterson (1971).

Laing and Peterson (1973) listed the following as the
main purposes of the distributed practice pattern:

1. To permit additional time for the initial learning
of new concepts.

2. To provide experience in problem solving where the
concept involved has not been predetermined by the
textbook context in which the concept is presented.

3. To incorporate review of previous concepts and

skills into daily lessons.



4

One of the disadvantages inherent in the massed
practice pattern is that it does not provide experiences in
discriminating among different concepts and problem types.
With most textbook exercises a student can be successful by
blindly applying the procedure exhibited by the sample prob-
lems. Thus, the learner does not need to discriminate among
potentially useful methods that could be employed in solving
a particular problem. A distributed practice procedure should
help to overcome this weakness in the assignment procedure.

Investigations that have studied the relationships
among practice, learning, and retention will be discussed in
the review of literature. However, three studies of the
effects of distributed practice on the learning and retention
of mathematical concepts will be discussed here because they
provide a background for the research reported in this dis-
sertation. The three studies are the investigations of Ur-
willer (1971), Laing (1970), and Camp (1973). A modification
of the methods of Laing and Camp was used in the present
study.

Urwiller (1971) investigated the effects of distrib-
uted practice on the achievement, retention, and attitude to-
ward mathematics of second-year algebra students. Each of
the twenty teachers who participated in the study taught at
least one class using a distributed assignment procedure and
at least one class using a massed assignment procedure.

Urwiller constructed two assignment packages--massed

and distributed--using the prepared distributed practice
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assignment schedule from the teachers commentary for Modern

Algebra and Trigonometry: Structure and Method (1965) as a

guide. The distributed package was a revision of the pub-
lished distributed practice listing; the massed package as-
signed homework exercises on a particular topic in one or
more consecutive assignments. The packages included identi-
cal homework exercises and each package detailed the exact
exercises that were to be assigned from each section of the
textbook.

Commerciaily prepared instruments were used by Ur-
willer as pretests and posttests and found no significant
difference between the two groups in achievement, retention,
or attitude.

A careful reading of Urwiller's study reveals at
least three weaknesses. First, it is not clear how the
massed and distributed treatments were assigned to each in-
structor's classes. Without this information it cannot be
determined whether the results were affected by the order in
which the treatments were presented.

A second weakness lies in the procedure followed to
construct the assignment packages. According to Urwiller,
the published distributed practice guide was developed by
Berman and was based on the following procedure:

« « . Suppose topic A is taught on day one. Problems
are assigned from this topic. On the second day, another
problem from topic A is assigned. Now one day is skipped.
On the fourth day, another problem from topic A is

assigned. Now two days are skipped. On the seventh day,
another is assigned. WNow three days are skipped. On the
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eleventh day another is assigned. Now four days are
skipped. On the sixteenth day another is assigned.

This interval is lengthened until it reaches 5 to

10 days, depending on the importance and difficulty of
the topic. Then the topic is reassigned once every week
or two [Dodes, 1953, p. 323].
However, a close look at Urwiller's distributed assignment
guide indicates that no fixed procedure was followed to con-
struct .. 2 homework packages.

To illustrate how practice with topics was distrib-
uted in Urwiller's experiments, Camp (1973) randomly selected
fifteen lessons (though only 14 are shown in his table) from
Urwiller's distributed assignment guide and charted the dis-
tribution of problems from each lesson for the first sixteen
days. The results appear in Table 1. The table reveals that
the distribution of problems was not uniquely determined by
the number of problems assigned and that the distribution
period was of rather short duration. In six cases, all of
the problems were assigned over consecutive days rather than
spaced according to the linear relation that was supposed to
determine the rest periods. Since a fixed procedure was
apparently not used to construct the distributed assignment
schedule, and since in some cases Urwiller's distributed prac-
tice classes received relatively massed practice on topics,
it is questionable whether his results can contribute much to
the understanding of the effects of distributed practice in
complex learning situations.

There is one other possible weakness in Urwiller's

procedure. It is doubtful whether the Cooperative Mathematics
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Test, Algebra II was a valid measure of what the students
learned during the experimental period. The test was de-
signed to be simply a global inventory of the skills usually
developed in second-year algebra courses and lacks items that
measure the student's knowledge of trigonometry. It was not
constructed tc measure the range of concepts and skills devel-

oped in a course based on one particular textbook.

TABLE 1

DISTRIBUTION OF PROBLEMS FROM RANDOMLY SELECTED
SECTIONS OF URWILLER'S DISTRIBUTED
ASSIGNMENT GUIDE
(from Camp, 1973, p. 20)

Lesson ~ uwer of -, , 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Problems
8 7 5 2
114 7 2 2 2 1
101 8 31 2 2
109 8 2 3 2 1
32 8 2 2 1 1 1 1
72 9 2 3 2 1 1
108 9 3 5 1
56 9 5 3 1
51 11 7 3
89 13 7 4 1 1
41 13 5 3 1 11
6 15 9 2 1 11 1
131 16 10 2 1 1 2
119 24 12 6 2 2 2




Laing (1970) investigated the effects of two assign-
ment schedules, massed and distributed, on the initial learn-
ing and the retention of topics in eighth-grade mathematics.
Each of ten teachers administered each schedule to one of
two comparable eighth~grade mathematics classes. All classes
received identical homework assignments except for the way
the practice was distributed. A chapter on geometry was used
to accustom students to the assignment procedures, and the
following two chapters, on decimals and rational numbers,
served as experimental topics.

Laing defined a distributed practice function based
on two other functions. The function y = 2¥ was used to
determine the length of the rest periods between practices,
in school days. The function given in Table 2 was used to
determine how the problems assigned to a massed class were
to be assighed to a distributed class. Laing then prepared
uniform assignments for each teacher to use in giving home-
work to his classes.

Tests were administered immediately after completing
each experimental chapter. These provided initial learning
data. A test given three weeks after the completion of the
second chapter provided retention data. No significant dif-
ferences between the two groups were obtained on any of the
tests and there was no significant interaction between treat-
ment and general mental ability. However, when differences

in non-verbal IQ and computational ability were taken into
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account, differences in the means of the two groups consis-

tently favored the distributed practice group.

The major weakness of Laing's study was that the two

experimental chapters developed related topics. As a result,

concepts introduced in the first chapter were repeated in

the second chapter and possibly contaminated the massed

treatment.

TABLE 2

DISTRIBUTION OF ASSIGNED PROBLEMS ON TOPIC A
(from Laing, 1970, p. 15)

Day Number of Problems Day Number of Problems
1 [.5NA 1 12 max ([.OSNA], 1)
2 max ([.3NA 1, 1) 13 0
3 0 14 0
4 max ([.lNA 1, 1) 15 0
5 0 16 0
6 0 17 0
7 max ([.OSNA}, 1) 18 0
8 0 19 0
9 0 20 0

10 0 21 max ([.OSNA], 1)

11 0

Note: N, represents the number of problems assigned to a

massed class on topic A; [x] = greatest interger less
than or equal to x.
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One other possible reason for the failure of the two
treatments to yield significantly different results is that
the distribution function may not have extended the student's
experience with a topic over a2 long enough period of time.
Fewer than half of the assignments were distributed to the
twenty-first day, and only two assignments extended to the
thirty-eighth day.

In spite of these weaknesses Laing's study is well
designed with a major strength being the use of a distribu-
tion function which allowed the experimenter to uniquely
determine the number of homework problems to assign to the
distributed group in terms of the number assigned to the
massed practice group.

Camp (1973) modified Laing's distribution function
and used Laing's study as the basis for his own investigation.
Camp investigated the relative effects of massed and distrib-
uted practice on the initial learning and the retention of
two topics in introductory algebra. The sample for the study
consisted of ninth grade algebra classes whose teachers were
using the same textbook. Each of the eleven teachers par-
ticipating in the experiment taught two classes--a massed
class and a distributed class--that were randomly assigned
to the treatment groups. A general ability test was admin-
istered to all classes to stratify each class into high, mid-
dle, and low ability levels.

Two chapters--one on operations with polynomial
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expressions and one on linear equations and graphs--were
treated and tested in the experimental phase of the study.
Initial learning tests were administered immediately after
each chapter and retention tests were given immediately after
two subsequent chapters had been completed.

Camp used the same function, f£f: x — 2x, that Laing
used to determine the length of the rest interval in the dis-
tributed practice schedule. However, he modified the func-
tion that Laing used to determine the number of problems to
be assigned to a distributed class. His purpose in the modi-
fication was to extend a student's practice with a topic over
a longer period of time than Laing's function would have done.
Table 3 shows the function that Camp used for determining the
number of problems to assign to the distributed classes.

No significant differences were found between treat-
ment groups on any of the tests. However, on the polynomials
initial learning test, the mean score of the distributed
practice group was higher, at each ability level, than the
mean score of the massed practice group. On the graphs ini-
tial learning test, the difference consistently favored the
massed practice group. The mean score of the distributed
practice group was higher, at each ability level, than the
mean score of the massed practice group on both the polyno-
mials and the graphs retention tests.

Camp suggests that a possible explanation for the

inconsistent results on the initial learning tests was that
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TABLE 3

THE DISTRIBUTED PRACTICE FUNCTION
(from Camp, 1973, p. 33)

Day N = Number of Problems Assigned to M Class
1 max ( [.5N]1, 1) = xl*
2 max ( [.2N1, 1) = X
4 max ( [.15N], 1) = X3
7 max ( [.1N], 1) = X,
12 max ( [.05N1, 1) = Xg
21 max ( [.05N1, 1) = Xe
:j %%
i=1
Note: * [x]means the greatest integer less than or equal to x.
J
* % 3 = =
For a given N, whenever Xy N, then xj+l
i=1
xj+2 =X, = 0.

in the polynomial chapter the topics were primarily skill-
oriented but in the graphs chapter the topics were not as
skill~-oriented. Camp concludes that "the results from the
learning tests suggest, therefore, that distributed practice
may be slightly more efficient than massed practice for pro-
moting the learning of skill-oriented mathematics only."
Another possible explanation for the inconsistent results
was that the teachers tended to assign more problems on each
polynomial topic than they did on graph topics and thus the

results could have been influenced more by the number of
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practice problems per topic than by the type of practice pro-
cedure.

One possible weakness in Camp's study which could
account for the non-significant differences between the treat-
ment groups on both retention tests was that the distributed
practice procedure may have assigned too much practice in the
early stages of learning. Thus, the distinction between the
homework experience of the treatment groups may not have been
sharp enough during the early stages of learning.

Another possible cause for the lack of significant
differences on retention tests in both Laing's and Camp's
studies may lie in the choice of the function f: x — 2% to
determine the number of days of rest between assignments.

The length of each rest interval after the fifth assignment
is sufficiently long to allow significant forgetting.

Based upon a study of the literature on massed vs.
distributed practice it was the conclusion of this investi-
gator that a study should be conducted that slightly modi-
fied the procedures used by Camp. The changes made were the
following: 1) a distribution function was used that distrib-
utes more homework problems in the later assignments rather
than concentrating most of them in the first two assignments
as in Laing's and Camp's studies; 2) a function was used to
determine rest intervals, between assignments, that would pro-
vide approximately the same amount of rest in the early stages

as the function f: x ~» 2¥ but shorten the length of the rest
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intervals in the later stages of the experiment; and 3) an
attempt was made to insure that teachers involved in the ex-
periment did not assign more exercises per topic in one of

the experimental chapters than they did in the other.

Purpose of the Study

The purpose of this study was to design a procedure
for distributing practice over several assignments and to
compare the initial learning and the retention of two experi-
mental groups--a massed (M) group and a distributed (D) group
whose treatment is the same except for the manner in which
homework practice is assigned. Practice on a particular
topic for the M group was consolidated in one or more con-

secutive assignments, whereas the D group was given the same

problems spaced over several assignments with intervals of

rest between assignments.

Plan of the Study

The procedures employed by Camp were modified and
used as a model for the present study. The principal changes
were in the distribution function used.

The sample for the study consisted of eighth grade
mathematics classes whose teachers were using the same text-
book. Each of the teachers participating in the experiment
taught at least two paired classes--a massed class and a dis-
tributed class--that were randomly assigned to treatment

groups. Data obtained from performance on a general ability
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test was used to stratify each class into three ability lev-
els: low, middle, and high.
During the experimental phase of the study two chap-

ters from the textbook Holt School Mathematics, Grade 8 by

Nichols, et al. (1974) were treated and tested. One of the
chapters was on percents and the other was on real numbers.

By modifying the functions used by Camp, a distribu-
tion function was defined in terms of two other functions.
The first was the function f: x —» [%le, where x =1, 2,

3. . .. This function was used to determine the length of
time, in school days, between assignments. The second func-
tion used to define the distribution function is given in
Table 3A. A distribution chart (Figure 1) was provided to
assist the teachers in assigning homework to their classes
during the experimental phase of the study.

Initial learning tests, constructed by the investi-
gator, were administered immediately upon completion of each
chapter. A retention test, constructed by the investigator,
and covering both chapters was administered approximately
three months after the completion of the second experimental

chapter.

Hypotheses and Questions

Data from initial learning tests and retention tests
were used to test the following hypotheses:
1. At each ability level, there is no significant

difference in the initial learning of students
receiving distributed practice and students
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receiving massed practice.

2. At each ability level, there is no significant
difference in the retention of learning between
students receiving distributed practice and
students receiving massed practice.

Additionally, the following questions will be inves-

tigated:

1. Does distributed practice have different effects on
students at three different levels of ability?

2. What is the relationship among treatment, per-
formance on the initial learning tests, and perfor-
mance on the retention tests?

TABLE 3A

THE DISTRIBUTED PRACTICE FUNCTION

Day N = Number of Problems Assigned to M Class
1 max ( [.4N], 1) = Nl
2 max ( [.2N], 1) = N2
4 max ( [.15N], 1) = N3
7 max ( [.15N], 1) = N4
12 max ( [.1IN], 1) = N5
19 max ( [.05BN}, 1) = N6
29 3
i=1
Note: [x] means the greatest integer less than or equal to x.
3
For a given N, whenever Ni = N, then Nj+l =
1=1
N. = N, = 0.

j+2



Number of

Problems
Assigned
to M Class
Day 1 2 3 4 789 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1 1 111 233 4 4 4 6 6 6 7 8 8 9 910 10 10 11 11 12
2 111 111 2 2 2 3 3 3 3 4 4 4 4 5 5 5 5 5 6
4 11 111 1 1 1 2 2 2 2 3 3 3 3 3 3 4 4 4 4
7 1 111 1 1 1 2 2 2 2 3 3 3 3 3 3 4 4 4 4
12 111 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 3
19 111 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1
29 1 1 2 1 2 3 1 1 2 1 2 1 1 2

Figure 1l.--Distribution Chart To Be Used in
Assigning Homework Practice

LT



18

The eighth grade mathematics students in the sample
used in this study attended two junior high schools in the
?utnam City, Oklahoma school district. In these schools,
the top ten percent and the lowest ten percent of the stu-
dents in mathematics ability as determined by achievement
records and teacher recommendations are placed in special
classes. Thus, the students in the sample came from the mid-
dle eighty percent of the eighth graders of the two schools

based on past achievement in mathematics.

Organization of the Report

Results of the study will be presented through tables
and discussion. Chapter I presents the background of the
study and an overview of the problem. Chapter II contains a
review of related research. The experimental procedures and
a description of the sample, experimental materials and in-
struments used are discussed in Chapter III. Chapter IV con-
tains the analysis of data and the summary, conclusions and
recommendations resulting from the study are found in Chap-

ter V.



CHAPTER II
REVIEW OF RELATED LITERATURE AND RESEARCH

The relative merits of distributed versus massed
practice have interested researchers for a long time. How-
ever, many of the studies on the subject involve animals and
in most of the experiments involving humans, rote memoriza-
tion of non-meaningful material was studied. This chapter
contains a review of some of the literature relevant to the
study. The survey attempts to identify what has been dis-
covered about the relationships among practice, learning,
and retention. A summary of three studies of the effects
of distributed practice on the learning and retention of
mathematical concepts was presented in Chapter I. Therefore,
this chapter will concentrate on other studies that used

meaningful materials to be learned and retained.

The Efficacy of Practice

Practice has long been an important part of the
instructional strategy employed by mathematics teachers.
Much discussion has occurred among mathematics educators and
researchers with regard to the amount and type of drill
activities that are necessary to insure learning and reten-
tion of concepts and skills.

Ausubel (1968) indicates the need for practice in

19
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the learning process as one of the principal factors in-
fluencing the cognitive structure.

Although much significant meaningful learning
obviously occurs during initial presentation of the
instructional material, both overlearning as well as
most long-term retention in classrooms and similar
settings, presuppose multiple presentations or trials
(practice); and both learning process and outcome
customarily encompass various qualitative and quantita-
tive changes that take place during these several trials.
Learning and retention, therefore, ordinarily imply
practice (1968, p. 273).

He further describes the most immediate effect of
practice as increasing the stability and clarity of new mean-
ings which, in turn, strengthens their dissociability in the
cognitive structure. Practice also enhances the learner's
responsiveness to subsequent presentations of the same

material by "sensitizing" him to the potential meanings in-~

herent in the material.

The Effects of Repetition

Educators, students, and learning theorists agree
that repetition is a necessary condition for acquiring and
maintaining certain concepts and skills ("Homework," 1958;
Ahrens 1957; Hilgard and Bower, 1966). In giving some rules
potentially useful for education, Hilgard and Bower observed:
"Frequency of repetition is still important in acquiring
skill, and in bringing enough overlearning to guarantee
retention [p. 562]."

Stroud (1942) theorizes that drill is advantageous

when pupils engage in practice at the point of error. 1If
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successive practices are exact duplicates of each other then
learning, defined as a change in performance in the course of
practice, does not occur.

Stroud's conclusions does not necessarily imply that
repetition serves no useful purpose in the learning of mean-
ingful materials. However, it does suggest that considera-
tion may need to be given to the amount and type of repetition
utilized in the mathematics classroom.

According to Ebbinghaus (1913), Luh (1922), and
Slamecka (1959), given the necessary conditions for learning,
retention can usually be improved with increased repetition.
However, studies by Cierpilowski (1971), Gagne' (1962), and
Reynolds and Glaser (1964) have shown that the number of
practice repetitions may not be the critical factor in im-
proving retention.

Cierpilowski studied the effects of repetition on the
"relearning” and retention of facts. Two hundred twenty-nine
junior high school students were administered an acquisition
trial during which they were presented a list of twenty fact-
like statements about a fictional geographic area. After
each sentence was given, a question was presented long enough
for the subjects to write a correct response to the question.
After all twenty facts and questions were presented, an ac-
quisition test of all twenty items was administered. Subjects
were given one of nine review treatments immediately after the

acquisition test. The variations in the review treatments
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stemmed from three levels of repetition (1, 3, 5) and three
levels of total time (20, 40, or 60 seconds). The review was
followed immediately by a "relearning" test. An unannounced
"delayed retention" test was administered ten days later.
The data from the relearning test showed "relearning” in-
creasing with increasing total-time but decreasing with in-
creasing repetitions. Variations in review had no significant
effect on retention. |

Gagne' experimented with the effects of various levels
of repetition and guidance in an addition of integers program
that had been analyzed according to a learning hierarchy. He
found no significant differences in learning or retention due
to amount of repetition. However, the data did support
Gagne's hypothesis that the learning of a task at one stage
of a hierarchy is substantially dependent upon the mastery
of corresponding subordinate tasks.

Reynolds and Glaser (1964) studied the effects of
repetition in the learning of technical terms in biology.
Seventy-five junior high school students studied programmed
materials on ten topics containing three degrees of repeti-
tion. One topic, mitosis, was selected as the experimental
unit. This unit introduced eleven new terms and required
the subject to learn their meanings and usage in describing
the mitosis process. With this unit as a standard, two new
units were written which developed the same material but
differed from it in the number of stimulus and response repe-

titions of each term. In one of the new units each term was
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repeated half as many times as in the original unit; in the
other new unit each term was repeated one and one-half as
many times as in the original unit. The results indicated
that the variations in repetition had only transitory effects
upon retention. These results confirmed the conclusions of
Welborn and English (1937).

The studies on repetition indicate that the amount
may not be a critical factor in learning and retention. Some
practice is needed to produce retention, but beyond a certain
number of repetitions, increased practice seems to have no

facilitating effect.

The Effects of Review

Just as practice can be effective in building a stu-
dent's proficiency in solving a particular type of problem
during its initial learning, review provides an opportunity
to re-establish this level of proficiency, and improve its
retention after a period of forgetting has occurred. In
describing the advantages of delayed review, Ausubel (1966)
emphasized that

prior forgetting presumably has a facilitating effect
on meaningful learning and retention because, as a
result of both trying and failing to remember material,
the learner tends to become aware of negative factors
in the learning and retention situations that promote
forgetting, that is, of areas of instability, ambiguity,
confusion, and lack of discriminability . . .. Thus
forearmed, he can take the necessary steps during the
relearning session to strengthen particularly weak com-
ponents of the learning task, to resolve existing con-
fusion and ambiguity, and to increase discriminability
between previously learned ideas and related new propo-
sitions. [Ausubel, 1966, p. 197]
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Butler and Wren (1965) suggest that an effective
review facilitates retention of material by emphasizing the
interrelationship of previous topics and that such a review
concerns itself with thought and meaning rather than habit
formation which may be the primary result of pure repetition.

Shunert (1951) studied the relative effectiveness of
different frequencies of review with ninth grade algebra
classes. He concluded that the classes that reviewed the
material more than once each month performed better than
those classes which reviewed no more than once every six
weeks.

Peterson, Ellis, Toohill, and Kloss (1935) compared
ten psychology classes on immediate recall and long-~-term
retention of history passages under three review conditions--
no review, one review, and two reviews. The results showed
a high positive correlation between the number of reviews
and the amount of material retained, but the increments
added by the reviews disappeared more rapidly than did the
initial learning.

In the studies by Shunert, and Peterson, et. al.,
the forgetting intervals over which retention instruments
were administered to the control and review groups were not
equivalent. Thus, the groups with more frequent reviews had
studied the material more recently when the retention tests
were administered. Therefore, these studies do not provide
an adequate measure of the effects of review on long-term

retention.
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Using the same population mentioned earlier, Peterson,
Ellis, Toohill, and Kloss (1935) studied the effects of early
and late review on a retention test. Each group reviewed by
studying the original text material. The first group reviewed
the material three weeks after initial learning or seven weeks
before the retention test. The second group reviewed seven
weeks after initial learning or three weeks before the reten-
tion test. When no significant differences were found between
the two groups, the experiment was repeated with reviews at
two and nine weeks after initial learning. Again, the results
showed no significant differences between the two groups.
Thus, the investigators interpreted these results as a matter
of compensation. They concluded that the advantages of a re-
view close to initial learning offset the advantages of a re-
view closer in time to the retention test.

Ausubel (1966) compared the effects of early and dé—
layed reviews on long-term retention by using equivalent for-
getting intervals for two treatment groups. There was no
significant difference between the performances of the two
groups on the retention instrument.

The studies on the efficacy of review seem to indi-
cate that review does facilitate retention and that increas-
ing the number of reviews may increase the amount of material
retained. However, there is no clear advantage of either
early or late review when long~-term retention is the depend-

ent variable.
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Distributed Versus Massed Practice

The efficacy of distributed practice has been studied
by researchers for more than sixty years. Ebbinghaus (1913)
showed that, in some cases, lists of nonsense syllables are
learned more efficiently when practice is distributed than
when it is massed. Since then, learning theorists have
attempted to identify conditions under which distributed
practice improves learning and retention. However, most of
the investigations have been in laboratory situations and
thus, most of what we know about distributed practice comes
from experiments using non-meaningful learning tasks.

There is considerable support among mathematics edu-
cators for the use of distributed practice in the mathematics
classroom. Hillman (1967) recommended the use of a form of
distributed assignment schedule in which homework exercises
involve review of previous topics which support those topics
currently being studied in class. Butler and Wren (1965)
state:

In accordance with established principles of drill

and review, the items should be distributed through-

out the program in such a way that practice upon any
particular element will not be too greatly concentrated
but will recur at increasing intervals and in decreasing
amounts [1965, p. 151].

In reviewing the research related to distributed
practice it is apparent that there is no common definition
of distributed practice. Generally, investigators have con-

sidered any practice procedure that includes rest periods be-

tween practice trials, a distributed procedure. The length
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of time between practice employed by researchers in their

experiments varies from a few seconds to several days.

Rote Learning and Retention
of Non-Meaningful Material

There have been a number of studies comparing the
relative efficacy of distributed and massed practice in
memorizing paired-associate and serial lists of nonsense
syllables (Ebbinghaus, 1913; Cain and Wiley, 1939; Tsao,
1948; Underwood, 1961). The majority of these studies have
shown that distributed practice is more effective than massed
practice in facilitatiﬁg retention.

Underwood (1961) describes variables imbedded in
lists of nonsense syllables that interact with distributed
practice. For example, the rate of presentation interacts
with the practice schedule to the extent that as the rate is
increased, the more distributed practice facilitates acqui-
sition. Underwood found that for fixed rest intervals, the
longer the list to be memorized, the greater the facilitating
effect of distributed practice. Ausubel (1963) found that
distributed practice is relatively more effective for memo-
rizing longer than shorter lists of syllables and for items
in the middle rather than towards the ends of the lists.
Underwood (1961) concluded that unless a critical variable
such as amount of interference, or length of rest period is
involved, the positive effects of distributed practice are

not found.
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Some researchers have investigated the facilitating
effects of distributed practice in terms of special theories.
Hovland (1940) tested the differential forgetting theory,
which claims that during a rest period incorrect responses
tend to be forgotten while correct responses are retained.
Hovland hypothesized that this theory would predict more
rapid acquisition under distributed practice and better
retention under massed practice.

In Hovland's investigation, sixteen lists of nonsense
syllables were learned by thirty-two college students who
served as their own controls. Trials were separated by six
seconds under the massed practice condition, and two minutes
separated each trial under the distributed condition. Dis-
tributed practice proved to be more efficient for learning,
and contrary to Hovland's hypothesis, recall was better
under distributed practice at each of the four retention
intervals.

Madsen (1963) investigated the consolidation theory
which maintains that neural activity continues for some time
after practice with a learning task, and this continuing
activity strengthens the trace or neural pattern associated
with the task. Thus, distributed practice should have the
effect of activating the pattern for a long period of time,
while massed practice may not allow enough time for the con-
solidation process to fix the pattern adequately in memory.

Madsen had subjects of high, middle, and low ability
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learn a list of ten paired associates to one perfect recita-
tion. Each ability group was divided in half; one half
learned the list under distributed conditions, the other
half under massed conditions. In general, the distributed
group required fewer trials to reach the criterion, and the
low ability group did significantly better under the dis-
tributed condition than under the massed condition. Madsen
‘explained that low ability students often require a long
period of time for consolidation and therefore benefit from
distributed practice; high ability students do not require
as long a period for consolidation and thus are not adversely
affected by massed practice. Other studies designed to in-
vestigate the possible interactions of distributed practice
and general ability have not confirmed Madsen's claim (Dent
and Johnson, 1964; Barmeister and Berxrry, 1967; Mordock, 1968;
Laing, 1970; Camp, 1973).

Rote Learning and Retention
of Meaningful Material

Many of the studies of the effects of distributed
practice on the rote learning and retention of meaningful
material agree with the results of investigations of the
interaction of distributed practice and the learning and re-
tention of non-meaningful material. Ellis (1960) reported
the major difference seems to be that distributed practice is
relatively more effective for the rote learning and retention

of non-meaningful material.
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Gordon (1925) compared the effects of spaced and un-
spaced memorizing using four college psychology classes. Each
class received six readings of the same poem with different
spacings between readings. Results indicate that massed
readings were more effective for initial learning while dis-
tributed readings were better for delayed recall.

Bumstead (1964) described his 1930 experiment in
which he compared rates of memorizing various 50-line passages

from Milton's Paradise Lost under different conditions of

spaced practice. The rate of acquisition favored longer
rather than shorter rest intervals.

Cook (1934) hypothesized that on a task requiring
some "insight" to produce a solution, massed trials facili-
tate the insight but the solution is best fixed through dis-
tributed practice. To test this hypothesis, he had two groups
of subjects complete puzzles under massed and distributed con-
ditions. Results showed that massed practice was more eco-
nomical at first, but that with increased repetition, the
distributed practice group required less time to complete
these tasks. This advantage was also evident on delayed
retention tests administered two and four weeks after prac-
tice ended.

Cook's hypothesis that massed practice is more eco-
nomical in earlier stages of learning and distributed prac-
tice more economical in later stages was based on what many

investigators have confirmed as the general characteristics
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of the curve of forgetting: forgetting is rapid at first and
then tapers off. To translate this into an instructional
procedure one would need to mass practice immediately after
an exposure to a task to facilitate insight and then distrib-
ute practice to help it become a part of the cognitive structure.

Ash (1950) conducted two experiments which assessed
the relative effects of spaced and unspaced presentations of
a film series. A group of seven ciasses viewed two films on
different subject matter. Four classes did not view the film
and served as a control group. Three classes viewed both
films during a single hour session, two classes viewed the
films during one-half hour sessions on two separate days and
two other classes viewed the films during 15-minute sessiong
on four separate days. Retention tests were administered to
the treatment groups at the end of one week and then two weeks
after the middle of the treatment week. These tests showed
no significant difference between the groups viewing the
films over different intervals. Ash conducted a similar
experiment with ten companies of Navy recruits with equiva-
lent results. In both experiments, timing of the retention
tests did not permit equivalent forgetting intervals across
the three treatment groups. Thus the results of this study
are somewhat questionable.

Oseas and Underwood (1952) conducted an experiment
in which four groups of college students learned size and

shape concepts under one of four inter-trial intervals: 6,
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15, 30, and 60 seconds. The distributed practice conditions
(15, 30, and 60 seconds) produced slightly faster acquisition
although no significant differences were shown among the
groups on a retention instrument administered 24 hours after
treatment.

Fishman, Keller, and Atkinson (1968) investigated
the effects of distributed practice on computerized spelling
drills. The researchers compared the effects of distributed
and massed practice on the acquisition rate and the long-term
retention of 29 fifth graders. Results of the study indicate
that massed practice produced faster learning; but distributed
practice produced significantly better results on delayed
retention tests administered 10 and 20 days later.

Ingle, Remstad, Gephart, and Lampsa (1969) studied
the effects of spaced and unspaced trials on the memorization
of poetry. Students in paired classes memorized "Old Iron-
sides" under one of two conditions: 10 minutes a day for four
.consecutive days, or 40 minutes of concentrated study on one
day. There were significant differences in favor of distrib-
uted practice on initial learning but no significant differ-
ences were found on a retention test administered three days
after the students' last exposure to the material. These
results imply that there was more forgetting under distribu-

tion of practice which contradicts the conclusions of Fishman

The results of the studies in this subsection indicate

that there is no clear evidence of the superiority of either
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massed or distributed practice on the rote learning and re-
tention of meaningful materials. The major problem seems
to be that the meaning of distributed practice differs so
widely from study to study that the important characteristics
of the practice condition have not been identified. There
needs to be more research conducted in which small variations
in distribution procedure are studied.

Meaningful Learning and Retention
of Meaningful Material

Only four experiments have been reported on the rela-
tive effects of massed and distributed practice on learning
and retention in classroom situations. Three of these studies
(Urwiller, 1971; Laing, 1970; and Camp, 1973) were reviewed
in detail in Chapter I. One other study will be reviewed in
this subsection.

Reynolds and Glaser (1964) reported the results of
a second experiment on the effects of spacing periodic
reviews of biology concepts taught to two eighth grade
science classes by programmed instruction. The classes had
equivalent mean IQ's and had not been exposed to biology
instruction during the school year.

One class received massed practice with the experi-
mental topic, mitosis, while the other class received the
same information and review but spaced over several topics
in biology rather than presented in a concentrated study.

Learning and retention tests were administered when the
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amount of time following the last exposure to the experi-
mental material was the same for both groups. Questions
concerning concepts from other biology topics were included
on the learning and retention tests as control items.

No significant differences were found between the
two groups on the control items on either the learning test
or the retention test. However, for the items on mitosis,
there were consistent significant differences in favor of the
spaced practice group. The investigators concluded that
the spacing of review has a facilitating effect upon the
learning of material in a programmed sequence.

The small number of studies of the relative effects
of massed and distributed practice on meaningful learning
and retention of meaningful materials have produced no con-
sistent results. Since the treatments varied among the
studies, conclusions about the relative merits of massed

and distributed practice are at best tentative.



CHAPTER III
THE EXPERIMENT

The design of the experiment and the procedures used
are described in this chapter. This information should be
useful to the reader as he evaluates the study and to the
investigator who seeks to do further research on the effects

of massed and distributed scheduling of assignments.

Sample

Selection

During the spring of 1974, permission was obtained
from the assistant superintendent of schools in Putnam City,
Oklahoma to involve teachers and pupils of the school dis-
trict in the experimental phase of the study. Principals and
mathematics department chairpersons in three of the junior
high schools were visited and the purposes and design of the
experiment were explained. Through these interviews it was
determined that the eighth gfade mathematics classes would be
the most appropriate classes to use in the experiment and

that Holt School Mathematics, Grade 8 by Nichols, et al. was

the textbook that would be used the following year by a
majority of the classes.

The eighth grade mathematics classes were chosen for
use in the experiment for the following reasons: 1) most of

35
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the eighth graders would have already spent one year at their
particular school and would not be in the process of learn-
ing school policies and procedures; 2) there would be more
eighth graders than ninth graders who would be using the same
mathematics textbook; 3) tests of general ability would be
administered by the school to all eighth graders and test
results would be available to the investigator; and 4) most
of the eighth graders would return to the same school in the
ninth grade and would be available for retention testing.

Of the teachers who were identified as those who
would be using the Holt textbook, seven were identified who
would be teaching at least two classes of comparable ability
during the 1974-75 school year. These teachers all indicated
a willingness to participate in the study.

In September 1974, the department chailrpersons were
contacted by telephone. Because the teachers were involved
in writing performance objectives as part of the second phase
of the Oklahoma Accountability Plan, it was decided that the
experimental phase should be conducted during the spring se-
mester of the 1974-75 school year.

Letters were sent to the seven teachers in February,
1975 giving details of the experiment. At that time one of
the teachers replied that she could not participate in the
investigation. After the experiment began in March, one
other teacher decided that she would rather not participate.

Two of the instructors who participated in the experiment
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were teaching five sections of eighth grade mathematics.
Each of these teachers agreed to use two pairs of classes in
the experiment. Thus the resulting sample consisted of 14
eighth grade mathematics classes taught by the five remaining

teachers.

Description

In the eighth grades of the junior high schools that
participated in the experiment, approximately the highest ten
percent in mathematics achievement and the lowest ten percent
in mathematics achievement were placed in special classes.
The students who participated in the experiment were chosen
from the middle eighty percent since these students consti-
tuted the largest group using the same textbook.

The 350 students tested ranged in IQ from 75 to 128
with a median IQ of 103 as measured by the Short Form Test
of Academic Aptitude, Level 4. The classes ranged in mean

IQ from 99.4 to 106.3 and in class size from 24 to 33.

Treatments

Treatments to Classes

The classes of each instructor were paired according
to size and general ability. Each instructor was asked to
teach one of the paired classes under a distributed (D) prac-
tice condition and the other under a massed (M) practice con-
dition. The classes were randomly assigned to the D-M order

or the M-D order. The resulting sample of teachers, classes
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and treatments is given in Table 4.

TABLE 4

ASSIGNMENT OF TREATMENTS

Teacher D Class M Class
1 Period 4 Period 1
2(a) Period 1 Period 2
2 (b) Period 5 Period 6
3(a) Period 1 Period 2
3(b) Period 4 Period 6
4 Period 5 Period 6
5 Period 3 Period 5

Massed and Distributed Practice

The distribution function used in the experiment was
defined in terms of two other functions. The first was the
function f: —e»[%le, where x =1, 2, 3,..., which was used
to determine the length of time, in school days, between
assignments. The second function, used to determine the num-
ber of problems to assign, is given in Table 5.

Each instructor was free to choose the number and
type of problems from the textbook to be assigned to his
classes The only requirement was that whatever homework
problems were given to an M class in the form of concentrated

practice must be given to the D class in the form of distrib-

uted practice, as defined by the function given in Table 5.
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TABLE 5

THE DISTRIBUTED PRACTICE FUNCTION

Day N = Number of Problems Assigned to M Class
1 max ( [.4N]1, 1) = Nl
2 max ( [.2N], 1) = N,
4 max ( [.15N1, 1) = N3
7 max ( [.15N], 1) = N4
12 max ( [.1N], 1) = Ng
19 max ( [.05N], 1) = Ng
29 3
N - Ni = N7
i=1

Note [x] means the greatest integer less than or equal

to x.
. j
For a given N, whenever Ni = N, then Nj+l =
i=1
Nj+2 = N7 = 0.

The Distribution Chart

A Distribution Chart (Figure 1), based on the func-
tion given in Table 5, was constructed for teachers to use in
assigning homework practice to their classes. To illustrate
how the chart was used, consider the following example. Sup-
pose Teacher X decided to assign 20 problems on a given topic
to his M class. He would locate the column headed 20 on the
chart to determine how the problems should be distributed

over several assignments to his D class. According to the
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chart, on Day 1 (the day the topic was introduced) he would
assign 8 of the 20 problems; on the next school day (Day 2),
he would assign 4 of the remaining 12 problems; on the fourth
school day (Day 4), he would assign 3 of the remaining 8 prob-
lems; and so on. The teachers were told that on the day a
topic was introduced they should give their distributed
classes the full range of problems assigned to the massed
classes. This could be done by assigning every other problem
or every third problem, depending on the length of the massed
assignment. After the first assignment on a given topic the
teachers were free to make any choice they wished as to how
the remaining problems should be distributed, as long as they
adhered to the distribution chart in determining the number

of problems to assign.

The Assignment Calendar

In order to minimize the difficulties involved in
keeping track of the homework assignments that were distrib-
uted in assignments after the initial assignment, monthly
assignment calendars were provided to each teacher for his
use during the experiment. Each day of the calendar was
divided into two sections. The instructors were asked to
write the assignment for their massed class in one section
and the corresponding assignments for their distributed
classes in the other section. Figure 2 shows a calendar with
a week of hypothetical assignments.

As the experiment progressed, on a given night the



Number of

Problems

Assigned

to M Class
Day 1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
1 111122233 4 4 4 5 5 6 6 6 7 7 9 10 10 10 11 11 12
2 11111111 2 2 2 2 2 3 3 3 3 3 4 5 5 5 5 5 6
4 111111111 112 2 2 2 2 2 3 3 3 4 4 4 4
7 111111 1 111 2 2 2 2 2 2 3 3 3 4 4 4 4
12 111111 11111111 2 2 2 2 2 2 3
19 111111 1 11 1 1 1 1 11111 11
29 1 1 2 2 1 1 2 2 3 2 1 2 1 1 2

Figure l.--Distribution Chart To Be Used in Assigning Homework Practice
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Assignment Calendar

Month of
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
Massed p. 139:1-9 p. 141:1-12 p. 143:all even probs.{p. 145:1-30 p. 146:1-20
p. 139:1,5,9 p. 139:2 p. 139:7
p. 141:1,3,6,9 p. 141:4,12 p. 141:5
Distrib- p.143:2,8,14,20,26,32 |{p. 143:6,12,18,24
uted 38,44 ,48 p. 145:1,3,6,9,12, | p. 145:5,7,11,
15,18,21,24, 17,23,28
27,29,30 p. l46:even probs.
4-18
Massed
p. 139:3
p. 141:11
Distrib-
uted p. 143:30,36, p. 143:4,16,38
42 p. 145:2,8,13,26 p. 145:4,10,
19,25
p. 146:2,7, p. 146:1,9,17
15,20
Massed
p. 139:8
Distrib- p. 141:2 p. 143:6,20
uted p. 145:16,20,22
p. 146:3,11,19
Massed
Distrib- p. 139:4
uted p. 141:7

p. 146:5,13

Figure 2.

(A7



43
homework for a distributed class could come from four or five
different sets of exercises, with the bulk of the problems
coming from the exercise set corresponding to the topic just
taught. Teachers were instructed that if they felt that a
given assignment was excessively long, they could partition
it and include some of the problems in a succeeding assign-

ment that did not include as many exercises.

Experimental Materials

The experimental phase of the study involved the
treating and testing of Chapter 10, Percent, and Chapter 11,

Real Numbers, from the textbook Holt School Mathematics,

Grade 8 by Nichols, et al. Although the work with percents
deals with real numbers, examination of the material in Chap-
ters 10 and 11 revealed that the concepts developed in the
two chapters did not overlap. In order to prevent contami-
nation of the massed treatment, the teachers were instructed
not to review concepts from Chapter 10 with their massed

classes during the treatment of Chapter 11.

Instruments

The General Ability Test

The Short Form Test of Academic Aptitude, Level 4
was administered to all eighth grade students during October,
1974 as part of the regular testing program of the Putnam
City Schools. This is a 38 minute, 16 page test that pro-

vides three scores: language, nonlanguage, total. The total
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scores on the test were used to categorize students in the

sample in three ability groups: high, middle, and low.

The Achievement Tests

1. Percent I was a thirty-minute, 20-item chapter
test that covered concepts and skills developed in the chap-
ter on percents.

2. Percent II was a l2-item retention test that
covered concepts and skills developed in the chapter on per-
cent.

3. Real Numbers I'was a forty-minute, 25-item chap-
ter test that covered concepts and skills developed in the
chapter on real numbers.

4. Real Numbers II was a 13-item delayed retention
test that covered concepts and skills developed in the chap-
ter on real numbers.

Percent II and Real Numbers II were combined to make

one thirty-minute examination.

The Subtests

l. Percent I (R) was a 1l2-item subtest of Percent I
that was constructed to be parallel to Percent II.

2. Real Numbers I (R) was a 13-item subtest of Real
Numbers I that was constructed to be parallel to Real Num-

bers II.
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Development of the
Achievement Tests

The two chapter tests, Percent I and Real Numbers I,
and the delayed retention tests, Percent II and Real Numbers
II, were designed and constructed by the researcher. Since
the major variable to be investigated was the effect on stu-
dents' performance of two types of homework assignments, the
examinations sampled only the types of problems to which a
student would be exposed by doing the homework exercises from
the textbook.

A preliminary version of each chapter test was admin-
istered to classes not involved in the experiment to deter-
mine item discrimination, item difficulty, and the length of
the examination. This information was used to construct a
second version that was submitted to a panel of mathematics
educators for critical examination. The panel for Percent I
consisted of three members of the Department of Mathematics
of Southwestern Oklahoma State University all of whom had
teaching experience at the_junior high school level and were
experienced in test construction. The panel for Real Num-
bers I consisted of the Mathematics Supervisor for the Okla-
homa City Public Schools, an Oklahoma City junior high school
mathematics teacher, and a mathematics education professor at
Central State University of Oklahoma. The reactions of these
panelists were used to construct the final versions of the
chapter tests which were administered to each experimental

class.
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The purpose for using the panel was to help judge the
content validity of each chapter test. The panel members
were asked to refer to the textbook and classify each test
item according to a checklist divided into content objectives
by level-of-behavior categories. They were then asked to
refer to each content objective and to rate the set of test
items that they had identified as measuring that particular
objective. A rating scale ranging from "represents objective
very well" to "represents not at all" was provided. The re-
sulting summary matrix was used as the basis for the final
revision of the chapter test. Sample checklists and rating
forms are included in Appendix D.

By referring to the two summary matrices, twelve test
items from Percent I and thirteen items from Real Numbers I
were selected that covered all of the content areas. Twenty-
five items written parallel to the items selected from the
two chapter tests made up the retention tests. All four tests

are included in Appendix B.

Instrument Reliability

The Kuder-Richardson Formula 20 was used to determine
the internal consistency of each of the achievement tests and
subtests. Table 6 gives these data. An item analysis for

each test is included in Appendix C.
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TABLE 6

ACHIEVEMENT TEST INFORMATION

Test : Number of Items N KR20
Percent I 20 348 0.88
Percent I (R) 12 348 0.81
Real Numbers I 25 340 0.84
Real Numbers I (R) 13 340 0.76
Percent II 12 306 0.74
Real Numbers II 13 306 0.61
Procedures

Pre-Experimental Phase

In May, 1974 the mathematics department chairpersons
of three Putnam City, Oklahoma junior high schools were con-
tacted and the purposes of the research project were ex-
plained. Each of these chairpersons agreed to assist the re-
searcher in carrying out the purposes of the research. The
names of seven teachers were suggested who met the require-
ments of teaching at least two classes of eighth grade mathe-
matics that would be using the same textbook during the 1974-
1975 school year. The seven teachers were contacted and each
agreed to participate in the experiment. However, because of
the involvement of the researcher and the teachers in writing
objectives during the Fall, 1974 semester as part of the Okla-
homa Accountability Plan, it was decided to conduct the ex-

perimental phase of the study during the Spring, 1975 semester.
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During the last week of January, 1975 the teachers
were visited at their respective schools and the plan of the
experiment was explained. One of the purposes of the visit
was to check to make sure that each teacher had followed the
sequence of chapters in the textbook and determine which
chapters would be most appropriate to treat during the exper-
imental phase of the study.

Letters were sent to the teachers during the second
week of February, 1975 thanking them for agreéing to cooper-
ate and informing them that the study would begin the first
week of March and that the experimental material would be
Chapters 10 and 11. An abstract of the research proposal,
along with assignment charts and calendars, was included with
the letter. The teachers were also reminded that they should
not inform their students that they would be participating
in an experiment.

During the third week of February, the researcher
met with the teachers to discuss the experimental procedures.
At these meetings ways of answering students' questions about
the experiment were discussed, the‘use of the Distribution
Chart and Assignmen£ Calendar were illustrated, methods for
checking homework and supplementing the textbook exercises
were discussed, and the testing procedure was explained. The
sequence of events during the experiment and methods of using
post experiment material were also discussed in these meetings.

Following the February meetings, a letter that
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included a summary of ﬁhe items discussed at the meetings
was sent to each teacher. On the first Saturday in March
each teacher was contacted by telephone in order to answer
any questions they had before the experiment began on the
following Monday. During these conversations, it was sug-
gested that each teacher £fill out his assignment calendar
daily rather than weekly or several days in advance. In this
way, if a class was cancelled, only one day's assignment
would be affected.

During October, 1974, the general ability test was
administered to all eighth grade students as a part of the
regular testing program of the schools. Scores obtained for
students in the sample were used to partition each class into
three subclasses: high ability, middle ability, and low abil-
ity. The high-ability subclass consisted of students whose
IQ scores were in the upper third (greater than or equal to
107) of the total distribution of IQ's. The middle-ability
subclass consisted of students whose IQ scores were in the
middle third of the total distribution of IQ's. The low-
ability subclass consisted of students whose IQ scores were
in the lower third (less than or equal to 97) of the total
distribution of IQ's. The number of students in each sub-
class is indicated in Table 7.

To determine if the stratification had indeed produced
comparable treatment groups, the mean IQ scores were computed

for each subclass, and the Wilcoxon Match-Pairs Signed-Ranks



50
TABLE 7

FREQUENCY DISTRIBUTION OF SUBJECTS BY CLASS
AND ABILITY LEVEL

Distributed Practice Massed Practice
Teacher High Middle Low High Middle Low
1 10 16 4 13 6 8
2 (a) 8 7 9 8 11 8
2 (b) 6 13 6 9 5 10
3(a) 5 7 13 6 6 12
3(b) 7 8 12 8 14 4
4 8 12 2 9 5 5
5 5 8 10 10 9 11

test was used to compare the treatment groups within ability
levels, Tables 8, 9, and 10 give the mean IQ scores for the
subclasses, and Table 11 includes the data required to apply
the statistical test. Whenever the number of students in a
subclass was less than 4, the matched pair to which it be-
longed was excluded from the analysis.

If T is the smaller absolute value of the sums of the
like signed ranks, then for N = 6, a T = 0 is significant at the
.05 level for a two-tailed test. For N=7, a T < 2 is sig-
nificant. Table 11 indicates that at each ability level,

the treatment groups did not differ significantly.
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TABLE 8

MEANS AND RANKED DIFFERENCE SCORES FOR
LOW-ABILITY SUBCLASSES ON IQ TEST

Teacher gistributedX(D) xassedi(M) on Siggeg:ﬁank

1 4 94.5 8 91.63 2.87 *6
2 9 92.33 8  91.25 1.08 *3
3 6 91.67 10 93.8 2.13 "4
4 13 92.62 12 92.17 0.45 *2
5 12 92.58 4  84.25 8.33 *7
6 2 5  94.2

7 10 92.0 11 92.27 70.27 "1

Experimental Phase

The experimental phase of the study began the first
week of March with the treatment of Chapter 10. Contact with
the teachers was maintained throughout the experimental phase
by telephone and by visits to the schools. During the school
visits problems were discussed and assignment calendars were
inspected.

Meetings were scheduled with the teachers during the
course of the experiment to distribute and pick up the
achievement tests. The tests were scored by the teachers and
returned to the students for in-class discussion. After the
discussion period, all tests were collected and rescored by

the researcher.
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TABLE 9

MEANS AND RANKED DIFFERENCE SCORES FOR
MIDDLE~-ABILITY SUBCLASSES ON IQ TEST

Teacher gistributedi(D) I\l\;lassedk_(M) on Siggeg:ﬁank
1 16 103.88 6 101.17 2.71 *7
2 7 101.29 11 101.73 ~0.44 "4
3 13 102.23 5 102.4 0.17 T2
4 7 103 6 102.67 0.33 73
5 8 104.63 14  102.21 2.42 *6
6 12 102.42 5 103.80 1.38 °5
7 8 101.63 9 101.67 ~0.04 "1
TABLE 10
MEANS AND RANKED DIFFERENCE SCORES FOR
HIGH-ABILITY SUBCLASSES ON IQ TEST
Teacher II\)IistributedX (D) %ﬁsﬂfﬂ) - Sigr;eg:ﬁank
1 10 115.5 13 113.08  2.42 tq
2 8 115.5 8 114 1.5 *a
3 6 117.33 9 116.44  0.89 "1
4 5 114 6 110.5 3.5 *6
5 7 117.14 8 115.5 1.64 *3
6 8 119.88 9 114.67  5.21 *q
7 5 112.8 10 115.9 73.1 5
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TABLE 11

SIGNED-RANKS TEST ON MEAN IQ DIFFERENCE BETWEEN
GROUPS D AND M BY ABILITY LEVEL

Ability Smaller Sum of P less than
Subclass Like Signed Ranks N
Low 5 6 .30
Middle 13 7 .90
High 5 7 .20

The delayed retention test was given without prior
review during the first week of school in August, 1975. This
test was given as part of an inventory test that covered the
content of eighth grade mathematics and was machine scored.
by the researcher. Those students who attended summer school
during the summer were excluded from the sample. The achieve-
ment tests and the retention tests, with their accompanying

sets of directions, are included in Appendix B.

Post-Experimental Phase

Since the major variable affecting students' perfor-
mance on the retention tests was to be the type of homework
practice given during the teaching of Chapters 10 and 11, the
teachers were asked to provide similar classroom experiences
for massed and distributed classes during the teaching of
Chapters 12 and 13. After completing Chapter 11, the teachers
were asked to select one assignment procedure and to use it

in both of their classes. To check whether the treatments
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were administered as planned, each teacher's assignment

calendars were collected at the end of school in May, 1975.



CHAPTER IV
ANALYSIS OF DATA

The analysis of data is presented in four sections.
The first section contains the results of the performance
of each ability group on the initial learning tests. The
second section contains the results of the two retention
tests. The third section provides data analysis designed
to determine the differential effects of distributed and
massed treatments across ability levels. The fourth section
attempts to determine from the obtained data trends of the
scores of students who took all four tests--Percent I(R),
Percent II, Real Numbers I(R), and Real Numbers II.

In the analysis, the data was organized by teacher,
treatment, and ability. Thus the class was used as the
experimental unit. Since the sample size was relatively
small (N < 7) a non-parametric test appeared to be best suited
for the data. The Wilcoxan Matched-Pairs Signed-Ranks Test
was used to test the following null hypotheses:

Ho 1. At each ability level, there is no significant
difference in the initial learning of students
receiving distributed practice and students
receiving massed practice.

Ho 2. At each ability level, there is no significant

55
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difference in the retention of learning be-
tween students receiving distributed practice
and students receiving massed practice.
A 0.05 level of significance was required for each test.

The data was also analyzed as though the student
were the experimental unit. In this case, the t-test was
used to test the null hypothesis. A 0.05 level of signifi-
cance was also required when this test was used.

Performance of Ability Groups
on Initial Learning Tests

This section contains the analysis of data obtained
from initial learning tests Percent I and Real Numbers I.

For each test, the scoring procedure was to give one point
for each correct answer. The maximum possible scores were

20 for Percent I and 25 for Real Numbers I. Tables 12 and 13
give the frequency distributions of scores on the two tests
by ability level.

On Percent I, the scores for the low-ability students
were skewed toward the low end of the scale and the scores
for the high-ability students were skewed toward the high
end of the scale. The median score of 8.94 for the low-
ability students indicated that at least one half of the
students answered fewer than 45 percent of the items correctly.
The median score of 14.2 for the high-ability students indi-
cated that at least one half of the students answered more

than 71 percent of the items correctly. The median score of
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12.06 for the middle-ability students corresponded to 60 per-
cent of the items on Percent I.

On Real Numbers I, the median score of 12.75 for the
low-ability students indicated that one half of these stu-
dents answered at least 51 percent of the items correctly.
This result indicated that as a group the low-ability stu-
dents did better on Real Numbers I than they did on Percent 1.
The median scores of 15.75 and 18.79 for the middle-~ability
and high~ability groups corresponded to 63 and 75 percent of

the items, respectively.

TABLE 12

FREQUENCY DISTRIBUTION OF SCORES ON PERCENT I
BY ABILITY LEVEL

Range of Scores Low Middle High
18~-20 1 7 25
15-17 13 33 28
12-14 19 27 20

9-11 27 21 21

6-8 25 21 9

3-5 16 12 7

0-2 12 4 0

TOTAL 113 125 110
Highest 20 20 20
Median 8.94 12.06 14.2

Lowest 0 1 4
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TABLE 13

FREQUENCY DISTRIBUTION OF SCORES ON REAL NUMBERS I
BY ABILITY LEVEL

Range of Scores Low Middle High
23-25 1 5 5
20-22 3 18 33
17-19 15 31 28
14-16 29 32 15
11-13 20 14 12

8-10 22 14 7

5-7 13 ' 7 5

2-4 3 2 3

0-1 2 0

TOTAL 107 125 108
Highest 23 24 25
Median 12.75 15.75 18.79
Lowest 1 0 3

Low~Ability Group

The means and ranked difference scores on Percent I
and Real Numbers I are given in Tables 14 and 15, respectively.
The means ranged from 4.88 to 12.42 on Percent I and from 8.0
to 15.64 on Real Numbers I. The low subclass means on both
tests came from classes taught by Teacher‘2. Similarly,
the high subclass means on both tests came from classes
taught by Teacher 3. Table 7 in Chapter 3 showed that the
classes taught by Teacher 2 had approximately 33 percent

low-ability students while the classes taught by Teacher 3
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had approximately 40 percent low-ability students.

TABLE 14

MEANS AND RANKED DIFFERENCE SCORES FOR
LOW-ABILITY SUBCLASSES ON PERCENT I

Distributed (D) Massed (M) Signed-Rank

Teacher D-M=4d
N X N X L of 4,

1 4 9.25 8 9.13 0.12
2(a) 9 7.22 8 4.88 2.34 6
2(b) 6 5.33 10 6.8 -0.47 -4
3(a) 12 11.25 12 11.67 -0.42 -2.5
3(b) 12 12,42 4 12.0 0.42 2.5
4 * 5 8.4
5 10 7.1 11 8.27 -1.17 -5

*N Less than 4

TABLE 15

MEANS AND RANKED DIFFERENCE SCORES FOR LOW-ABILITY
SUBCLASSES ON REAL NUMBERS I

Distributed (D) Massed (M) Signed-Rank

Teacher b-M=d
N X N X L of dL
1 . 4 14.5 8 12.63 1.87
2(a) 9 11.0 8 9.5 1.5
2(b) 6 8.83 8 8.0 0.83 1
3(a) 10 13.0 12 15.0 -2.0 -5
3(b) 11 15.64 4 14.25 1.39 2
4 * 4 12.75
5 10 13.0 11 10.64 2.36 6

*N Less than 4
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In applying the Wilcoxan Matched-Pairs Signed-Ranks
Test, difference scores and their ranks were computed only
when each member of a matched-pair contained four or more
students with scores. Therefore, scores on both Percent I
and Real Numbers I for the low-ability students of Teacher 4
were excluded from the analysis. These scores were included,
however, when the scores were grouped by treatment and the
t-test was applied (Table 16).

For the low-ability subclasses on Percent I, T=9.5,
(T represants the smaller absolute value of the sums of the
like-signed ranks). For N=6, T=9.5 has an associated prob-
ability p of 0.83. For the low-ability subclasses on Real
Numbers I, T=5 and N=6 so p=0.25. Therefore Ho 1 was not
rejected for the low-ability students.

Table 16 shows that for the low-ability students,
the mean scores of the distributed practice group on both
Percent I and Real Numbers I were higher than the mean scores
for the massed practice group. However, neither of the dif-

ferences between groups was significant at the 0.05 level.

TABLE 16

t-TEST COMPARING THE EFFECTS OF MASSED AND
DISTRIBUTED PRACTICE ON THE PERFORMANCE C¥
LOW-ABILITY STUDENTS ON PERCENT I AND
REAL NUMBERS I

Distributed Practice Massed Practice
N X S N X S t

Test

Percent I 55 9,22 4,77 58 8.6014.41(0.70
Real Numbers I 52 12.90 4.38 55 [11.7514.59({1.32
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Middle-Ability Group

Means and ranked difference scores for the middle-
ability subclasses are contained in Tables 17 and 18. Means
on Percent I ranged from 5.29 to 16.00 and on Real Numbers I
the means ranged from 9.57 to 17.75. The lowest means for
both tests came from the same subclass, namely the distrib-
uted practice subclass of Teacher 2(a). The highest means
for both tests came from the same subclass, namely the dis-
tributed practice subclass of Teacher 3(b).

For the middle-ability subclasses, T=8 for Percent I
(N=7, p=0.31) and T=12 for Real Numbers I (N=7, p-0.73).
Therefore Ho 1 was not rejected for the middle-ability

students.

TABLE 17

MEANS AND RANKED DIFFERENCE SCORES FOR MIDDLE-
ABILITY SUBCLASSES ON PERCENT I

Distributed (D) Massed (M) D-M=4 Signed-Rank

Teacher M

N X N X of dM
1 16 10.94 6 10.33 0.61 2
2 (a) 7 5.29 11 9.73 -4.44 -7
2(b) 13 9.54 5 9.6 -0.06 -1
3(a) 6 12.67 6 15.17 -2.50 -5
3(b) 8 16.0 14 12.93 3.07 6
4 11 12.73 5 13.8 -1.07 -3

5 8 10.0 9 11.44 -1.44 -4
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TABLE 18

MEANS AND RANKED DIFFERENCE SCORES FOR MIDDLE-
ABILITY SUBCLASSES ON REAL NUMBERS I

Distributed (D) Massed (M) ,_n 4

Teacher

Signed-Rank

N X N X M of 4y
1 16 17.13 6 16.0 1.13 2
2(a) 7 9.57 11 13.18 -3.61 -6
2(b) 12 16.0 5 11.0 5.0 7
3(a) 7 15.7 5 18.8 -3.1 -5
3(b) 8 17.75 13 14.69 3.06 4
4 12 15.58 5 16.4 -0.82 -1
5 8 15.75 9 14.33 1.42 3

Table 19 shows that, for the middle-ability students,

the massed practice group did slightly better on Percent I
than the distributed practice group, but on Real Numbers I
the distributed practice group did better than the massed
practice group. However, the differences were not signifi-

cant at the 0.05 level.

High-Ability Group

Tables 20 and 21 contain the means and ranked dif-
ference for the high-ability subclasses. Means for Percent
ranged from 9.5 to 19.0 and means for Real Numbers I ranged
from 12.88 to 20.6. The lowest mean score on Percent I was
for the massed subclass of Teacher 2(b). The lowest mean

score on Real Numbers I was for the massed subclass of

I
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Teacher 2(a). For each test the highest mean score was for
the distributed subclass of Teacher 3(a).
For both Percent I and Real Numbers I T=3 and N=7 so

p=0.06. Therefore Ho 1 was not rejected.

TABLE 19

t-TEST COMPARING THE EFFECTS OF MASSED AND DISTRIBUTED
PRACTICE ON THE PERFORMANCE OF MIDDLE-ABILITY
STUDENTS ON PERCENT I AND REAL NUMBERS I

Distributed Practice Massed Practice

Test N X ) N X S t
Percent I 69 11.00 4,71 56 11.80 4.44 -0.98
Real Numbers I 70 15.40 5.00 54 14.67 5.00 0.77

TABLE 20

MEANS AND RANKED DIFFERENCE SCORES FOR HIGH-ABILITY
SUBCLASSES ON PERCENT I

Teacher Déstributedi(D) M;ssed (;) D—M=dH Siggeg;Rank
1 10 13.1 13 12.46 0.64 1
2(a) 8 11.88 8 10.63 1.25 4
2 (b) 6 13.83 8 9.5 4.33 7
3(a) 5 19.0 5 15.8 3.2 6
3(b) 7 13.71 8 14.88 -=1.17 -3
4 8 16.5 9 13.67 2.83 5

5 5 15.0 10 13.9 1.1 2
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TABLE 21

MEANS AND RANKED DIFFERENCE SCORES FOR HIGH-
ABILITY SUBCLASSES ON REAL NUMBERS I

Teacher D;stributedi(D) M;ssed (%) D-M=d,, Sigg;ddzank
1 9 17.0 13 17.31 -0.31 -1
2(a) 7 14.0 8 12.88 1.12 3
2(b) 6 14.5 9 12.89 1.61 4
3(a) 5 20.6 6 18.17 2.43 5
3(b) 6 18.0 8 19.0 -1.0 -2
4 8 18.63 9 16.0 2.63 6
5 5 19.8 10 15.5 4.3 7

Table 22 shows that, on the average, the distributed
practice group did better than the massed practice group on
both Percent I and Real Numbers I. As was the case with the
low- and middle-ability students, the differences were not

significant when the t-test was applied.

TABLE 22

t-TEST COMPARING THE EFFECTS OF MASSED AND DISTRIBUTED
PRACTICE ON THE PERFORMANCE OF HIGH-ABILITY STUDENTS
ON PERCENT I AND REAL NUMBERS I

Distributed Practice Massed Practice
N X S N X S t

Test

Percent I 49 14.22 4.29 61 12.84 4.40 1.64

Real Numbers I 46 17.33 4,79 63 16.10 5.34 1.27
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Performance of Ability Groups
on Retention Tests

The analysis of data obtained from the retention
tests Percent II and Real Numbers II is contained in this
section. The scoring scheme, for each test, was to give one
point for each correct answer. The maximum possible scores
on the two retention tests were 12 for Percent II and 13 for
Real Numbers II. Tables 23 and 24 contain frequency distri-
butions of scores for the two tests by ability level.

The tables show that the median score for the high-,
middle~, and low-ability groups were in the corresponding
rank order, and at each ability level, the median score on
Percent II was higher than the median score on Real Numbers
II. On Percent II, the scores for the low-ability group were
skewed toward the low end of the scale, but the scores for
the other two ability groups were more uniformly distributed.
On Real Numbers II, the scores at the middle-, and low—ability
levels were generally low. However, the scores of the high-
ability group were more evenly spread across the range of
scores. The medians on Real Numbers II for the high-, mid-
dle-, and low-ability groups, respectively, correspond to 38,

32, and 23 percent of the items answered correctly.

Low-Ability Group

The performance of the low-ability students on the
two retention tests is given in Tables 25 and 26. For Percent

II, T=5 (N=6, p=0.25). For Real Numbers II, T=6 (N=6, p=0.35).
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Therefore Ho 2 was not rejected for the low-ability students.

TABLE 23

FREQUENCY DISTRIBUTION OF SCORES ON
PERCENT II BY ABILITY LEVEL

Score High Middle Low
12 2 | 1 1
11 3 3 1
10 11 3 0

9 6 9 2
8 15 14 0
7 15 10 5
6 15 12 7
5 10 19 9
4 10 11 21
3 4 16 12
2 7 6 18
1 1 5 14
0 1 2 5
TOTAL 100 111 95

Median 6.63 5.32 : 3.38
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TABLE 24

FREQUENCY DISTRIBUTION OF SCORES ON
REAL NUMBERS II BY ABILITY LEVEL

Score High Middle Low
13 0 0 1
12 1 0 0
11 2 0 0
10 1 2 0

9 5 2 1
8 6 2 2
7 12 5 2
6 12 15 9
5 17 24 12
4 15 17 | 9
3 14 16 22
2 13 13 25
1 0 11 8
0 1 4 4
TOTAL 100 111 95

Median 4.91 4.18 2.98
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TABLE 25

MEANS AND RANKED DIFFERENCE SCORES FOR LOW-
ABILITY SUBCLASSES ON PERCENT II

Distributed (D) Massed (M) Signed-Rank

Teacher = N T D—M=dL of'dL
1 4 3.25 6 3.83 -0.58 -2
2(a) 9 3.00 7 3.71 -0.71 -4
2(b) 5 3.60 10 2.60 1.00 5
3(a) 11 2.91 9 3.56 =~0.65 -3
3(b) 10 3.60 & 5.50 =~1.90 -6
4 * *

5 9 3.78 10 4,10 -0.32 -1

*N less than 4

On Percent II, all but one pair of subclasses showed
a difference in favor of massed practice. However, the
small sample size and large value of the signed~rank asso-
ciated with this pair of subclasses, probably accounts for

the non-significant T-value.
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TABLE 26

MEANS AND RANKED DIFFERENCE SCORES FOR LOW-ABILITY
SUBCLASSES ON REAL NUMBERS II

Distributed (D) Massed (M) Signed-Rank

Teacher = X % D—M=dL of dL
1 4 4.75 6 4.17 0.58 5
2(a) 9 2.56 7 2.75 ~0.19 -2
2(b) 5 2.20 10 2.40 -0.20 -3
3(a) 11 4.27 9 4.11 0.16 1
3(b) 10 2.60 4 6.00 -3.40 -6
4 * *

5 9 3.11 10 3.40 -0.29 -4

*N less than 4

Table 27 shows that, for the low-ability students,
the massed practice group did better on the average on both
retention tests than did the distributed practice group.

The differences, however, were not significant.

TABLE 27

t-TEST COMPARING THE EFFECTS OF MASSED AND DISTRIBUTED
PRACTICE ON THE PERFORMANCE OF LOW-ABILITY STUDENTS
ON PERCENT II AND REAL NUMBERS II

Distributed Practice Massed Practice
N X S N X S t

Test

Percent IIT 48 3.33 2.22 47 3.68 2.46 -0.73

Real Numbers II 48 3.31 1.76 47 3.57 2.46 -0.59
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Middle-Ability Group

Tables 28 and 29 indicate the performances of the

middle-ability students on Percent II and Real Numbers II.
On Percent II, T=6 (N=6, p=0.35), and on Real Numbers II,
T=7 (N=6, p=0.47). Therefore, Ho 2 was not rejected for the

middle-ability students.

Table 30 shows that, for the middle-~ability students,
the massed practice group did better on the average on both
Percent II and Real Numbers II than did the distributed
practice group. However, the differences between the groups

on each test were not significant.

TABLE 28

MEANS AND RANKED DIFFERENCE SCORES FOR
MIDDLE-ABILITY SUBCLASSES
ON PERCENT II

Teacher Distributedw(D) Massed (ﬂ) D-M=d Signed-Rank

N X N X M of dM

1 14 5.21 5 4.20 1.01 4
2 (a) 6 3.50 11 4.45 -0.95 -3
2 (b) 9 6.11  *

3(a) 6 5.00 5 7.80 =-2.80 -6
3(b) 7 6.14 13 5.92  0.22 2
4 10 5.10 5 7.80 =-2.70 -5
5 8 6.00 9 6.11 -0.11 -1

*N less than 4
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TABLE 29

MEANS AND RANKED DIFFERENCE SCORES FOR MIDDLE~ABILITY
SUBCLASSES ON REAL NUMBERS II

Signed-Rank

Distributed (D) Massed (M)

Teacher D~M=d

N X N X M of d,

1 14 5.79 5 4.60 1.19 4
2(a) 6 3.17 11 3.55 -0.38 -1
2 (b) 9 3.78 *

3(a) 6 3.50 5 6.40 -2.90 -6
3(b) 7 5.14 13 4.08 1.06 3
4 10 2.80 5 4.60 -1.80 -5
5 8 2.88 9 3.78 -0.90 -2

*N less than 4

TABLE 30

t~-TEST COMPARING THE EFFECTS OF MASSED AND DISTRIBUTED
PRACTICE ON THE PERFORMANCE OF MIDDLE-ABILITY STUDENTS
ON PERCENT II AND REAL NUMBERS II

Distributed Practice Massed Practice

Test
N X S N X S t
Percent II €0 5.35 2.41 51 5.76 2.94 -0.79
Real Numbers II 60 4.03 2.21 51 4.12 2.12 -0.22

High-Ability Group

Tables 31 and 32 contain the means and ranked differ-
ence scores for the high-ability subclasses on Percent II and

Real Numbers II. On Percent II, T=7 (N=6, p=0.16), and on
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Real Numbers II T=3 (N=7, p=0.06). Thus Ho 2 was not re-

jected for the high-ability students.

TABLE 31

MEANS AND RANKED DIFFERENCE SCORES FOR HIGH-
ABILITY SUBCLASSES ON PERCENT II

Distributed (D) Massed (M) Signed-Rank

D-M=d

Teacher

N X N X H of d,
1 10 5.80 11 6.00 -0.20 -2
2(a) 7 5.43 8 5.50 -0.07 -1
2(b) 6 5.83 7 (6.86 -1.03 -4
3(a) 4 8.00 4 5.50 2.50 6
3(b) 7 8.29 8 6.50 1.79 5
4 7 7.57 8 7.00 0.57 3
5 5 7.00 8 7.00 0.00 *

*Drop from analysis since dH=O

TABLE 32

MEANS AND RANKED DIFFERENCE SCORES FOR HIGH-
ABILITY SUBCLASSES ON REAL NUMBERS II

Signed-Rank

Distributed (D) Massed (M)

Teacher D-M=d

X N X H of d
1 10 6.20 11 5.64 0.56
2(a) 7 4.00 8 3.25 0.75
2 (b) 6 5.50 7 5.57 =0.07 -1
3(a) 4 5.25 4 4.25 1.00 5
3(b) 7 5.00 8 5.50 -0.50 -2
4 7 6.43 8 3.75 2.68
5 5 6.00 8 4.75 1.25 6
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Table 33 shows that on both Percent II and Real Num-
bers II the mean scores for the distributed practice group
were higher than the mean scores for the massed practice
group. However, using the t-test, the differences between

the treatment groups were not significant at the 0.05 level.

TABLE 33

t-TEST COMPARING THE EFFECTS OF MASSED AND DISTRIBUTED
PRACTICE ON THE PERFORMANCE OF HIGH-ABILITY STUDENTS
ON PERCENT II AND REAL NUMBERS II

Distributed Practice Massed Practice

Test — —
N X S N X S t
Percent II 46 6.72 3.02 54 6.37 2.26 0.65
Real Numbers II 46 5.52 2.52 54 4.74 2.18 1.63

Effects of Distrubuted Practice
Across Ability Groups

In order to determine whether distributed practice
had different effects across ability levels, the differences

a.

i’ i=I,, M, H, for each pair of subclasses were compared.

Since di measured the superiority of distributed practice
over massed practice at the i-th ability level (see, for
example, Table 14), the sign of (di-dj), i#j, indicated the
difference in the effect distributed practice for each pair
of subclasses at the i-th and j~th ability levels. For
example, for Teacher 1 (See Tables 17 and 20):

dH-dM = 0.64 - 0.61
= 0.03
>0
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Therefore, distributed practice had a more positive effect
on Teacher 1's high-ability students than it did on his
middle-ability students.

The differences on the initial learning tests for
the three combinations of ability levels are shown in Table
34, Similar data for the retention tests is presented in
Table 35. In Table 34, under Percent I and the column headed
"dH - dM", 0.03 is the difference calculated for Teacher 1 in
the preceding example.

TABLE 34
COMPARISONS OF SUPERIORITY OF DISTRIBUTED OVER

MASSED PRACTICE AT THREE ABILITY LEVELS ON
PERCENT I AND REAL NUMBERS I

Teacher —goigoityl s s oA ers
g9y 9y 9y dydg g% 9 n9g
1 0.03 0.49 0.52 -1.44 -0.74  -2.18
2(a) 5.69 -6.78 ~-1.09 4.73 -5.11  -0.38
2 (b) 4.39 0.41 4.80 -3.39  4.17 0.78
3(a) 5.72 -2.08 3.62 5.53 -1.10 4.43
3(b)  ~4.24 2.65 ~1.59 -4.06 1.67  -2.39
4 3.90 * * 3.45 * *
5 2.54 -0.27 2.27 2.88 -0.94 1.94

*N less than 4
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TABLE 35
COMPARISON OF SUPERIORITY OF DISTRIBUTED OVER

MASSED PRACTICE AT THREE ABILITY LEVELS ON
PERCENT II AND REAL NUMBERS II

Teacher e Pergegg II — < _geal guTgers éI—d
H ™M ML H L H ™M ML H L

1 -1.21 1.59 0.38 -0.63 0.61 -0.02
2(a) 0.88 ~-0.24 0.64 1.13 -0.19 0.94
2 (b) ~2.03 0.13
3(a) 5.30 -2.15 3.15 3.90 -3.06 0.84
3(b) 1.57 2.12 3.69 -1.56 4.46 2.90
4 3.27 4.48
5 0.11 0.21 0.32 2.15 -0.61 1.54

Note: A blank space means that a subclass had fewer than
4 members

Each column of differences d; - dj' i#j, in Tables
34 and 35 was tested using the sign test. Table 36 summar-
izes the results of the sign test for Percent I and Real Num-
bers I. Table 37 summarizes the results of the sign test for
Percent II and Real Numbers II. As the values of p in the
two tables show, there was no evidence of a significant dif-

ference, across ability levels, in the relative effectiveness

of distributed practice versus massed practice.
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TABLE 36
SIGN TEST COMPARING THE EFFECTS OF DISTRIBUTED

PRACTICE ACROSS ABILITY LEVELS ON PERCENT I
AND REAL NUMBERS I

. Percent I Real Numbers I
Difference X N 5 % N 5
dH-dM 1 7 0.12 3 7 1.00
dM—dL 3 6 1.00 2 6 0.69
dH—dL 2 6 0.69 3 6 1.00

Note: X=number of fewer signs; N=number of signs, p=the
two-tailed probability that the number of fewer
signs is X or less assuming that p(+)=p(-)=k.

TABLE 37
SIGN TEST COMPARING THE EFFECTS OF DISTRIBUTED

PRACTICE ACROSS ABILITY LEVELS ON PERCENT II
AND REAL NUMBERS II

. Percent II Real Numbers II
Difference X N 5 X N 5
dH—dM 1l 6 0.22 2 7 0.45
dM-dL 2 5 1.00 2 5 1.00
dH—dL 1 6 0.22 1l 6 0.22

Note: X=number of fewer signs, N=number of signs, p=the
two-tailed probability that the number of fewer
signs is X or less assuming that p(+)=p(-)=%.

Changes in Scores Between Initial
Learning Tests and Retention Tests

This section contains the analysis of data used to

determine the relationship among treatments, performance on
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initial learning tests, and performance on retention tests.
Scores of those students who took both of the initial learn-
ing tests and both of the retention tests were analyzed.
Graphs were constructed to compare the mean scores on the
retention tests to the mean scores on the corresponding ini-~
tial learning tests at each ability level. At each ability
level, students were identified as having done better, the
same, or worse on each retention test in comparison with the
corresponding initial learning test. This information was
summarized in contingency tables to determine trends in per-
formance between the initial learning tests and the retention
tests.

Changes in Means Between Initial
Learning and Retention Tests

To compare retention with initial learning, subtests
of the initial learning tests were used. These subtests,
Percent I(R) and Real Numbers I(R), contained items on the
initial learning tests that were written to be parallel to
the items on the retention tests, Percent II and Real Num-
bers 1I, respectively. Use of these subtests, rather than
the full initial learning tests, provided a more direct meas-
ure of changes in performance.

Table 38 shows the means and standard deviations for
Percent I(R), Percent II, Real Numbers I(R), and Real Num-
bers II, categorized by treatment and ability level. The

means shown in Table 38 were used to construct the graphs
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shown in Figures 3 and 4. Figure 3 shows a graph of the
means for Percent I(R) and Percent II; Figure 4 shows a graph
of the means for Real Numbers I(R) and Real Numbers II.
Both graphs indicate a decrease in performance on each of the
retention tests in comparison with the corresponding initial
learning test.

Figure 3 shows that, for the low-ability students,
the decrease in performance between Percent I(R) and Percent
II was about the same for the massed and distributed practice
groups. For the high-ability students the decrease in per-
formance between Percent I(R) and Percent II was greater for
the distributed practice group than it was for the massed
practice group. Figure 3 also shows that for the middle-
ability students the mean on Percent I(R) was higher for the
distributed practice group, but on Percent II the mean for
the massed practice group was higher.

Figure 4 shows that the decrease in the performance
of the high-ability students between Real Numbers I(R) and
Real Numbers II was slightly steeper for the massed practice
group than for the distributed practice group. For the
middle-ability and low-ability groups, the means were higher
for the distributed practice groups than for the massed prac-
tice groups on Real Numbers I(R). However, on Real Numbers
II, the means of the massed practice groups were higher than
the means for the distributed practice groups at the middle-

and low-ability levels.
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Figures 3 and 4 show that in comparing student per-
formance on retention tests to performance on initial learn-
ing tests, there was greater difference between ability
levels than between treatment groups at any one ability

level.



TABLE 38

MEANS AND STANDARD DEVIATIONS FOR ALL TESTS BY
TREATMENT AND ABILITY LEVEL

Abilit Distributed Practice Massed Practice
Leve{ N Percent Percent Real No. Real No. Percent Percent Real No. Real No.

I(R) II I (R) IT N I(R) II I(R) 1T

High 43 8.67 6.84 9.12 5.58 52 7.79 6.37 8.87 4.73
(2.48) (2.29) (2.84) (2.56) (2.70) (2.28) (3.07) (2.22)

Middle 58 7.10 5.40 8.21 4,09 50 7.04 5.86 8.00 4,16
(2.20) (2.43) (3.16) (2.21) (2.67) (2.89) (2.71) (2.15)

Low 45 5.42 3.31 6.84 3.29 45 5.89 3.71 6,31 3.62
(3.03) (2.16) (2.79) (1.77) (2.50) (2.50) (2.80) (2.50)

TOTAL 146 7.02 5.21 8.06 4,28 147 6.96 5.34 7.79 4.19

(3.08 (2.84) (3.08) (2.36) (2.73) (2.81) (3.04) (2.31)

08
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Mean Score
A

10 -

v

Percent I(R) Percent II

Note: i i represents the i-th ability distributed
practice group and i~----- i represents the i-th
ability massed practice group (i=H, M, L).

Figure 3. Plot of Mean Scores on Percent I(R) and

Percent II by Treatment and
Ability Level.
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Mean Score

A

10 +

i 1 ~
7

Real Numbers I(R) Real Numbers II

Note: i i represents the i-th ability distributed
practice group and i----- i represents the i-th
ability massed practice group (i=H, M, L).

Figure 4. Plot of Means Scores on Real Numbers I (R)
and Peal Numbers II by Treatment and Ability
Level.
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Movement of Students' Scores

To determine how the treatments affected the movement
of students' scores, the performance of each student was
identified as better, the same, or worse on each retention
test in comparison to the corresponding initial learning
test., Table 39 shows the number of students at each ability
level and treatment group who did better, the same, or worse
on Percent II in comparison to Percent I(R). Table 40 con-
tains the same data for Real Numbers II compared to Real
Numbers I(R).

Chi-square tests at each ability level, between treat-
ment and movement, showed no significant association. Tables
39 and 40 show that at each ability level on both the per-
cent tests and the real numbers tests, students were more

likely to do worse than to do better or stay the same.

TABLE 39

CONTINGENCY TABLE FOR THE NUMBER OF STUDENTS AT EACH
ABILITY LEVEL WHO DID BETTER, THE SAME, OR WORSE
ON PERCENT II COMPARED TO PERCENT I (R)

Level Distributed Practice Massed Practice 2

Better Same Worse Better Same Worse X
High 7 5 31 12 8 32 1.24
Middle 12 14 32 16 8 26 2.25
Low 8 5 32 8 4 33 0.13

Note: Far zdf, x2=3.22 has associated probability of 0.20;
x“=4.60 has associated probability of 0.10.
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TABLE 40
CONTINGENCY TABLE FOR THE NUMBER OF STUDENTS AT EACH

ABILITY LEVEL WHO DID BETTER, THE SAME, OR WORSE
ON REAL NUMBERS II COMPARED TO REAL NUMBERS I(R)

Distributed Practice Massed Practice

Level Better Same Worse Better Same Worse X2

High 3 5 35 4 5 43 0.26

Middle 5 3 50 2 1 47 1.82

Low 5 1 39 6 2 37 0.48
2

Note: Far 2df, X"=3.22 has associated probability of 0.20;
X"=4.60 has associated probability of 0.10.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

The purpose of the study was to compare the effects
of massed practice and distributed practice on the initial
learning and the retention of students in eighth grade
mathematiss. Fourteen classes, taught by five teachers,
were paired so that one class in a pair received massed prac-
tice and the other class received distributed practice.
Practice on a particular topic was consolidated in one or
more consecutive assignments for the massed (M) group, but
the distributed practice group (D) was given the same prob-
lems spaced over several assignments with intervals of rest
between assignments.

Each teacher was given a chart and assignment calen-
dar to use in distributing the assignments and recording the
homework problems he gave to each class. Teachers were free
to choose the number and type of problems to be assigned.

Instructional material used in the experiment was

contained in two chapters from the textbook Holt School

Mathematics, Grade 8 by Nichols, et al. One of the chapters

was on percents and the other was on real numbers.

Each class was subdivided into subclasses on the

85
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basis of ability level: high, middle, and low. Initial learn-
ing tests and retention tests were used to test the null
hypotheses:

Ho 1. At each ability level, there is no signifi-
cant difference between the initial learning
of students receiving distributed practice
and students receiving massed practice.

Ho 2. At each ability level, there is no signifi-
cant difference in the retention of learning
between students receiving distributed prac-
tice and students receiving massed practice.

In addition, the following questions were studied:

1. Does distributed practice have different effects

on students at three different levels of ability?

2. What is the relationship among treatment, per-

formance on the initial learning tests, and

performance on the retention tests?

Results

Scores on the initial learning tests, Percent I and
Real Numbers I, indicate that, at each ability level, there
was no significant difference between the means of the sub-
classes receiving distributed practice and the means of the
corresponding subclasses receiving massed practice. However,
on Percent I, the mean score of the distributed practice
group was higher than the mean score for the massed practice

group at the low-ability and the high=-ability levels. At
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the middle-ability level, the mean score for the massed group
was higher than the mean score of the distributed group. On
Real Numbers I, the mean score of the distributed practice
group was higher than the mean score of the massed practice
group at all three ability levels.

On the retention tests, Percent II and Real Numbers
II, there was no significant difference, at each ability
level, between the means of the subclasses receiving distrib-~-
uted practice and the means of the subclasses receiving
massed practice. At the high-ability level, the mean of the
distributed practice group was higher than the mean of the
massed practice group on both Percent II and Real Numbers II.
However, at the other two ability levels, the massed practice
group performed better than the distributed practice groups
on both retention tests.

The relative superiority of distributed practice over
massed practice did not differ significantly across the three
ability levels.

By comparing the performance of ability-treatment
subgroups on Percent I(R) and Percent II, it was determined
that each subgroup scored lower on the retention test than
it did on the initial learning test. At each ability level
the distributed practice groups scored higher on Percent I(R)
than the corresponding massed practice groups. On the reten-
tion test, the distributed practice students performed better

than the massed practice students at both the high-ability
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and the low-ability levels. For the middle-ability sub-
groups, those who had massed practice performed better on
Percent II than those who had distributed practice.

For the real numbers topics, all ability-treatment
subgroups scored lower on the retention test than on the
initial learning test. At the high-ability level, the dis-
tributed practice students scored higher than the massed
practice students on both the initial learning test and the
retention test. However, at the other two ability levels,
the trend was reversed. The distributed practice subgroups
performed better on the initial learning test, but the massed
practice subgroups performed better on the retention tests.

At each ability level, there was no significant asso-
ciation between the treatment a student received and whether
he did better, the same, or worse on a retention test than

on an initial learning test.

Discussion

Data obtained from the scores on the initial learning
test indicated no significant difference, at each ability
level, between the distributed practice groups and the massed
practice groups. Therefore, null hypothesis Ho 1 was not
rejected for any ability level. Similarly, there were no
significant differences between treatment groups in perform-
ance on the retention test. Thus null hypothesis Ho 2 was
not rejected at any ability level.

Many of the results found in this study were similar
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to those reported by other researchers. Reynolds and Glaser
(1964) and Laing (1970) found that distributed practice facil-
itated learning. Camp (1973) reported inconsistent results,
indicating that distributed practice facilitated the learn-
ing of one topic while massed practice produced better learn-
ing of another topic. In the present study, the results of
both initial learning tests, with the exception of the per-
formance of the middle-ability students on Percent I, sup-
ported the conclusions of Laing, and Reynolds and Glaser.

Reynolds and Glaser (1964), Laing (1970), Urwiller
(1971), and Camp (1973) reported results that indicated that
groups receiving distributed practice retained more than
groups receiving massed practice. The results of the reten-
tion tests in the present study do not support their obser-
vations. At each ability level, except the high-ability
level, students receiving massed practice performed better
on the retention tests than students receiving distributed
practice. This result contradicts Madsen's (1963) conjecture
that low-ability students, in particular, profit from dis-
tributed practice because they require a long period of time
for consolidating their learning. In this study, there was
no evidence of a significant difference across ability levels
in the relative effectiveness of distributed practice.

One possible explanation for the non-significant dif-
ferences between treatment groups on the retention tests.may

be related to the length of time between initial learning
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tests and retention tests. The initial learning tests were
administered in May just prior to the end of the school year
and the retention tests were given during the first week of
the following school year. This time lapse of three months
may have been sufficiently long, compared to the relatively
short initial learning period, that the general ability of
the student was the most significant factor in the amount of
forgetting that occurred. If this conjecture is indeed true,
the treatment may have had relatively little effect on reten-
tion test performance.

Another possible reason for the non-significant dif-
ferences between treatment groups may be that the distributed
assignments required students to go back in the textbook to
pages where they had previously worked problems. Thus, they
may have received clues to problem solutions from the loca-
tion of the problem in the textbook. In so doing, the stu-
dents lost one of the advantages of the distributed practice
procedure, that is, having to discriminate between problem
solving techniques. 1In future studies on massed versus dis-
tributed practice it would be advantageous for the investi-
gator to write the homework problems on hand-out sheets for
the students and avoid the use of the textbook for assign-

ments.

Recommendations for Further Research

One of the difficulties encountered in arriving at

definite conclusions from research on related topics lies in
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the fact that the research designs and experimental procedures
differ from study to study. Comparison of the studies of
Laing (1970) and Camp (1973) with the present study reveals
that this difficulty has been overcome to some measure. All
of these studies showed no significant differences between
the performance of students who had massed practice and those
who had distributed practice. The basic difference in the
three studies is found in the functions used to determine the
length of the rest interval between distributed assignments
and the functions used to determine the number of problems
to assign in each distributed assignment. By further small
modifications in the two functions, additional contributions
can be made to a body of comparable research on the effects
of distributed practice upon learning and retention.

Another difference found between the studies of Laing
and Camp and this study is the length of time between the
initial learning test and the retention test. 1In the studies
of both Laing and Camp, an interval of about three weeks was
used. In this study the interval was about three months.

In all these studies the length of the initial learning

period was approximately the same. Further research is

needed to determine the effects of distributed practice over
relatively long periods of time. A longitudinal study needs
to be done in which distributed practice on all topics in a
full year of work is given to on experimental group and massed

practice is given to another group on the same work. Retention
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tests could then be given at various intervals .such as at
the end of the second and third years. This type of study
could also help determine whether or not the effectiveness
of distributed practice depends upon the type of topic being
taught. For example, does distributed practice have a dif-
ferent effect on a skill-oriented topic than it does on a
non-skill-oriented topic?

Another question that could be investigated in a
longitudinal study is whether distributed practice is more
effective with one instructional technique than it is with
another. For example, is the lecture technique and distrib-
uted practice more effective than a "laboratory" approach
together with massed practice?

The results of studies done to date indicate that the
effects of distributed practice in complex learning-retention
situations are still unclear. There are trends and hints but
conclusions are tentative and no consistent, significant re-
sults have been found. Further study of the relative merits
of massed and distributed practice is needed before definite

conclusions can be reached.
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APPENDIX A

CORRESPONDENCE WITH TEACHERS AND INFORMATION
FOR THEIR USE IN IMPLEMENTING

THE OBJECTIVES OF THE EXPERIMENT



917 Schulze
Norman, Oklahoma 73069

February 12, 1975

I am writing to thank you for meeting with me when I visited
your school several days ago and for agreeing to cooperate
with me by participating in the study we discussed. My doc-
toral committee at the University of Oklahoma has approved
the plans we have made and has given me permission to pro-
ceed with the experiment.

I have enclosed an abstract of the proposed study and assign-
ment charts and calendars to be used with the experimental
classes. After visiting with each teacher who will partici-
pate in the study, it appears the experimental phase of the
study should begin with Chapter 10 and 11. The experiment
should begin the first week of March. I will schedule an
appointment with you and your colleagues during the last week
of February to discuss details of the experiment and to dis-
tribute other materials for the study.

Let me encourage you not to tell your students that they will
be participating in an experiment since such knowledge has
been shown to affect student achievement. When I meet with
you later in the month, we will discuss some ways to answer
students' questions about the assignment procedures.

Please fill out the enclosed form and mail it back to me in
the stamped, self-addressed envelope enclosed. If you have
any immediate questions, you can reach me at 329-1910 (home)
or at 521-3361 (office).

Sincerely,

Joseph R. Weaver

JBW:eg
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ABSTRACT OF RESEARCH PROPOSAL

Submitted by

Joseph R. Weaver
Mathematics Specialist
State Department of Education
Oklahoma City, Oklahoma 73105

Title: The Effects of Distributed Practice Upon Learning and

Retention In Eighth Grade Mathematics

Objective: The objective of the study is to develop a pro-
cedure for distributing students' assignments and to investi-
gate the following question for several topics in mathematics:
Is there a significant difference in the learning and

retention of a topic between students whose practice is

distributed over several assignments and students whose

practice is massed in one or more consecutive assignments?

Procedure: The sample for the study will consist of 20 eighth
grade mathematics classes that are using the same textbook.
Teachers of the classes in the sample will teach one class in
which the practice is massed in one or more consecutive
assignments and one class in which the practice is distrib-
uted over several assignments. The classes will be randomly
assigned to treatment groups.

Ten teachers from the junior high schools of Putnam

City will be selected to participate in the experiment. The
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selection will be made with the assistance of the chairpersons
of the mathematics departments and the administrators of the
schools.

The experimental phase of the study will involve the
treating and testing of concepts and skills developed in two
chapters of the textbook. Each of the two classes taught by
a particular teacher will receive the same treatment except
for the manner in which practice exercises are assigned. A
distribution chart will be provided for the teachers to use
in making assignments. By using the chart the teacher can
assign the same problems to both the "massed class" and the
"distributed class." The experiment will cover approximately
a two month period that will best fit the fall semester
schedules of the participating teachers.

Instruments used will include a general ability test
administered to all participating classes in order to stratify
each class into three ability levels: high, middle, and low.
Initial learning tests and retention tests designed by the
investigator will be administered to each participating class.
The retention test will be administered approximately three

weeks after completing the second experimental chapter.



Number of
Problems
Assigned
To M Class

. Day 1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1 111122233 4 4 4 5 5 6 6 6 7 7 8 8 8 9 910 10 10 11 11 12

2 11111111 2 2 2 2 2 3 3 3 3 3 4 4 4 4 4 5 5 5 5 5 6

11111111 1 11 2 2 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4

7 1111111 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 3 4 4 4 4

12 11111111111 1112 2 2 2 2 2 2 2 2 2 3

19 111111 1 1 1 1 1 1 1 1 1 111 11 1 1 1 1 1
29 1 1 2 2 1 1 2 2 3 11 2 1 2 1 1 2

{ _ Distribution Chart

vOT



MONTH OF

CHAPTER

ASSIGNMENT CALENDAR

TEACHER

CLASS

MONDAY

TUESDAY

WEDNESDAY

THURSDAY

FRIDAY

MASSED

DISTRIB-
UTED

MASSED

DISTRIB-
UTED

MASSED

DISTRIB-
UTED

MASSED

DISTRIB-
UTED

GS0tT




NAME:

HOME ADDRESS:

HOME PHONES:

SCHOOL PHONE:

TIME OF PLANNING PERIOD:

For each of your eighth grade classes using the text, Holt
School Mathematics by Nichols, et. al., please indicate the period that
it meets, time and the number of students in the class.

PERIOD TIME NUMBER OF STUDENTS
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917 Schulze
Norman, Oklahoma 73069

February 26, 1975

Enclosed are some additional materials for your use during
the experimental phase of the study. The work with Chapter
10 should begin Monday, March 3. I will contact you Satur-
day, March 1, by telephone to answer any final questions be-
fore the experiment begins.

Thank you again for your cooperation.

Sincerely,

Joseph R. Weaver

pl

Enclosures

107



Suggestions to follow during experimental phase of study

l.

Experimental Conditions

In order to accomplish the purposes of this study it will
be necessary for both massed and distributed classes to
have similar classroom experiences. Both classes should
receive the same assignments--the only difference should
be in the way the assignments are distributed. Students
should not be told that they are participating in an ex-
periment. If students should ask about the new assignment
procedure simply tell them that you like various ways of
making assignments. You may have some other plausible
explanation.

Use of Tuning Up Exercises

The Tuning Up pages may be used at the beginning of the
experimental work to provide more exercises to the dis-
tributed class. The students will not be tested on the
concepts and skills contained in these exercises. How-
ever, they should be assigned to the massed class at some
time during the experimental phase of the study.

Testing

The chapter and delayed retention tests will be researcher-
assigned instruments. Each test will be tried out in
classes not participating in the study to help determine
item difficulty, length of test, etc. In addition a panel
of educators will examine the tests to help judge their
validity.

After you have administered and scored each test for your
use, I will pick them up for analysis. For each test,
absentees will be required to take the test at a later
date.

Assignment Calendars and Distribution Charts

I have enclosed assignment calendars for your use. I
would suggest that you £ill them in daily rather than
weekly. When you have selected the exercises to be as-
signed to the massed class, write those in the appropri-
ate slot on the calendar and then distribute them on the
calendar according to the distribution chart. For your
convenience I have enclosed an extended distribution chart.
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A copy of the table that defines the distribution func-
tion is also enclosed for your use. Please keep the as-
signment calendars, so that I can document the research
procedure.

Checking Homework

Homework should be checked daily in both M and D classes.
It is important that the problems assigned are actually
being done. You may chcose whatever method works best
for you to insure that the assignments are done.

Supplementing The Textbook

At times you may wish to supplement the practice problems
in the textbook. It is permissible for you to do this
provided you give the same exercises to both M and D
classes. This applies to dittoed or verbally assigned
problems not found in the textbook.

Chapter Reviews

If problems are assigned from the chapter reviews on the
chapter tests in the textbook as a means of preparing
students for the chapter test, both M and D classes should
receive the same concentrated assignment. It should not
be in the form of distributed practice for the D classes.

Work Following Chapters Ten and Eleven

Since the delayed retention test will not be administered
until four or five weeks after the completion of chapter
eleven, there are several precautions that must be taken.

(1) After administering the chapter test for chapter 11
you may adopt any assignment procedure that you desire
for your M and D classes. However, the experiences
of these two groups should be as similar as possible
so whatever procedure you elect to use, use it in
both classes.

(2) Do not intentionally review topics developed in chap-
ter 10 and 11 unless they are necessary for the
development of topics in the succeeding chapters.

(3) Do not inform your students that they will be taking
a retention test on chapters 10 and 11. This test
will be given without prior notice about the middle
of May.

(4) Since some of the teachers involved in the experiment
have not followed the sequence of chapters in the
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textbook, I would like for you to discuss with me
what topics will be covered after chapter 11. All
classes should have similar experiences before the
retention test is administered.



ASSIGNMENT CALENDAR

1t

MONTH OF
MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
Massed p. 139:1-9 p. 141:1-12 p. 143:all even probs. p. 145:1-30 p. 146:1-20
p. 139:1,5,9 p. 139:2 p. 139:7
. p. 141:1,3,6,9 { p. 141:4,12 p. 141:5
Distrib- p.143:2,8,14,20,26,32 | p. 143:6,12,18,24
38,44 ,48 p. 145:1,3,6,9,12, jp. 145:5,7,11,
15,18,21,24, 17,23,28
27,29,30 p. 146:even probs.
4-18
Massed
p. 139:3
p. 141:11
Distrib-
uted p. 143:30,36, p. 143:4,16,38
42 p. 145:2,8,13, p. 145:4,10,
26 19,25
p. 146:2,7, p. 146:1,9,17
15,20
Massed
p. 139:8
Distrib- p. 141:2 p. 143:6,20
uted p. 145:16,20,22
p. 146:3,11,19
Massed
Distrxib- p. 139:4
uted p., 141:7
p. 146:5,13




APPENDIX B

LEARNING TESTS, RETENTION TESTS,

AND INSTRUCTIONS




Appendix B contains the initial learning tests, re-
tention tests, and the directions for administering the tests.
Percent I(R), the subtest of Percent I, and Real Numbers I(R),
the subtest of Real Numbers I, have been identified by plac-
ing an asterik before each item that was used on these two
subtests.

The retention test was given as part of a mathematics
inventory test including 12 items on percent, 13 items on
real numbers, and 15 items covering other content in eighth

grade mathematics.
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INSTRUCTIONS FOR ADMINISTERING CHAPTER 10 TEST

The materials in the envelopes are the tests on Chap-
ter 10 to be administered to the massed and distributed
classes. The tests should be given immediately after the
distributed class has completed all assignments on Chapter 10.
Both massed and distributed classes should be given one day
of review previous to taking the test.

The test has been administered to one of the classes
not participating in the experiment, then revised and given

to a panel of mathematics educators to check content validity.

Directions for Administering the Test: Please have the stu-

dents do all work on the test sheet and write answers in the
spaces provided. They may use the back if it is needed.

Make sure that each student writes his name on his paper.

Directions for Grading and Processing the Tests: If you wish

to use the test scores for your grading purposes, score them
as you wish and record the scores. Please place the tests
back in the envelopes they are now in. I will pick them up
after I return from Denver. Be sure not to mix the papers

of the massed and distributed classes.
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Name Score

Percent
Answers

1) Write the simplest fractional

numeral for 56%. 1.
* 2) Express 7% as a decimal. 2.
* 3) Change .02 to a percent. 3.
4) Change 16.3% to a decimal. 4,
* 5) Write the simplest fractional
numeral for 16 2/3%. 5.
Change the following to percents: 6.
7.
5 3
* = —
6) 3 7) 1
8'
Compute:
9.

* 8) 18% of 200 *9) 120% of 75

10) what percent of 30 is 6? 10.
*11) 40 is what percent of 16? 11.
*¥12) 30% of what number is 27?2 12.

13) 192 is 240% of what number? 13.
*14) Change .5% to a decimal. 14.

15.
Solve the following problems:
*15) Hank Moore borrowed $2,000 at 10% 16.
interest for 2 years. How much
interest did he pay? 17.
*16) At a sale, fishing reels regularly 18.
priced at $12 were reduced to §$8.
What percent was the price reduced? 19.

17) Lori bought a pair of shoes at a 20%- 20.

off sale. The marked price of the
shoes was $20. How much did Lori pay
for the shoes?



*18)

19)

20)
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On March 1, Bob was able to bench press
200 pounds. On April 1, he could bench
press 260 pounds. What percent increase
did he make? :

There are 18 people in the cast of a play.
If 66 2/3% of them are girls, how many
boys are in the cast?

During a basketball game, a team made 48%
of their field goal attempts. If they
made 36 field goals, how many did they
attempt?
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Instructions for Administering Chapter 11 Test

The materials in the envelopes are the tests on Chapter 11

to be administered to the massed and distributed classes.

The tests should be given immediately after the distributed
class has completed all assignments on Chapter 1l. Both
massed and distributed classes should be given one day of re-
view previous to taking the test.

The test has been administered to one of the classes not par-
ticipating in the experiment, then revised and given to a
panel of mathematics educators to check content validity. A
second revision was made based upon the responses of the
panel.

Please have the stu-
i th answers in the
Ait is needed.

Hﬁp his paper.

\

Directions for Administerincg

dents do all work on the
spaces provided. They 7
Make sure that each st;

If you wish
s, score them
e the tests

Directions for Gradir s
to use the test scor«fENE
as you wish and reco, Y
back in the envelopei#{l pick them up
after you are finishey . . do not mix
the papers of the mas}. 4 Y Se S .




Name

REAL NUMBERS

Work each problem and write the answer in the space

provided.

' Compute

1)

2

9% *2) (-.4)% 3

of these decimals.

‘\'6)

*10)

*11)

Write decimals for each of the following:

*12)

State whether the following numbers are rational

0.8 *7)

a) 3.9 b) 4.1 ¢

Find Y729

5 13 3 apa L
3 13) 8 14) )

or irrational.

*15)

*19)

20)

21)

*22)

23)

144 16) 50 17)

Find the value of ¢ for the following right

triangle:

8

A 20 foot ladder is leaning against a wall.
If the foot of the ladder is 12 feet from the
base of the wall, how high up the wall does

the ladder reach?

Find a rational number between g—and =

Which of the following is not a real number?

0.110111011110...,

Find an approximation for ‘le correct to

the nearest tenth.

0.6263 8)

-16 P

"
é - * (:
36 *4) v.49 5) Z

Write fractional numerals in simplest form for each

2.55

Which of the following is the best approxi-
mation for 4172

5.1 4d) 4.2

2

)

Scere

(24

~1
.

m
.

W
.

13) 0.1234567821C1112...

c

)

3
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3.2828




Instructions for Administering Chapter 11 Test

The materials in the envelopes are the tests on Chapter 11

to be administered to the massed and distributed classes.

The tests should be given immediately after the distributed
class has completed all assignments on Chapter 11l. Both
massed and distributed classes should be given one day of re-
view previous to taking the test. :

The test has been administered to one of the classes not par-
ticipating in the experiment, then revised and given to a
panel of mathematics educators to check content validity. A
second revision was made based upon the responses of the
panel.

Directions for Administering the Test: Please have the stu-
dents do all work on the test sheet and with answers in the
spaces provided. They may use the back if it is needed.
Make sure that each student writes his name on his paper.

Directions for Grading and Processing the Tests: If you wish
to use the test scores for your grading purposes, score them
as you wish and record the scores. Please place the tests
back in the envelopes they are now in. I will pick them up
after you are finished with them. Be sure you do not mix

the papers of the massed and distributed classes.




Name

REAL NUMBERS

Work each problem and write the answer in the space

provided.

' Compute

1)

2

9 x2) (-.4)% 3 3—2- xa) “4f a9 =5 (7)

Write fractional numerals in simplest form for each

of these decimals.

*6)

*10)

*11)

0.8 *7) 0.6363 8) 2.55

Which of the following is the best approxi-
mation for 'Vl7?

a) 3.9 b) 4.1 ¢) 5.1 4) 4.2

Find Y729

Write decimals for each of the following:

*12)

5 3, 11
g 13 5 %14 =

State whether the following numbers are rational
or irrational.

*15)

*19)

20)

21)

*22)

23)

2

Score

13.

144 16) 50 17) 12 18) 0.12345678°2101112...

Find the value of c¢ for the following right

triangle: A
c=7 b= 12
B “gzq—'C

A 20 foot ladder is leaning against a wall.
If the foot of the ladder is 12 feet from the
base of the wall, how high up the wall does
the ladder reach?

Find a rational number between %—and %

Which of the following is not a real number?
0.110111011110..., ¥-16 , 3.2828

Find an approximation for ‘v13 correct to
the nearest tenth.
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14.

15.

19.

20.

21.

22.

23.
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True or False?

There are more than 1,000,000 real numbers
between 0.05 and 0.06.

True or False?

-‘V? is not a real number.

24,

25,




MATHEMATICS INVENTORY TEST

Description:

This is a 45 minute multiple choice test of your abil-
ity to work with mathematical concepts and skills that
were studied in the eighth grade or in earlier grades.
Data obtained from this test will be used by your
teacher to determine your strengths and weaknesses in
basic mathematics. This information will enable them
to better fit the ninth grade mathematics program to
your individual needs.

Directions:

Please print your name (first and last), math class
period, and the name of your teacher on the answer
sheet. If you attended summer school in 1975 please
put the letters (ss) above your name. For each item
on the test select one of the four possible answers
and mark the appropriate slot on the answer sheet.

Do not mark more than one answer for each item. If
you think that none of the possible answers for a
particular item are correct, mark the answer slot (e).

All scratch work should be done on the test booklet.

Do not open the test booklet until you are told to
do so.
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Express 4% as a decimal.

a) 0.4
b) 0.04
c) 0.004
d) 4.0

Express 0.325 as a percent.

a) 3.25%
b) 0.325%
c) 32.5%
d) 325%

The simplest fractional
numeral for 83%% is

a)
b)

c)

d)

ol Vi U LD

Express é-as a percent

8
a) 40%
b) 30%
c) 52.5%

d) 37.5%

121

Find 13% of 300.

a) 39

b) 390
c) 3.9
d) 0.39

Find 115% of 80.

a) 55
b) 550
c) 92
d) 9.2

48 is what percent of 16.

a) 30%
b) 33%%
c) 130%
d) 300%

70% of what number is 917

a) 130
b) 63.7
c) 13
d) 0.769



10.

11.

12.
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Find 0.6% of 400, 13.
a) 240
b) 24
c) 2.4
d) 0.24
If Jim borrowed $3000 at 14.
9% interest for 3 years,
how many dollars in inter-
est did he pay?
a) $270
b) $27
c) $81
d) $810 15.
If sport coats were
marked down from $48 to
$36, what percent was
the price reduced?
a) 75%
b) 25%
c) 33%
16.
d) 20%

When Jane was 1l years
old she weighed 40 kg.
When she was 13 years
old she weighed 50 kg.
What percent did her
weight increase?

a) 30% d) 25%
b) 20%

c) 2.5%

—‘70.64

a) 0.8
b) -0.8
c) =0.08
d) -0.32
&2 =
a) ig'
B) 5z
c) i%
a o

Write a fractional numeral
in simplest form for
0.5454

a) T%
B =
c) %
a 2

Write a fractional numeral
in simplest form for 0.125.

a) %
p 2
c) %
a 22



17.

18.

19.

20.
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Which of the following
is the best approxi-
mation for ’V23?

a) 4.9
b) 4.8
c) 4.2
d) 5.1
1681 =
a) 49
b) 409
c) 39
a) 41

Express l—as a decimal.

6
a) 0.17

b) 0.167
c) 0.166

d) .66

Which of the following
is not an irrational
number ?

a) 7 60

b) 0.001000100001...

c) 1fET

d) 196

21.

22.

23.

24.

How many rational numbers
are there between 0.003
and 0.004?

a) None

b) Exactly one

¢) Less than 1,000,000
d) More than 1,000,000

Which of the following
is not a real number?

a) 1/ T25

b) 4.3232

c) i3

d) 1.23456789101112...
Find the length of the

hypotenuse of the right
triangle shown.

A
a) 1l cm
b 4
) l4 cm [2.m
c) 20 cm
d) 13 cm ¢
8 sScm
5 .
Express 3 asa decimal.
a) 0.5
b) 0.54
c) 0.55

d) 0.56
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25. (—0.3)2 = 29, 4A and LB are supplementary
angles. m & A = 65°.
a) Q.9 What is m & B?
b) 0.09 a) 25°
c) 0.09 b) 180°
a 0.9 c) 115°
a) 90°
26. Which statement is true?
a) 3< 4 30. Solve: x + 18 = 7
SUR AT PN ] a) 11
) Tac< s b) 11
a |7s)=1"] ¢) o
L a 9
27. Ifn* 5= 5, thenn=72?
a) 1 31. Solve: 8x = 72
p) s a) 64
c) 5 b) 80
a h c) 9
1
28. Ifn+ 5="5 thenn = 2 s
a) 0 32. Solve: §-= "6
p) s a) "2
c) s p) T2
a 1 c) 18

d)

NI



33.

34,

35,

36.

Which is the equation for
the following sentence?
A number decreased by

8 is 40.

a) x -8= 40

40

LA
‘00
1
x
I

c) 40 + x =8
d) 8+ x = 40
Replacement set: {O, 1, 2,

Find the solution set for
x + 3 < 8.

a) {5}
b) {o, 1, 2, 3, 4}

o) {o, 1,2, 3,4, 5}

d) {o, 1, 2}

Bob drove from 10:00 a.m.
to 3:00 p.m. at a rate of
50 miles per hour. How
many miles did he drive?
a) 350 miles

b) 300 miles

c) 500 miles

d) 250 miles

62 -2 =2
a) 4%
b) 33
c) 3%
a 3=

37.

38.

39.

40.

12 - "7 =2
a) +5

b) *19

e) 5

a) 19
el R
a) I%

b) %

c) 5%

a 2

The coordinates of point Y

A are: A
a) (2, 3) 3r
b) (2, 3) .
o (3,2 3 [ 3
da) (3, 2) -3 ‘A

The GCF of 24 and 40 is?

a) 960
b) 8
c) 4
d) 120



APPENDIX C

ITEM ANALYSIS OF LEARNING

AND RETENTION TESTS



ITEM ANALYSIS FOR PERCENT I (N = 348)

Item Number Number Number % %
Missed Correct Omitted Correct Missed
1 92 246 10 73 27
. 2 28 319 1 92 8
. 3 16 331 1 95 5
4 50 294 4 85 15
5 246 67 35 21 79
. 6 156 171 21 52 48
7 96 228 24 70 30
. 8 86 237 25 73 27
9 89 228 31 72 28
10 137 194 17 59 4]
. 11 201 121 26 38 62
. 12 139 174 35 56 44
13 157 136 55 46 54
. 14 55 284 9 84 16
. 15 99 211 38 68 32
. 16 204 109 35 35 65
17 136 168 44 55 45
. 18 148 149 51 _ 50 50
19 148 108 92 42 58

20 154 109 85 41 59

127



ITEM ANALYSIS FOR REAL NUMBERS I (N = 340)

Item Numbexr Number Number % %
Missed Correct Omitted Correct Missed

1 8 329 3 98 2

2 155 178 7 53 47

3 35 287 18 89 11

. 4 192 137 11 42 58
5 67 256 17 79 21

6 92 225 23 71 29

7 165 127 48 43 57

8 201 84 55 29 71

9 111 197 32 64 36

. 10 113 218 9 6 34
.11 103 194 43 65 35
< 12 108 206 26 66 34
13 102 208 30 67 33
14 106 205 29 66 34
15 23 303 14 93 7
16 105 223 12 68 32
17 123 204 13 62 38
18 76 249 15 77 23

« 19 95 208 37 69 31
20 211 73 56 26 74
21 106 156 78 60 40

. 22 135 194 11 59 41
23 155 120 65 44 56

. 24 139 198 3 59 41
25 119 217 4 65 35
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ITEM ANALYSIS FOR PERCENT II (N = 306)

Item Number Number Number % : %
Missed Correct Omitted Missed Correct
1 176 130 0 58 42
2 166 140 0 54 46
3 243 60 3 80 20
4 170 129 7 57 43
5 129 171 6 43 57
6 130 168 8 44 56
7 215 87 4 71 29
8 158 140 8 53 47
9 208 94 4 69 31
10 179 121 6 60 40
11 206 94 6 69 31
12 271 31 4 90 10
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ITEM ANALYSIS FOR REAL NUMBERS II (N = 306)

Item Number Number Number % %
Missed Correct Omitted Missed Correct
1 219 82 5 73 27
2 214 86 6 71 29
3 278 18 10 94 6
4 197 99 10 67 33
5 205 92 9 69 31
6 215 84 7 72 28
7 239 55 12 8l 19
8 257 44 5 85 15
9 196 102 8 66 34
10 163 140 3 54 46
11 247 46 13 84 16
12 155 140 11 53 47
13 269 29 8 90 1o
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APPENDIX D

INSTRUMENTS USED TO HELP JUDGE

THE CONTENT VALIDITY OF THE

LEARNING TESTS



ll

Test; Chapter 10 Percents

Content Validity

Purpose

The enclosed test is designed to measure a student's ability to work
with percents as developed by doing the homework exercises from Chap-
ter 10 of the textbook Holt School Mathematics, Grade 8 by Nichols
and others. The test will be used to determine the differences be-
tween two groups whose homework practice is either distributed or
massed. To help judge the validity of the test, would you please,

by referring to the textbook, classify each item according to the ac-
companying checklist. The following describe the types of items to
be included under each of the three column headings of the checklist:

a. Level A--gskill-type items that are relatively simple.

b. Level B--skill-type items that are more difficult than Level A
items.

c. Level C--items which require the student to perform at a high
level of understanding by interpreting and/or by
applying his knowledge of percent concepts to solve
problems,

Checklist

By referring to the textbook, classify each item on the test by its
NUMBER in one of the cells of the checklist on the basis of the abil-
ity it is measuring. In some cases an item can be assigned to more
than one cell if it is testing more than one concept. In those cases,
classify the item by placing its number in each of the cells to which
it belongs. However, each item should be uniquely assigned to one
column.

Rating Form
Please fill out the Rating Form on the last page of the test booklet.

Comments .

After you have completed the checklist and rating form, please refer
to the test and comment on individual items. Based upon an item's
place in the checklist, how well does it measure the ability being
tested, is it mathematically correct, and is the vocabulary appropri-
ate? If you feel that an item needs revision, please make the revi-
sion next to the item on the test.
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CHECKLIST

Level

Skills

Write fractional
numeral for percents

Write decimals
for percents

Write percents for
fractional numerals

Write percents for
decimals

Find a percent
of a number

Find the base when
given rate and
percentage

Find what percent a
number is of
another number

Apply percents
in problems about
intexrest

Apply percents in
problems about
discount

Apply percents

in problems about rate

of change
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RATING FORM

For each of the skills on the checklist, examine the test items that
you have identified as measuring that particular ability. Indicate
how well you feel these items, as a group, measure that ability by
circling one of the numbers: 0, 1, 2, 3, 4 where

means "represents very well"
means "represents well”

means "represents fairly well”
means "represents not well”
means "represents not at all"

O N WD

Please comment on your responses if you so desire.

Write fractional numerals for percents 0 1 2 3 4
Write decimals for percents 0 1 2 3 4
Write percents for fractional numerals ¢] 1 2 3 4
Write percents for decimals o 1 2 3 4
Find a percent of a number 0 1 2 3 4
Find the base given the rate and percentage 0 1 2 3 4
Find what percent a number is of another 0 1 2 3 .4
Apply percents in problems about interest 0 1 2 3 4
Apply percents in problems about discount 0 1 2 3 4

Apply percents in problems about rate of change O 1 2 3 4

For each column heading on the checklist, examine the items which you
have identified as falling into that classification. Indicate how
well you feel the group of items reflects the types of homework prob-
lems in the textbook by indicating whether this test includes too
few, just right, or too many of this type of item. Circle your re-
sponse.

Level A Too Few Just Right Too Many
Level B Too Few Just Right Too Many
Level C Too Few Just Right Too Many
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Test: Chapter 11 Real Numbhers

Content Validity

Purpose

The enclosed test is designed to measure a student's ability to work
with percents as developed by doing the homework exercises from Chap-
ter 11 of the textbook Holt School Mathematics, Grade 8 by Nichols
and others. The test will be used to determine the differences be-
tween two groups whose homework practice is either distributed or
massed. To help judge the validity of the test, would you please,

by referring to the textbook, classify each item according to the ac-
companying checklist. The following describe the types of items to
be included under each of the three column headings of the checklist:

a. Level A~-skill-type items that are relatively simple.

b. Level B--skill-type items that are moxe difficult than Level A
itens.

c. Level C--items which require the student to perform at a high
level of understanding by interpreting and/or by
applying his knowledge of real number concepts to
solve problems.

Checklist

By referring to the textbook, classify each item on the test by its
NUMBER in one of the cells of the checklist on the basis of the abil-
ity it is measuring. In some cases an item can be assigned to more
than one cell if it is testing more than one concept. In those cases,
classify the item by placing its number in each of the cells to which
it belongs. However, each item should be uniquely assigned to one
column.

Rating Form

Please fill out the'Rating Form on the last page of the test booklet.
Comments

After you have completed the checklist and rating form, please refer
to the test and comment on individual items. Based upon an item's
place in the checklist, how well does it measure the ability being
tested, is it mathematically correct, and is the vocabulary appropri-

ate? If you feel that an item needs revision, please make the revi-
sion next to the item on the test.
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CHECKLIST

Level

‘skills

Find square of rational
numbers

Recognize and use
Pythagorean Relationship

Pind square roots of
perfect squares

Write terminating or
repeating decimals for
rational numbers

Write fractional numerals
for terminating or
repeating decimals

Identify irrational
numbers

Identify real numbers

Find square roots of whole
numbers to nearest tenth
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1.

RATING FORM

For each of the skills on the checklist, examine the test items that
you have identified as measuring that particular ability. Indicate
how well you feel these items, as a group, measure that ability by
circling one of the numbers: 0, 1, 2, 3, 4 where

4 means "respresents very well"
3 means "represents well"

2 means "represents fairly well"
1 means "represents not well”

0 means "represents not at all"

Please womment on your responses if you so desire.

Find square of rational numbers 0 1 2 3 4
Recognize and use Pythagorean Relationship o 1 2 3 4
Find square roots of perfect squares 0 1 2 3 4
Write terminating or repeating decimals | 0 1 2 3 4

for rational numbers

Write fractional numerals for terminating 0 1 2 3 4
or repeating decimals

Identify irrational numbers 0 1 2 3 4
Identify real numbers o 1 2 3 4
Find square roots of whole numbers to 0 1 2 3 4

nearest tenth.

For each column heading on the checklist, examine the items which you
have identified as falling into that classification. Indicate how
well you feel the group of items reflects the types of homework prob-
lems in the textbook by indicating whether this test includes too few,
just right, or too many of this type of item. Circle your response.

Level A Too Few Just Right Too Many
level B Too Few Just Right Too Many
Level C Too Few Just Right Too Many
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