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CHAPTER I
INTRODUCTION

Of all the problems facing education today, the most
lamentable is that many students do not achieve to their
full potential. One reason for low achievement is rooted in
the traditional practice of teaching learners in large
groups. Under conventional instruction, the teacher's time
and attention—;re so divided among a group of students that
the specific needs of most students are not met. On every
learning task, some students in the group need more time and
extra attention, time and attention Qiich the teacher simply
can not provide. On every learning taﬁk, students who do
not get sufficient help are likely to develop errors. And
by the end of a series of tasks, the learning of most stu-
dents is so full of errors thaii;ﬁgir achievement is far
below their potential. |

Several approaches attempt to minimize students' errors
in learning by supporting particular learning needs. For
example, Computer-Assisted Instruction provides unending
drill; Mastery Learning provides systematic feedback and
correction (Bloom, 1976); Advance Organizers provide'intro-
ductory cues to the main points of each lesson (Ausubel,

1963); and Reller's Personalized System of Instruction pro-
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vides the reinforcement of allowing students to proceed at
their own pace (Keller, 1968).

Using methods for research synthesis, we can compare
students' potential for learning under these different
approaches. Under the most effective of them, Mastery
Learning, the average student typically achieves at a level
above approximately 80 percent of the students who learned
under conventional instruction. Clearly, this is the devel-
opment of students' potential to gquite a high level.

The thesis of this work is that students' potential for
learning can be developed to even higher levels, provided
that the quality of the instruction becomes optimal -- not
as the instruction becomes optimal for the learners as a
group, but as the instruction becomes optimal for individual
learners. The distinction is basic for this research. The
reason for this distinction becomes clear when we contrast
tutoring and conventional instruction in the light of
notions of instructional quality drawn from two major theo-
rists of school learning.

For John Carroll, the essence of instruction is the
communication of the learning to the learner (Carroll,
1963). For Benjamin Bloom, the essence of instruction
includes not only the communication, but also the management
of the learning: Learning should be managed so that every-
one participates, everyone is praised and encouraged, and

everyone's errors are corrected (Bloom, 1976).
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The notions of Bloom and Carroll about instructional
quality help explain the disadvantages for individuals when
learners are taught in groups. In Carroll's terms, under
group instruction the learning could hardly be communicated
adequately to everyone. In Bloom's terms, under group
instruction the learning could neither be communicated ade-
quately nor managed adequately, since not everyone could
understand the main points, not everyone could participate
actively, not everyone could be rewarded, and especially,
not everyone's errors could be corrected. In contrast,
tutoring could be optimal instruction, since the tutor's
time and attention flow uninterruptedly to individual lear-
ners. 1In Carroll's terms, under tutoring the learning could
be communicated adequately to everyone. In Bloom's terms,
under tutoring everyone could underst;nd the main points, be
rewarded, participate actively, and especially, everyone's
learning could become error-free.

The focus of this research is on thé quality of the
instruction. We define the instructional quality as the
degree to which the instruction is adapted to the specific
needs of each student. We conceptualize instructional qual-
ity as a continuum, with conventional group instruction at
the "low" end and tutoring at the "high" end. This research
examines students' cognitive development, affective develop-
ment, and processes of learning under three qualities of

instruction: tutoring, Mastery Learning, and conventional

instruction.
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As we operationalize conventional instruction, it
represents the most common classroom environment -- teachers
Jecture and lead discussions, and students participate in
learning tasks as members of a group. We examined conven-
tional instruction to estimate a "baseline® for instruction
which does not meet the needs of individual learners. We
examined tutoring to examine the theoretically "optimal”
quality of instruction. We examined Mastery Learning to
compare the effects of "optimal" instruction against
enhanced, yet group-based instruction.

This research addresses five major questions. The
first is whether students' achievement is determined by the
quality of the instruction: Does tutoring produce the
greatest achievement, fbllowed by Mastery Learning and then
conventional instruction? The second question is about the
affect of students who experience different qualities of
instruction: Do students who receive superior instruction
and subsequently achieve at a high level feel more positive
about themselves and their learning than students vho
receive less efficacious instruction and subsequently
achieve at a lower level?

Bloom (1976) has advanced the interesting hypothesis
that achievement need not be determined by ability or intel-
ligence: "What any person in the world can learn, almost
all persons can learn if provided with appropriate prior and

current conditions of learning." The third research ques-
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tion examines that proposition: Do students of similar
aptitude learn to a similar level no matter what the quality
of the instruction they receive? Or do students who receive
superior instruction outperform students of equal aptitude
who receive less effective instruction? And when the
instruction meets the needs of individual learners, do learn-
ers of low aptitude achieve as much as learners of high
aptitude? Evidence vhich answers these questions positively
supports the notion that school achievement is not predeter-
mined by aptitude or intelligence, but is alterable when
instruction-is adapted to the needs of jndividual learners.

The fourth question is whether differénces between the
treatments in achievement are related to differences in stu-
dents' learning processes. Are students receiving superior
instruction more actively involved in learning, do they proc-
ess instruction more effectively, and do they learn faster
than students receiving conventional instruction?

In comparing rates of learning under the different
qualities of jnstruction, we will also compare their effi-
ciency. Until this research, there was little evidence to
demonstrate that superior instruction is efficient -- effi-
cient in that the return in achievement is satisfactory for

. the additional investment in time which may be required.

The fifth question compares retention of achievement

under different qualities of instruction: Do students who

experience instruction which is adapted to their needs

et —
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retain more of their achievement than students who experi-
ence less favorable instruction?

These guiding questions were addressed in three experi-
mental replications, divided between two sites. At the
first site, the study involved approximately 170 fourth and
fifth graders. At the second site, the study involved
approximately 108 fifth graders.

The subject taught in this research was probability.
Probability was chosen because it was a new topic for the
students in our sample, because attractive commercial mater-
ijals were available, and because a technical, sequential
subject was appropriate for studying lower and higher mental
processes.

This research is important on both theoretical and
practical levels. Because it included the range of the
instructional "continuum" from conventional to optimal, this
research provides a statistical "ruler" to evaluate the
efféctiveness of any instruction. Because students' use of
time was carefully monitored, this research determined not
only the effectiveness, but also the efficiency of enhanced
instruction. Because it examined the relationship between
students' antecedent characteristics and their performance,
this research determined whether performance in school is
alterable by improved instruction or fixed by static traits

such as aptitude.

e ——————————
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On a practical level, this research was important
because it addressed possible remedies for the lackluster
achievement which for many students is so common today. We
did this by examining instructional quality, which is con-
trollable by societies willing to invest the necessary
resources. We must emphasize that it was not our purpose to
suggest that all instruction should be tutorial. Despite
its great potential, tutoring has been used more for rem-
edial than for primary instruction. This has happened
because large-scale tutoring by professionals or para-pro-
fessionals would demand hhge jinvestments in financial,
logistic, and management resources. Rather, the purpose of
this research was to point a new direction for education, to
demonstrate that, when instruction is adapted fﬁ each stu-
dent's specific needs, students' potential for learning

reaches very high levels.
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CHAPTER 11

LITERATURE REVIEW

The conceptual framework of this research was derived,
with some modification, from Bloom's (1876) theory of school
learning. Bloom attributes individual differences in school
learning to three main variables: cognitive entry behav-

iors, affective entry characteristics, and the quality of

the instruction.

Cognitive Entry Behaviors

To each school task students bring certain abilities,
skills, and knowledge. These traits comprise the students'’
cognitive entry behaviors for a new learning task. There
are two levels of cognitive entry behaviors: generalized
and specific. General mental ability is a global trait
which relates to many kinds of thinking and relates espe-
cially well to the kinds of thinking demanded in school
learning -- using concepts, and understanding and manipulat-
ing both verbal and quantitative symbols. Thus general men-
tal ability predicts school achievement quite well. For
example, over many studies intelligence has been found to

correlate about .50 with achievement (Lavin, 1965).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



9

Students bring, to every new learning task, behaviors
which are appropriate specifically to that task. These spe-
cific cognitive behaviors include the knowledge and the
skills developed in previous study of a particular subject
or related subjects. Since much of school learning is
sequential -- skills from previous tasks are needed to learn
subsequent tasks efficiently -- specific cognitive entry
behaviors predict achievement quite well. Over many stud-
ies, achievement on one task has been found to correlate
about .70 with achievement on the next task (Bloom, 1976;
Froemel & Leyton, 1980).

Specific cognitive entry skills are alterable by
instruction. Perhaps the most successful example of this is
Mastery Learning, where periodic feedback and correction
make students well-prepared for each new task (Block, 1970;
Arlin, 1973; Anderson, 1973; Ozcelik, 1974; Levin, 1975;
Lee, 1979).

Recent work suggests that, when students are appropri-
ately prepared for each new task, their achievement depends
ljess on their general mental ability. Froemel (1980) con-
trasted 8 Mastery against 8 conventional classes over six
months. In the conventional classes, over the semester the
correlation between ability and achievement remained almost
constant. 1In contrast, under the Mastery classes, the cor-
relation between ability and achievement steadily decreased.

The difference between the Mastery and the conventional
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10
instruction was that periodic feedback and correction pre-
pared the Mastery students well for each new task, while the
conventional instruction did not prepare most students well
for each new task. Froemel's results demonstrate that, even
though general mental ability is itself relatively stable
after age 10 (Bloom, 1864), it does not determine the
achievement of students who receive superior instruction.

This research adds another dimension to knowledge of
how superior instruction reduces the influence of stable
traits like intelligence on achievement. Previous research
contrasted Mastery and conventional instruction. This
research included tutoring, which should prepare most stu-
dents very well for each new task. If under superior
instruction achievement becomes less determined by general
mental ability, then the goal of schooling should be to
bring all learners -- no matter what their aptitude or

intelligence -- to satisfactory levels of achievement.

Affective Entry Characteristics

In addition to their cognitive skills, to every learn-
ing task students bring a conétellation of attitudes, inter-
ests, and self-concepts. These traits comprise the stu-
dents' affective entry characteristics for a given task.
Like cognitive entry behaviors, affective entry characteris-
tics may be generalized or specific. Generalized affective
characteristics include students' interests, attitudes, and

self-concepts regarding learning in general. Specific
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affective characteristics include students' interests,
attitudes, and self-concepts with regard to specific sub-
jects and learning tasks.

Just as students' cognitive skills determine how well
prepared they are for a given task, their affective charac-
teristics determine how strongly motivated they are for a
given task. W§tudents are strongly motivated when they are
confident that their learning will be successful and reward-

ing, and when they are interested in their learning and want

to learn more.

students' Affect And The Quality Of The Instruction
It is likely that students' motivation for new learning

is largely determined by their learning history. Kifer
(1973) explored the relationship over grades 1 through 8
between academic performance (measured by teacher's grades)
and academic self-concept (measured by the Brookover Self-
Concept of Ability Scale). Kifer compared the academic
self-concept of students in the top fifth of their class
vith the academic self-concept of students in the bottom
fifth of their class. The difference in academic self-con-
cept between the more successful and the less successful
students was very small in the early grades. However, by
the later grades the difference had become dramatically more
pronounced. Kifer's results imply that students who are

frustrated by unsuccessful learning over a long time develop
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negative concepts of themselves as learners. In contrast,
students who are rewarded for successful learning over a
long time develop positive concepts of themselves as lear-
ners.

Although Kifer's samples were cross-sectional, his
results are consistent with comparisons of Mastery and con-
ventional instruction within-grades. This research has
shown that, over a series of learning tasks, students'
interest, attitudes, and confidence improve as their
achievement improves (Block, 1970; Arlin, 1973; Anderson,
1973; Ozcelik, 1974; Levin, 1975).

In addition to this experimeﬁtal evidence, there is
abundant correlational evidence about the strength (if not
the direction) of the relationship between motivation and
achievement. From his review of 122 correlations from 22
étudies published between 1953 and 1974, Bloom (1976) esti-
mated that affect correlates up to .50 with achievement,
depending on the measures of affect and the age of the sam-
ple. Uguroglu and Walberg (1379) reviewed Bloom's evidence
plus 110 correlations from 18 more recent studies. They
report that the mean correlation between motivation and
achievement is about .34 and is stronger in the later grades

_ than in the earlier grades. This is consistent both with
Bloom's evidence and with Kifer's finding that repeated

experience of success or failure determines motivation.
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The research reviewed above demonstrates that the qual-’
ity of the instruction affects students' achievement, that
students' achievement affects their motivation, that stu-
dents' motivation affects their achievement, and that under
superior instruction students’ aptitude and intelligence no
longer determine their achievement. It is clear that there
are complex and reciprocal causal interactions between cog-
nitive abilities, cognitive achievement, affective charac-
teristics, and instructional quality. It was not our pur-
pose to tease out these interdependencies. This research
treated students' cognitive and affective development as a
function of the gquality of the instruction. Even though we
did not test the more complex relatonships, we refer to them
throughout this work in order to more fully describe the
course of learning under the different instructional condi-
tions.

This research tested the degree tb\which superior
instruction produces superior achievement. We also tested
whether students under superior instruction develop signifi-
cantly more positive afffect towards their learning than

students under conventional instruction.

Quality Of Instruction

The thesis of this research is that students' achieve-
ment is determined by the guality of the instruction. But
by what criteria should we evaluate the quality of the

instruction? For instance, are elaborate, expensive facili-
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ties and highly paid, experienced teachers necessary for
high-quality instruction? Bloom (1976) reviewed studies of
the relationship between students' achievement and the char-
acteristics of teachers, classrooms, and schools -- charac-
teristics such as the age, experience, and salary of teach-
ers; and the size, facilities, and expenditures of schools.
Bloom found that the professional qualifications of teachers
and the financial and physical characteristics of schools
contribute relatively little to students' achievement. This
suggests that the quality of the instruction lies in the
interaction between the teacher and the student.

Focussing on the interaction of the teacher and the
student, Carroll (1963) theorized that the quality of the
instruction depends on how well the learning is communicated
to the learner. Bloom (1976) theorized that instructional
quality includes both the communication and the management
of the learning. For Bloom, the model for the most effec-
tive "management of learning” is an excellent tutor inter-
acting with a single student. From his observations of
tutoring, combined with the learning theory of Dollard and
Miller (1950), Bloom formulated instructional quality in
terﬁs of four components: <cues, participation, reinforce-
ment, and feedback and correction.

This research adopted Bloom's (1976) definition of
instructional quality as the degree to which these four com-

ponents are adapted to the specific needs of each learner.
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In what follows, we demonstrate the educational importance
of these components by contrasting, in general terms, the
teacher's management of each component for a group of learn-
ers with the tutor's management of the same component for
an individual learner. Especially for the first three com-
ponents, the following discussion draws heavily on the work

of Sophie Bloom (1976).

Cues

Instructional cues indicate what are the main points of
each lesson and what the students must do in learning them.
Cues may be presented in many forms: verbal instructions
from the teacher, printed information from learning materi-
als, or words and pictures from audio/visual displays. But
no matter how cues are presented, if the instructional mes-
sage is to be communicéted adequately, the cues must be
intelligible to the learners. There are a number of reasons
why instructional cues may be unintelligible - they may not
be seen or heard clearly, or they may not fit a particular
student's learning style. In any case, providing intelligi-
ble cues to each learner poses a severe challenge for the

teacher's management of group instruction.

Cues In Group Instruction
Both when they plan and when they manage instruction
most teachers are quite aware of the needs of their stu-

dents. Teachers try to select instructional material which
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is informative and appropriately difficult for their stu-
dents; they also present lessons at a pace and level appro-
priate for those students. Furthermore, most teachers take
care to communicate the learning task effectively -- they
repeat when students misunderstand the instructional cues
and they try to find alternate cues when the original cues
are not helpful.

Despite the teacher's best efforts, the fact that
instruction takes place in a group inevitably means that the
learning is not communicated ideally for each student.
Because of individual differences in learning styles, cues
vhich work well for one learner may hot work well for others
(Cronbach and Snow, 1976). And faced with a group of learn-
ers, the teacher does not have time to tailor cues for
individual learners. As a result, under group instruction

some learners are bound to misunderstand the main points of

each lesson.

Cues In Individualized
Instruction

From repeated interaction with an individual student,
the tutor comes to know what sort of cues are most appropri—
ate for that student's learning style. The tutor can then

llead the student through a task step-by-step. If the stu-
dent hesitates, the tutor can repeat the lesson, or furnish
additional materials: or exercises chosen specifically for
the student. As a result, it is likely that each tutored

student will understand the main points of each lesson.
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Participation

In order to fix the main points of each lesson firmly
in their minds, students must participate actively during
instruction. This participation may be overt or covert.
Active overt participation includes behaviors such as read-
ing aloud or solving problems at the board; active covert
participation includes behaviors such as reading silently or
attending to anothers' recitation. 1In all these cases the
student is actively engaged in learning the task.

Participation In Group
Instruction

Teachers manage the participation of groups of learners
in a number of well-tried ways. For examplé, the teacher
may lead a discussion or set the class to written work. But
housekeeping and organizing the group rob a considerable
amount of time from instruction. Kemmerer (1980) described
several studies indicating that 12 to 15 percent of class
time is spent on non-instructional matters (Gump, 1967;
Grannis, 1978; Garner, 1978). Goodlad (1983) reports that
non-instructional matters occupy 25 to 30 percent of class
time. Howevef, even when instructional activities are under
vay, they are frequently dominated by teachers who do not
allow sufficient opportunity for most students to partici-
pate actively. This typical situation is succinctly
described by "Flanders' Rule of Two-Thirds": Two—thirdé of
the time in classrooms in spent in talking, and two-thirds

of that talking is done by the teacher (Flanders, 1965).
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Participation In
Individualized Instruction

The tutored student is not competing against a number
of other students for the teacher's time and attention. As
a result, tutoring offers a double benefit for the student.
Each student can participate as much as necessary to learn
the task. And more importantly, this participation, which
is specifically chosen for an individual's learning style,

is at all times under the close supervision of the tutor.

Reinforcement

1t is well known that events subsequent to a response
determine in some degree whether or not that response 1is
learned. In the terminology of learning theory, this phe-
nomenon is known as the "Law of Effect". The driving force
behind this lav is the principle of reinforcement. In order
to be a reinforcement, an event must occur subsequent to a
response and inérease the probability that the responée will
occur again.

Whether or not they recognize a formal statement of the
principle of reinforcement, teachers have several different
ways of reinforcing their students. Teachers provide posi-
ive reinforcement byArewarding students' successful
efforts, with the expectation that the revard will spur fur-
ther successful efforts. Or teachers provide negative rein-
forcement by calling the students to task for not partici-

pating or for misusing the instructional cues, with the
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expectation that the admonishment will spur further success-

ful efforts.

Reinforcement In Group
Instruction

In the world according to Skinner (1954): "Perhaps the
most serious criticism of the current classroom is the rela-
tive infrequency of reinforcement.” While many might agree,
few would take the next step with Skinner, who argued that
the teacher is "out of date" as an instrument of reinforce-
ment -- and therefo;e, reinforcement has to come from
"teaching machines". gkinner's remedy aside, for several
reasons reinforcing each student is a difficult problem in
classrooms. In the first place, the teacher must be sensi-
tive to differences between students: What is rewarding for
some students may be neutral or unpleasant for others
(White, 1959; Rosenhan, 1966; Havighurst, 1970). 1In the
second place, even if the teacher knew what was reinforcing
for each student, when there are many students it is impos-
sible to reinforce each one.

Many children do not interact favorably with the
teacher for reasons that have little to do with the number
of the children in the class or the teacher's uncertainty
about how to reinforce each one. Research has shown that
high-achieving students receive more praise and support than
low-achieving students (Brophy and Good, 1970; Good, 1970;

Good, Sikes, and Brophy, 1973). This is doubly unfortunate
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because abundant evidence indicates that students achieve
more when teachers praise and encourage them (Page, 1958;
Cantrell, Stenner, Jackson, and Katzenmeyer, 1977; Freder-
ick, Walberg, and Rasher, 1979).

Reinforcement In
Individualized Instruction

A tutor readily assesses what is rewarding for each
learner. Since the tutor's attention is not divided among a
group of learners, the tutor can immediately reinforce each
correct response. Most importantly, the tutor rewards not
just correct responses, but also active participation. As a
result, under tutoring learning can become both effective

and enjoyable.

Feedback And Correction

Cues, participation, and reinforcement: these are the
elements which, when managed appropriately for individual
learners, breathe the life of learning into the instruction.
But even when instruction -- whether group instruction or
individualized instruction -- manages "CPR" effectively,
some students will still develop errors in their learning.
Unless these errors are corrected they will carry-over to
the next learning task. When this happens, the "CPR" which
should be devoted entirely to helping the students master
the new learning task must instead be modified to overcome

their errors from previous learning. To prevent errors from
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accumulating, a system of feedback and correction must be
available for each learning task.

Feedback and Correction In
Group Instruction

In group instruction, only the students who communicate
to the teacher that they need help are likely to get correc-
tion. Probably, most students are unaware that they do not
completely understand the task; for this reason many do not
ask for help. But even if every learner who did not under-
stand the task sought help, the teacher would not have time
to help them all.

0f several attempts to improve feedback and correction
in the group environment, the most successful has been Mas-
tery Learning (Bloom, 1976; Block and Burns, 1977). In Mas-
tery Learning, students receive feedback and correction at
the end of each instructional unit. Largely as a result of
this feedback and correction, Mastery students tend to
achieve at higher levels than students who do not receive
periodic feedback and correction.

Feedback and Correction In
Individualized Instruction

Individualized instruction has an advantage over Mas-
tery Learning: Where Mastery students receive feedback and
correction at the end of each instructional unit, students
in individualized instruction receive continual feedback and

correction. The tutor corrects errors as soon as they occur
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during learning. Together with the more systematic feedback
and correction based on the formative tests, this continual
correction helps the learning of tutored students to be

nearly error-free.

Research On The Quallty of Instruction And Students'
~ Cognitive “Achievement

The Meta-analysis Of Research On Instruction

In recent years, techniques have been developed for the
quantitative synthesis of research. Here we discuss certain
empirical fechniques for combining the results from multitu-
dinous studies of some treatment into a single, quantitative
estimate of the "Effect-Size" for that treatment. These
techniques, called "meta-analysis", generally follow the
direction pointed by Glass (1976) and used by him to review
the effects of psychotherapy (smith and Glass, 1979) and
class-size (Glass and Smith, 1979; smith and Glass, 1980)

Since the notion of "Effect-Size" is used extens1velyv
throughout this work, we will briefly describe the deriva-
tion and interpretation of the "Effect-Size" estimator.

We are interested in a single estimator of the
v"Effect-Size" of a treatment, a treatment which has been the
subject of a series of independent experiments. Fdr a given
experiment, let ?E and ?; be the outcome means for the
experimental and the control groups, and let ﬁc be the sam-

ple standard deviation of the control group. Then the
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estimate of the "offect-size" for that experiment is given
by: .

.S :L_J-a;“ .

<

And the "Effect-Size" for the treatment is simply the aver-
~age of the "effect-sizes" for each of the experiments in the
series.

The "Effect-Size" is a standardized mean difference.

As a result, its interpretaion is straightforward. Suppose
we have averaged the effect-sizes of each of a series of
experiments and have obtained an Effect—sizé of 1.13 for
that treatment. For an Effect-Size of 1.13 we read the cor-
responding percentile rank of 87 from a table of the unit
normal distribution. This implies that the average individ-
ual who received the treatment is at the 87th percentile of
the control group.‘

Cohen (1977) has suggested that there is an arbitrary,
yet enlightening classification of Effect-Sizes into
"small”™, "medium", or "large". "Small" Effect-Sizes (.2)
afe the magnitude of the difference between the IQ's of
twins and nontwins, or between the heights of 15 and 16
year old girls. "Medium" Effect-Sizes (.5) are the magni-
tude of the difference between the I1Q's of clerical and pro-
fessional workers, or between the heights of 14 and 18 year

old girls. "Large" Effect-Sizes (.8) are the magnitude of
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the difference between the I1Q's of PH.D. graduates and typi-

cal college freshmen, or between the heights of 13 and 18
year old girls.

Other researchers have trained meta-analytic guns on
various efforts to improve achievement: Block and Burns
(1977) meta-analyzed Mastery Learning; Luiten, Ames, and
Ackerson (1980) meta-analyzed Advance Organizers; and Kulik,
Kulik, and Cohen (1978) meta-analyzed Keller's Personalized
System of Instruction. 1In addition, Cohen, Kulik, and Kulik
(1982) meta-analyzed studies of tutoring, and Lysakowski
(1981) and Lysakowski and Walberg (1980) meta-analyzed stud-
ies of the relationship between achievement and the compo-
nents of instructional quality.

These meta-analytic reviews have two important applica-
tions to this research. In the next section, we will use
them to evaluate the evidence, over hundreds of studies, for
the notion of instructional quality which we have developed
in this research. And secondly, we will use meta—analytic
results to compare tutoring aainst various approaches.

Meta-analytic Evidence For The Notion Of Instructional
Quality Used In This Research

To evaluate our notion of instructional quality, ve
compare the meta-analyses of the two instructional condi-
tions examined experimentally in this research (Mastery
Learning and tutoring) and two other approaches to improving

instruction which are not examined experimentally in this
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research (Advance Organizers and Keller's Personalized Sys-
tem of Instruction).

Following Bloom (1976), this research emphasizes four
components of instruction: cues, participation, reinforce-
ment, and correction. We define instructional quality as
the degree to which these four components are adapted to the
speciifc needs of individual learners. Quality of instruc-
tion may be conceptualized as a continuum, with instruction
in which the needs of individuals are not met at the "low"
end and instruction which better meets the needs of individ-

‘uals at the "high" end.

Under conventional group instruction, the students’

needs for instructional cues, active participation, praise
and encouragement, and feedback and correction can hardly be.
met by a harried teacher who must manage instruction for a
large group of learners. Consequently, conventional
instruction represents the "low" end of the quality of

instruction continuum.

Under Mastery Learning, instruction is similar to con-
ventionél instruction, withbthe exception that Mastery
Learning provides periodic feedback and correction. On the
strength of this enhancement, achievement under Mastery
Learning has usually proven superior to achievement under

conditions where there is only haphazard feedback and cor-

rection.
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Tutoring is not an instructional program, in the sense
that Advance Organizers, Keller's PSI, and Mastery Learning
are instructional programs. These are programs because they
prescribe how the teacher should behave. Rarely is a system
of instructional behaviors prescribed in tutoring: Tutoring
is simply an arrangement for the instruction of one or a
very few learners. So whi%e tutoring offers a unique oppor-
tunity for instruction -- cues, participation, reinforce-
ment, and correction may be enhanced for individual learners
-- at the same time it poses a conceptual problem for meta-
analysis. Tutoring situations probably differ more than
say, Mastery Learning situations. Tutors may be trained or
untrained; tutors may be peers, cross-age, professionals, or
para-professionals; tutoring may be brief or long; tutoring
may be a substitute for, or a supplement to, classroom
instruction.

In this discussion, we can not account for all the dif-
ferent guises tutoring may assume. Here, tutoring is repre-
sented by a sample of 12 studies which reported results on
locally-constructed instruments. We will assume, for the
discussion, that these studies represent reasonable imple-
mentations of tutoring.

Advance Organizers, as proposed by David Ausubel

(1963), are written or spoken introductions which highlight
the main points of the lesson to be learned. 1In the frame-

work of this research, Advance Organizers correspond to
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instruction enhancing only cues. We predict that instruc-
tion using Advance Organizers should be more effective than
conventional instruction. But Advance Organizers do not
correct errors that arise during learning. Thus we predict
that Advance Organizers should be less effective than Mas-

tery Learning and tutoring.

In the Personalized System of Instruction (PSI), devel-

oped by Keller (1968), students work at their own pace
through "programmed” learning materials (this is one sense
in which PSI is truly "personalized"). In PSI, students
take a diagnostic test at the end of each instructional
unit. DPSI students are not permitted to begin the next
ihstructional unit until they master the previous unit at
the assigned level.

The PSI system of correction is, however, in no way
"personalized"”. In PSI, students are directed to restudy
the same material whichrthey missed on the diagnostic test.
And despite the availability of "proctors", their formal
role is not to tutor, but to supervise testing. This is a
weaker system of correction than is typically found in Mas-
tery Learning, where correction deals systematically with
the errors revealed by the diagnostic test. All in all, we
predict that PSI should be less effective than tutoring and
Mastery Learning. But because PSI does provide feedback, it
should be more effective than Advance Organizers and conven-

tional instruction.
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Our definition of instructional quality suggests a spe-
cific order of effectiveness (from low to high) for these
programs: conventional, Advance Organizers, PSI, Mastery
Learning, and tutoring. The comparison of the meta-analyses
of these programs is shown in Table 1.

TABLE 1

META-ANALYTIC COMPARISONS OF SEVERAL INSTRUCTIONAL PROGRAMS
WITH CONVENTIONAL GROUP INSTRUCTION

ADVANCE KELLER'S MASTERY TUTORING

ORGANIZERS PSI LEARNING
MEAN EFFECT SIZE .21 .49 .83 .84
NUMBER OF COMPARISONS 110 61 73 12
PERCENTILE RANK 58 69 80 80
TREATMENT EFFECT SMALL MEDIUM LARGE LARGE

The effect size of .49 for PSI estimates that, under
PSI, the average student achieves at a level .49 of a stan-
dard deviation above the average student who receives con-
ventional instruction. The corresponding percentile rank of
69 indicates that the average PSI student outperforms 69
percent of students who receive conventional instruction.

Table 1 suggests that the programs are effective to the
degree that they fit the definition of instructional quality

developed in this work. It is particularly interesting that
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the "Personalized" system is less effective than Mastery
Learning, a group-based approach. Furthermore, the increase
is strikingly linear from conventional through AO through
PSI1 through ML. This regularity is consistent with the
"quality" of the first three programs -- they enhance unique
components of instruction.

The result for tutoring is a surprise. We might have
expected that the effect of tutoring would be a very large
"step" above the group-based programs. But according to
these results, tutoring has not been more effective than
Mastery Learning. Upon reflection, we can see that this is
consistent with our notion of instructional quality. We
insist that the quality of the instruction depends not on
the size of the group, but on how well the instruction meets
each learner's specific needs for cues, reinforcement, par-
ticipation, and feedback and correction. There is an indi-
cation in the meta-analysis of tutoring that some of the
tutors were trained, but it is not clear that they were
trained to enhance the dimensions of instruction which we
consider most crucial,

This analysis ignored questions of affect, efficiency,
and expense. As a result, the rankings of these programs by
effect-size are in no sense absolﬁte. The purpose of this
analysis was to indicate that the notion of instructional
quality developed in this work is empirically supported in

several hundred studies.
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Meta-analytic Evidence Concerning The Components of
Instrutcional Quality

The preceeding analysis provided strong, but indirect,
evidence that our notion of instructional quality is valid.
Direct evidence comes from meta-analyses by Lysakowski
(1981) and Lysakowski and Walberg (1980). These authors
reviewed studies contrasting conventional group instruction
with instruction enhanced by one of the components -- cues,
participation, reinforcement, or correction. Their results
are displayed in Table 2.

TABLE 2

META-ANALYTIC COMPARISON OF CONVENTIONAL GROUP INSTRUCTION
WITH INSTRUCTION ENHANCED IN SINGLE COMPONENTS

PARTICI- CORRECTIVE REINFOR- CUES

PATION HELP CEMENT
MEAN EFFECT SIZE .88 .94 1.17 1.28
NUMBER OF STUDIES 22 20 39 17
PERCENTILE RANK 81 85 88 90
TREATMENT EFFECT LARGE LARGE LARGE LARGE

Table 2 suggests that achievement can be substantially
improved by enhancing any one of the components of instruc-
tion. However, this analysis gives no indication of the
benefits of enhancing several of the éomponents simultane-

ously.
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Nordin (1979) tested the effects of enhancing the com-

ponents of instruction singly and in combination. Nordin
assigned 328 sixth-grade Malaysian students to study math
under four conditions: control, enhanced cues, enhanced
participation, enhanced cues and participation, or feedback
and correction. The control group was surpassed by all the
groups in which the instruction was enhanced. To be consis-
tent with the previous analyses, we present the effect-size
for each enhancement examined in Nordin's experiment. These
are given in Table 3.

TABLE 3

EFFECT-SIZES FOR ENHANCED INSTRUCTION FROM NORDIN'S STUDY

-CUES PARTICI~- CUES + CORRECTIVE
PATION PARTIC HELP
EFFECT SIZE 1.41 1.32 1.54 2.18
PERCENTILE RANK 92 91 94 99
TREATMENT EFFECT LARGE LARGE LARGE LARGE

Tables 2 and 3 demonstrate that achievement can be
improved by training teachers to enhance even one component
of insﬁruction. In training tutors, this research adapted
many of the techniques used by Nordin.

A1l the evidence in this section demonstrates that
enhancing the quality of group instruction improves achieve-

ment. This research went further: By training tutors to
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adapt cues to each jearner's needs, to praise and encourage
each learner, to keep each learner participating actively,
and to correct each learner's errors, this research esti-
mated the effect of truly nindividualizing" instruction.
Instructional Quality And Students’ Retention Of Cognitive
Achievement

Educational research has looked closely at final
achievement under different instructional conditions and
less closely at retention of achievement under different
instructional conditions. Block and Burns (1977) reviewed 7
studies which>examined retention of cognitive achievement
under Méstery and non-Mastery conditions. These 7 studies
contained 20 comparisons of Mastery vs. non-Mastery instruc-
tion. 1In 11 comparisons, the Mastery students retained sig-
nificantly more than the non-Mastery students. In the other
9 comparisons, the Mastery students retained somewhat more
than the non-Mastery students, but these differences did not
reach statistical significance. 1In any event, these results
suggest that when students are brought to high levels of
final achievement that achievement is retained at high lev-
els.

Few studies have examined the levels of the cognitive
skills retained under different instructional conditions.
Poggio (1976) retested over 250 college students every 3
months for a year and a half; some of these students had
learned under a mastery approach and others under a lecture-

oriented non-mastery approach. Poggio found that the mas-
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tery students retained significantly more knowledge skills
than the non-mastery students, but not more higher order
skills than the non-mastery students.

In their review of the effects of tutoring, Cohen,
Kulik, and Kulik (1982) do not include retention among the
outcomes examined.

It is unfortunate that the effects of instructional
conditions.on retention have been iqnored to this degree,
for it is often not difficult to incorporate a test of
retention into research on instructional effects. But more
importantly, the increased expense of enhanced instruction
must be justified by demonstrating continuing benefit.

This research examined retention of lower and higher
mental processes under different instructional conditions.
The unique contribution of this research is that it examined
the development of lower and higher mental processes under

instruction which was adapted to the specific needs of each

student.

Instructional Quality And Students' Learning Processes

Over the past twenty years, the paradigm which explains
school learning has come to be dominated less by models
which focus on the characteristics of students, teachers,
and schools and more by models which focus on the processes
by which students learn. If we examine the characteristics

of these models, we can understand why the paradigm changed.
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The Production-Function Model

Following the publication of the Coleman Report (1966),
many educational researchers became enamored with the "pro-
duction-function"” model of school achievement. In the pro-
duction-function model, "inputs" (characteristics of stu-
dents, families, peers, teachers, and schools) are
transformed, through a process which is never specified,
into "outputs" (affect, achievement). The goal of a produc-
tion-function analysis is to identify "inputs" which account
for significantly large amounts of "output” variance.

This goal has not often been realized. For example,
characteristics of teachers rarely account for even as much
as 5 percent of achievement variance (Bloom, 1976). This
low explanatory power is partly a mathematical artifact of
analyzing correlated independent variables. But even if
production-function analyses consistently identified
"inputs" which account for large proportions of achievement
variance, a satisfactory explanation of school learning
could never rest on this approach. In ignoring the mecha-
nisms which transform "inputs" to "ottputs“, the production-

function approach treats the student as a "black-box".

Participation Models
Even though the production-function approach ignored
students' learning processes, these processes have been

ihvestigated since the early part of this century. In his
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review of research on students' learning processes, Hecht
(1977) reports that, beginning in the 1920's and for two
decades after, there were numerous studies of students
n"attention" (Morrison, 1927; Bjarnason, 1925; Symonds, 1926;
Blume, 1929; Gray, 1929; Long, 1927; Knudson, 1930,; Brueck-
ner and Ladenberg, 1933; Edminston and Braddock, 1941; Shan-
non, 1942). This early research assumed that students'’
total "attention" was desirable and related students'
"attention" to characteristics of teachers and classrooms.
However, in many cases this research did not relate stu-
dents' "attention"™ to their achievement (Jackson, 1968).
Bloom (1954) examined the relationship between stu-
dents' achievement and specific kinds of students' "atten-
tion". He examined how 45 college students participated --
both "overtly" and "covertly" -- in classroom activities.
"Stimulated-recall™ procedures were used to estimate what
proportion of the students'’ thoughts during class were rele-
vant to the topic being discussed. This measure of "covert"
participation correlated .61 with achievement. "Overt" par-
ticipation was estimated from the instructor's rating of the
extent and quality of the students' participation in the
activities of the class. These correlated .57 and .67 with
achievement. Bloom's study demonstrated that mental and

physical participation are both important during instruc-

tion.
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Models For Use Of Learning Time

Bloom's study and the earlier studies of "attention”
examined students' participation. A new direction for exam-
ining the relationships between students' achievement and
their use of inst:;ctional time was pointed by the John Car-
roll's (1963) theoretical model of school learning.

Carroll proposed that school achievement is best under-
stood as a function of two parameters: the time a student
needs to learn some task and the time the student actually
spends in learning it. Subsequently, research began to
examine students' use of time under different instructional
conditions and to relate differences in achievement to dif-
ferences in how time was used. This research investigated
two aspects of the relationship between instructional condi-
tions and use of time. The first was whether students are
more actively involved under some instructional conditions
than others, and whether students who are more actively
involved achieve at higher levels than students who are less
actively involved. The second was whether a given task is
learned faster under some instructional conditions than oth-
ers. The first issue is about "+ime on-task" under differ-
ent instructional conditions. The second is about rates of
learning under different instructional conditions.

In the early 1970's, these issues were investigated in
a series of studies (Block, 1870; Arlin, 1973; Anderson,

1973). These studies monitored achievement and use of

R . o .
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instructional time under "mastery" and "non-mastery" condi-
tions. In the "mastery"” conditions, students were not
allowed to begin a new task until they learned the current
task to a criterion. In the "non-mastery" conditions, stu-
dents could proceed to the next task as soon as they had
completed a prior task, no matter what their level of accom-
plishment for that prior task.

These studies are interesting, but also frustrating.
The authors conclude that time is used more efficiently
under mastery conditions -- mastery students are on-task
more (Anderson), and mastery students learn faster (Arlin
and Block). Furthermore, the authors relate differences in
achievement under mastery and non-mastery conditions to
these differences in use of time. But in these studies nei-
ther the experimental nor the control conditions were typi-
cal of most school environments. For example, all these
studies were extremely brief (1-5 hours); Arlin taught
"imaginary science"; Block's experimental samples were very
small (11-14); and in Block's, Anderson's, and part of
Arlin's studies instruction consisted of students working,
at their own pace, through *programmed" instructional mater-
ials. In this research, we examined time on-task and rate
of learning under realistic school conditions.

A different approach to studying students' use of
instructional time was taken by researchers who adapted pro-
cedures from psychological "lab" studies of learning. In

laboratory studies, achievement is measured frequently, and
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the rate of learning is estimated from curves fit to the
(achievement, time) data points. Using these procedures,
Kim (1968) fit a hyperbola and Pearson (1973) fit a parabola
io describe rate of learning. However, school learning is a
series of tasks of changing complexity and difficulty. As a
result, these procedures are not appropriate for estimating
learning rates in school. 1In this research, we develop
appropriate procedures for expressing the relationship
petween students' achievement and the amounts of time they

spend learning.

Instructional Processing Models

Hecht's (1977) study corrected some of the weaknesses
in the earlier studies. Hecht conducted his study in a
realistic school environment. His subject matter was the
regular tenth-grade geometry curriculum and his experiment
lasted about a month. Hecht assigned about 160 students to
either a Mastery group, 3 "nodified" Mastery group, Oor one
of three control groups. The Mastery students were required
to reach a criterion of 85 percent correct for each instruc-
tional unit. The "modified" Mastery students were not held
to any criterion, and correction was optional. The control
students were held to no criterion and received no system-
atic correction. They did, however, have review sessions.

Hecht examined students' achievement and their

"instructional processing", by which he meant overt and
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covert time on-task, and use of cues, reinforcement, correc-
tion, and participation.

Hecht found that the quality of the students' "instruc-
tional processing"™ was strongly related to their final
achievement. The correlation between final achievement and
time-on-task was .69, and the correlation between final
achievement and the behavioral measure of processing was
.73. However, the time on-task and processing behaviors of
the Mastery and the "modified-Mastery” groups vere signifi-
cantly superior to the controls only on the third unit.
Furthermore, there were no significant differences in final
achievement between the Mastery and the control conditions.

Nordin (1979) examined students' use of time, their
learning processes, and their achievement in a study which
examined the quality of the instruction in finer detail.
Previous studies contrasted mastery vs. non-mastery condi-
tions. Nordin contrasted conventional group instruction
with four treatments: enhanced cues, enhanced participa-
tion, enahnced cues plus enhanced participation, and feed-
back and correction. These "enhanced" instructional condi-
tions more or less correspond to the four elements which,
according to Bloom (1976), determine the quality of the
instruction.

Nordin found that students were on-task considerably
more under enhanced instruction than under conventional

instruction. It is interesting that the rank order of the
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groups for time on-task was identical to the rank order of
the achievement of the groups. Nordin also found that stu-
dents under enhanced instruction developed more effective
processing behaviors than the students under conventional
instruction. Students under enhanced instruction understood
instructional cues better, participated more actively in the
learning activities, and were far more active in correction
than students under conventional instruction.

This research investigated whether tutored and Mastery
students are on-task more and learn faster than students
under conventional instruction. This research also investi-
gated whether, right from the start, cues, participation,
reinforcement, and feedback and correction would be signifi-
cantly better under tutoring than under conventional
instruction. Lastly, we investigated whether Mastery stu-
dents use cues, participation, reinforcement, and feedback
and correction better under group conditions.

A Conceptual Framework For Analyzing Students' Achievement
In Relation To Their Use Of Instructional Time

This research analyzed the relationship between stu-
dents' achievement and their use of time in a framework
developed from John Carroll's (1963) theoretical model of
school learning. This framework was much more comprehensive

than those guiding previous research.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



41
Following Carroll (1963), we express final achievement

as the ratio of two time parameters:

degree of achievement = TIME SPENT/TIME NEEDED.

TIME SPENT is time spent actively learning. It can be
calculated either as "clock-time" or as "time on-task". We
will see the difference shortly.

TIME NEEDED estimates the rate of learning. It is

expressed as:

TIME NEEDED = TIME SPENT/TEST SCORE.

When TIME SPENT is calculated as "clock-time", TIME
NEEDED estimates the amount of clock-time needed to learn a
task to a level of 100 percent, given the actual level of
time on-task. This we call the CLOCK-TIME LEARNING RATE.

When TIME SPENT is calculated as amount of "time on-
task", TIME NEEDED estimates the amount of time on-task
needed to learn a task to a level of 100 percent. This we
call the TIME ON-TASK LEARNING RATE. The difference between
the two rates is that the former includes all instructional
time while the latter includes only time spent actively
learning. If different instructional conditions cause stu-
dents to learn at different rates, there will be differences
between the conditions in the average CLOCK-TIME LEARNING

RATE and TIME ON-TASK LEARNING RATE.
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This formulation of learning rate has conceptual as
well as practical advantages. The practical advantage is
that TIME NEEDED is computed from quantities which are both
relatively easy to obtain and interesting in other contexts:
test scores, records of elapsed time, and observations of
time-on-task. The conceptual advantage is that TIME NEEDED
estimates exactly what we want to know (or should want to
know) to compare rates of learning under different instruc-
tional conditions. For a given instructional condition,
TIME NEEDED estimates how long it would take students to
learn a task completely.

We illustrate these ideas using Block's (1970) data.
Block's best performing Mastery group averaged 64.9 percent
correct on the posttest, and averaged 51.4 minutes in ini-
tial learning and 31.5 minutes in correction. The controls
averaged 50.5 percent correct and 49.1 minutes in initial
learning (by design the controls got no correction). We see
at once that the Mastery group had about 70 percent more
opportunity-to-learn (82.9 vs 4S.1 minutes), but achieved
only 30 percent more. We compute the CLOCK-TIME LEARNING
RATE for the Mastery group: (82.9/.643 = 127.73), and for
the control group: (49.1/.505 = 97.22). Taking the ratio,
we see that the Mastery group was learning only .76 as much
per unit of time as the control group.

It is clear that in Block's study the advantage of the

Mastery group was due not to more efficient learning, but to
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the large additional investment in time spent on correction.
Anderson's (1973), Wentling's (1973) and Levin's (1975) data
show a similar pattern: Under Mastery Learning, the time
spent for correction was greater than the gain in achieve-
ment. |

This research sought to demonstrate that enhanced
instruction (whether Mastery Learning or tutoring) can be
efficient as well as effective. This can happen if initial
instruction is extremely effective (as it can be under
tutoring), and if feedback and correction can be managed
quickly (as they can be under both tutoring and Mastery
Learning). For example, Block's Mastery students spent
about 60 percent more time in correction -- if correction
had been completed in 20 percent rather than 60 percent more
time, the Mastery students would have had the superior
learning rate.

In some previous studies, students worked individually
to correct their errors -- the inefficiency in this is obvi-
ous. In other studies, students worked cooperatively to
correct their errors -- an admirable arrangement, but this
too guarantees that correction will be inefficient. 1In this
research, correction was paced and supervised byﬂfhe

instructors.
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Higher And Lower Mental Processes

The Taxonomy of Educational Obijectives classified the

cognitive outcomes of instruction into six hierarchically
ordered categories, categories chosen to reflect distinc-
tions teachers made among students' behaviors (Bloom, Engle-
hard, Furst, Hill and Krathwohl, 1956). The Knowledge level
of the Taxonomy involves the identification of terms, facts,
rules, or principles, or the use of these elements in solv-
ing familiar problems. Cqmprehension involves understanding
the communication of an idea by, for example, being able to
express the communication in another form. Knowledge and
Comprehension are "jower" mental processes.

Application, Analysis, Synthesis, and Evaluation
involve processes such as solving unfamiliar problems,
developing proofs, or discovering patterns or structures.
These are considered "higher" mental processes.

The construct validity of the Taxonomy has been inves-
tigated in many studies. These studies sought to demon-
strate that comprehension depends on prior knowledge, appli-
cation depends on prior comprehension as well as prior
knowledge, and so on up the taxonomic hierarchy. We will
treat these studies only briefly here. Kropp and Stoker
(1966) presented data which largely supported the taxonomic
structure. Madaus, Woods, and Nuttall (1973) reanalyzed the
Kropp and Stoker data, and also reported results that sup-

ported the hypothesized hierarchy. But Seddon (1978) has
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raised methodological objectiops to the validity of these
claims,

Recently, Miller, Snowman and O'Hara (1979) reanalyzed
a subsample of Kropp and Stoker's data and rejected the sim-
ple hierarchical model in favor of a two-factor model. And
most recently, Hill and McGaw (198l1) applied Joreskog's
method of analyzing linear structural relations to Kropp and
Stoker's data, in an attempt to resolve the different inter-
pretations of the structural propertie; of the data. Their
analysis upheld the hierarchy, but suggested that knowledge
is separate from tie other categories. Their best-fitting
model, a five-factor simplex, did not include Knowledge:

Comprehension > Application > Analysis > Synthesis > Eval-
uation.,

Despite the ingenuity of educational researchers in
analyzing Kropp and Stoker's correlations, the hierarchical
structure of the Taxonomy has not yet been confirmed statis-
tically. However, the great value.of the Taxonomy is not
that it captures the absolute structure of knowledge, but
rather that it shows clearly and compellingly the distinc-
tions between students' cognitive behaviors. That much of
the taxonomic.structure has been confirmed: A good deal of
fesearch shows that the six taxonomic categories are dis-
tinct. Thus this research dichotomized cognitive achieve-
ment into lower (Knowledge and Comprehension), and higher

(Application, Analysis, Synthesis, and Evaluation) mental

processes.
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Developing Higher Mental Processes Through. Instruction

Several studies investigated the levels of the mental
processes developed under mastery approaches. Morris and
Kimbrell (1972) assigned 37 students in introductory psy-
chology to a traditional lecture/discussion class, and 39
students to an experimental group. The experimental group
was required to restudy material until a mastery criterion
was reached. On the final exam, the experimental group
scored slightly better in recalling and identifying concepts
and principles, but significantly better in applying con-
cepts and principles.

Levin (1975) assigned 100 9th graders to study prob-
ability under control or one of three mastery conditions.
All three mastery groups vere held to an 85 percent cri-
terion of "rules knowledge" on the formative tests. Fur-
thermore, two of the three mastery groups practiced solving
problems which were selected to give more opportunity to
learn higher mental processes. The Mastery group outper-
formed the control group on the application posttest. The
Mastery groups which were given practice considerably out-
performed the control group, and outperformed the Mastery
groups which were not given practice. Interestingly, the
correlation between math achievement and math ability, as
measured by the National Educational Development Test Mathe-
matics Usage subtest, decreased in the Mastery groups. Fur-
thermore, the variance of application achievement was less

in the Mastery groups than in the control group.
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Using the instructional materials developed by Levin,
Weber (1976) taught probability to 114 9th graders. In two
Mastery classes, the teachers graded and returned formative
tests; in one of those Mastery classes, the teacher.led a
discussion of items the students had missed. In two other
classes, the students did not receive correction based on
formative tests. On the application posttest, both Mastery
classes were superior to the non-Mastery classes. In addi-
tion, the Mastery class where the teacher discussed missed
items outperformed the other Mastery class. This suggests
that there may be an advantage in having the teacher manage
correction.

Block and Tierney (1974) divided 44 students of Euro-
pean historiography into three groups. The controls
received traditional lecture/discussion instruction. The
"redirected study" group received the traditional presenta-
tion, plus formative tests. These formative tests included
both lower and higher cognitive items. For missed items,
the students were given the correct answer along with direc-
tions to review the appropriate original material. The
"small-group study" treatment received the traditional pres-
entation and the same formative tests as the "redirected
study" group. But here the formative tests were returned
for scrutiny and discussion in small, cooperative study
groups. On the final achievement test, only the "small-
group study" section answered significantly more application

items-correctly than the controls.
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Morris and Kimbrell's (1972) results indicate that a
thorough mastery of lower mental processes may facilitate
the development of higher mental processes. Similarly, the
formative tests developed by Levin were intended to bring
the Mastery groups to an 85 percent criterion for "rules
knowledge". But these formative tests include items whose
solutions require higher mental processes. Thus it is not
clear in Levin's and Weber's studies whether the Mastery
groups learned higher mental processes as a result of mas-
tering lower mental processes, Or directly from the forma-
tive tests. But either way, the evidence shows that Mastery
approaches are successful in developing higher mental pro-
cesses.

where the previous studies examined lower and higher
mental processes under Mastery and conventional instruction,

this research examined lower and higher mental processes

under tutoring.
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CHAPTER III

METHODOLOGY

This chapter describes the methodological background of
this research. We begin by introducing the conceptual
framework from which the model for this research is derived.
Next, we introduce the model and describe how its component
variables are measured and 6pefationa1ized. Following that,
we describe what the model preéicts. Finally, we describe

the research hypotheses and the research design.

Conceptual Framework

The conceptual framework for this research was largely
derived from Bloom's (1876) theory of school learning. In
Bloom's theory, students' cognitive and affective develop-
ment is determined by the interactions of certain of the
students' characteristics with the quality of the instruc-
tion. Bloom's model considers both the affective and the
cognitive characteristics which students bring to a new
course of learning. Instructional quality is the degree to
which cues, participation, reinforcement, and feedback and
correction are appropriate to the specific needs of each

learner.

49
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In the previous chapter we reviewed a great deal of
evidence relating the quality of the instruction to stu-
dents' achievement. We saw that, of many attempts to
improve achievement, one of the most successful has been
Mastery Learning. Mastery Learning is effective because it
prepares most students well for each new learning task.
Further research indicated that when students’ achievement
improves, as it does under Mastery Learning, their interest
in learning, attitudes toward learning, and concepts of
themselves as learners all show similar improvement.

This research departed slightly from Bloom's formula-
tion of the process of school learning. We share with Bloom
the specification that students' learning processes are
functions of the instructional conditions. However, in our
formulation students' learning processes are the sole proxi-
mal cause of their achievement.

In brief, this research was guided by a framework in
which students' educational attainments are directly deter-
mined by their learning processes, which, in turn, are det-
ermned by the quality of the instruction. This framework is
represented by the model in Figufe 1. Before we discuss the
relationships predicted by the model in Figure 1, we will

. discuss how the variables were operationalized.
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Fig. 1. -- The model for this research.
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Variables

In this section we formally define the variables in the
model. The model predicts that students' educational
attainments are a function of their learning processes, and
that these learning processes are determined by certain
characteristics of the students in conjunction with certain
characteristics of the instruction.

The model includes both the cognitive and affective
entry characteristics of students. We distinguish these
entry characteristics at two levels: generalized and spe-
cific.

The model includes one important instructional charac-
teristic: the instructional quality. |

The model also includes students' learning processes,
that is, their use of time and certain of their mental and
physical behaviors during instruction.

The model includes both students' cognitive and affec-
tive attainments. Students' cognitive attainments are their
lower and higher mental processes. Students' affective
attainments are their interests, attitudes, and self-con-
cepts regarding their learning. Furthermore, the model is
concerned with the retention of both the cognitive and the

affective attainments.
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Cognitive And Affective Entry Characteristics

Generalized Cognitive Entry
Characteristics

In the context of this research, generalized cognitive
entry characteristics reflect an individual's capacity to
use mathematical concepts and to understand and manipulate
quantitative symbols. These skills are called "generalized"
because they are useful in many different kinds of mathemat-
ical studies and because they are not altered, from task to
task, by instruction. They are called "entry" because they
are brought by the students to the beginning of each learn-
ing task.

Generalized cognitive entry characteristics were meas-

- ured by the Cognitive Abilities Test, Multilevel, Form 3
(Thorndike and Hagen, 1978), and the Science Research Asso-
ciates Achievement Tests, Level E, Form 1 (Science Research
Associates, 1978). The guantitative subtests of these
instruments estimate not only computational skills, but
also knowledge and facility with mathematical symbols, con-
cepts, and relations. Scores from these instruments were
available from school files.

Specific Cognitive Entry
Characteristics '

Behaviors specifically relevant to the current learning

task are called the specific cognitive entry behaviors for
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that tésk. These behaviors are developed through prior
study of the same subject or a related subject. In this
research, specific cognitive entry behaviors were monitored
on the formative tests which concluded each instructional
unit. Under tutoring and Mastery Learning, cognitive entry
behaviors for a new task were estimated by the students'’
score from the formative test following all feedback and
correction from the previous learning task. Students in the
conventional conditions received no correction after the
formative test; as a result, their cognitive entry score for
a new unit was their score on the formative test from the
previous unit. The construction and validation of the for-
mative tests is discussed in more detail in the section
"Instruments for Assessing Students' Cognitive Achievement”
(pp. 64-65).

Specific Affective Entry
Characteristics

students' specific affective entry characteristics are
their interests, attitudes, and self-concepts in regard to a
particular subject, in this case probability. These spe-
cific affective characteristics were measured, at the begin-
ning of each instructional task, on the Affective Survey
Instrument.

To assess students' interests, attitudes, and self-con-
cepts in regard to probability, the experimenter prepared a

number of items. These items were rated by two judges. If
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both judges agreed that an item fairly assessed affect
toward probability, the item was included on the affective
instruments. We estimated students' interest in probablity
from their desire to learn more about it. We estimated stu-
dents' attitude toward probability from the value they
placed on it in comparison to other subjects. Lastly, we
estimated students' self-concept in relation to probability

from the way they saw themselves as competent or incompetent

learners of this subject.

The Quality Of The Instruction

For our purposes, the quality of the instruction is the
degree to which four components -- cues, particibation,
reinforcement, and feedback and correction -- are appropri-
ate to the needs of individual learners. It is likely that,
in any instructional environment, different learners experi-
ence different quaiities of instruction. This happens when,
for example, teachers devote different amounts of time and
attention to different students. Thus we speak of the qual-
ity of a given instructional environment in terms of what we
reasonably estimate to be the typical experiénce of an indi-
vidual in that environment.

Instructional quality may be conceptualized as a con-
tinuum. This research operationalized instructional quality
in three experimental treatments: conventional group

instruction, Mastery Learning, and tutoring.
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Conventional Group Iinstruction

To create the "conventional” conditions, the teachers
managed instruction according to their usual teaching prac-
tices -- so long as these practices did not include forma-
tive testing or tutoring outside class. The teachers lec-
tured and led class discussions. They made no attempt to
improve the instructional cues for individual learners, to
increase the participation of individual learners, or to
proﬁide additional reinforcement to individual learners
beyond what is normally possible when instruction is con-
ducted with a group of learners. They used tests only to
record the students' performance; students received no feed-
back from the tests, nor any feedback or correction beyond
that which flowed naturally out of the classroom activities.

Conventional group instruction may be understood as
instruction in which errors occur because the needs of indi-
vidual learners are unmet, and in which the learners,
because they do not receive adequate feedback and correc-

tion, become increasingly ill-prepared for subsequent learn-

ing tasks.

Mastery Learning

i,ike the teachers in conventional group instruction,
the teachers in the Mastery conditions managed instruction
according to their ususal style. 1In particular, they pro-

vided instructional cues, assigned practice, praised and
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encouraged, and provided feedbak and correction to the lear-
ners as a group. However, there was one important differ-
ence between the Mastery and the conventional instruction.

At the end of each instructional unit, the Mastery stu-
dents completed a formative test. This test indicated to
the teacher and to the students what the students still had
to learn in order to master the unit at a level of 80 per-
cent correct. Students who did not attain the mastery cri-
terion on the first formative test were assigned to correct
their errors. This was done with the help of instructional
materials, constructed by the experimenter, which explained
the solution to each item and provided additional explana-
tion and examples of the idea tested by each item.

The formative tests were corrected by aides assigned to
the Mastery classrooms; these aides recorded the students'
scores and the items missed by each student. Items missed
by more than half the class were explained by the teacher to
the group. After that, individual students used the correc-
tive materials to help understand the items they got wrong.

Following this first round of testing and correction,
students who had not initially reached mastery were retested
on the items they needed to reach mastery. Students who
still had not reached mastery on this second test repeated
the corrective activities as time allowed. One instruc-

tional period was alloted to all testing and correction.
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Under the teacher's supervision, students who reached
mastery on the first formative test assisted students who
had not reached mastery on the first or the second formative
tests.

Mastery Learning may be understood as an attempt to
remedy, in a single period of correction, errors which have
‘developed and remained unremedied over many periods of

instruction, so that students become well-prepared for sub-

sequent learning tasks.

Tutoring

Tutoring was managed in a manner fundamentally differ-
ent from instruction under the conventional and the Mastery
conditions. Each tutor was responsible for only three lear-
ners. The tutor provided cues appropriate to each student's
learning style. The tutor made sure that each student par-
ticipated actively in the learning activities. The tutor
was, when appropriate, generous with praise and encourage-
ment. And most importantly, the tutor managed feedback and
correction far more effectively than the teachers in conven-
tional instruction, more effectively even than the Mastery
teachers. As the instruction proceeded, the tutor provided
on-going feedback and correction. This constant correction,
together with the formative tests and the corrective materi-
als, made the learning of each tutored student nearly free
'frqm_errors. Tutored students were held to a mastery cri-

terion of 90 percent for each instructional unit.
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Tutoring may be understood as an attempt to bring each
student to a high level of mastery for each learning task by

making instruction appropriate to each student's specific

needs.

Students' Learning Processes

For this research, students' learning processes
included their use of instructional time and certain of
their mental and physical behaviors during instruction. How
students use time during instruction is best indicated by
their time on-task and their rate of learning. Of the many
mental and physical behaviors which students display during
instruction, our model involves those behaviors which we
believe are most sensitive to the quality of the instruction
-- how students use instructional cues, how students partic-
ipate in the learning tasks, how students are reinforced
during learning, and especially, how students receive and

use feedback and correction.

Rate of Learning

The formulation of rate of learning for this model has
been discussed in the section "A Conceptual Framework for
Analyzing Students' Achievement and Their Use of Time" (pp.
40-43). Here, we need only remind ourselves that our learn-
ing rates estimate the time students would need to learn a

task to a level of 100 percent correct.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



61

Time On-Task

Time on-task is the amount of instructional time stu-
dents are actively engaged in learning. Time on-task was
estimated from observations of the students' behaviors dur-
ing instruction. Observers scanned the classroom at the
beginning, middle, and tovards the end of an instructional
period, focussing on each child for about 5 seconds and then
rating whether that child was on-task or off-task. After
completing one scan, the observer paused and began another.
Using this process, during a single instructional period a
number of observations were made of each learner. Details
of the training of the observers will be given in the Design
section (pp. 86-88). .

Instructional Processing
Behaviors

puring the learning activities, students' behaviors
were monitored both by self-report and by observation. On
the Components Checklist, adapted from Hecht's (1977)
“Activities~Checklist", students reported the following:
(1) whether they understood the instructional cues; (2)
whether they participated frequently in the learning activi-
ties; (3) whether -they were rewarded during their learning;
(4) whether they received adequate feedback and correction.

On the Components Observation Instrument, constructed
for this research, observers rated the following: (1) how

the teacher or tutor managed instructional cues for individ-
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uval learners: (2) how the teacher or tutor managed the par-
ticipation of individual learners; (3) how the teacher or
tutor reinforced individual learners; (4) how the teacher or
tutor provided feedback and correction for individual learn-
ers.

The content validity of these instruments was assessed
by having two judges (familiar with our definition of
instructional quality) rate whether the items or observation
categories were consistent with tour definition. Only those
items and observation categories which, according to both
judges, fit the definition of instructional quaility were

included on these instruments.

Students' Educational Attainmenés

This research examined how the quality of the instruc-
tion affected students' cognitive and affective learning.
Students' cognitive and affective development was monitored
for three different purposes. First, assessments were made
during the experiment to reveai the different courses of
learning under thé different instructional conditions. Sec-
ond, assessment was made at the end of the instruction to
reveal the overall effects of the different instructional
conditions. And finally, assessment was made a short time
after the posttest to reveal the degree of retention under

the different instructional conditions.
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Lower Mental Processes

The model predicts that the quality of the instruction
detrmines students' lower and higher mental processes.
Lower mental processes were estimated from the students'’
performance on test jtems at the Knowledge or Comprehension
levels of the Taxonomy. A Knowledge item required the stu-
dent to identify a term, fact, rule, or principle, or to use
these elements to solve problems similar to ones encountered
during the instruction. A Comprehension item required the

student to translate information from verbal to quantitative

form.

- L Higher Mental Processes

Higher mental processes were estimated from the stu-
dents' performance on items at the Application or Analysis
levels of the Taxonomy. An Application item required the
student to use the relevant terms, facts, rules, or princi-
ples to solve a problem which was different from the ones
encountered during instructon. An Analysis item required
the student to determine what additional information beyond
what was given was necessary to develop a solution to a
problen.

Lower and higher mental processes were estimated from
formative, summative, and retention tests. We next describe

the construction and validation of these tests.
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Instruments for Assessing Students' Cognitive Achievement
Formative tests were constructed according to proce-

dures recommended in the Handbook for Formative and Summa-

tive Evaluation of Student Learning (Bloom, Hastings, and

Madaus, 1971). The content of each instructional unit was
classified, in a table of specifications, according to what
mental processes were expected of the students. Items for
the formative tests were chosen from the most important ele-
ments in the table of specification.

The validity of the items was established in t&o steps.
First, two judges rated whether each item appropriately rep-
resented the content of the instructional unit. Next, the
judges rated, on the basis of the content and objectives of
the instructional unit, whether the item was a lower or
higher mental process item. An item was included on a for-
mative test for a given unit only if both judges agreed on
the cognitive level of the item, and that the item appropri-
ately represented the content of the instructional unit.

A second pool of items was developed on the most impor-
tant content and objectives of the course. An item was
included in this pool only if two judges agreed first on the
cognitive level of the item, and second that the item repre-
sented the content of the course. For each item selected
for the summative test, a similar item was selected for the
retention test. For all students, the final lower and

higher mental process score was estimated from the summative
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test. The score for lower and higher mental process reten-

tion was estimated from the retention test.

Affective Outcomes

This research monitored three dimensions of students'
affect regarding probability: interests, attitudes, and
self-concepts. We estimated students' interests in prob-
ability from their desire to learn more about it. We esti-
mated students' attitudes toward probability by how highly
it was valued in comparison with other subjects. We esti-
mated students' self-concepts as learners of probability by
how highly they rated their performance in probability. The
affective instruments were described in detail in the sec-
tion "Generalized and Specific Affective Entry Characteris-
tics" (pp. 55-56). Affect was measured before instruction
began, at the beginning of each instructional task, and

after the students were informed of their final achievement.

The Course Of Learning Predicted By The Model

We have reviewed the conceptual framework from which
the model is derived, and we have formally defined the vari-
ables in the model. Later we formulate a number of hypoth-
eses and research problems to explore the relationships pre-
dicted by the model. But first we will describe the course
of learning predicted by the model. For several reasons
this description will be rather detailed. First, we wish to

explain the formal characteistics of the model itself. Sec-
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ond, we wish to provide an overview of the process repre-
sented in the model, instead of a piecemeal picture when ve
discuss each hypothesis and problem.

The model represents school learning as a dynamic pro-
cess, a process which "cycles” continuously throughout
learning. It is most convenient to describe this process as
if school learning were a series of instructional tasks,
each bounded by a formal beginning and a test at the end.

It is also convenient to describe the process as if it
occurred in three distinct stages.

In the first stage, the student's entry characteristics
interact with the quality of the instruction to determine
the student's learning processes. In the second stage, the
student's learning processes determine the student's educa-
tional attainments. And in the third stage, attainments
from one instructional task become the student's entry char-
acteristics for the next instructional task. This last
Stage, indicated by the "feedback-loops" in Figure 1, estab-
lishes the cyclic character of the model.

This model represents the learning of an individual
student from the start to the finish of a single instruc-
tional task, and generalizes immediately to groups of learn-
ers, series of instructional tasks, and series of courses
-- that is, to school learning. We now describe the rela-
tionships predicted by the model. First we will describe

what the model predicts for a single student over a single
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instructional task. We will then generalize that descrip-

tion to series of instructional tasks.

The Model For A Single Learning Task

Students' Entry
Characteristics

The student enters a new learning task with both gener-
alized and specific cognitive characteristics. In this
research, the students' géneralized cognitive entry charac-
teristics include knowledge and facility with mathematical
symbols, concepts, and relations. Specific cognitive entry
characteristics are computational and reasoning skills,
developed from previous instruction in probability, which
are relevant to the new task. Naturally, since probability
was a new topic for most students in this research, these
specific skills were negligible for the first task.

A student also enters a new learning task with both
generalized and specific affective characteristics. We are
concerned with specific affective charcteristics. school,
along with the student's general academic-self concept. The
specific affective entry characteristics are the student's
interest, attitudes, and self-concepts in regard to specific
topics in probability; these characteri;tics were developed
from previous experience with the studj of probability.

Here too, for the first instructional task, most students

have the same specific affective characteristics.
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The model predicts that, over a series of instructional

tasks, students' specific cognitive and affective character-

istics alter in a direction which depends critically on the
quality of the instruction.

Instructional Characteristics:
instructional Quality

The quality of the instruction is the degree to which
the instruction meets the needs of each learner for four
elements: cues, participation, reinforcement, and feedback
and correction. Our model applies to all the possible qual-
ities of instruction. We have, however, operationalized
instructional quality in three treatments. We will examine
how each treatment determines the student's processing

behaviors and use of time.

Under conventional instruction, the teacher's time and

attention are divided among many learners. The individual
student may not receive appropriate instructional cues; as a
result, the student will not always comprehend the main
points of the lesson. The student may not get a chance to
participate actively in the learning activities; as a
result, the main points may not be fixed firmly in the stu-
dent's mind. The student may not get praise and encourage-
ment from the teacher; as a result, the student will not
find satisfaction in learning. And most importantly, the
student may not get the feedback and correction needed to

correct particular errors in learning; as a result, the stu-
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dent will be inadequately prepared for subsequent learning
tasks. Under these conditions, the student's time on-task
and rate of learning are likely to be poor. Finally, since
the instruction does not bring the student to mastery,
achievement is highly predicted by prior characteristic such
as aptitude or intelligence.

Under Mastery Learning, as under conventional instruc-
tion, there are disadvantages during initial instruction for
jndividual learners. However, Mastery Learning provides
feedback and correction to help most students learn each
unit at a high level. As a result, Mastery students are
adequately prepared for subsequent learning tasks. Under
these conditions, the student's time on-task and rate of
learning are likely to be quite high. Finally, since the
instruction brings the student to mastery, achievement
becomes less predicted by prior cognitive characteristics
such as aptitude or intelligence.

Tutoring presents many advantages for the individual
learner. The student continually receives appropriate
instructional cues; as a result, the student nearly always
comprehends the main points of each lesson. The student is
in constant participation with learning exercises; as a
result, the main points become fixed in the student's mind.
The student receives continual praise and encouragement; &as
a result, the student's learning becomes very satisfying.
Most importantly, the student's errors are corrected immedi-

ately, as they occur during instruction, and if not immedi-
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ately, then at the end of the jnstructional unit through the
formative tests. Under these conditions, the student's time
on-task and rate of learning are likely to be very high.

Finally, since the instruction brings the tutored student to
a very high level of mastery, the student's achievement will

depend very little on prior characteristics such as aptitude

or intelligence.

The Model For A Series Of Instructional Tasks

The model predicts that, over a single learning task,
students' use of time and their processing behaviors become
very different under different qualities of instruction.
These differences in use of time and processing behaviors
explain the differences in achievement between the instru-
cional conditions. In this section we examine the model for
a series of instructional tasks. We remember from Figure 1
that students' educational attainments from one learning

task become their entry characteristics for the next learn-

ing task.

Students' Educational
Attainments Over A Series of
Tasks

Under conventional instruction, the student's process-

ing behaviors and use of time are relatively inefficient.
Without efficient processing behaviors and without feedback
and correction, the student does not master the first task
at a high level. Over time, the student becomes increas-

ingly ill-prepared for new learning. As a result, the stu-
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dent's time on-task, rate of learning, and processing behav-
jors will continue to be relatively poor. Since the stu-
dent's achievement is likely to be far below mastery, it
will be increasingly better predicted by the student's apti-
tude or intelligence. Finally, the student's interest,
attitude, and self-concept in regard to learning will become
less and less positive.

Under Mastery Learning, the student receives feedback
and correction to learn the £§rst task at a high level. As
a result, the Mastery student learns new tasks better under
group instruction. That is, under Mastery Learning time
on-task and rates of learning are at high levels, and proc-
essing behaviors are very effective. As the student's
achievement reaches higher levels, it depends less on the
student's aptitude or intelligence. Finally, the Mastery
student's interests, attitudes, and self-concepts in regard
to 1eafning become more and more positive.

Under tutoring, the specific learning needs of each
student are constantly met. AsS a result, time-on task, rate
of learning, and processing behaviors become quite effi-
cient. Since learning is efficient, and feedback and cor-
rection are available from formative tests, the tutored stu-
dent masters the first learning task at a high level.
Tutofed students continue to receive appropriate attention,
as well as periodic feedback and correctioﬁ:from formative

tests. As a result, the tutored student's time on-task,
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rate of learning, and instructional processing behaviors
continue to improve. Because achievement under tutoring is
at very high levels, it depends hardly at all on the stu-
dent's aptitude. Finally, the tutored student's interests,
attitudes, and self-concepts in regard to learning become
highly positive.

This model has several conceptual advantages. By spec-
ifying that the outcomes from one instructional task become
the entry characteristics for the next, this model repre-
sents the sequential nature of school learning. By specify-
ing all the variables at the level of the student, and espe-
cially by positing students' learning processes as the major
proximal cause of the students' educational attainments,
this model forges tight conceptual links between students'
entry characteristics, instructional characteristics, stu-

dents' learning processes, and students' educational attain-

ments.

Hypotheses And Research Problems

We did not formulate hypotheses for all the relation-
ships implied by the model. Partly, this was because we did
not collect the necessary data at both sites. But the more
important reason was that we wished to focus attention on
the critical role played by the quality of the instructon in
determining students' educational attainments. The effects

of the quality of the instruction were examined in three
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hypotheses. The first hypothesis examined the effects of
the instructional quality on the students' lower and higher
mental processes. The second hypothesis examined the
effects of the instructional quality on the students' learn-
ing processes. The third hypothesis examined the effects of
the instructional quality on the students’ retention of
jower and higher mental processes.

Two other issues were investigated as research ques-
tions: students' affect under the different qqalities of
instruction, and the relationship between aptitude and

achievement under the different qualities of instruction.

Instructional Quality And Students' Cognitive Achievement
Of all the problems facing education today, the most
lamentable is that many students do not achieve to their
"~ full potential. One reason for low achievement is rooted in
the traditional practice of teaching learners in large
groups. Under conventional instruction, the teacher's time
and attention are so divided among a group of students that
the specific needs of most students are not met. As a
result, some students develop errors on each learning task.
And by the end of a series of tasks, the learning of most
ents is so full of errors that their achievement is far
below their potential.
Students' potential for learning has been improved by

several instructional approaches. For example, under
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Advance Organizers the average student achieves at the 58th
percentile of students who learn under conventional instruc-
tion (Luiten, Ames, and Ackerson, 1980); under Keller's Per-
sonalized System of Instruction the average student achieves
at the 69th percentile of students who learn under conven-
tional instruction (Kulik, Rulik, and Cohen, 1978; and under
Mastery Learning the average student achieves at the 80th
percentile of students who learn under conventional instruc-
tion (Block and Burns, 1877).

students' potential for learning has improved signifi-
cantly under these innovations. But none of them develop
students' full potential for learning, because each enhances
a single dimension of instruction -- and ignores others.
The thesis of this research is that students' potential for
learning will be developed to very high degrees when, as in
tutoring, the instruction is fully adapted to the specific
needs of each student. The first hypotheéis explores stu-
dents' potential for learning lower and ﬁigher mental pro-
cesses under instruction adapted in different degrees to the
specific needs of each student: tutoring, Mastery Learning,

and conventional group instruction.

HYPOTHESIS 1: STUDENTS' LOWER AND HIGHER MENTAL
PROCESS ACHIEVEMENT 1S DETERMINED BY THE
QUALITY OF THE INSTRUCTION.
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Students' lower and higher mental processes were
estimated from their responses to items on formative and
summative tests. To answer a lower mental process item, the
student had to solve a familiar problem, to identify a fact,
rule, term, or principle, or to translate an expression from
verbal to symbolic form. These behaviors correspond to the
Knowledge and Comprehension levels of the Taxonomy. To
answer a higher mental process item, the student had to
either solve a non-routine problem or distinguish relevant
from irrelevant information in developing a solution to a
problem. These behaviors correspond to the Application and
Analysis levels of the Taxonomy.

The quality of the instruction is the degree to which
the instruction meets the needs of individual learners for
cues, participation, reinforcement, and feedback and correc-
tion. We operationalized the quality of the instruction in
three treatments: conventional group instruction, Mastery
Learning, and tutoring. The instructional treatments and
their implications for students' lower and higher mental
processes have been described in detail on pages 57-60,
68-70, 70-72. We will summarize those discussions here.

In conventional instruction, the teacher lectured and
led class discussions, without enhancing the instruction for
individuals.

In Mastery Learning, initial instruction was identical

to conventional instruction. However, in Mastery Learning
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the teachers assigned and supervised corrective activities
until as-many students as possible reached the mastery cri-
terion for each instructional unit.

The tutors adapted instruction to the specific learning
needs of each student. Tutors paid special attention to
cues, participation, reinforcement, and feedback and correc-
tion.

The first hypothesis predicts this order of effective-
ness, from low to high, for both lower and higher mental
processes: conventional instruction, Mastery Learning, and
tutoring. We expected that final achievement under tutoring
would be very homogeneous and at the highest levels. We
further expected that final achievement under Mastery Learn-
ing would not be as high and as homogeneous 3as under tutor-
ing, but that it would be higher and more homogeneous than
final achievement under conventional instruction.

The first hypothesis also predicts a different course
of learning over time for the three instructional treat-
ments. We expected that the tutored students would ini-
tially achieve at a higher level, with less variable
achievement, than the other students.

We expected that the achievement of the tutored stu-
dents would continue to improve and become less variable
over the series of instructional tasks. We expected that
the Mastery and the control students would initially achieve

at a level lower than the tutored students, and similar to
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each other. However, we expected the Mastery students to
develop successively higher levels of achievement, with' less
variability, whilesﬁhe control students achieved at approxi-
mately the same levels with increasing variability.
Instructional Quality, Stu@ents' Achievement, And Students'

Learning Processes

More and more, researchers have begun investigate not
only students' achievement, but also students' learning proc-
esses under different qualities of instruction. Some of
this research suggests that when the quality of the instruc-
Ation is improved, students begin to use instructional time
more efficiently, and thus achieve more. For example, Mas-
tery students have been on-task more than non-Mastery stu-
dents, and thus have achieved at higher levels (Anderson,
1973).

In the same vein, research has begun to investigate
more closely the mental and physical behaviors which cause
some students to learn better than others. Hecht (1977)
showed that Mastery students begin to use instructional
cues, participation, reinforcement, and feedback and correc-
tion more effectively than non-Mastery students. Nordin
(1979) showed that instructional conditions which enhance
cues, participation; both cues and participation, or feed-
back and correction have positive effects on students'

behaviors and subsequently on students' achievement.
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The model for this research predicts that the quality
of the instruction determines students'’ learning processes,
and that these learning processes then determine the stu-
dents' achievement. The first hypothesis examined the
direct effects of the quality of the inst;pction on the stu-
dents' achievement. The second hypothesis examines how stu-
dents' achievement depends on their learning processes, and

how these learning processes depend on the quality of the

instruction.

HYPOTHESIS 2: ACHIEVEMENT IS DETERMINED BY STUDENTS'
LEARNING PROCESSES, WHICH, IN TURN, ARE DETER-
MINED BY THE QUALITY OF THE INSTRUCTION.

The quality of the instruction has been described in
the discussion of the previous hypothesis.

Students' learning processes include their use of
instructional time (time on-task and rate of learning) and
their processing behaviors (cues, participation, reinforce-
ment, and feedback ané correction).

Time on-task was determined for each student from
observations of the students' behaviors during instruction.
Rate of learning was calculated from the measures of the
students' time on-task in relation to their test scores.

Sstudents' behaviors with cues, participation, rein-

forcement, and feedback and correction were estimated from
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observations and from students’ self-reports of their behav-
iors during instruction.

The second hypothesis predicts that students under con-
ventional instruction should demonstrate the least effective
use of time and the least effective processing behaviors.
These students should have the poorest rate of learning and
the lowest time on-task, as vell as-the least effective use
of cues, participation, rginforcement, and feedback and cor-
rection. These relatively ineffective processing behaviors
explain why achievement under conventional instruction is so
low.

Time on-task, rate of learning, and processing behav-
iors should be significantly better under Mastery Learning
than under conventional instruction. These more efficient
learning processes explain why achievement is higher under
Mastery Learning than under conventional instruction.

Students who receive "optimal” instruction, tutoring,
should be on-task the most and learn the fastest. Further-
more, tutored students should use instru;tional cues most
effectively, should participate most actively in the learn-
ing tasks, should find their learning most rewarding, and
should make the best use of feedback and correction. These
very efficient learning processes should explain why
achievement under tutoring is very high.

Over a series of tasks, students' use of instructional
time and their processing behaviors improve, or fail to

improve, depending on the quality of the instruction.
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Tutored students will initially use their instructional time
weli and have effective processing behaviors. Over time,
tutored students should begin to use instructional time with
increasing effectiveness, and their processing behaviors
should become even more efficient.

Since they learn under group conditions, Mastery stu-
dents may not initially use instructional time well, nor
have effective processing behaviors. However, over time
Mastery students should learn better under group instruc-
tion; that is, their time on-task, processing behaviors, and
rate of learning should improve.

On the other hand, we expected that students under con-
ventional instruction would initially use instructional time
poorly and have ineffective processing behaviors. Over a
series of tasks, these students shouid not improve in their
use of instructional time and in their processing behaviors.

Instructional Quality And Students' Retention Of Cognitive
Achievement

Research on instruction has for the most part ignored
the continuing effects of differential instructional condi-
tions. There is evidence, from a handful of studies, that.
in Mastery conditions students retain cognitive achievement
petter than students in non-Mastery conditions (Block and
Burns, 1977). There is even less evidence about the cogni-
tive level of the achievement retained under different

instructional conditions. One study, by Poggio (1976), sug-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



81
gests that Mastery students retainvsignificantly more lower
order behaviors, but not significantly more higher order
behaviors, than students in non-Mastery conditions. The
experimenter has been unable to locate a single study of the
lower and higher behaviors retained under tutoring.

This research recognizes that in order to understand
fully the effects of different instructional conditions, it
is necessary to examine students' retention of.lower and
higher cognitive achievement under those instructional con-
ditions. The third hypothesis is formulated to examine the
effects of the instructional quality on the students' reten-

tion of lower and higher mental process achievement.

HYPOTHESIS 3: STUDENTS' RETENTION OF LOWER AND
HIGHER MENTAL PROCESSES IS DETERMINED BY
THE QUALITY OF THE INSTRUCTION.

We described the instructional treatments earlier.

Students' retention of léwer and higher mentel proc-
esses was measured by an instrument which was a parallel
form of the achievement posttest. This test of retention
was administered about three weeks after the posttest.

We expected that the levels of retention of lower and
higher mental processes would depend greatly on the levels
to which they were mastered by the end of the course of
instruction: that retention under tutoring would be at the

highest levels because final achievement was very high; that
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retention under Mastery Learning would be high because final
achievment was high; and that retention under conventional

instruction would be low because final achievement was low.

Research Design

in this section we describe the sample, the subject
taught and the instructional materials, the instructional
treatments and the monitoring of the instructional treat-
ments, the testing and observation schedules, and the train-

ing of the tutors, teachers, and observers.

Samples

This research was replicated three times at two sites.
At the first site, the study was replicated twice with
approximately 170 fourth and fifth graders from a parochial
school in a blue-collar suburb of a large midwestern city.
At the second site, the study was replicated with approxi-
mately 108 fifth graders from a public school in a small,
working-class, middle-atlantic town. At both sites, stu-

dents were randomly assigned to treatments.

Subject And Instructional Materials
The subject matter taught in this research was prob-
ability. Probabiiity was chosen because it was a new topic
for the elementary students in our sample, because attrac-
tive commercial materials were available, and because a
technical, sequential subject had advantages for the study

of lower and higher mental processes.
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In consultation with a university educator who
specializes in the preparation of teachers for elementary
school, a three-veek course of instruction was developed
from the commercial instructional materials. The commercial
instructional materials used to develop this course included

Probability for Intermediate Grades, by the School Mathemat-

ics Study Group (1966), and What Are My Chances?, by Shulte

and Choate (1977). The curriculum for the experiment
included these and other topics: the probability of a sim-
ple event, the probability of a compound event, the prob-
ability of the union of any two events, and the probability
of certain, impossible, or mutually exclusive events.

The published materials included suggestions to the
teacher for conducting the lessons; additional suggestions,
instructions, and examples were inserted by the experimenter
at various places into the instructor's copy of the instruc-
tional materials. Each student was provided with worksheets

and other materials during the instruction.

Training Of Teachers, Tutors, And Observers
In what follows we describe how the teachers and tutors
were trained. We also discuss the training of the observers
for their various tasks and the monitoring of the instruc-
tional treatments. Training took place at both sites in the
week before the experiment began. At that time, teachers,

tutors, and observers were familiarized with the instruc-
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tional materials, testing instruments and procedures, and

other general details of the experimental design.

Training of Teachers

At both sites, the students' regular classroom teachers
agreed to participate in the experiment as either Mastery or
conventional teachers.

Since they were not to enhance cues, participation,
reinforcement, or feedback and correction beyond what they
could naturally provide in the group setting, teachers in
the conventional conditions required no training. These
teachers were simply introduced to the instructional materi-
als.

The Mastery teachers were familiarized with the
instructional materials, formative tests, and corrective
materials. The corrective process was explained to these
teachers in detail, and their questions and problems were
discussed. The construction and use of the formative tests
and corrective materials were been discussed in the sections
"Mastery Learning" (pp. 57-59), and "Instruments for Assess-

ing Students' Cognitive Achievement” (pp. 64-65).

Training of Tutors

At both sites, tutors were undérgraduate education stu-

dents participating as part of their pre-professional train-

ing.
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The tutors required more extensive training than the
teachers. Tutors met the experimenter each day for one week
before the instruction began. During this time, the tutors
were familiarized with the instructional materials, forma-
tive tests and corrective materials, and the plan of
instruction and objectives of each unit. The nature of
children in fourth and fifth grade was discussed, along with
appropriate ways of interacting with children of that age.
Most of the training involved ways and means of adapting
cues, participation, reinforcement, and feedback and correc-
tion to each student's specific needs.

To develop skill in providing instructional cues,
tutors were trained to recognize that different students’
penefit from different sorts of cues. Tutors were
instructed to summarize frequently, to take a step-by-step
approach, and to provide sufficient examples for each new
concept. The objective of this training was to help the
tutors pace and present instruction so that each student
understood the main points of each lesson.

To encourage each student's active participation,
tutors were trained to ask leading questions, to elicit
additional responses from the student, and to ask other stu-
dents for alternate examples Or answers. The purpose of
this training was to help the tutors keep each student "on-
task" so that the learning was firmly fixed in each stu-

dent's mind.
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Tutors were urged to be apprpriately generous with
praise and encouragement whenever a student made progress.
The purpose of this training was to help the tutor make
learning a rewarding experience for each student.

Perhaps the most important part of the tutors' training
was learning to manage feedback and correction effectively.
Tutors were trained to provide feedback and correction
throughout instruction, as well as to use the formative
tests and corrective materials at the end of each instruc-
tional task. The purpose of this training was to help the
tutor make each student well-prepared for each new task.

For the most part, the training of the tutors followed
this format: The experimenter described a single ccmponent
of instructional quality -- whether cues, participation,
reinforcement, or feedback and correctives -- after which
the tutors engaged in "role-playing" for an actual instruc-
tional task, some playing tutees and one playing the tutor.
Roie—playing was not only excellent practice in managing
jnstruction, but also an excellent introduction instruction,
as well as an excellent introduction to the lessons from the
learner's point of view.

Training of Observers and the

Monitoring of the
Instructional Treatments

At both sites, observers were undergraduate education

students participating as part of their pre-professional
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training. Observers were trained to execute two tasks: to

estimate time-on task, to evaluate the quality of the

instruction. The last task served a dual purpose: first,

it determined whether the treatments were implemented as

designed, and second, it served as a basis for "quality con-

trol™, so that appropriate corrective action could be taken
" if a teacher or tutor strayed badly from the design.

In training the observers to estimate time on-task, we
began by discussing various behaviors which indicate whether
a student is on-task or of f-task. Observers vere provided
with a list of these behaviors. Observers visited at least
one class before the experiment began, observing time on-
task according to the procedures described in the section
npime On-task" (p. 61). Where possible, pairs observed the
same classroom, in order to provide a "reliability check”
for each other's observations.

The training of the observers to monitor the instruc-
tional treatments began with a discussion, led by the exper-
imenter, of the theoretical background of instructional
quality. This discussion included the objectives of the

"instructional treatments and the behaviors of teachers,
tutors, and students expected in these treatments. Observ-
ers were then introduced to the "Components Observation
Instrument”, which they were to use in monitoring the qual-
ity of the instruction. This instruments has been described

in in the section "Instructional Processing Behaviors" (pp.
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61-62). Before the experiment began, observers visited at
least one class, where possible in pairs, and used the

instrument to evaluate the quality of the instruction.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 1V

RESULTS

Improving students' potential for learning has been the
goal of numerous instructional approaches. Many of these
approaches assume that the disadvantage of learning in a
large group prevents most students from achieving at their
full potential. In response to this problem, a number of
approaches tailor instruction to support different learning
needs. For example, Computer-Assisted Instruction provides
unending drill; Mastery Learning provides systematic feed-
back and correction (Bloom, 1976); Advance Organizers pro-
vide introductory cues to the main points of each lesson
(ausubel, 1963); and Keller's Personalized System of
Instruction provides the reinforcement of allowing students
to proceed at their own pace (Keller, 1968) .

Using methods for research synthesis, we can compare
students' achievement under the different approaches. Under
the most effective of them, Mastery Learning, the average
student typically achieves at a jevel above approximately 80
percent of the control students. Clearly, this is the
development of studéﬁts' potential to quite a high level.

Nevertheless, what gives these approaches their indi-

vidual success is at the same time the source of their col-
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lective limitation. Each attends to a unique learning need
-- at the cost of ignoring others. We believe that stu-
dents' full potential for learning can be attained only when
instruction is appropriate tc the specific needs of each
student. To explore this idea, this research contrasted
students' cognitive and affective attainments under tutorial
and group approaches to instruction. Three qualities of
instruction were investigated.

A. Under tutoring, the instruction was constantly
adapted to the specific needs of each student.

B. Under Mastery Learning, periodic feedback and cor-
rection improved each student's ability to learn from group
instruction.

C. Under conventional group instruction, the teacher
vas unable to adapt instruction to the specific learning
needs of each member of a large group of students.

This research addressed five issues. Addressed for-
mally, as research hypotheses, were the effects of different
qualities of instruction on: (1) lower and higher mental
process achievement; (2) time on-task, processing behav-
iors, and rate of learning; and (3) retention of lower and
higher mental processes. Addressed less formally, as
research guestions, were: (4) the relationship between stu-
dents' aptitude and their achievement under the different
instructional conditions; and (5) students' affect under

the different instructional conditions.
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Initial Quantitative Abilities Of The Instructional Groups

This experiment was replicated three times, at two
sites. At both sites, students were randomly assigned to
learn probability under one of three conditions: tutoring,
Mastery Learning, or conventional group instruction. 1In
Table 4, we present the aptitude levels of the groups prior
to instruction.

TABLE 4

INITIAL QUANTITATIVE ABILITIES OF THE INSTRUCTIONAL GROUPS

SITE 1 SITE 1 SITE 2
GRADE 4 GRADE 5 GRADE 5
(CAT) (CAT) (SRA)
TUTORING MEAN 110.45 114.44 28,33
STD 12.77 13.47 13.34
N 22 18 36
MASTERY MEAN 112.94 107.15 27.05
STD 10.16 12,22 12.23
N 31 20 36
CONVENTIONAL MEAN 112,47 108.24 29.17
STD 13.90 13.51 12,51
N 30 29 36
F STATISTIC .28 1.73 .26
N.S. N.S. N.S.

At the first site, aptitude was estimated from the
quantitative subtest of the Cognitive Abilities Test (CAT)
(Thorndike and Hagan, 1978). At the second site, aptitude
‘was estimated from the quantitative subtest of the Science

Research Associates Achievement Test (SRA) (Science Research
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Associates, 1978). These tests are discussed in more detail
on page 54. The CAT scores in Table &4 are expressed as
scaled scores and the SRA scores are expressed as rav
scores.

We see that within-grades there are no statistically
significant differences between the aptitude levels of the
three instructional groups. Furthermore, at both sites stu-
dents are quite similar to the students on which the
national norms for the respective tests vere calibrated.

The national norm for the CAT for fourth and fifth grade is
a mean of 104.40 and a standard deviation of 18.40. The
national norm for the SRA for fifth grade is a mean of 27

and a standard deviation of 12.

Instructional Quality And Students' Achievement

Of all the problems facing education today, the most
lamentable is that many students do not achieve to their
full potential. One reason for low achievement is rooted in
the traditional practice of teaching learners in large
groups. Under conventional group jnstruction, the teacher's
time and attention are so divided among a group of students
that the specific needs of most students are not met. As a
result, some students develop errors on each learning task.
And by the end of a series of tasks, the learning of most
students is so full of errors that their achievement is far
below their potential., Students' potential for learning has

been improved by several instructional approaches. For
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example, the average student who receives Advance Organizers
achieves at the 58th percentile of students who learn under
conventional conditions (Luiten, Ames, and Ackerson, 1980);
the average student who receives Keller's Personalized Sys-
tem of Instruction achieves at the 69th percentile of stu-
dents who learn under conventional conditions (Kulik,
Kulik, and Cohen, 1978; and the average student who
receives Mastery Learning achieves at the 80th percentile of
students who learn under conventional instructional condi-
tions (Block and Burns, 1977).

Students' potential for learning has improved signifi-
cantly under these innovations. But none of them develop
students' full potential for learning, because each enhances
a single dimension of instruction -- and ignores others.

The thesis of this research is that students' potential for
learning will be developed to very high degrees when, as in
tutoring, the instruction is fully adapted to the specific
needs of each student. The first hypothesis explores stu-
dents' potential for learning lower and higher mental proc-
esses under instruction adapted in different degrees to the

specific needs of each student.

HYPOTHESIS 1: STUDENTS' LOWER AND HIGHER MENTAL
PROCESS ACHIEVEMENT IS DETERMINED BY THE
QUALITY OF THE INSTRUCTION.
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Lower mental process achievement was estimated from

test items at the Knowledge or Comprehension levels of the

Taxonomy of Educational Objectives (Bloom, 1956). Lower

mental processes included solving familiar problems, trans-
lating an expression from verbal to symbolic form, or iden-
tifying a fact, term, rule, or principle.

Higher mental process achievement was estimated from

test items at the Application or Analysis levels of the Tax-
onomy. Higher mental processes included solving problems
dissimilar from the ones encountered during instruction, or
distinguishing relevant from irrelevant information in
developing a solution to a problem.

Achievement was monitored on two sets of tests: (1)
formative tests at the end of each instructional unit; and
(2) a summative test at the end of the three week period of
instruction. Thesé instruments and lower and higher mental
processes have been described in more detail on pages 64-65.

The quality of the instruction is the degree to which

the instruction meets the needs of each learner for cues,
participation, reinforcement, and feedback and correction,
In this research, instructional quality was operationalized
in three treatments: tutoring, Mastery Learning, and con-
ventional group instruction. These treatments have been
described in detail on pages 57-60, 68-70, and 70-72. 1In

what follows we briefly summarize their important features.
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Under tutoring, cues, participation, reinforcement, and
feedback and correction were managed by the tutor to be as
appropriate as possible to the specific needs of each stu-
dent. In addition, tutored students wvere held to a cri-
terion of 90 percent correct for each instructional unit.

Under Mastery Learning, jnitial instruction was identi-
cal to instruction under conventional conditions. However,
Mastery students received feedback and correction, under the
supervision of the teacher, at the end of each instructional
unit. Mastery students weré required to achieve a criterion
of 80 percent correct for each unit.

Under conventional group instruction, the teachers lec-

tured and led discussions for the class as a whole, using
_instructional materials and lesson plans prepared by the

experimenter. Here there was no attention to students' spe-

cific needs beyond what flowed out of the group instruction.

The subject matter taught in this research was prob-
ability. Probability was a nev topic for the students.
Instructional materials, lesson plans, and other materials
to aid the teachers and tutors were prepared by the experi-
menter. These are discussed on pages 82-83.

Our analysis of the first hypothesis will follow in
three parts. First, we review the patterns of achievement
expected under the first hypothesis. Second, we analyze the
pattern of lower mental process achievement. Third, we ana-

lyze the pattern of higher mental process achievement.
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Expected Patterns Of Achievement Under Tutoring, Mastery,
And Conventional Conditions

Both for lower and for higher mental processes, we
expected very different patterns of achievement under tutor-
ing, Mastery Learning, and conventional group instruction.

Because cues, participation, reinforcement, and feed-
back and correction were adapted to the specific needs of
each tutored student, we expected that, by the end of the
first unit, achievement under tutoring would be higher and
more homogeneous than under the other conditions. Further-
more, we expected that the tutored students, having mastered
early tasks under the constant attention of the tutor,
would, over time, achieve at increasingly higher levels with
smaller variance. We expected that the final achievement of
these studeﬁts, for both lower and higher mental processes,
would be very homogeneous and at the highest levels.

We expected that, initially, the Mastery students would
achieve at a level similar to the students under conven-
tional group instruction. However, we expected that the
periodic feedback and correction received by the Mastery
students would subsequently help them learn better under
group instruction. Therefore, we expected that over time
"achievement under Mastery Learning would improve and become
more homogeneous. We expected final achievement under Mas-
tery Learning to be lower and more variable than under
tutoring, but significantly higher and less variable than

under conventional group instruction.
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Because conventional instruction was rarely adapted to
the specific needs of each student, we expected that here
achievement would remain constant or decrease and achieve-
ment variance would remain constant or increase. We
expected that for both lower and higher mental processes,
final achievement under conventional instruction would be
lower and more variable than final achievement under tutor-
ing or Mastery Learning.

Lower Mental Process Achievement, Over Time, Under Three
Qualities Of Instruction

Lower mental process achievement was estimated from
test items at the Knowledge or Comprehension levels of the
Taxonomy. Lower mental processes included solving familiar
problems, translating expressions from verbal to symbolic
form, or identifying facts, terms, rules, or principles.

In Table 5, we analyze lower mental process achievement
for the three repmlications of this study. For each replica-
tion, Table 5 presents descriptive statistics from the for-
mative tests and the posttest for lower mental processes
under tutoring, Mastery Learning, and conventional group
instruction. For each instructional unit, there were two
formative tests -- the test designated "A" at the end of
instruction and the test designated "B" following feedback
and correction. The students under conventional group
instruction received no feedback and correction following

the "A" test; thus they had no "B" scores.
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LOWER MENTAL PROCESS ACHIEVEMENT, OVER TIME,
UNDER THREE QUALITIES OF INSTRUCTION
FT1A FT1B FT2A FT28 PT3A ET3B POSTTEST
Site 1 - Grade 4
TUTORING MEAN  77.14* 92.01 84.76* 91.33 82.47* 92.08 89.01*
N=22 STD 18.91 18.01 17.13  16.17 15.37* 12.13 12.77*
E-S (1.53)
MASTERY MEAN 64.03 82.36 73.11* 81.11 75.15* 82.16 73.25*
N=31 STD 22.03  20.03 1s.11 18.38 1s.19 17.03 17.05
E-S (.73)
CONVENTIONAL MEAN  62.07 - 61.34 - 63.61 - 58.88
N=32 STD 21.33 - 13.79 - 22.77 - 19.69
F STATISTIC 3.76* 10.56*** 6,534 57.70%%*
Site 1 - Grade S
TUTORING MEAN 80.05 91.83 86.87% 92.02 88.95* 93.66 93.85*
N=22 STD 17.08 15.02 13.15* 12.75 11.03* 10.02 9.86%++
E-S (1.34)
MASTERY MEAN  68.27 82.13 76.92 81.07 78.71  83.11 83.24*
N=30 STD 13.03 16.58 15.31 14.30 14.81* 13.07 14.51
E-S (.78)
CONVENTIONAL MEAN  70.13 - 67.27 - 68.16 -- 68.46
N=32 STD 20.91 - 19.23 - 21.92 - 18.22
P STATISTIC 2.62 9.27%%* 9.66%** 18.22%##
Site 2 - Grade S5
TUTORING MEAN  82.72* 91.03 83.58* 92,07 84.71* 90.77 88.47*
N=36 STD 13,47 12.37 10.33  10.02 10.47* 9.71 7.64%*
E-S ’ (2.11)
MASTERY MEAN 69.36 81.39 76.32*% 82.07 77.42¢ 81.17 79.72*
N=36 STD 13.63 12.88 12,71  12.35 12,03  11.37 10.75 -
E-S (1.40})
CONVENTIONAL MEAN  71.13 -~ 67.17 b 68.55 e 62.50
N=36 STD 14.33 - 13.71 - 16.04 -- 12.28
F STATISTIC 9.82%%# 16.01%** 13,83+ 57.70%*+*

d = p <« .05
L d -PC'Ol
*** = p ¢ .001
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Table 5 also presents 4 inferential statistics: (1)
the F statistic and significance level from the analysis of
variance of each test by quality of instruction; (2) the
significance level, calculated by Tukey's HSD method, for
each post-hoc comparison of tutoring and Mastery Learning
with conventional instruction; (3) the significance levels
for comparisons of variance under tutoring and Mastery
Learning with variance under conventional instruction; and
(4) the "effect-size" statistic for referring the average
achievement under tutoring and Mastery Learning to the dis-
tribution of achievement under conventional instruction.

We will analyze students' lower mental processes under
tutoring, Mastery, and conventional conditions for each

learning task and for final achievement.

The First Learning Task

At the end of the first learning task, under tutoring
achievement was at high levels. In two of the three repli-
cations, the aQerage tutored student achieved significantly
higher than the average control student. Furthermore, in
all three replications LMP variance was smaller under tutor-
ing than under conventional instruction. This happened
because tutoring adapted instruction to the specific needs
of each student. Finally, following feedback and correc-
tion, the tutored students were brought to their mastery

criterion of 90 percent for the first learning task (FT1B).
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As expected under random assignment, for the first task
LMP achievement was very similar under Mastery Learning and
conventional instruction. Moreover, LMP achievement was
lower and generally more variable here than under tutoring,
because these conditions did not adapt instruction to the
specific needs of each student. However, in all three rep-
lications, the Mastery students were brought to their mas-

tery criterion of 80 percent for the first learning task

(FT1B).

The Second Learning Task

At the end of the second learning task (FT2A), under
tutoring LMP achievement was uniformly higher and less vari-
able than before. 1In all three replications, LMP achieve-
ment was statistically higher under tutoring than under con-
ventional instruction, and in one case LMP variance was
statistically smaller. This happened because the tutored
students mastered the previous task at a very high level
ahd, on the new task, received instruction adapted to their
specific needs. And once again the tutored students were
brought to their mastery criterion (FT2B).

Under Mastery Learning, in all three replications LMP
achievement for the second task was higher than before. In
two cases, LMP achievement was statistically higher under
Mastery Learning than under conventional group instruction.

And LMP variance was uniformly smaller under Mastery Learn-
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ing. These changes occured because the Mastery students,
helped by feedback and correction from the previous task,
had begun to learn better under group instruction. On FT2B,
the Mastery students-vere again brought to their mastery
criterion.

Under conventional instruction, LMP means and variances
were approximately the same as before. This happened
because this group learned the first task at a lower level
and learned the second task under instruction which was not

adapted to the specific needs of each student.

The Third Learning Task

At the end of the third learning task (FT3a), in all
three replications LMP achievement was statistically higher
and less variable under tutoring than under conventional
instruction. This happened because tutored students mas-
tered the first two tasks to a high level and then learned
the third task under the close attention of the tutor. With
feedback and correction, again the tutored students reached
their mastery criterion (FT3B).

In all three replications, LMP achievement was higher
(in two replications significantly higher) under Mastery
Learning than under conventional instruction. Furthermore,
in all three replications achievement variance was lowver
under Mastery Learning than under conventional instruction

-- in one replication statistically lower. These changes
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show that the lower mental processes of the Mastery students
vere improving under group instruction. Finally, the Mas-
tery students were again brought to their criterion of mas-
tery for lower mental processes (FT3B).

Under conventional instruction students did not receive
the feedback and correction necessary to master lowver mental
processes of early tasks at high levels. Furthermore, they
learned the third task under instruction which was not
adapted to the specific needs of each student. Under con-
ventional group instructions, lower mental process achieve-
ment remained approximately constant over the third task.
This happened because lower mental processes were not mas-
tered at high levels on early tasks and because the third
task was learned under instruction which was not adapted to

the specific needs of each student.

Final LMP Achievement

Final lower mental process achievement was, in all
three replications, statistically higher and more homogene—A
ous under tutoring than under conventional instruction. 1In
fact, by the end of instruction, the average tutored student
had mastered lower mental processes at a level above 95 per-
cent of thé control students. Under tutoring, final LMP

achievement was so high because each task was mastered at a

high level.
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Under Mastery Learning, final LMP achievement was, in
all three replications, statistically higher than under con-
ventional instruction. Furthermore, LMP variance under Mas-
tery Learning was uniformly lower. Under Mastery Learning,
the average student mastered lower mental processes at a
jevel above 83 percent of the control students. This hap-
pened because, over the series of tasks, the Mastery stu-
dents had begun to learn more effectively under group condi-
tions.

Under conventional conditions, where instruction was
not adapted to the specific needs of each student, each new
task was learned less well and thus final achievement was at
low levels and highly variable.

Higher Mental Processes, Over Ti@e, Under Three Qualities Of
Instruction

In Table 6, we analyze higher mental process achieve-
ment for the three replications of this study. Table 6 fol-
lows the format of Table 5. Higher mental processes vere
estimated from test items at the Application or Analysis
levels of the Taxonomy. For this research, higher mental
processes were solving problems different from those encoun-
tered during instruction and distinguishing relevant from
irrelevant information in developing solutions to problems.
As before, we analyze higher mental processes for each

learning task and for final achievement.
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TABLE 6

HIGHER MENTAL PROCESS ACHIEVEMENT, OVER TIME,
UNDER THREE QUALITIES OF INSTRUCTION

FT1A FT1B FT2A FT2B FT3A FT3B POSTTEST
Site 1 - Grade 4
TUTORING MEAN  74.21 80.21 54.55* 85.91 53.15* 88.11 56.89*
N=22 STD 20.57 18.11 22.83 14.69 22.13* 15.15 16.61
(1.58)
MASTERY MEAN 66.12 73.12 44.33  74.33 39.01  60.99 46.59*
N=31 STD 26.38  21.37 24.59 19.60 15.37 15.17 19.23
E-S ) (.90}
1 .
CONVENTIONAL MEAN  58.04 .- 33.93 - 36.75 -- 33.00
N=32 STD.  25.51 - 22.50 - 12.68 -- 15.08
F STATISTIC 2.83 4.81 6.61 11,564+
Site 1 - Grade 5
TUTORING MEAN 84.21 90.48 74.29% 91.43 54.62* 90.77 68.68*
N=22 STD 19.30 17.34 23.14 9.10 12,70 11.60 16.51
E-S (2.65)
MASTERY MEAN 74.17 78.67 46.67  73.33 42,71 72.68 53.38*
N=30 STD 21.17 16.85 19.61 13.01 15.60 12.26 17.99
» (1.47)
CONVENTIONAL MEAN  73.27 - 43.67 = 32.82 - 34,21
N=31 STD 20.21 -- 19.56 - 14,13 13.02
F STATISTIC 2.17 15.57** 13.88+* 31.18%%*
Site 2 - Grade 5
TUTORING MEAN  63.13* Sl.17 71.37* 93.04 76.04* 91.78 87.36*
- N=36 STD 13.59 11.62 12.26  11.33 10.67* 10.31 7.51%e
E-S (2.11)
MASTERY MEAN 53.44 79.63 61.50* 84.44 66.14* 82.01 73.06*
N=36 STD 13.90 12.07 12.53  12.01 12.62 11.73 11.48
E-S (1.21)
CONVENTIONAL MEAN  47.61 - 53.54 - 55.10 - 54.03
N=36 STD 13.53 - 14.19 - 16.38 - 15.76
F STATISTIC C12.14%%# 16.94%** 21.89%*+ 71.13%**
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The First Learning Task

At the end of the first learning task (FT1lA), in all
three replications higher mental processes under tutoring
were superior to higher mental processes under conventional
instruction. 1In one case, this difference was statistically
significant. In two cases, HMP achievement under tutoring
was less variable than under conventional instruction.
Tutored students learned higher mental processes so well on
the first task because instruction was adapted to their spe-
cific needs. And following feedback and correction, the
tutored students were brought to their mastery criterion for
the first learning task (FT1B).

Under Mastery Learning, HMP achievement was initially
lower than under tutoring and was very similar to HMP
achievement under conventional instruction. This happened
because the Mastery and the conventional groups learned the
first task under similar conditions. But following feedback
and correction, the Mastery students were brought to their

criterion for the first learning task (FT1B).

The Second Learning Task

At the end of the second task (FT2A), in all three rep-
lications HMP achievement was statistically higher under
tutoring than under conventional instruction. This happened
because the tutored students mastered higher mental proc-
esses from the first task at a high level and learned the

second task under. the constant_attention pf the tutor.
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After feedback and correction, the tutored students again
reached their mastery criterion (FT2B).

Under Mastery Learning, in all three replications HMP
achievement for the second task was higher (in one case sig-
nificantly higher) than under conventional instruction.

This happened because the Mastery students had feedback and
correction for higher mental processes at the end of the
previous task, which helped them learn HMP for the second
task better. Following feedback and correction, the Mastery
students again reached criterion (FT2B).

At the first site, HMP achievement on the second task
has -slipped well below the levels of achievement for the
first task. Furthermore, at the first site only the tutored
students of the fifth grade have reached the mastery cri-
terion. This happened because the tests of higher mental
processes were too difficult for these students. Before the
study at the second site, the instruments were revised and,
as a result, the pattern of HMP achievement at the second
site more closely approximates the pattern we expected. In
any event, despite problems with the instruménts, HMP
achievement under tutoring and Mastery Learning was superior

to HMP achievement under conventional instruction.

The Third Learning Task

At the end of the third learning task (FT3a), in all
three replications HMP achievement under tutoring was sig-

nificantly higher than under conventional instruction. The
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tutored students achieved so well because they learned the
first two tasks at higher levels and learned the third task
under the constant attention of the tutor. Following feed-
back and correction, the tutored students were again brought
to their mastery criterion for the third learning task
(FT3B).

In all three replications, HMP achievement under Mas-
tery Learning was superior to HMP achievement under conven-
tional instruction. Mastery students learned higher mental
processes so well for this task because they had begun to
learn better under group instruction. Following feedback
and correction, the Mastery students wvere again brought to
criterion for the third learning task (FT3B).

Under conventional instruction, HMPiachievement vas
again at low levels. Here students learned the first two
tasks at low levels and learned the third task under
‘instruction which was not adapted to the specific needs of

each student.

Final HMP Achievement

Final HMP achievement was, in all three replications,
significantly higher under tutoring than under conventional
instruction. In fact, by the end of instruction the average
tutored student mastered higher mental processes at a level
above approximately 98 percent of the control students. The

high level of final HMP achievement under tutoring is
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explained by the high levels of achievement over the series
of tasks.

In all three replications, final HMP achievemenf was
significantly higher under Mastery“Learning than under con-
ventional group instruction. The average Mastery student
learned higher mental processes at a level above approxi-
mately 88 percent of the students under conventional
instruction. Final HMP achievement was at high levels under
Mastery Learning because, over the three learning tasks,
Mastery students had begun to learn better under group
instruction.

Finally, given the low levels of HMP achievement over
the series of tasks, the low levels of final HMP achievement

under conventional instruction are not surprising.

We summarize the discussion of lower and higher mental
process achievement by referring to Figures 2 and 3. These
figures display lower and higher mental processes under
tutoring, Mastery, and conventional conditions over the
series of tasks and at the end of instruction.

Under tutoring, ‘achievement was initially higher than
under Mastéry and conventional coﬁditions. Over the series
of tasks, the achievement of the tutored students became far
superior to the achievement of the students under conven-
tional instruction. In fact, the final achievement of the

average tutored student was above approximately 95 percent
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Fig. 2. =-- Graph of LMP achievement under
tutoring, Mastery, and conventional conditions.
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Fig. 3. =-- Graph of HMP achievement.ur}der
tutoring, Mastery, and conventional conditions.
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of the control students. And under tutoring, the distribu-
tion of achievement had changed such that approximately 90
percent of the tutored students achieved at a level reached
only by the top 20 percent of the control students. This
happened because instruction adapted to their specific needs
helped the tutored students master every task at a high
level.

Under Mastery Learning, achievement was initially very
similar to achievement under conventional group instruction.
But because the Mastery students began to learn better under
group instruction, their achievement soon became superior.
At the end of instruction, the average Mastery student
achieved at a level above approximately 85 percent of the
students under conventional instruction. And approximately
60 percent of the Mastery students achieved at a level
reached only by the top 20 percent of the control students.

Under conventional group instruction, the specific
needs of most students were rarely met. As a result, each
task was learned less effectively and final achievement here
was considerably below final achievement under the other
conditions.

In the next section, we will relate these large differ-
ences in achievement to differences between the treatments
in time on-task and instructional processing behaviors. We
will thus put some flesh on our assertions that the tutored

students achieved at such high levels because instruction
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was constantly adapted to their specific needs and that the
Mastery students achieved at high levels because they began
to learn better under group instruction.

Instructional Quality, Students’ Achievement, And Students'
Learning Processes

In our examination of the first hypothesis, we demon-
strated that achievement depends on the degree to which the
instruction is appropriate to the specific needs of each
student. More specifically, we demonstrated that achieve-
ment under tutoring and Mastery Learning is significantly
superior to achievement under conventional instruction.
However, achievément is not an outcome from a "black-box".
Research comparing learning under Mastery and conventional
conditions suggests that differences in achievement are
related to differences in students' processing behaviors and
levels of active participation (Hecht, 1977; Nordin, 1979).

The second hypothesis examines these relationships under

tutoring.

HYPOITHESIS‘ 2: ACHIEVEMENT IS DETERMINED BY STUDENTS'
LEARNING PROCESSES, WHICH, IN TURN, ARE DETER-
MINED BY THE QUALITY OF THE INSTRUCTION.

We have already discussed the three qualities of

instruction: tutoring, Mastery Learning, and conventional.
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Students' learning processes include their use of
instructional time (time on-task and rate of learning) and
their instructional processing behaviors (cues, participa-
tion, reinforcement, and feedback and correction). We will
define use of instructional time and instructional process- -
ing behaviors more precisely at the appropriate places in
the analysis.

In our analysis of the second hypothesis, we wish to
emphasize instructional matters rather than cognitive psy-
chology. For this purpose it was convenient to combine each
student's lower and higher mental process scores into a
total.

The second hypothesis was examined only at the second
site. The analysis of the second hypothesis is guided by
this question: Are differences in achievement related to
differences in students' learning processes and use of
instructional time under different qualities of instruction?

The second hypothesis is analyzed in two parts. First,
we analyze students' processing behaviors, over the series
of learning tasks, under the three qualities of instructicen.
Second, we analyze the relationship between achievement and
use of time under the three qualities of instruction.

Students' Processing Behaviors, Over Time, Under Three
" Qualities Of Instruction

In this section, we analyze students’ processing behav-

ijors, over the three learning tasks, under tutoring, Mastery

Learning, and conventional group instruction.
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Following Bloom (1976), we define four components to
students' processing of instruction. These components --
cues, participation, reinforcement, and feedback and correc-
tion -- were monitored by observation and by students'’
self-reports.

Periodically all students reported the following: (1)
whether they understood the instructional cues; (2) whether
they participated frequently in the learning activities; (3)
whether they were rewarded during their learning; (4)
whether they received adequate feedback and corrective help.

analyzing the interactions between the instructor and
each student, observers rated the following: (1) how the
teacher or tutor managed instructional cues for individual
learners; (2) how the teacher or tutor managed the partici-
pation of individual learners; (3) how the teacher or tutor
reinforced individual learners; (4) how the teacher or tutor
provided feedback and correction for individual learners.

For each processing behavior, the observation and
self-report scores were added to form an overall score for
each student. For each processing behavior, Figure 4 dis-
plays the overall scores, over time, under tutoring, Mastery
Learning, and conventional instruction. Since numerical
scores of processing behaviors have little intuitive mean-
ing, we express the vertical axis in Figure 4 as "less fav-
orable - more favorable". An "O" marks a spot where a par-

ticular processing behavior was statistically more favorable
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Fig. 4. -- Processing behaviors, over time,
under tutoring, Mastery, and conventioral
conditions.
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under tutoring or Mastery Learning than under conventional
group .instruction. We will discuss differences between the

treatments separately for each processing behavior.

Cues

Instructional cues indicate what are the main points of
each lesson and what the students must do in learning them,
Cues may be presented verbally, in writing, or through audi-
o/visual aids. To monitor cues, observers rated the degree
to which the teachers and tutors communicated the main
points of each lesson to each student. And students
reported vhether the main points of each lesson were clear
to them.

With only 3 learners, tutors were able to adapt cues to
the specific needs of each -- sometimes by repetition, some-
times by provision of different cues, and often by step-by-
step explanation. Consequently, for the first learning
task, cues under tutoring were statistically more favorable
than cues under conventional instruction. And for the
tutored students, instructional cues improved over time.

.Observers reported that, over time, as the tutors became
more familiar with the learning needs of each student, they
gained skill in providing appropriate cues. Students
reported that, over time, they were better understanding the

main points of each lesson.
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Because the Mastery and the control teachers had to
instruct 30 students, under those conditions cues were ini-
tially less favorable than under tutoring. However, over
time the Mastery students reported they were better under-
standing the main points of each lesson. This happened
because these students became well-prepared for new learning
tasks through feedback and correction from previous tasks.

Under conventional instruction, where the teacher could
not communicate the task perfectly to each student and where
the students did not receive periodic feedback and correc-

tion, cues remained at at less favorable levels than under

the other conditions.

Participation

Participation is the student's active engagement in
learning activities. We will discuss one dimension of par-
ticipation, time on-task, later. Here we stress students'’
participatory behaviors. To estimate participation, observ-
ers rated the degree to which learning activities were
assigned and supervised for each student. Students reported
their overt participation (as in reciting aloud) and their
covert participation (as in attending quietely to the dis-
cussion).

Wwith only 3 learners, tutors easily assigned and super-
vised learning activities for each student. Not surpris-
ingly, even on the first task the tutored students were par-

ticipating significantly more than the control students.
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And over the series of tasks, the participation of ;he
tutored students increased, fixing the learning mdre firmly
in their minds..

Under Mastery and conventional conditions it was more
difficult for the teacher to assign and supervise adequate
participation for each of 30 students. As expected, for the
first task both Mastery and control students were partici-
pating less than the tutored students. As the Mastery stu-
dents became increasingly well-prepared for new learning
tasks, they began to participate more. This helped to fix
the learning firmly in their minds. In contrast, because
the control students were not well-prepared for new tasks
they found learning more difficult, and began to participate

less. As a result, over time learning was less firmly fixed

in their minds.

Reinforcement

Reinforcement is the reward of students' successful
learning or the correction of their unsuccessful learning,
with the expectation that the revard or the correction will
spur further successful learning. To estimate reinforce-
ment, observers rated the degree to which each student
received praise or correction. Students reported whether
they found satisfaction in their learning.

With only 3 learners, tutors were easily able to praise

and correct each one. Consequently, for the first task
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reinforcement was more favorable under tutoring than under
conventional instruction. Very early, tutored students
found more satisfaction in their learning. And since the
tutored students achieved at very high levels over time,
this plus the attention of the tutor made their learning
very satisfying.

With 30 learners, the Mastery and the control teachers
were unable to praise and correct each one. Consequently,
for the first task reinforcement was less favorable for the
Mastery and the control s;udents than for the tutored stu-
dents. As their achiévement improved, Mastery students
found more satisf;;tion in their learning. In contrast,
with their achievement remaining at low levels, the control

students found less satisfaction in their learning.

Feedback and Correction

When cues, participation, and reinforcement are managed
well, learning will be very efficient. But inevitably
errors occur. Feedback identifies these errors so they can
be systematically corrected. Even under highly effective
instruction, if students are to be well-prepared for succes-
sive learning tasks, a systematic process of feedback an§
correction is indispensable. To monitor feedback and cor-
rection, observers rated the degree to which each learner's
errors were identified and corrected. Students réted

whether they got enough help to understand the lesson.
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With only 3 learners, the tutors were easily able to
identify and correct errors as soon as they occured. Conse-
quently, for the first task feedback and correction were
significantly more favorable under tutoring than under con-
ventional instruction. Over time, feedback and correction
improved under tutoring, as the tutors became better at
identifying and correcting each student's errors and as the
students became accustomed to the formative testing process.
| With 30 learners, the Mastery and control teachers
could not identify and correct the errors of each. Conse-
quently, under both Mastery Learning and conventional group
instruction, feedback and correction were initially less
favorable than under tutoring. As the Mastery students
became accustomed to the formative testing process, over
time they got better at identifying and éorrecting their
errors during learning. In contrast, the constant level of
feedback and correction under conventional instruction
reflects the constant difficulty of jdentifying and correct-

ing the errors of each of a large group of students.

In summary, we have shown in this section how differ-
ences in students processing behaviors over time help
explain differences in achievement under tutoring, Mastery
Learning, and conventional group instruction.

Because tutoring adapted instruction to the specific

needs of each student, over time the tutored students proc-
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essed instruction more efficiently. Through cues, they
understood the main points of each lesson. Through partici-
pation, the main points of each lesson were firmly fixed in
their minds. Through feedback and correction, their errors
were controlled. Through reinforcement, their learning was
a source of great satisfaction. And as a result of these
efficient learning processes, achievement under tutoring was
at very high levels.

Because they were well-prepared for each learning task,
over time the Mastery students processed instruction more
efficiently under group conditions. They began to partici-
pate more actively, to understand the main points of each
lesson, to identify and correct their errors, and to find
considerable satisfaction in their learning. And since
their learning behaviors were efficient, the achievement of.
the Mastery students was at high levels.

Because the instruction was not adapted to their spe-
cific needs, over‘time the control students processed
instruction less efficiently. They had greater difficulty
understanding the main points of each lesson; they did not
participate actively enough to fix the main points firmlf.in
their minds; they did not receive sufficient feedback and
correction to control their errors; and they found less
satisfaction in their learning. It shoﬁld not be surprising

that the achievement of these students never reached high

levels.
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Learning Time And Achievement Under Three Qualities Of
Instruction

In the previous section we saw how, over a series of
tasks, differences in students' learning behaviors explain
differences in achievement under tutoring, Mastery Learning,
and conventional group instruction. In this section, we
relate differences in achievement to differences between the
instructional treatments in the amounts of time students
spend actively ehgaged in learning. .We examine three basic
issues.

First, how do instructors allocate instructional time
and how do students use instructonal time under tutoring,
Mastery Learning, and conventional group instruction?

Second, how are differences in achievement related to
differences between the treatments in students' levels of
attention (time on-task)?

Third, what are the rates of learning under tutoring,
Mastery, and conventional conditions?

Total Learning Time Under
Three Qualities of Instruction

To lay the groundwork for the analysis of learning
rates, in this section we analyze differences between the
treatments in time on-task and time spent in correction.
This analysis is presented in Table 7. While generally fol-
lowing the format of Tablé 5, Table 7 introduces a new sta-
tistic: the ratio, for each variable, of the tutoring and

the Mastery means to the mean of the conventional group.
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TABLE 7

USE OF INSTRUCTIONAL TIME
UNDER TUTORING, MASTERY, AND CONVENTIONAL CONDITIONS

et om0 actIve® aoprned  rrTme® 1o seent”
TUTORING MEAN | 468 .82%* 384 s0* 51844 4340
N=36 STD 36 .07 42 - 22 43 44
MASTERY "MEAN 469 .T4* 347* 68 5370 415*+
Na36 STD 34 .11 39 25 38 33
CONVENTIONAL ~MEAN 472 .67 319 - 472 319
Ne36 STD 3s .17 52 - s 52
P STATISTIC .15 13ewe 19n*e 11eer 26%2* T3ews
MEAN RATIOS T/C 1.0 1.22 1.21 - 1.10 1.36
’ M/C 1.0 1.10 1.09 Lt 1.14 1.30
* =p .05‘ -
** =p L0l
#+¢ = p 001

4rime present for initial instruction (500 possible).
b?:oportion of time on-task averaged over three units.
Cactive learning time during initial instructied {1 x 2).
dExtra time for correction following formative tests.
®potal instructional "clock-time” (1 + 4). =
gzstimated total active learning time (3 + 4).
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Thus under ACTIVE, 1.21 = 384/319 estimates that the average
tutored student spent 21 percent more time actively learning
than the average control student.

The same amount of time (500 minutes) was allocated for
initial instruction under all three conditions. There were
no differences between the treatments in the average amounts
of time students were present for initial instruction
(ITIME). There were, however, significant differences in
the proportions of time students were on-task during initial
instruction. During initial instruction the average tutored
student was on task 82 percent and the average Mastery stu-
dent was on-task 74 percent -- compared to 67 percent for
the average control student.

The average tutored student received 468 minutes of
instruction, of which 384 were spent actively learning
(ACTIVE). The average Mastery student received 469 minutes
of instruction, of which 347 were spent actively learning.
The average control student received 472 minutes of instruc-
tion, of which 319 were spent actively learning. In other
words, during initial instruction the average tutored stu-
dent spent about 21 percent more time actively learning than
the average control student, and the average Mastery student
spent about 9 percent more time actively learning than the
average control student. These differences resulted simply
because the tutored and Mastery students were more actively

engaged in learning than the control students.
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Tutored and Mastery students had greater active learn-
ing time not only because they were on-task more, but also
because they received feedback and correction following each
formative test. The average tutored student required an
additional 50 minutes to complete the corrective procedures,
the average Mastery student required an additional 68 min-
utes. Interestingly, even though the tutored students were
held to a higher criterion than the Mastery students (S0
percent to 80 percent), the tutored students completed the
corrective activities in less time. This happened because
the tutored students had initially achieved at high levels,
and because the tutors managed correction more efficiently.

Wwhen time spent in correction is added to time spent
for initial instruction, the average tutored student spent
10 percent more "clock-time" (TITIME) in instructional
activities than the average control student. The average
Mastery student spent 14 percent more "clock-time" in
instructional activities than the average control student.

Lastly, when time spent for correction (ADDTIME) is
added to time spent actively learning (ACTIVE), we see that
the average tutored student spent about 36 percent more time
actively learning than the average control student. And the
average Mastery student spent about 30 percent more time
actively learning than the average control student. In this
section, we have shown that differencs in time on-task and

extra time for correction combine to produce considerably
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greater active learning time under tutoring and Mastery
Learning than under conventional group instruction. In the
next section, we show how differences in time on-task during
initial instruction are related to differences in achieve-

ment.

Time On-Task and Achievement
Under Three Qualities of
Instruction

The amount of time students are actively engaged in
learning has consistently proven to be highly predictive of
their achievement -- accounting for as much as 60 percent of
achievement variance (Arlin, 1973; Anderson, 1973; Laha-
derne, 1967; Ozcelik, 1973). This fact helps explain the
large differences in achievement typically found under Mas-
tery and conventional conditions. For instance, Anderson
(1973) found that Mastery and control students were ini-
tially on-task approximately 75 percent. On the second
unit, Mastery students were on-task approximately 79 percent
-- compared to 65 percent for the controls. And on the
final unit, while the controls dropped to 63 percent on-
task, the Mastery students were on-task 83 percent. Spend-
ing so much more time actively learning, it is no surprise
that the Mastery students achieved more.

Since tutoring was adapted to the specific needs of
each student, we expected the tutored students to be on-task

more than the other students.
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We expected that the Mastery and the control students

would initially be on-task about the same amount. However,

wve expected that as their learning processes improved, over

time Mastery students would be more on-task, while the stu-

dents under conventional group instruction would spend about
the same proportion of time on-task.

In Table 8, we analyze achievement and time on-task
under tutoring, Mastery Learning, and conventional group
instruction. Table 8 follows essentially the same format as
Table 5. Achievement (ACH) is percent correct from the
first formative test of each unit. Percent of time on-task
(TOT) was estimated from observations of each student's
behaviors during instruction. Students were rated "on-task"
when they were observed to be actively participating in the
learning activities (p. 61).

Because tutoring was adapted to the specific needs of
each student, time on-task and achievement were both signif-
icantly higher here than under conventional instruction. On
the other hand, because the Mastery and control students
learned the first task under group conditions, their time
on-task and achievement were lower at lower levels.

on the second unit, learning behaviors under tutoring
had become even more effective than before. As a result,
under tutoring time on-task and achievement reached higher
levels than before, significantly higher than under conven-
tional instruction. Learning behaviors under Mastery Learn-

ing had also become more effective than before. As a
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ACHIEVEMENT AND TIME ON-TASK
UNDER THREE QUALITIES OF INSTRUCTION
UNIT 1 UNIT 2 UNIT 3
ACH TOT ACH TOT ACH TOT
TUTORING MEAN 7E.00%*  .78%%  76.33%%  _82%** 79.56%%  87x*¥
n=36 STD 13.53 .09%  11.33 L07**% 10.57%  L06***
MASTERY MEAN 59.51 .68 67.52%  .75%  T0.72%*  .79%*
n=36 STD 13.77 .13 12.62 J11%% 12.33 09 **
CONVENTIONAL MEAN 57.24 .64 59.08 .68 60.56 .66
n=36 STD 13.94 .14 13.95 .18 16.21 .20
F STATISTIC 10.51  12.59 16.66 10.71 18.54  23.47
*kk *d % * k% %k Xk % J Xk * k¥

p &.05
p &.01
*%% = p ¢ .001

*%
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result, time on-task and achievement were now significantly
whigher under Mastery Learning than under conventional
instruction.

On the third unit, as learning behaviors under tutoring
became very effective, time on-task and achievement were
significantly higher than under conventional instruction.
Learning behaviors under Mastery Learning also became more
effective. Thus time on-task and achievement became signif-
icantly higher than under conventional instruction. 1In con-
trast, because their learning behaviors remained less effec-
tive, the time on-task and the achievement of the control
students remained at lower levels.

In Figure 5, we graph time on-task together with
achievement under tutoring, Mastery, and control conditions
for the three units. Figure 5 makes clear how, over time,
time on-task and achievement improve under tutoring and Mas-
tery Learning while remaining approximately constant under

conventional group instruction.

In summary, as processing behaviors grow more effective
under tutoring and Mastery Learning, time on-task improves,
and with this achievement improves. In the next section, we
further analyze the use of instructional time under tutor-

ing, Mastery Learning, and conventional group instruction.
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Fig. 5. -- Graph of achievement and ?ime on-
task under tutoring, Mastery, and conventional
conditions.
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Rate of Learning Under Three
Qualities of Instruction

We have seen that students under tutoring and Mastery
Learning spend a great deal more time actively learning than
students under conventional instruction. We will now relate
these differences in active learning time to differences in
final achievement. But first, in order to account for dif-
ferent types of active learning time (time on-task, clock-
time for initial instruction, and extra time for corrective
procedures), we must develop some conceptual and computa-

tional machinery.

Following Carroll (1963), we express final achievement

as the ratio of two time parameters:

degree of achievement = TIME SPENT/TIME NEEDED.

TIME SPENT is time spent actively learning. It can be cal-
culated either as "clock-time" or as "time on-task". We
will see the difference shortly.

TIME NEEDED estimates the rate of learning. It is

expressed as:

TIME NEEDED = TIME SPENT/TEST SCORE.

wWwhen TIME SPENT is calculated as "clock-time", TIME
NEEDED estimates the amount of clock-time needed to learn a
task to a level of 100 percent,'given the actual level of

time on-task. This we call the CLOCK-TIME LEARNING RATE.
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When TIME SPENT is calculated as amount of "time on-

task", TIME NEEDED estimates the amount of time on-task
needed to learn a task to a level of 100 percent. This we
call the TIME ON-TASK LEARNING RATE. The difference between
the two rates is that the former includes all instructional
time while the latter includes only time spent actively
learning.

The CLOCK-TIME LEARNING RATE and the TIME ON-TASK
LEARNING RATE are the tools we need to relate differences in
achievement to differences between the treatments in the
amounts of time students are actively learning.

In Table 9, we relate differences in final achievement
to differences between the treatments in amounts of time
students spent in learning. We note that the tutored and
the Mastery students spent somewhat more time in learning
than the control students -- 10 percent more and 14 percent
more, respectively. However, average final achievement was
much higher under tutoring and Mastery Learning: approxi-
mately 87 percent and 75 percent, respectively -- in con-
trast to approximately 57 percent under conventional
instruction.

Tutored and Mastery students spent only slightly more
time in instruction than the control students. Yet the
tutored and Mastery students achieved at significantly
higher levels than the controls. The reason for this is
explained by the pattern of learning, over time, under

tutoring and Mastery Learning.
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TABLE 9

ACHIEVEMENT AND ACTIVE LEARNING TIME
UNDER THREE QUALITIES OF INSTRUCTION

pINAL®  CLOCK-TIMED TIME SPENT® crocx-Tnved TIME ON-TASK®
T ACH SPENT ON-TASK LEARNING RATE LEARNING RATE
TUTORING MEAN 86.58%* s1ges 4340y 607*+ 505
N=36 S0 1.55 .43 4" 77 70,
MASTERY MEAN 75.19%% 5370 4150 72100 559¢
N=36 sTD  11.13 38 13 83 87
CONVENTIONAL MEAN 57.08 412 319 835 615
N=36 STD  14.27 <38 52 147 120
P STATISTIC §2.16%%%  27%em | 2w A1ree 1200+
MEAN RATIOS T/C  1.52 1.10 1.36 1.38 1.22
M/c  1.32 1.4 1.30 1.16 1.10

*+ =p< .05
** = pg .01l
*et = P < .001

. 8percent correct.
' h'rime for initial instruction plus correctives.
Camount of initial instruction spent on-task.
dCJ.cck-time needed to learn task to 100 percent correct (2/L) .
€rime on-task needed to learn task to 100 percent correct (3/1).
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On each unit, tutoring adapted instruction to each
learner's specific needs. Consequently, on each unit
achievement under tutoring was at high levels. With initial
achievement at high levels, relatively little extra time was
needed for correction. As a result, final achievement under
tutoring was very high in relation to the total amount of
time used.

After the first unit, Mastery students began to learn
better under group instruction. This happened because these
students received feedback and correction which made them
well-prepared for each new unit. Since achievement was
improving and correction was managed efficiently, final
achievement under Mastery Learning was high in relation to
the total amount of time used.

The learning rates demonstrate the extent to which time
was used more efficiently under tutoring and Mastery Learn-
ing than under conventional instruction. The CLOCK-TIME

LEARNING RATE estimates how much instructional time would be

required under a given treatment for the average student to
learn probability to a level of 100 percent correct. This
estimate is 607 minutes under tutoring and 721 minutes under
Mastery Learning. In contrast, to learn to the same level
the averge control student would have required 835 minutes
of instruction. Put another way, to learn probability to
100 percent the average tutored student would have needed

approximately 17 percent more instructional time and the
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average Mastery student approxiﬁétely 35 percent more
instructional time than the amounts they actually spent. In
contrast, to learn to the same level the average control
student would have needed approximately 77 percent more
instructional time than the amount actually spent.

The TIME ON-TASK LEARNING RATE estimates how much

active learning time would be required under a given treat-
ment for the average student to learn probability to a level
of 100 percent correct. This estimate is 505 minutes under
tutoring and 559 minutes under Mastery Learning. In con-
trast, to learn to the same level the average control stu-
dent would have required 615 minutes of time on-task. Put
another way, the average tutored student could have learned
probability to 100 percent in approximately 16 percent more
time on-task and the average Mastery student in approxi-
mately 35 percent more time on-task than the amounts they
actually spent. In contrast, to learn to the same level the
average control student would have required approximately
twice as much time on-task as was actually spent.

We did not examine use of instructional time in such
detail only to demonstrate that while control students were
still struggling to learn, the tutored and the Mastery stu-
dents could have been playing hopscotch or watching televi-
sion. The point of these findings is that, as instruction
becomes adapted to the specific needs of each student, more

is learned per unit of time -- whether that unit is clock-
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time or time on-task. Or in other words, as instruction
becomes adapted to the specific needs of each student,
learning becomes not just effective, but efficient.

Instructional Quality And Students’ Retention Of Lower And
Higher Mental Processes

Research on instruction has looked very closely at
final achievement, less closely at retention. In reviewing
research on Mastery Learning, Block and Burns (1977) found
only 7 studies comparing retention under Mastery and non-
Mastery conditions., These studies contained 20 comparisons
of retention under the Mastery and non-Mastery conditions.
In 11 comparisons, retention was significantly higher under
Mastery than under non-Mastery conditions. In the other 9
comparisons, retention was higher, but not significantly
higher under the Mastery conditions. This suggests that
when final achievement is at high levels retention will also
be at high levels.

Very few studies have examined the mental processes
retained under different instructional conditions. One
study suggests that Mastery students retain significantly
more lower mental processes, but not significantly more
higher mental processes, than students in non-Mastery con-
ditions (Poggio, 1976). We have been unable to locate a |
single study examining the levels of mental processes

retained under tutoring.
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This research recognizes that a full understanding of

the effects of instructional conditions must include knowl-
edge of how those instructional conditions affect retention.
This research is unique in examining retention of lower and

higher mental processes under instruction which is adapted
to the specific needs of each student. The third hypothesis

vas formulated to examine this relationship.

HYPOTHESIS 3: STUDENTS' RETENTION OF LOWER AND
HIGHER MENTAL PROCESSES IS DETERMINED BY
THE QUALITY OF THE INSTRUCTION.

wWe have described tutoring, Mastery Learning, and con-
ventional group instruction before. Retention of lower and
higher mental processes Wwas estimated from an instrument
which was a parallel form of the achievement posttest. The
test of retention was administered approximately 3 weeks
after the posttest. In these 3 weeks, students received no
instruction in probability, the subject taught in this
research.

We expected that retention of lower and higher mental
processes would greatly depend on the level at which they
were mastered at the end of instruction. In this sense, we
expected that the third hypothesis would be satisfied to the

degree that the first hypothesis was satisfied.
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In Table 10 we analfze retention of lower and higher
mental processes under tutoring, Mastery Learning, and con-
ventional group instruction. For purposes of comparison, we
repeat in Table 10 the posttest results. Table 10 reveals
that there are large and statistically significant differ-
ences in retention under the different instructional condi-
tions.

The average tutored student retained lower mental proc-
esses at a level above approximately 96 percent of the stu-
dents under conventional instruction. And 88 percent of the
tutored students retained lower mental processes at a level
reached by only the top 20 percent of the control students.

Under tutoring, higher mental processes were retained
at even higher levels. The average tutored student retained
higher mental processes at a level above approximately 98
percent .of the control students. And 96 percent of the
tutored students retained higher mental procesSes at a level
reached by only the top 20 percent of the control students.

Under Mastery Learning, the average student retained
lower mental processes at a level above approximately B4
percent of the control students. And 57 percent of the Mas-
tery students retained lower mental processes at a level
reached by only the top 20 percent of the control students.
Furthermore, the average Mastery student retained higher
mental processes at a level above approximately 87 percent

of the control stﬁdents. And 64 percent of the Mastery
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FINAL ACHIEVEMENT AND RETENTION
UNDER THREE QUALITIES OF INSTRUCTION

Lower Mental Processes

POST

RETENTION

MEAN ~ 88.47%* 85.28%*
TOTORENG STD  7.64%* 8.70%
E-5  (2.11) (1.71)
MEAN = 79.72%* 76.81%*
MASTER STD  10.75 10.96
E-5  (1.40) (1.01)
MEAN  62.50 64.58
CONVERTIONAL STD  12.28 12.29
F STATISTIC 57.70%%* 34.20%%*
Higher Mental Processes
MEAN 87.36** 87.22%*
TUTORLNG STD  7.5L%** 9.37%*
E-S  (2.11) (1.99)
MEAN 73.06%* 74.72%*
MASTESY STD  11.48% - 11.39
E-S  (1.21) (1.13)
CONVENTIONATL MEAN 54.03 58.33
=36 STD 15.76 14.49
F STATISTIC 71.13%%% 53.03%%*

p <.05
< .01
p ¢ .001

%%
* k%
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students retained higher mental processes at a level reached
by only the top 20 percent of the control students.

The results in Table 10 demonstrate that, under tutor-
ing and Mastery Learning, both final achievement and reten-
tion of lower and higher mental processes are at high lev-
els.

In Figures 6 and 7, we plot LMP and HMP posttest and
retention scores for each student. These plots indicate
that there is a strong relationship between final achieve-
ment and retention of lower and higher mental processes.

For both lower and higher mental processes, retention corre-
lates approximately .75 with final achievement. This indi-
cates that students brought to high levels of final achieve-
ment tend to retain that achievement at high levels.

For a closer look at the relationship between final
achievement and retention we divided the distribution of
scores into quadrants. The upper-right quadrant includes
students whose posttest and retention scores were both 80 or
better. Interestingly, most of the students who scored high
on the posttest (to the right of the vertical line) scored
high on retention (above the horizontal line). This further
demonstrates that students brought to high levels of final
achieﬁement tend to retain that achievement at high levels.
A few control students and a handful of Mastery students
vere high on both final achievement and retention. By far

the majority of students who were high on both learned under

tutoring.
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Fig. 6. -— Final achievement and retention
of lower mental processes under tutoring, Mastery,
and conventional conditions.
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Fig. 7. -- Final achievement and retention
of higher mental processes under tutoring, Mastery,
and conventional conditions.
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on the basis of the analyses in Table 10 and the plots
in Figures 6 and 7, the third hypothesis is affirmed. We
conclude that students' retention of lower and higher mental
processes is determined by the level of their final achieve-
ment, which, in turn, is determined by the quality of the

instruction.

Instructional Quality And The Relationship Between Aptitude
And Achievement

Research on instruction has consistently demonstrated
(as we are reminded by the testing industry) that certain
generalized cognitive traits are excellent predictors of
achievement. The correlation between achievement and intel-
ligence, ability, or aptitude tends to be .5 or better
(Lavin, 1965). However, a growing body of research indi-
cates that, under certain instructional conditions, these
+traits become almost unrelated to achievement. For éxample,
Levin (1975) found that the correlation between ability and
achievement was lower under Mastery Learning than under con-
ventional instruction. Froemel (1980) found that, over six
months, the correlation between ability and achievement
remained almost constant under conventional instruction, but
steadily decreased ﬁnder Mastery Learning.

In the previous studies, the relationship between apti-
tude and achievement was contrasted under Mastery and con-
ventional conditions.“ This research went further in examin-
ing hovw the association between aptitude and achievement can

be reduced under improved instruction. This research exam-
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ined the relationship between aptitude and achievement under
tutoring, as well as under conventional and Mastery condi-
tions.

At the first site, aptitude was estimated from the
quantitative subtest of the Cognitive Abilities Test (caT).
At the second site, aptitude was estimated from the quanti-
tative subtest of the Science Research Associates Achieve-
ment Test (SRA). These instruments estimate computational
skills and knowledge and facility with ﬁathematical symbols,
concepts, and relations.

Because tutoring was adapted to the specific needs of
each student, we expected that under tutoring the associa-

_tion between aptitude and achievement would become very
weak. Because Mastery Learning provided periodic feédback
and correction, we expected that here the association
between aptitude and achievement would become weak. Because
conventional instruction neither adapted instruction to spe-
cific needs nor provided periodic feedback and correction,
we expected that here the association between aptitude and
achievement would become increasingly stronger. Put another
way, we expected that tutored and Mastery students would
achieve at higher levels than control students of the same
aptitude. Furthermore, we expected that, under tutoring and
Mastery Learning, students of lower aptitude and students of
higher aptitude wvould achieve at very similar levels, while

under conventional instruction students of higher aptitude
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would achieve at considerably higher levels than students of
lower aptitude.

Our analysis of the relationship between aptitude and
achievement is in two parts. First, ve present the correla-
tions, over time, between aptitude and’ achievement under the
three qualities of instruction. Second, we compare the
final low and high mental process ahievement of students of
low aptitude and students of high aptitude under each gqual-
ity of instruction.

Table 11 presents the correlations, over time, between
aptitude and lower and higher mental process achievement
under tutoring, Mastery Learning, and conventional group
instruction.

Under conventional group instruction, the association
between aptitude and achievement tends to increase over
time, becoming quite strong at the end. The exception is
for final HMP achievement in fourth grade, where the associ-
ation is quite weak. This may have happened because
achievement in that grade was so near the "floor". 1Ignoring
that case, aptitude accounts for between 20-50 percent of
final achievement variance under conventional group instruc-
tion. The association between aptitude and achievement
tends to be weaker, over time, under tutoring and Mastery
Learning than under conventional instruction. The chief
exception for tutoring is the high correlation for final LMP

achievement at grade 5 of the first site. The chief
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CORRELATIONS BETWEEN APTITUDE AND ACHIEVEMENT
UNDER THREE QUALITIES OF INSTRUCTION
UNIT 1 UNIT 2  UNIT 3  FINAL
Aptitude and LMP achievement
TUTORING .27 .24 .31 .32
2%2%314 MASTERY .35 .37 .44 .50
CONVENTIONAL .42 .50 .48 .71
_ . TUTORING .23 .42 .22 .78
géngls MASTERY .31 .27 .26 .26
) CONVENTIONAL .30 .48 .38 .50
TUTORING .30 .29 .23 .18
giggazs MASTERY .43 .33 .28- 233
CONVENTIONAL .38 .40 .45 .52
Aptitude and HMP achievement

TUTORING .26 .25 .34 .35
g§§3E14 MASTERY .33 .26 .21 .61
CONVENTIONAL .44 .63 .62 .26
TUTORING .25 .59 .17 .44
2§§5E15 MASTERY .33 .22 .23 .34
CONVENTIONAL .35 .52 .30 .44
TUTORING .33 .30 .25 .24
iéiigzs . MASTERY .40 .36 .27 .31
CONVENTIONAL .42 .35 .51 .67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



153
exception for Mastery Learning is the high correlation for
final HMP achievement at grade 4. Iignoring these anomalies,
aptitude accounts for as 1ittle as 3 to 20 percent of final
achievement variance under tutoring, and for 10 to 25 per-
cent of final achievement variance under Mastery Learning.

The correlational evidence in Table 11 demonstrates
that under conventional instruction the association between
aptitude and achievement is quite strong, undér tutoring and
Mastery Learning considerably weakened. We can see this
from a different perspective in Table 12,

Table 12 analyzes the final LMP and HMP achievement of
students of lower and higher aptitude under each quality of
instruction. Students above the aptitude median of each
instructional group were classified as high aptitude; stu-
dents below the aptitude median were classified as low apti-
tude. Two striking facts emerge in Table 12.

In all three replications, differences in achievement
petween students of low and high aptitude are much less
under tutoring and Mastery Learning than under conventional
instruction. Tutoring was adapted to the specific needs of
both low and high aptitude students. As a result, the dif-
ference in final achievement between tutored students of low
and high aptitude was very small. Through periodic feedback
and correction, Mastery students of both low and high apti-
tude were well-prepared for each new task. As a result, the
difference in final achievement between Mastery students of

low and high aptitude was small. Conventional instruction
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ACHIEVEMENT 154

OF LOWER AND HIGHER APTITUDE STUDENTS
' UNDER THREE QUALITIES OF INSTRUCTION

LOWER HIGHER
MENTAL PROCESS MENTAL PROCESS

LOWER HIGHER LOWER HIGHER
APTITUDE APTITUDE APTITUDE APTITUDE
TUTORING & MEAN  85.85 92.17 53.80 59.25
STD 15.13 10.52 17.20 16.12
MASTERY MEAN 69.25 77.25 . 42.41 50.77
‘ STD 18.75 15.08 " 20.42 18.12
CONVENTIONAL MEAN 53.20 64.56 30.17 36.33
STD 19.07 20.13 16.35 13.25
TUTORING b MEAN 92.69 95.01 66.23 71.13
STD 8.19 8.65 17.56 15.73
MASTERY MEAN 80.13 86.35 49.50 57.26
STD 15.15 13.14 19.35 16.77
CONVENTIONAL MEAN 63.81 73.11 28.87 39.52
STD 19.11 17.33 14.85 11.19
TUTORING © MEAN  86.79 90.15 85.27 89.45
STD 8.65 6.11 8.07 6.95
MASTERY MEAN 77.83 81.65 70.77 75.05
STD 12.34 8.55 12.36 10.33
CONVENTIONAL MEAN 57.75 67.25 48.83 59.23
STD 11.01 13.45 16.45 14.89

aSite 1 - Grade 4.
bSite 1 - Grdde 5.

Csite 2 - Grade 5.
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did not meet each learner's specific needs, nor did it pro-
vide systematic feedback and correction. As a result, here
students of high aptitude achieved considerably above stu-
dents of low aptitude.

Second, in all three replications low aptitude students
under tutoring and Mastery Learning learned more than high
aptitude students under conventional instruction. Under
tutoring, the final achievement of low aptitude students was
at such high levels because, under instruction adapted to
their specific needs, these students learned each task to a
high level. Under Mastery Learning, the final achievement
of low aptitude students was at high levels because periodic
feedback and correction made these students able to learn

new tasks better under group instruction.

Instructional Quality And Students' Affect

1t is often found that, as their achievement in a sub-
ject improves, students become more interested in the sub-
ject, come to value it more highly, and develop greater con-
fidence in their ability to learn it (Block, 1970; Arlin,
1973; Anderson, 1973; Ozcelik, 1973; Levin, 1973). We
expected achievement in probability to improve significantly
under tutoring and Mastery Learning. We also expected that
over time, as their achievement reached higher levels, the
tutored and the Mastery students would develop more positive
affect towards probability. In contrast, we expected that

over time, as their achievement remained at lower levels or
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decreased, the control students would develop very negative
affect toward probability.

We examined three dimensions of students' affect toward
probability. We estimated students' interest in probablity
from their desire to learn more about it. We estimated stu-
dents' attitude toward probability from the value they
placed on it in comparison to other subjects. Lastly, we
estimated students' self-concept in relation to probability
from the way they saw themselves as competent or incompetent
learners of this subject.

Affect was examined only at the second site. Interest,
attitudes, and self-concepts regarding probability were mon-
itored by students' self-reports before instruction, at the
end of each learning task, and after the students had been
informed of their final achievement.

Table 13 presents the analysis of affect, over time,
under tutoring, Mastery Learning, and conventional group
instruction. The affect scores analyzed in Table 12 are
composites of the interest, attitude, and self-concept
scores for each student. A higher score means more positive
affect.

As we expect under random assignment, affect toward
probablity was initially the same in all three treatments.
By the end of the first task, as their achievement became
significantly higher than the achievement of the control

students, the affect of the tutored students toward
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STUDENTS' AFFECT, OVER TIME,
UNDER THREE QUALITIES OF INSTRUCTION
PRETEST UNIT L UNIT _2_ IT 3 PCST
TUTORING MEAN 21.34 25.23%* 28.90%* 30.09%* 33.66%**
N=36 STD 8.65 8.13 8.15 7.72 8.05
MASTERY MEAN 23.77 23.15 25.42 27.35% 30.33%
N=36 STD 9.29 8.43 8.07 8.61 9.11
CONVENTIONAL MEAN 22.47 20.08 23.83 22.41 24.41
=36 STD 8.27 8.38 7.82 9.11 11.56
F STATISTIC .70 3.50%* 3.77%* 7.55%*% 8§ (Q5%**
* = p4.05
¥* = pg .01
#%% = p¢ .001
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probability was significantly more positive than the affect
of the control students. The affect of the Mastery and the
control students was quite similar, because both these
groups learned the first task under similar conditions.

By the end of the second unit, the affect of the
tutored students was even more positive. This happened
because their achievement had improved from the level of the
first unit. The affect of the Mastery students was more
positive, but not statistically more positive than the
affect of the control students.

By the end of the third unit, the achievement of the
tutored students had risen still higher and their affect had
grown still more positive. The affect of the Mastery stu-
dents was now statistically more positive than the affect of
the control students.

The differences on the affective posttest were the
largest of all. The affective posttest was completed after
the students had been informed of their final achievement.
Just as final achievement under tutoring and Mastery Learn-
ing was considerably higher, final affect under tutoring:and
Mastery Learning was statistically more positive than under
conventional instruction.

The levels of affect from Table 13 are plotted in Fig-
ure 8., Figure 8 shows the dramatic improvement in affect
tovard probability under tutoring and Mastery Learning,
while under conventional instruction affect toward probabil-

ity remains at less positive levels.
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Fig. 8. -- Graph of affect, over tirpe! under
tutoring, Mastery, and conventional conditions.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



160

AFFECT
36 +
TUTORING
32 -
MASTERY
2 8 -_e
2 4 L \J
CONVENTIONAL

PRETEST UNIT 1 UNIT 2 UNIT 3 POSTTEST

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



161

In Figure 9 we show the differences between the treat-
ments in the proportions of students who responded posi-
tively to three representative items from the affective
posttest. One item sampled students' interest in further
learning of probability; the second sampled students' atti-
tude towards probability in comparison with other subjects;
and the third sampled students' self-concept about their
learning in probability.

After the three weeks of instruction, over two-thirds
of the tutored students and over half of the Mastery stu-
dents desired to learn more about probability. Only one-
fifth of the control students wanted to learn more about
probability.

Almost two-thirds of the tutored students and two-
fifths of the Mastery students reported that probability was
the subject they liked most. Only one-tenth of the control
students reported that probability was the subject they
liked the most.

Approximately two-thirds of the tutored students and
half of the Mastery students reported that they were doing
very well in probablity. Only one-fourth of the control
students reported that they were doing very well in prob-
ability.

We conclude from the evidence in this section that,
under tutoring and Mastery Learningr“not~only~doesuachieve-
ment in a subject tend to be very high but affect towards

that subject tends to be very positive.
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Fig. 9. -- Responses to certain affec?ive
jtems under tutoring, Mastery, and conventional
conditons.
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CHAPTER V

SUMMARY, LIMITATIONS, AND CONCLUSIONS

Purpose 0f This Research

Teaching students in large groups is the most common
instructional arrangement throughout the world. This
remains true despite the fact that large groups so divide
the teacher's time and attention that even skillful teachers
can not meet the specific needs of each student. Students
who do not receive instruction appropriéte to their needs
are likely to develop érrors on each learning task. As a
result, when students are taught in groups most accumulate
so many errors that their final achievement is at very low
levels.

In attempting to overcome the disadvantages of group
instruction, various approaches tailor instruction to sup-
port different learning needs. For example, Computer-As-
sisted Instruction provides unending drill; Mastery Learn-
ing provides systematic feedback and correction (Bloom,
1976); Advance Organizers provide introductory cues to the
main points of each lesson (Ausubel, 1963); and Keller's
Personalized System of Instruction provides the reinforce-
ment of allowing students to proceed at their own pace

(Keller, 1968).

le64
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Using methods for research synthesis, we can compare
students' achievement under these different approaches.
Under the most effective of them, Mastery Learning, the
average student typically achieves at a level above approxi-
mately 80 percent of the control students. Clearly, this is
the development of students’ potential to quite a high
level.

These approaches are successful because each enhances a
particular dimension of instruction. However, in so doing
equally important dimensions are ignored. This makes it
unlikely that students' potential for learning could ever be
fully developed under any one of these approaches. The pur-
pose of this research was to investigate students' potential
for learning under instruction which is fully adapted to
each student's specific learning needs.

To explore this idea, this research contrasted stu-
dents' cognitive and affective attainments under tutorial
and group approaches to instruction. Three qualities of
instruction were investigated.

A. Under tutoring, the instruction was fully adapted
to the specific needs of each student.

B. Under Mastery Learning, periodic feedback and cor-

rection improved each student’s ability to learn under group

instruction.
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C. Under conventional instruction, the teacher was
unable to adapt instruction to the specific needs of each

member of a large group of students.

Conceptual Framework

The conceptual framework of this research was derived,
with some modification, from Bloom's (1976) theory of school
learning. The model for this research states that students’
achievement is determined by their learning processes and
that these learning processes are, in turn, determined by
the quality of the instruction. The model predicts that,
when instruction is appropriate to each student's specific
needs, most students will learn each task at a high level.
When this happens, final achievement will be at very high
levels. Furthermore, the model predicts that .when final
achievement is at high levels, retention will also be at
high levels. Whenever achievement is at high levels, stu-
dents' affect toward their learning will be very positive.
Lastly, the model predicts that when instruction is appro-
priate for each students’ specific needs students of low

aptitude will learn as well as students of high aptitude.

Research Issues

This research addressed five major issues. The first
was whether instruction adapted to each learner's specific
needs produces significantly higher achievement than conven-

tional instruction. The second was whether students' learn-
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ing processes are significantly more effective under
superior instruction than under conventional instruction.
The third was whether students under superior instruction
retain their achievement at high levels. The fourth was
whether, under superiof instruction, students of low apti-
tude learn as well as students of high aptitude. The fifth
was whether students' affect towards learning is signifi-

cantly more positive under superior instruction than under

conventional instruction.

"y Sample
- This study was replicated three times, at two sites.
The first site included approximately 170 fourth and fifth
graders from a parochial school in a blue-collar suburb of a
large midwestern city. The second site included 108 fifth
graders from a public school in a small, working-class, mid-.
‘dle-atlantic town.

At'both sites, tutors were undergraduate education stu-
dents participating as part of their pre-professional train-
ing. The Mastery and the conventional groups were taught by
the students' regular mathematics teachers.

In all three replications, students were randomly

assigned to learn probability under one of three conditions:

tutoring, Mastery Learning, or conventional group instruc-

tion.
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Subject And Instructional Materials

The subject taught in this research was probability.
Probability was chosen because it was a new topic for the
students in our sample, beﬁause attractive commercial mater-
ials were available, and because a technical, sequential
subject was appropriate for studying lower and higher mental
processes.

A three-week, three-unit course was developed -from the
commercial materials. Topics in this course included the
following: the probability of a simple event, the probabil-
ity of a compound event, the probability of the union of any
two events, and the probability of certain, impossible, or

mutually exclusive events.

Instructional Treatments
In the model for this research, students' cognitive and
affective outcomes are determined by the quality of the
instruction. The quality of the instruction is the degree
to which cues, participation, reinforcement, and feedback
and correction are appropriate to the specific needs of each

learner. We operationalized instructional gquality in three

treatments.

Conventional Group Instruction

Here, teachers lectured and led discussions. Lesson
plans were provided by the experimenter, but on occasion

these were abandoned in favor of the teacher's own strat-
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egies. While instructional activities most often involved
the whole class, for some activities students were formed
into groups.

The demands of instructing a group of learners limited
the time ané attention teachers devoted to individual learn-
ers. Beyond what flowed out of the group instruction,
cues, participation, reinforcement, and feedback and correc-
tion were not adapted to the specific needs of each student.
and at no time were students tutored individually by the
teacher outside class. Finally, here tests were used only
to record students' achievement, not as a basis for feedback
and correction. In our model, these conditions represented

a "low" quality of instruction.

Mastery Learning

Instruction under Mastery Learning was very similar to
instruction under the conventional conditions. However,
there was one important difference. At the end of each
instructional unit, Mastery students completed a formative
test. Students who did not reach 80 percent correct on this
test were assigned corrective work. Students were retested
followjng correction, and any students who still had not
reached the criterion were assigned further corrective work.
The goal of this process was to bring as many students as

possible to mastery of each instructional unit.
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Tutoring

Tutors were trained, by the experimenter, to make
instruction as appropriate as possible to the specific needs
of each student.

In our model, tutoring represented the optimal quality
of - instruction. Instruction under tutoring was fundamen-
tally different from instruction under the Mastery and the
conventional conditions. Each tutor was responsible for
three learners. Tutors provided instructional cues appro-
priate for each student's learning style. Tutors kept each
student in active participation during learning activities.
Tutors praised and encouraged each student's successful
efforts. Most importantly, tutors provided feedback and
correction during instruction and at the end of instruction
based on formative tests. Tutored students were required to

reach a criterion of 90 percent correct for each instruc-

tional task.

Variables
Aptitude
At the first site, aptitude was estimated from the‘“
quantitative subtest of the Cognitive Abilities Test. At
the second site, aptitude was estimated from the quantita-
tive subtest of the Science Research Associates Achievement
Test. These instruments estimate computational skills and

knowledge and facility with mathematical symbols, concepts,

and relations.
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Time On-Task

Time on-task was the amount of time students were
actively engaged in jearning. Percent of time on-task was
estimated from observations of each student's behaviors dur-
ing instruction. students were rated "on-task" when they

were observed to be actively participating in the learning

activities.

Rate of Learning

Rate of learning was calculated for each student from
measures of the student's achievement in relation to the
student's time on-task.

Instructional Processing
Behaviors

Wwe defined four components to students' processing of
instruction. These components --— Cues, participation, rein-
forcement, and feedback and correction -- were monitored,
over the series of learning tasks, by observation and by
students' self-reports.

Instructional cues were verbal or written indications
of the main points of each lesson and what the students had
to do in learning them. Instructional cues determined
whether the lessons were understood.

Participation was the student's active engagement in
learning activities. The amount of active participation

indicated the opportunity students had to fix the learning

firmly in their minds.
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Reinforcement was the reward of students' successful
learning or the correction of their unsuccessful learning,
with the expectation that the reward or the correction would
spur further successful learning.

Feedback identified errors in learning so that they
could be systematically corrected. Feedback and correction
were most important in determining whether ;tudents were
well-prepared for successive learning tasks.

Instructional processing behaviors were monitored by

students' self-reports and by observation over the series of

tasks.

Achievement Outcomes

Lower Mental Processes

Lower mental process achievement was estimated from
test items at the Knowledge or Comprehension levels of the

raxonomy of Educational Objectives (Bloom, 1956). Lower

mental processes included solving familiar problems, trans-
lating expressions from verbal to symbolic form, or identi-

fying facts, terms, rules, or principles.

Higher Mental Processes

Higher mental proceés achievement was estimated from
test items at the Application or Analysis levels of the Tax-
onomy. Higher mental processes included solving problems

different from those encountered during instruction and dis-
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tinguishing relevant from irrelevant information in develop-
ing solutions to problems.

Monitoring Lower and Higher
Mental Processes

Lower and higher mental processes were monitored on
three sets of instruments. Formative tests monitored stu-
dents' achievement at the end of each instructional task
and, for tutored and Mastery students, were the basis for
feedback and correction. Final lower and higher mental proc-
ess achievement was monitored on the posttest. Lastly,
three weeks after the end of instruction, retention of lower

and higher mental processes was monitored at the second

site.

Affective Outcomes

Affective ouﬁcomes included interest, attitudes, and
self-concepts in regard to probablity, the subject taught in
this research. We estimated students' interest in probabl-
ity from their desire to learn more about it. We estimated
students' attitude toward probability from the value they
placed on it in comparispn with other subjects. Lastly, we
estimated students' self-concept in relation to probability
frbm whether they sawv themselves as competent or incompetent
learners. Interest, attitudes, and self-concepts regarding
probability were monitored by self-report before instruc-
tion, at the end of each learning task, and after the stu-

dents had been informed of their final achievement.
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Instructional Quality And Students' Achievement

Students' poﬁential for learning has been improved by a
number of instructional approaches. For example, under
Advance Organizers the average student achieves at the 58th
percentile of students who learn under conventional instruc-
tion (Luiten, Ames, and Ackerson, 1980); under Keller's
Personalized System of Instruction the average student
achieves at the 69th percentile of students who learn under
conventional instruction (Kulik, Kulik, and Cohen, 1978;
and under Mastery Learning the average student achieves at
the 80th percentile of students who learn under conventional
instruction (Block and Burns, 1977).

Students' potential for learning has improved signifi-
cantly under each of these approaches. But each of these
approaches enhances only a single dimension of instruction
-- and ignores others. As a result, students' potential for
learning can not be fully developed under any of these
approaches. The thesis of this research was that students'
potential for learning will be developed to very high
degreeg when the instruction is fully adapted to the spe-
cific needs of each student. The first hypothesis explored
students' learning of lower and higher mental processes
under instruction adapted in different degrees to the spe-
cific needs of each student: conventional group instruc-

tion, Mastery Learning, and tutoring.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



175

HYPOTHESIS 1: STUDENTS' LOWER AND HIGHER MENTAL
PROCESS ACHIEVEMENT IS DETERMINED BY THE
QUALITY OF THE INSTRUCTION.

The cognitive characteristics of the students under the
three instructional conditions were very similar at the
beginning of instruction. By the end of instruction, dra-
matic differences had emerged. The final achievement of the
average tutored student was at a level above approximately
95 percent of the control students. And under tutoring, the
distribution of achievement had changed such that approxi-
mately 90 percent of the tutored students achieved at a
level reached only by the top 20 percent of the control stu-
dents.

The final achievement of the average Mastery student
was at a level above approximately 85 percent of the stu-
dents under conventional instruction. And approximately 60
percent of the Mastery students achieved at a level reached
only by the top 20 percent of the control students. These
differences held for both lower and higher mental processes.

The high levels of final achievement under tutoring and
Mastery Learning are explained by the pattern of achievement
under these conditions over time. Very early, achievement
was significantly higher and less variable under tutoring
than under conventional instruction. This happened because

tutoring adapted instruction to the specific needs of each
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learner. And under the tutor's constant attention, over
time the achievement of the tutored students reached the
highest levels.

Under Mastery Learning, feedback and correction brought
most students to a high level for the first learning task.
This helped Mastery students learn succeeding tasks better
under group instruction, so that, over time, their achieve-
ment reached significantly higher levels than the achieve-
ment of the control students.

Under conventional instruction, the specific needs of
most students were not met. Nor did these students receive
systematic feedback and correction to learn each task at a
high level before proceeding to the next task. As a result,
over the series of tasks students'’ achievement was signifi-
cantly lower and more variable under conventional instruc-
tion than under tutoring and Mastery Learning.

Instructional Quality, Students' Learning Processes, And
Students' Achievement

We did not undertake this research to demonstrate that
achievement is higher under tﬁtoring and Mastery Learning
than under conventional instruction. We had a more impor-
tant purpose: to demonstrate that students receiving
superior instruction achieve at very high levels because
they process instruction very effectively.

We define students' processing of instruction to

include their time on-task, their rate of learning, and cer-
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tain of their mental and physical behaviors during instruc-
tion. Research has shown that under mastery conditions stu-
dents are on-task more (Anderson, 1973) and learn faster
(Block, 1970; Arlin, 1973) than students under non-mastery
conditions. Furthermore, Hecht (1979) has shown that, over
time, Mastery students learn better under group instruction;
that is, Mastery students use cues, participation, rein-
forcement, and feedback and correction more effectively
under group conditions. Nordin (1979) has shown that.
instruction specifically designed to enhance cues, partici-
pation, both cues and participation, or feedback and correc-
tion has positive effects on students' behaviors and subse-
quently on students' achievement.

The model for this research predicts that the quality
of the instruction determines the students' learning proc-
esses, and that these learning processes then determine the
students' achievement. The first hypothesis examined the
direct effects of the quality of the instruction on the stu-
dents' achievement. The second hypothesis examined the
effects of the quality of the instructionlon the students'

learning processes.

HYPOTHESIS 2: ACHIEVEMENT IS DETERMINED BY STUDENTS'
LEARNING PROCESSES, WHICH, IN TURN, ARE DETER-
MINED BY THE QUALITY OF THE INSTRUCTION.
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Processing Behaviors And Achievement Under Three Qualities
Of Instruction

Processing behaviors relate to cues, participation,
reinforcement, and feedback and correction.

Each tutor managed the learning of only three students.
This allowed instruction to be adapted to the specific
learning needs of each one. As a result, the tutored stu-
dents processed instruction significantly better than the
control students. Compared to the students under conven-
tional instruction, the tutored students participated more
actively, better understood the main points of each lesson,
corrected their errors more effectively, and found more sat-
isfaction in their learning. And as a result of these effi-
cient processing behaviors, the tutored students achieved at
significantly higher levels than the students under conven-
tional instruction.

Learning conditions were identical under the Mastery
and the conventional conditions: one teacher managed the
learning of approximately 30 students. However; Mastery
students received feedback and correction which helped them
learn each task at a high level.

Because they were well-prepared for each new learning
task, over time the Mastery students processed instruction
more efficiently under group conditions. They began to par-
ticipate more actively, to understand the main points of
each lesson, to identify and correct their errors, and to

find considerable satisfaction in their learning. And since
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their learning behaviors were efficient, the Mastery
students achieved at significantly higher levels than the
the students under conventional instruction.

Under conventional instruction, the teacher's time and
attention were divided among 30 students. Because the
instruction was not adapted to their specific needs, over
time the control students processed instruction less effi-
ciently. They had greater difficulty understanding the main
points of each lesson; they did not participate actively
enough to fix the main points firmly in their minds; they
did not receive sufficient feedback and correction to con-
trol their errors; and they found less satisfaction in
their learning. It is thus no surprise that the achievement
of these students was significantly lower and more variable

than the achievement of the tutored and the Mastery stu-

dents.

Learning Time And Achievement Under Three Qualities Of
Instruction

Time On-Task and Achievement

Each tutor managed the learning of only three students.
As a result, on the first unit learning behavibrs under
tutoring were so effective that time on-task and achievement
were both significantly higher than under conventional
instruction. On the other hand, because the Mastery and

control students learned the first unit under group condi-
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tions, their time on-task and achievement were at lower lev-
els.

On the second unit, learning behaviors under tutoring
had become even more effective than before. As a result,
under tutoring time on-task and achievement reached higher
levels than before, levels significantly higher than under
conventional instruction. Learning behaviors under Mastery
Learning had also become more effective than before. As a
result, time on-task and achievement were now significantly
higher under Mastery Learning than under conventional
instruction.

on the third unit, as learning behaviors under tutoring
became very effective, time on-task and achievement were
significantly higher than under conventional instruction.
Learning behaviors under Mastery Learning also became more
effective. Thus time on-task and achievement became signif-
icantly higher under Mastery Learning than under conven-
tional instruction. In contrast, under conventional
instruction learning behaviors remained less effective. As
a result, time on-task and achievement remained signifi-
cantly lower under conventional instruction than under

tutoring and Mastery Learning.

Rates of Learning
Because of extra time for correction, the average
tutored student spent approximately 10 percent more time in

instruction than the average control student -- the average
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Mastery student spent approximately 14 percent more time
than the average control student. These differences were
statistically significant.

It is enlightening to compare rates of learning in
terms of the estimated amount of time needed to learn prob-
ability to a level of 100 percent correct. To learn to this

-level, the average tutored student would have needed an
additional 17 percent more instructional time beyond the
amount actually spent. The average Mastery student would
have needed an additional 35 percent more instructional time
beyond the amount actually spent. The average control stu-
dent would have needed an additional 77 percent of instruc-
tional time beyond the amount actually spent.

These results should not be interpreted as indicating
absolute differences in rates of learning under the differ-
ent qualities of instruction. The proper interpretation of
these results is that, in comparison with conventional
instruction, whatever extra time is spent in learning under

tutoring and Mastery Learning is amply repaid in achieve-

ment.

Instructional Quality And Students' Retention Of Lower And
Higher Mental Processes

Research on instruction has looked very closely at
final achievement, less closely at retention. In reviewing
research on Mastery Learning, Block and Burns (1977) found

only 7 studies comparing retention under Mastery and non-
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Mastery conditions. However, in all 7 studies both final
achievement and retention were higher under the Mastery con-
ditiohs. This suggests that when final achievement is at
high levels retention will also be at high levels.

Very few studies have examined the mental processes
retained under different instructional conditions. One
study suggests that students under Mastery conditions retain
significantly more lower mental processes, but not signifi-
cantly more higher mental processes, than students under
non-Mastery conditions (Poggio, 1976). We have been unable
to locate a single study examining the levels of mental proc-
esses retained under tutoring.

This research recognizes that a full understanding of
the effects of instructional conditions must include knowl-
edge of how those instructional conditions affect retention.
This research is unique in examining retention of lower and
higher méntal processes under instruction which is adapted
to the specific needs of each student. The third hypothesis

was formulated to examine this relationship.

' HYPOTHESIS 3: STUDENTS' RETENTION ‘OF LOWER AND
HIGHER MENTAL PROCESS ACHIEVEMENT IS DE-
TERMINED BY THE QUALITY OF THE INSTRUCTION.

Under tutoring and Mastery Learning, both final
achievemént and retention of lower and higher mental proc-

esses were at high levels. In fact, levels of retention,
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for both lower and higher mental processes, were signifi-
cantly higher under tutoring and Mastery Learning than under
conventional instruction. This indicates that when final
achievement is at high levels, for most students that high
jevel of achievement is retained.

Instructional Quality And The Relationship Between Aptitude
And Achievement ’

Research on instruction has consistently demonstrated
that generalized cognitivg traits such as ability, aptitude,
and intelligence are excellent predictors of achievement.
Over many studies, these traits tend to correlate .50 or
better with achievement (Lavin, 1965). However, a growing
body of research indicates that, under under improved
instruction, these traits become less related to achieve-
ment. For example, Levin (1975) found that the correlation
between ability and achievement was lover under Mastery
Learning than under conventional instruction. Froemel
(1980) found that, over six months, the correlation between
ability and achievement remained almost constant under con-
ventional instruction, but steadily decreased under Mastery
Learning.

In the previous studies, the relationship between apti-
tude and achievement was contrasted under Mastery and con-
ventional conditions. This research went further -- this
research examined the relationship between aptitude and
achievement under tutoring, as well as under conventional

and Mastery conditions.
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Under conventional instruction, the association between
aptitude and achievement increased over time -- here apti-
tude accounted for 20 to 50 percent of final achievement
variance. Under Mastery Learning, the association between
aptitude and achievement decreased over time -- here apti-
tude accounted for 10 to 25 percent of final achievement
variance. Under tutoring, the association between aptitude
and achievement became very weak over time -- here aptitude
accounted for 3 to 20 percent of final achievement variance.

We did more than examine the statistical association
between aptitude and achievement under the different treat-
ments. For each treatment, we compared the final achieve-
ment of students of low aptitude with the final achievement
of students of high aptitude. Students above the aptitude
median of each treatment were classified as high aptitude;
students below the aptitude median were classified as low
aptitude.

In all three replications, differences in achievement
between students of low and high aptitude were much less
under tutoring and Mastery Learning than under conventional
instruction. This happened under tutoring because instruc-
tion was adapted to the specific needs of tutored students
of both low and high aptitude. This happened under Mastery
Learning because these students became well-prepared,
through feedback and correction, for each new task. Conven-

tional instruction did not meet each learner's specific
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needs, nor did it provide systematic feedback and correc-
tion. As a result, here students of high aptitude achieved
considerably above students of low aptitude.

What is especially noteworthy, in all three replica-
tions the low aptitude students receiving tutoring and Mas-
tery Learning achieved at higher levels than the high apti-

tude students receiving conventional instruction.

Instructional Quality And Students' Affect

It is frequently found that, as their achievement in a
subject improves, students become more interested in the
subject, come to value it more highly, and develop greater
confidence in their ability to learn it (Block, 1970; Arlin,
1973; Anderson, 1973; Ozcelik, 1973; Levin, 1973). We found
that achievement in probability did improve significantly
under tutoring and Mastery Learhing. We also expected that
over time, as their achievement reached higher levels, the
tutored and the Mastery students would develop more positive
affect towards probability. 1In contrast, we expected that
over time, as their achievement remained at lower levels or
decreased, the control students would develop very negative

“affect toward probability.

We examined three dimensions of students' affect toward
probability. We estimated students' interest in probablity
from their desire to learn more about it. We estimated stu-

dents' attitude toward probability from the value they

placed on it in comparison to other subjects. Lastly, we
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estimated students' self-concept in relation to probability
from the way they saw themselves as competent or incompetent
learners of this subject.

As expected under random assignment, initial affect
toward probablity was the same in all three treatments. BY
the end of the first task, as achievement became signifi-
cantly higher under tutoring than under conventional
instruction, the tutored students’ affect toward probablllty
was also significantly more positive. The Mastery and con-
ventional groups learned the first task under similar condi-
tions. As a result, students'’ affect was similar under
these conditions.

By the end of the second unit, the affect of the
tutored students was even more positive. This happened
because their achievement had further improved over the
jevel of the first unit. The affect of the Mastery students
was more positive, but not statistically more positive than
the affect of the students under conventional instruction.

By the end of the third unit, the achievement of the
tutored students had risen still higher and their affect had
grown st1ll more positive. The affect of the Mastery stu-
dents was now statistically more positive than the affect of
the students under conventional instruction.

The affective posttest was completed after the students
had been informed of their final achievement. Just as final
achievement under tutoring and Mastery Learning was consid-

erably higher, final affect under tutoring and Mastery
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Learning was statistically more positive than under conven-

tional instruction.

Limitations Of This Research

We undertook this research to contrast students' poten-
tial for learning under tutorial and group approaches to
instruction. To do this, we created a more poverful design
than is typically found in educational research. Three fea-
tures of the design are especially noteworthy. First, the
study was replicated three times. Second, in each replica-
tion students were assigned randomly to treatment. Third,
the number of students involved was quite large -- approxi-
mately 270. Because of these features, we believe that this
research was a valid investigation of fourth and fifth grad-
ers' potential for learning probability.

However, in order to do the study at all we had to
enforce some limitations. This research was conducted in
one subject, for three weeks, with students very close in
age. To demonstrate that these findings apply to most
school learning, this research has to be replicated with
instruction in many different subjects. To demonstrate that
these findings apply to most students, this research has to
be replicated with students of different ages. To demon-
strate the full effects of superior instruction on students’
potential for learning, this research has to be replicated

over a much greater length of time.
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Implications Of This Research

The central finding of this research was that, under
tutoring, most students achieve at very high levels.

Despite this, we do not suggest that the way to overcome low
achievement is to shrink the classroom to the size of one
instructor and one student. Tutoring may never be a practi-
cal medium for instruction in schools. This finding should
stimulate a search for methods of group instruction which
approximate the effectiveness of tutoring.

In this research, not only did most tutored students
achieve at very high levels, but most achieved at high lev-
els on higher mental processes. The implications of this
finding extend beyond the learning of probability. The
important implication is that most students can learn higher
mental processes as the quality of the instruction improves.

Tutoring developed both lower and higher mental proc-
esses to very high levels. But the effect of tutoring was
not only on the levels of students' learning. Tutoring also
increased students' respect for learning, tﬁeir desire for
further learning, and their confidence that new learning
would be successful. This implies that most students can be
motivated to learn when instruction is adapted to their spe-
cific needs.

Perhaps the most important implication of this research
is that the student's potential for learning can not be

accurately predicted from the student's home environment,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



189
from tests of the student's aptitude, or from the student's
prior achievement under conventional instruction. The stu-
dent's full potential for learning can properly be estimated
only from the student's learning under the most effective

instructional conditions that can be devised.
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APPENDIX
PROFILES OF ACHIEVEMENT UNDER TUTORING, MASTERY,
AND CONVENTIONAL CONDITIONS
In this appendix, 1 analyze statistically the profiles
, of achievement under tutoring, Mastery Learning, and conven-
| tional instruétion.' In doing this, I have chosen between
two suggestions offered by John Bormuth. The first was thaf
a formal investigation of the achievement profiles would
help to explain how the effects of the treatments unfold
over time. The second was that the achievement profiles
should be investigated in relation to certain characteris-
tics of the tests.

This second issue reflects Bormuth's continuing inter-
est not only in the operational approach to constructing
achievement tests, but also in the implications of that
approach for evaluation (Bormuth, 1970). To pursue this
properly would require a great deal of background and analy-

" gis -- more than we can include here. 1 analyze the first
issue in hope of throwing new light on the nature of learn-
ing under the different instructional conditions -- this
remains true to the original purpose of this dissertation.

| In order to.analyze the LMP and HMP profiles statisti-
cally, we treat our data as a split-plot, repeated measures

design. This name reflects the fact that the subjects were
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split so that each subject was measured repeatedly under one
and only one treatment.

This design is described in standard textbooks, such as
Kirk (1965). This design allows us to investigate three
hypotheses. The first is whether the profiles of the dif-
ferent treatments are parallel. The second is whether the
profiles of the different treatments are at the same
"height". The third is whether the profiles are flat. The
last two are interpreted if the first is affirmed.

Profiles Of Lower Mental Processes Under Three Qualities Of
Instruction

Figure 10 displays the profiles for lower mental proc-
esses in the three replications of this study. Scores
plotted in Figure 10 are from the first formative test of
each unit and the posttest. Within each replication, the
LMP profiles look approximately the same. We detect a mod-
est improvement, over time, under tutoring and Mastery
Learning, and a relatively flat profile under conventional
instruction. More importantly, at all times the LMP pro-
files are at higher levels under tutoring than under conven-
tional instruction. And after the first unit, the LMP pro-

files are at higher levels under Mastery Learning than under

conventional instruction.

These impressions are confirmed statistically in Table
14. 1In only the third replication is the departure from
parallelism significant, and that departure is relatively

small. However, it does not follow from the fact that the
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Fig. 10. -- Profile of lower mental process
achievement under tutoring, Mastery, and
conventional conditions.
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TABLE 14

PROFILE ANALYSIS 194
OF LOWER MENTAL PROCESSES

Site 1 —-- Grade 4

SOURCE SUM OF DF MEAN F
SQUARES SQUARE
TREATMENT 123.95 2 61.97 32.79%*%*
SUBJECTS WITHIN
GROUPS ERROR 155.00 82 1.89
UNIT 6.72 3 2.24 1.09
TREATMENT X UNIT 12.20 6 2.03 .99
UNIT X SUBJECTS :
WITHIN GROUPS 503.76 246 2.05

Site 1 -- Grade 5

SOURCE SUM OF DF  MEAN F
SQUARES SQUARE
TREATMENT 95.47 2 47.73  24.46%**
SUBJECTS WITHIN
GROUPS ERROR  158.08 81 1.95
UNIT .- 20.34 3 6.78 3.47%
TREATMENT X UNIT  22.99 6 3.83 1.96
UNIT X SUBJECTS
WITHIN GROUPS  475.45 243 1.96

Site 2 -- Grade 5

SOURCE SuM DF MEAN F
SQUARES SQUARE
TREATMENT : 116.57 2 58.29 61.58%*%%
SUBJECTS WITHIN
GROUPS ERROR 99.37 105 0.95
UNIT 2.51 3 .84 .87
TREATMENT X UNIT 15.52 6 2.59 2.68%*
UNIT X SUBJECTS
WITHIN GROUPS  304.15 315 .97
* =p .05
** = p ¢ .01
*%% = p ¢ 001
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LMP profiles are statistically parallel that lower mental
processes can not be jearned at an increasing rate under
tutoring and Mastery Learning. Here, the LMP profiles
improve relatively slowly under tutorig and Mastery Learning
because initial levels of learning were relatively high.

In the first two replications, the absence of signifi-
cant TREATMENT X UNIT interaction means that the TREATMENT
and UNIT effects can be interpreted. In both the TREATMENT
effect is highly significant. This simply affirms that the
tutored and the Mastery groups are at higher levels than the
controls. Interestingly, the profiles in the first replica-
tion are statistically flat and in the second replication
statistically not flat (significant UNIT effect). In the
latter case, the tutored and the Mastery groups improved
somewhat over time while the control group remained at about
the same level (although the improvement under tutoring and

ML was not large enough to cause the parallelism hypothesis

to be rejected!).

Profiles Of Higher Mental Processes Under Three Qualities Of
Instruction

Figure 11 displays the profiles for higher mental pro-
cesses in the three replications of this study. Looking
closely at Figure 11, we suspect that in the second and
third replications the profiles are different. In the sec-
ond replication, the profiles for tutoring and for Mastery
Learning rise sharply at the end -- while the profile for

conventional instruction remains at about the same level.
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Fig. 11. -- Profile of higher mental process
achievement under tutoring, Mastery, and
conventional conditions.
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In the third replication, the profiles for tutoring and for
Mastery Learning increase over time -- while the profile for
conventional instruction remains at about the same level.
And even though there is a drop in the first two replica-
tions, at all times the profiles for tutoring and for Mas-
tery Learning are at higher levels than the profile for con-
ventional instruction.

In Table 15 we analyze the HMP profiles statistically.
In the second and third replications, the TREATMENT X UNIT
interaction is indeed statistically significant. Unfortu-
nately, in the second replication there is a decreasing pro-
file. This has little to do with the treatments. The drop
occurred, at the first site, because the tests were too dif-
ficult.

In the first replication, the profiles are statisti-
cally parallel. There too the TREATMENT and UNIT effects
are significant, indicating, first, that the tutored and the
Mastery profiles are at higher levels than the control pro-
file and, second, that the profiles are indeed decreasing.

The pattern we wanted to see emerged in the third‘rep—
lication: Under tutoring and Mastery Learning higher mental

processes improved at a statistically faster rate than under

conventional instrucion.
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TABLE 15

PROFILE ANALYSIS

OF HIGHER MENTAL PROCESSES

199

SOURCE

TREATMENT
SUBJECTS WITHIN
GROUPS ERROR

UNIT

TREATMENT X UNIT

UNIT X SUBJECTS
WITHIN GROUPS

Site 1 -~ Grade 4

SUM OF DF MEAN
SQUARES SQUARE
57.52 2 28.76
154.07 82 1.88
139.44 3 46.48
4.01 6 .67
359.40 246 1.46

15.31***

31.82***
.46

SOURCE

TREATMENT
SUBJECTS WITHIN
GROUPS ERROR

UNIT

TREATMENT X UNIT

UNIT X SUBJECTS
WITHIN GROUPS

Site 1 -- Grade 35

SUM OF DF MEAN
SQUARES SQUARE

89.16 2 44.58
123.56 81 1.52
205.82 3 68.61

20.54 6 3.42
351.84 243 1.45

29.22%*%*

47.38%%*
2.36%*

SOURCE

TREATMENT
SUBJECTS WITHIN
GROUPS ERROR

UNIT

TREATMENT X UNIT

UNIT X SUBJECTS
WITHIN GROUPS

Site 2 -- Grade 5

SUM OF DF MEAN

SQUARES SQUARE
94.37 2 47.19
47.17 105 .45
51.66 3 17.22
20.07 6 3.35
145.13 315 .46

105.04*%**

37.37*%%%*
7.26%*%*

p < .05

p ¢ .01
p £ .001

* %
* k%

o
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Summary

This analysis demonstrated that there are indeed sta-
tistical differences in the profiles of lower and higher
mental process achievement under tutoring, Mastery Learning,
and conventional instruction. For two reasons we are not
able to able to affirm statistically that, in all cases,
lower and higher mental processes were improving faster
under tutoring and Mastery Lerning than under conventional
istruction. First, initial levels of lower mental processes
were so high that there wasn't room for much improvement.
Second, the problem with the tests at the first site caused
HMP scores to drop after the first unit.

Perhaps the main point here is that a full description
of the course of learning under different instructional con-
ditions must include profile analysis, as well as observa-

tions of students' use of time and their processing behav-

iors.
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