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PATRICI?. SHANE BOWERS. The Effect of the 4MAT System on
Achievement and Attitudes in Science (Under the direction
of Dr. Paul B. Hounshell)

The purpose of this study was to investigate the
effects of the 4MAT instructional system on achievement and
attitudes in science. Fifty-four academically gifted sixth
grade students in three schoois in the Chapel Hill-Carrboro
(North Carolina) City Schools were randomly assigned to two
groups: a 4MAT group or a Restricted-Textbook group that
utilized only left-hemisphere activities. Both groups were
taught a three-hour unit on Newton's First Law of Motion.

The dependent variables for investigating the effects
on achievement were the overall score and the knowledge and
critical thinking subscores on an investigator-made
achievement test given at the conclusion of the unit of
study. Group means were compared using a one-way analysis
of variance. Significant differences favoring the 4MAT
group were found for ovesrall achievement (F [1,52] = 6.19,
P < .05) and on critical thinking questions (F [1,52]) =
13.07, p < .001). No significant differences were found on
knowledge-level questions.

The dependent variables for investigating the
instructional effect on attitudes were the ratings on unit-

specific statements and statements about science in
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general. Mean group ratings for each sccre weie compaied
using a one-way analysis of variance. significant
differences favoring the 4MAT group w: e found when
analyzing the unit-specific statements. Significant
differences favoring the Restricted-Textbook group

(F [1,52] = 5.33, p < .05) were found when analyzing the
unit-specific statements. Significant differences favoring
the Restricted-Textbook group (F [1,52] = 5.33, p < .05)
were found when analyzing the statements about science in

general.
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CHAPTER I

INTRODUCTION

Historically, it has been the mission of educators tc
maximize the learning of all students, both at the

knowledge level and at the process skills level where

higher levels of thinking are involved. Volumes have been
written on the subject, and much research has been
conducted to determine ways to achieve this idealistic
goal of maximal learning. Despite these efforts, no
definitive answers as to how to achieve this geal have

been derived.

The responsibility to maximize learning, especially in
the area of critical thinking, has become especially
crucial in today's rapidly changing world. Since the turn
of the century, several "waves," to use Alvin Toffler's
(1980) term, have passed over the world. The First wave cf
the agricultural society wa. vashed over by the Second wave
of the industrial society; this, in turn, was washed over
by the Third wave, the information society. Each
successive wave has been radically different from, yet
complementary tc, the previous ones as it has built upon
“he strengths of the previous waves. The rapidity with

which our world is changing was startlingly pointed out in
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Future Shock, Toffler's (1970) earlier analysis of the

past, present, and future. 1In that volume he cited Kenneth
Boulding's startling statement about the rapid change in
our society about how the present moment is a crucial
turning point in human history:
v...as far as many statistical series related to
activities of mankind are concerned, the date that
divides human history into two equal parts is well
within living memory....The world of today...is as
different from the world in which I was born as
that world was from Julius Caesar's. I was born
in the middle of human history..." (p.13)
The seventeen years that have passed since Toffler cited
these words have no doubt moved that statistical midpoint
in human activities much clnser to the middle of the

present century.

Ccnceptual Framework

We are at a point where the immense accumulation of
knowledge created by the information society needs to be
channeled most profitably. Shane (1986a), a noted
educational futurist, anticipates a Fourth Wave of the
microbioelectronic world in which we go a step further and
begin to use in various ways and places the information and
skills of the information age. Shane (1986b) also says we

need to have "educated foresight" as a means to move from
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the information society to the applied knowledge society of

the microbiocelectronic era. To stress the need to contend
with the mass of information being produced every day, he
cites Daniel Bell's prediction that "...the rate at which
our information is accumulating is likely to double every
two years beginning in 1992." (p.52)

This glut of information accumulation has clear
educational and economic implications. The need for
change in our schools has been decried in more than one
hundred national reports in recent years. Among the spate
of calls for educational reform in this decade, science
has been cited as one area that needs attention. Hurd
(1986) cites a National Academy of Sciences panel that said

students completing high school are scientifically and

technologically illiterate. He further cites A Nation at
Risk, the report of the National Commission on Excellence
in Education, as saying "...ovr students lack the
essential knowledge and intellectual skills to assume their
civic responsibilities or to realize fully the.r own adaptive
capacities. Thus they threaten the nation's economic
'‘competitive edge.'" (p.353)

The North Carolina Governor's Task Force on Science
and Technology presented similar concerns in its report on
Public Education and the Technological Challenge.

(Shugart, 1984) It stated that the challenge to our
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schools comes not so much from failure of the schools as
it Jdoes from changes at the core of the scciety which the
schools serve and that North Caroliné must provide a
general and uniform system of education at the highest
quality level possible. It further says that, due to
accelerating technological change, there will be tena times
more jobs in technology that do not even exist today than
in any other industry. North Carolina's success in dealing
with the changing science and technology scene will depend
in large measure on our ability to provide skilled workers
in science, technology, and other fields.

The problems associated with knowledge accumulation
and what to teach students is especially prominent in the
area of science. Hurd (1986) says the sciences:have:.
burgeoned such that "...it takes nearly 70,000 diff;regg
scientific jnurnals to report the results of researcﬁ in
the diverse field of science and technology." (p.354) It
is logical to assume that no individual can hope to learn
all that is included in these journals and that students
who possess increased scientific literacy would be better
able to understand and app.y the information in these
journals and elsewhere. The way in which we help students
to deal with the situation may be a critical factor in how
prepared they are to take their place in tomorrow's
technological world. One way science educators can help

to produce students who are scientifically literate is to
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teach basic science content and the concomitant process
skills in the most effective manner possible.

Thinking Skills. One way to facilitate the use of the

massive amounts of information we are accumulating is to
help students go beyond the knowledge and comprehe.ision

levels of Bloom's Taxonomy of Educaticnal Objectives (195 )

and focus on the higher-level (critical) thinking skills of
application, analysis, synthesis, and evaluation. These
critical thinking skills, combined with reading, computer,
research, mathematics, and other facilitation skills, mey
help these individuals cope with the overwhelming amounts
of information being added to our reservoifﬁqi knowledge.
Clearly, there is no way in which individualsféan iearn

all there is to know in scierce or any field;. they must

=
’

learn how to seek out information and then to appl;;u
analyze, synthesize, and evaluate it. )
The need to develop critical thinking skills has been
declared in numerous studies. Frequently it is assumed
that if people can state a law in science, they understand
it. This is not necessarily so, as McCloskey, Carmazza,
and Green (1980) point out. In their study, university
students were asked a simple gquestion, based on Newton's
Laws of Motion, to indicate the path a moving object would
follow in several different situations. More than half the

subjects, including many who had take.. physics courses,
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were unable to apply even the most fundamental principles
in mechanics. This study by McCloskey, Carmazza, and Green
emphasizes the need for not only being able to state
information, but for being able to analyze and apply it as
well.

Attitudes. Attitudes affect how people feel about a
subject‘and how they achieve in it. Mager (1968) says the
objective of instruction is to influence behavior in the
future and that attitude influences the extent to which a
student puts knowledge to use at a future time. Further,
he says educators should strive to help students develop
vositive attitudes toward a subject to facilitate

remembering.

Krynowsky (1985) wrote an extensive review of the
literature related to attitudes and science. He says "One
of the major goals or objectives for science education
programs is to foster more positive attitudes toward
science and the scientific enterprise." (p.l) He also
cites nineteen studies that indicate the importance of
attitudinal goals in science education, a study showing
17% of papers presented at the 1983 National Association
for Research in Science Teaching were related to student
attitudes, and a study that located more than 2,000
references to attitudes in science during a ten-year
period. The sheer number of articles on the topic

indicates the import given by researchers to attitudes
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toward science, and it follows logically that developing
positive attitudes toward science is an important
component of the goals of science education.

In summary, the United States and the rest of the
world are undergoing an information explosion that is
prodgcing large amounts of knowledge. Consequently, it is
critical for modern-day students to learn not only a core
of basic knowledge in science, but also the drocess skills
that will enabie them to search out, apply, analyze,
synthesize, and evaluate that basic knowledge. 1In this
way the huge amounts of information being accumulated can
be managed and interpreted. To facilitate the task, the
educational system needs to capitalize on ways to promote
positive attitudes and develop the process skills.

Learning Styles. One arxea that may hold a great deal
of promise in assisting educators involves learning styles
and brain hemisphericity. However, the study of learning
styles is complicated by the lack of agreement by
theoreticians on the basic definition of learning styles.
Many researchers have presented their views on the issue,
and frequently they have produced instruments to measure
le. -ing styles according to their understanding and
definition of learning styles. Friedman and Alley (1984)
believe that "...it is necessary to translate the enormous

volume of literature and the more than 30 different
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same time meaningful, body of knowledge." (p.77)

Definitions of learning styles are varied. Included
here is a sampling of these definitions to indicate this
variety. Kuchinskas (1979) defines cognitive style as the
way individuals act, react, and adapt to the environment
and states that this term often is used in a global manner
as synonymous with learning style, teaching style, and
administrative style.

In a summary of learning styles research, the Phi

Delta Kappa newsletter, Practical Applications of Research

(1980), views learning styles as describing students in

|
8
learning styles instruments intc a manageable, but at the

terms of the educatignal conditions under which they are
most likely to learn. This newsletter states that these
styles emerge from inborn, natural inclinations that
include preferred ways of learning and descriptions of
personality characteristics that relate to learning.

In the forward to Student Learning Styles and Brain

Behavior by the National Association of Secondary School
Principals, Keefe (1982) lists three areas of learning in
his definition: "“Learning styles are cognitive, affective,
and physiological traits that ¢ ‘aracterize how learners
typically best learn." Dunn, Dunn, and Price (1984) extend
Keefe's ideas to include environmental, emotional,
sociological, physical, and psychological aspects of

learners and their learning environment.

19



Cornett (1983) is less specific in her definition:

Learning styles are overall patterns giving direction to
learning behavior. Gcegorc's (1979) view is
phenomenologic: learning styles are distinctive and
observable behaviors that provide clues about individuals'
mediational abilities.

Witken, Oltman, Raskin, and Karp (1971) view
cognitive styles as characteristic, self-consistent modes
of functioning that are manifested in individuals'
perceptual and intellectual activities.

There is no general consensus regarding a:definition
of learning styl. other than that it has ta dqgwith

individuals and learning. This undoubtedly aucéunts for ..

the large number of learning style assessment imshts

1

on the market today; individuals do not agree on h&ﬁrta
interpret or measure learning styles, so they produce their
own instrument. However, most of the learning style
instruments Cornett (1983) reviews contain some aspect of
brain hemisphere specialization. Brain hemisphericity
appears to be the core around which learning styles
assessment has developed either directly or indirectly.
Brain Hemisphericity. While investigation into the
function of the two hemispheres of the brain dates back
almost 25 centuries to Hippocrates (Hart, 1983; Restak,

1982), most current information about the differential

20




operation of the hemispheres has been delineated in the

|
l
last 30 years. Through a long series of investigations for
which he won a Nobel Prize in 1981, Roger Sperry (1964,
1975) determined that, unlike other mammals, huwans have
brain hemispheres that are specialized in the way they
process informati¢ . The left hemisphere processes
information in a linear, sequential manner, while the right
hemisphere processes information in a more holistic, global
manner. This information has obvious implications for
education because much of what is taught tends to be in a
linear, sequential manner.

The 4MAT System. While many researchers“;ave written
about various aspects of learning styles and:éfain:-
hemisphericity and their implications for educaticn;'the
current literature includes only one instructionalgsystem

that applies what is known about learning styles ah& brain

fun:tioning--Bernice McCarthy's (1980) 4MAT System.
Mccarthy based the learning styles component of her

system on the work of David Kolb (1976, 1979). Kolb

researched ways in which individuals prefer to perceive and

process information. From this research h2_ developed the

Learning Styles Inventory (Kolb, 1976), which assesses

individuals' learning styles and divides them into one of
four types depending on how they prefer to perceive and
process information. Type-one learners, the Divergers,

prefer to perceive information concretelv and process it
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reflectively; type-two leqrners, the Assimilators, prefer
to perceive abstractly and process reflectively; type-turee
learners, the convergers, prefer to perceive abstractly and
process actively; type-four learners, the Accommodators,
prefer to perceive concretely and process actively.
McCarthy used Kolb's four learning styles types in her
model but modified them slightly, changing the names and
broadening the definition oi the four learner types.

The brain hemisphericity component of McCarthy's 4MAT
System is based on the initial research of Torrance (and

later his associates Reynolds, Riegel, and Ball) that

resulted in an instrument called Your Style of Learning and
Thinking. (1977) Their instrument measures the “‘degree to . -

wh® -h individrxls process information with either:the’right:
or left hemisphere or in an integrated manner, utiiizing
Loth hemispheres simultaneously. Although both hemispheres
are used, the degree to which individuals rely on one
hemisphere or the other for processing information forms a
continuum from primarily right-hemisphere processing at one
end to primarily left-hemisphere processing at the other
end.

McCarthy's svstem is an eight-step method
incorporating Kolb's four learning styles and right and
left hemisphere processing. Each step is directed toward

one of the learning styles and activities that utilize

_ERIC 22
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either the right or the left hemisphere for processing
information. 1In using this system, individuals have an
opportunity tc iearn 25% of the time in their preferred
mode; the other 75% of the time they are strengthening the

less preferred modes.

Statzment of the Problem

Educators must help students acquire a basic core of
kﬁowledge in various subject areas, the critical thinking
skills with which to apply knowledge in a given situation,
and the components that join knowledge and critical thinking
such as reading, writing, mathematics, research,. and
computer skills. The 4MAT System is an eduéﬁéionﬁi s?sﬁeml:
that may well hold promise in helping students learn in.tlu;
most efficient manner possible. Howeves, with oniy:onei§"ﬂ
reported research study on the topic (Wilkerscn, 1986/1587),
the efficacy of this teaching method is difficult to assess.
Because of this dearth of research information, it is
important to investigate further the potential of this
system to maximize learning.

Three major research questions form the basis of this
study: 1) Do students taught Newton's First Law of Motion
using the 4MAT System approach have different overall
achjevement on an investigator-made achievement instrument
than students taucht using a restricted-textbook method?

2) Do students taught Newton's First Law of Motion using the

23




4MAT System approach achieve differently on knowledge
questions and critical thinking questions on an
investigator-made achievement instrument than students

taught using a restricted- textbook approach? 3) Do students
taught Newton's First Law of Motion using the 4MAT System
approach have different attitudes toward the unit of study
and science in general, as measured by an investigator-made
attitude scale, than students who are taught using a

restricted-textbook method?

Hypotheses
The research hypotheses for this study.é;é:

1) sStudents taught Newton's First Law of Motion using ..

the 4MAT System approach will perform signifiﬁantly'hetterm

on overall achievement on an investigator-madeiachie'1ment
test than students taught using a restricted-textbook

approach.

2) Students taught Newton's First law of Motion using
the 4MAT System approach will perform significantly better
on knowledge questions on an investigator-made achievement
test than students taught using a restricted-textbook

approach.

3) sStudent.: taught Newton's First Law of Motion using
the 4MAT System approach will perform significantly better

on critical thinking questions on an investigator-made
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achievement test than students taught using a restrlctéd-
textbook approach.

4) students taught Newtcn's First Law of Motion using
the 4MAT System approach will rate statements about the
unit of study on an investigator-made attitude scale
significantly higher than students taught using a

restricted-textbook approach.

5) Students taught Newton's First Law of Motion using
the 4MAT System approach will rate statements about science
in general on an investigator-made attitude scale
significantly higher than students taught using a

restricted-textbook approach.

Definition of Terms

Students. Fifty-seven (54 white and three black)
academically gifted sixth grade students in three public
schools in the Chapel Hill-Carrboro (North Carolina) City
Schools.

4MAT System. A specified eight-step educational
system devised by Bernice McCarthy (1980) that is based on
learning styles and hemisphericity research.

Restricted-Textbook Approach. An approach that
utilizes strictly left-hemisphere procedures to present the

information, activities, and teaching suggestions in
Prentice~Hall'.  =2xt General Science: A Voyage of
Discovery.

rap el K-,
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Unit of Study. The information in the Prentice-Hall
text, General Science: A Voyage of Disrovery, on Newton's

First Law of Motion.

Science in General Questions. Questions about science

having no specific reference to the Unit of Study.
Knowledge Questions. Questions at the knowledge and
comprehension levels of Bloom's (1956) taxoncmy.

Critical Thinking Questions. Questions at the

application, analysis, synthesis, or evaluation levels of
Bloom's (1956) taxonomy.

Investigator-made Achievement Test. A 60-item

multiple-choice, true-false, and choose-thg-gpg-that—
doesn't-belong test designed by the investiggtcr ta test
students’ understanding of Newton's First Law 'of Motion.
The total score i a compilation of two subscores, one for
knowledge questions and one for critical thinking questions.

Investigator-made Attitude Scale. A ten-item rating

scale designed by the investigator to assess students'

attitudes toward the unit of study and science in general.

Limitations of this Study

This study is generalizable to populations similar >
those examined in the current study. With different
populations, subject areas, length of study, or

instruments, the results might have been different.
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CHAPTER II

REVIEW OF THE LITERATURE

Research in brain functioning and its applications,

once the esoteric cealm of psychiatrists and neurologists,

is now a popular topic for educators. This is due, in

large measure, to the increased awareness of brain
hemisphericity, defined by Reynolds and Torrance (1978) as
the tendency for individuals to rely more on one cerebral
hemisphere than the other for information processing. Most
teachers, administrators, and other practitioners in the
field of education have heard about ' 'ain dominance; and
many are interested in its application to the- ciassrnnm
As a consequence, many "how-to" books and artlcles,an
incorporating aspects of right- and left-hemishpere
dominance in teaching have been published. Because of the
potential for literally changing education, the nature of

brain research and its implications is an important topic

for educators.

The adult brain is a relatively small organ, weighing
about 1.5 kilograms. Despite its size, it contains
billions of neurons that are responsible for the
functioning of the brain and the entire human body. Hart

(1983) reports that estimates of the number of neurons were
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originally put at 10 billion, but following additional

research, some neuroscientists now use 100 billion as an
estimate. He conservatively estimates 30 billion.
whichever figure is used, the large number of neruons is
astounding and may account to some extent for the vast
complexity of the organ.

The brain's complexity is also explained by Paul
MacLean's (1978) triune brain theory. The hierarchical
triune brain in humans has evolved in three stages, with
each stage retaining the basic features of our ancestral
relations to reptiles and early and recent mammals.

The triune brain's stages are the reptilian, the
limbic, and the new mammalian. The reptilian brain is the
oldest and has developed over the last 200 million years.
It is basically involved .n the organized expression of
basic, nonverbal communication of a ritualistic nature such
as establishing territoriality. The limbic, or old
mammalian, brain is €0 million years old and, through its
strong connection with the hypothalmus, is the site of
emotions required for self-preservation and the
preservation of species. Finally, the new mammalian brain
is about 5 million years old and forms the basis of the
rational mind. The new mammalian structure comprises
about five-sixths of the brain and consists of the
cerebellum, which controls motor activities, and the

cerebrum, where virtually all the learning in formal
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education occurs.

History of Brain Research

The brain, as an organ of the body, has long been
discussed, although not always accurately. Aristotle saw
it merely as a cooling system for the blood when it left
the heart, while the ancient Egyptians thought it was
unimportant and didn't even embalm it along with other
organs. {(Restak, 1982) Hippocrates, nearly 25 centuries
ago, was the first to view the brain as the organ of the

mind and the first to note the dual nature of:its.

-

hemispheres. (Hart, 1983; Restak, 1982) 1&3»:* v . :
The nature of this cerebral duality remaihé&: ﬁ "
relatively unknown for centuries. In the 17th centn:§ﬂ$3--;;
Descartes stated that the brain acts as a united whole in-
connecting our perceptual world. His whole-brain theory
was the dominant one until the 19th century. (Buffington,
1986) Speculations about the brain and its functions have
continued to the present.
Two primary factions developed. One grcup, led by
Franz Gall, a German anatomist, proposed that the various
functions of the brain were localized in different parts of
the brain and that speech was controlled by the frontal
lobes. The other group did not believe particular

functions could be localized to specific regions of the
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brain. (Springer & Deutsch, 1985)

Springer and Deutsch (1985) report that during this
time of speculation, Marc Dax, an unknown French country
doctor, became curious about his patients with aphasia (the
loss of speech following brain damage). 1In more than 40
patients with aphasia, Dax noted that there was damage to
the left cerebral hemisphere of the brain, with no cases of
damage to the right hemisphere. He presented his findings
in a paper at a medical scciety meeting, concluding that
each half of the brain controls different functions and
that speech is controlled by the left half. Unfortunately,
the paper aroused no interest, and his findings.went

PRy .

unnoticed for many years. '

In 1861, the controversy about cerebrﬁlflsczlization
abated when a young French surgeon, Paul Broéca,fﬁﬁzformed“:
a post-mortem examination on a patient with aph;;ii;and B
discovered a lesion in the left fror.tal lobe. Shorfly -
thereafter a similar procedure yielded identical results.
Brocca presented his information to the Society of
Anthropology, beginning the acceptance of and interest in
cerebral localization of function that continues today.
Brocca continued his expgriments and was able to determine
more precisely the area of the brain involving speech.
This area is now called Brocca's area. (Buffington, 1986;
Restak, 1982; Springer & Deutsch, 1985)

Progress in mapping the functions of the brain moved
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slowly. 1In 1878, John Hughlings Jackson asserted that the
human brain consists of twc distinctive, but anatomically
symmetrical parts, the right and left hemispheres. (Raina,
1979) Not until the work of Roger Sperry were significant
advances in cerebral functioning made.

Sperry (1964, 1975) conducted historic brain
investigations that eventually won him the 1981 Nobel
Prize. 1In the early 1950's, he began investigating the
function of the corpus callosum, a band of more than 200
million nerve fibers connecting the right and left cerebral
hemispheres. Sperry performed a commissurotomy, a surgical
splitting of the brain, on cats, monkeys, and chimpanzees.
Outwardly he found little difference in the behaviors of
these animals after surgery. However, with additional
testing, he determined that the commissurotomy made it
impossible for tasks learned in one hemisphere to be
transmitted to the other hemisphere; the task would have to
be relearned. In addition, the two hemispheres could be
trained to do mutually contradictory tasks with no apparent
mental distress associated with these tasks.

Additional insight into the corpus callosum's function
came in 1961 when Sperry had his first opportunity to study
a human split brain. Phillip Vogel and Joseph Bogen,
after hearing of Sperry's work, performed a commissurotomy

to try to stop debilitating seizures on a brain-damaged
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man. After the surgery, the man appeared outwardly normal,
and his seizures stopped.

Sperry studied the man and subsequently more than 40
others who had similar surgery following the first success.
He found several distinct differences in the patients
following surgery that led to the conclusion that, unlike
other mammals, the two hemispheres of the brain in humans
are specialized for quite different functions. Sperry
concluded that "Neural circuits for behavior are definitely
grown in, pre-functionally, under genetic control--and with
great precision in an enormously complex, pre-programmed,
biochemically controlled system." (Sperry, 1975, p.31)
Furthermore, "...learning in one hemisphere .is‘usually
inaccessible to the other hemisphgre if the ‘commissures - .
between the hemispheres are missing." (Sperry, 1964, p.44)
The corpus callosum acts as a center through which the two
hemispheres communicate with one another.

Because information in one hemisphere of a split brain
patient is inaccessible to the other hemisphere, Sperry was
in a unique position to study the functioning of each
hemisphere. By testing and observing, he determined that

" ,.both the left and right hemispheres of the
brain have been found to have their own specialized
forms of intellect. The left is highly verbal and
mathematical, performing with analy:ic, symbolic,

computerlike, sequential logic. The right, by
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contrast, is spatial and mute, performing with a
synthetic spatio-perceptual and mechanical kind of
information processing that cannct be simulated by
computers." (Sperry, 1975, p.31)

Since Sperry's initial work, numerous articles have
been written concerning aspects of hemiephericity and
education. (See, e.g., Buffington, 1986; Chall & Mirsky,
1979; Cohen, 1973; Fox, 1979; Galin, 1976; Garrett, 1974;
Gazzaniga, 1967; Grady & Luecke, 1978; Haglund, 1981;
Hunter, 1976; Johnson, 1982, 1585; Kane, 1984; Kane & Kane,
1979; Kraft & Languis, 1977; Levy, 1983, 1985; Marx, 1983;
McKean, 1985; Oexle & Zenhausern, 1981; Olsoﬁ;¥1984;
Oornstein, 1973; Raina, 1979; Restak, 1979; Ruhenze:, 1979;
Searleman, 1977; Shannon & Rice, 1983; Sinatra,,1983. and
Telzrow, 1981.) Figure 1 represents a summary’ofiga-

hemispheric specializations in information proceséing as

gleaned from this literature.

Hemisphericity and the Classroom

The list of hemispheric specializations makes it
apparent that much of what transpires in the traditional
classroom is oriented to left-hemisphere dominant
jndividuals. Many experts decry this situation and call

for emphasis on both hemispheres in the schools. (See

Cchall & Mirsky, 1978; Galin, 1976; Garrett, 1974; Grady and
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Figure 1

A Summary of

Hemisphere Dominance Specializations

Right Hemisphere

non-verbal
intuitive
divergent
pattern-oriented
literal
concrete
deductive
perceptual
field dependent
holistic
gestalt

mute
visuospatial
global

visual

motoric (tactile/kinesthetic)

creative
musical

intonational

34

Left Hemisphere

verbal

logical
convergent
detalli-oriented
symbolic

abstract
inductive
categorical

field independent
linear/sequential
parts

speech

printed words/letters
analytic

auditory
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Luecke, 1978; Hagland, 1981; Hunter, 1976; Johnson, 1982;
Levy, 1983, 1985; Kane, 1984; Kraft, Mitchell, Languis, &
Wheatley, 1980; Oexle & Zenhausern, 1981; Ornstein, 1973;
Raina, 1979; Reynolds & Torrance, 1978; Rubenzer, 1979;
Shannon & Rice, 1983; Sinatra, 1983; Sperry, 1975; and
Telzrow, 1981.)

Sperry (1975) said our educational system and society
in general discriminate against the right half of the
brain. The attention given the right hemisphere is minimal
when compared to the training of the left hemisphere. He
further welcomes the return of such terms as mental imagery
and visual, verbal, and auditory images téi%@emliterature
on such constructs as cognition and percepéinn;;feeling\: -
that this brings the conscious mind into ﬁheﬂéansal, !
sequence in human decision-making.

Raina (1979) states that most education pattern;'aref'
heavily biased toward left-cerebral functioning and are
antithetical to the right hemisphere. He says this
overemphasis results in adjustment difficulties and a
lopsided education for students because they are not
of fered the whole-brained education necessary to understa.qd
the complex nacure of the world and themselves.

Schools have placed a premium on the verbal-
numerical areas and eliuninated the areas of visualization,
imagination, and/or sensory/perceptual abilities, continues

Raina. These analytic models
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", ..emphasize linear thought processes and
discourage intuitivity, analogical and metaphorical
thinking. These factors of neural tunctioning
among children have been left to modification by
random environmental rather than systematic
institutional means. Education which is
predominantly abstract, verbal and bookish does not
have enough place for raw, concrete, esthetic
experience, especially of the subjective happenings
inside oneself....except in rare cases creative
potential is inhibited, or at least diminished
....As a result of excessive emp;;sis on
intellectualizing, verbalizing, amalyzing-and
conceptualizing processes, ‘curriculum’. has become -
equated with mere 'understanding'. This imposes
‘neurotogenic limitation' and binds mental

procasses so tightly that they impede the

perception of new data." (p.13)

Problem Solving. Grady and Leucke (1978) suggest the

bias for the left hemisphere developed as people grew more
and more capable of manipulating their environment.
Initially people had to struggle for mere survival and
basic needs. Ti.e left-hem! iphere functions of analysis and
sequence yielded superior capabilities in helping people to

survive and develop. The supremacy of analytical tr.ught
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evolved from the need for these skills in survival.

Many of today's problems such as overpopulation,
pollution, energy, ecology, and medicine have resulted from
these linear thought processes, say Grady and Leucke.
Further, solutions to these problems usually are linear,
piecemeal answers that solve only parts of problems.
Problem solving necessitates the more global approach to
situations that the right brain takes.

The enhancement of the problem-solving skills
viewpoint is shared by Ornstein (1973), who feels a shift
from focusing on the egocentric linear processes to a focus
on holistic and simultaneous processes canfprcvide:

solutions to romplex problems. P

Galin (1976) promotes the need for rigﬁé;;andfieft;
hemisphere activities to aid problem solviné)usaying th;t
the holistic mode is very good for creatively brié;ing“
gaps. The verbal-analytic style is good for contending
with the object world, but it must proceed in a step-by-
step, linear fashion. Holistic thinking enables people to
look at the entire picture, skipping parts as necessary to

arrive at an end point. Thus, developing right-hemisphere
abilities can help them to sec the global picture and to

make the nonsequential mental leaps so often necessary in
problem solving.

Achievement Enhancement. In light of split-brain

research and current curricular trends, Grady and Luecke
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(1978) advocate that schools should evaluate their

curricula and instructional practices to balance the
functions berfcrmed by the left and right hemispheres.
Educators need to develop systematic and sophisticated
curricula that will facilitate the brain's multiple
processing systems. Adding subjects that require right-
hemisphere stimulation can provide not only stimulation for
right hemisphere growth, but also content integration
needed for a balanced curriculum.

This balanced curriculum has been shown to increase
overall performance on standardized tests. Grady and

Leucke (1978) cite a 25-member panel reporting in a two-

year survey, Coming to Our Senses: The Significance of the

Arts for american Education, that reported three programs
showing increased test scores. In the first study,
students in one school who participated in the "Learn To
Read Through The Arts" balanced-curriculum program showed
significant gains in reading scores.

The second study showed that students who attended art
classes six to eight times more often than students
normally do scored significantly higher on standardized
reading and math tests than those who attended art class
less frequently.

The third study, the "Interdisciplinary Model Program

in the Arts for children and Teachers," reported that
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students partigipating in the study gained in reading and
math ability and showed superior problem-solving ability.
An increase in learning as a result of increased
right-hemisphere education is also cited by Hagland. (1981)
She reports that stimulation of both sides of the brain may
produce more effective learning. She also says that a
hardship may be imposed on right-hemisphere individuals
whose strengths lie in imagery or spatial relationships.
Education for these individuals relies on language
processing being presented through several combined
approaches, including exposure to . variety of concrete
objects and sensory experiences when first learning to

read. Overemphasis on abstract symbols represents

educational irresponsibility due to ﬁnﬁerdevelopment of
right-hemisphere capacities. She adds éhat ”Thisjis not
simply a matter of enrichment, but one of rescuiné :
neglected potential important for high level pfoblem
solving along with proficiency with language skills."
(p.231)

A study that involved a high level of hands-on science
in the elementary classroom also supports the halo effect
of the right hemisphere instruction enhancing achievement
in left-hemisphere areas. When a right-hemisphere approach
with a heavy emphasis on active involvement in hands-on

science was utilized in an elementary school, reading 1
scores improved significantly. The investigator speculates |
|
|
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that the concrete experiences provided for cognitiv
stimulation that affected learning across hemisphere lines.
(Rowe, 1975)

The research of Jean Piaget (1975) and the need for
developing schemata based on concrete experiences is
related to hemisphericity, says Sinatra (1983). He says
schemata are representations of life's exy .ences that
become the child's basis for a conceptual r.ling system.
The younger the child, the more likely that language
experiences will be based on concrete happenings. He
concludes that right-hemisphere stimulation up through
primary grade schooling may be the cornerstone for success

with verbal modes in later grades.

Sinatra explains that myelination ig;the process of
nerve maturation whereby a fatty sihieath (&fiigﬁ that
facilitates neuron transmission develops ardhnd:nerves.
The nerve fibers of the corpus callosum connectiné the
right and left hemispheres of the brain =re the last to
myelinate during childhood. There appears to be a
correlation between myelination and the maturation of the
cognitive powers. Because of this, preschoolers and
primary grade students whose myelination is not complete
are physiologically unable t> perform tasks requiring
integration of the hemispheres. Because visuospatial,

manipula* < activities stimulate myelin growth, nonwverbali-

40



30

verbal hemispheric integration n~an be advanced by employing
these right-hemisphere activities. Sinatra says the
researci: implications are that interhemispheric integration
is facilitated when right-hemisphere techniques are
employed. Consequently, he advocates visual/motor
actlivities as a regular ingrediont in the curriculum.

other Influences on Hemisphericity. While the

tendency to process information in one hemisphere or the

other is genetically influenced (Sperry, 1975),
enculturation can affect information processing in the
cerebral hemispheres. Irvestigators have reported that
middle class persons are likely to:exhibit greater tendency
to use the verbal-analytic mode whiie the urban poor are
more likely to use the spatial-holisﬁicrmode. (Cohen, o
1969; Lesser, 1971) Cohen also found thgzrpcor children. .
had a tendency to be relational thinkers wﬁg-tend to give
attention to global aspects of a stimulus. sﬂé—suggests
that curricular integration of both cognitive modes may be
able to stimulate creative achievement in some failing
students.

Attention and Hemisphericity. Because many students
are not verbal learners, they may be missing much of what
transpires in the classroom where a great deal of
information is transmitted via the lecture method.

Instruction that utilizes both hemispheres does not rely

exclusively on this method of instruction.
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Restak (1979) and Johnson (1985) describe the
interaction of and interdependence of Soviet
neurophysiblogist Alexander Luria's three brain systems:
the attentional, the sensory, and the intentional systems.
Johnson relates some physiologic aspects nf the dangers of
excessive verbal instruction to these three systems of the
brain. BEach system acts independently, and brain
activation plays a different role with each of these
systems. Attention to the way in which individuals
perceive information is thus an essential part of these

systems.

Johnson (1985) relates Luria's systems to educacion.
Like MacLean's (1978) limbic system, the attentional system
is strongly associated with emotions and controls tone,
alertness, and the waking state. A series of two-way
"gates" regulates information coming to this system; if the
system perceives incoming stimuli as nonrelevant, dull, or
threatening, it closes the "gates," and the hippocampus,
which is involved in long-term memory, cannot be activated.
Instruction that utilizes both hemispheres, and therefore
appeals to both preferences for information processing, is
more likely to be relevant and nonthreatening to learners.
Consequently, it is important to make information relevant
so it is more likely to keep the "gates" to long-term

memory open.
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Luria's sensory system has sensory areas in the right
and left hemispheres. This system is directly related to
cerebral lateralization in that each hemisphere is
sensitive to different forms of stimuli--the left
responding to verbal, sequential, and time-related
material, and che right responding to spatial
relationships, melody, pictorial, and nonfamiliar stimuli.

The critical component of the sensory system is that
neurons, when properly stimulated, form more receptors for
synapses (the point at which the nervous impulse passes
from one neruon to another), thus increasing neural
connections. Since the number of neurons in the brain is
static, this is the only way the neurons.can grow; . .
increased stimulation provides for increased grcwth Thus,
it is important to stimulate both parts of the senscry
system for brain growth. '

Finally, in the intentional system, the brain.grows
only when the neurons are stimulated and the cells
themselves grow. The frontal lobe will develcp only with
% this stimulation. The cognitive strategies required for
Piaget's (1975) formal reasoning stage resemble those
required for development of the intentional system. This
system needs to be activated so that the right hemisphere
can hold the images of what it is learning long enough for
the left hemisphere to transform them into an accurate

abstract representation and is then able to "talk" about it.
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The 4MAT System

Bernice MccCarthy (1980) has presented a model
for teaching, the 4MAT System. This system is based on
research in learning styles and brain hemisphericity as
well as creativity, effective management, art, and
movement and dance.

McCarthy was intrigued by the similarities of the work
of eighteen researchers in various areas, including
learning styles and brain hemisphericity. She was equally
interssted in the implications of theigmresearch for
education. She convened a conference:.iu 1979 to discuss
the dynamics of the interrelationships among these o
researchers. It was from this conference that the 4MAT
System grew. *j; |

4MAT and Learning Styies. In her text, McCarthy

(1980) discusses how the commonalities in the learning
styles research of Barbara and Louis Fischer, Anthony’
Gregorc, Karl Jung, David Kolb, Alex Lotas, David Merrill,
and Elizabeth Wetzig influenced her in the development of
her 4MAT System. Although her model reflects the work of
all these authors, it is based on the research of Kolb.
David Kolb (1975, 1979) researched experiential
learning and its relationship to cognitive development. He

formulated a model that designated learners in terms of how
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they perceive and process information; one's learning style

is a composite of these two dimensions. The first
dimension forms a dichotomy on two ends of a continuum in
terms of how people prefer to perceive information:
Concrete Experience and Abstract Conceptualization.
Individuals who prefer to perceive concretely like to
immerse themselves in concrete reality and become totally
involvea in the learning process. In contrast, individuals
who prefer to perceive abstractly iike to look at a
situation and contend with it on an abstract level by
thinking about it.

In a similar vein, the second dimension also forms a
bipolar continuum in terms of the way individuals prefer to
process the information they have pe?ceived: Active
Experimentation and Reflective Observatitm'i ‘J.'Ee active
processors are doers who like to be activelyzinvolved in -
the learning process; in contrast, the reflective
processors prefer to sit back and observe what is happening
as they learn.

Kolb divides learners into four categories depending
or. their particular combination of ways they perceive and
prozess information. The first type, Divergers, pre to
perceive information concretely and process it
reflectively. The second type, Assimilators, prefer to
perceive information abstrictly and process it

reflectively. Tr2 caird type, Convergers, prefer to
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perceive information abstractly and process it actively.
Finally, the fourth type, Accommodatprs, prefer to perceive
information concretely and process it actively. Kolb
developed the Learning Style Inventory (1976) to assess the
learning style of individuals.

McCarthy (1980) used Kolb's model as the basis for the
learning styles component in her 4MAT System. she changed
the names Kolb used, but her system remains faithful to
his model. She calls the type one learners Innovative
Learners, type twc Analytic Learners, type three Commcn
Sense Learners, and type four Dynamic learners.

4MAT and Brain Hemisphericitzh: Afcer studying
learning styles, McCarthy became iﬁéﬁrested in what . .M
relationship, if cny, existed between l&arning style and
brain hemisphericity. Using Kolb's Lear;iﬂé Style

Inventory (1976) and Paul Torrance's test, Your Stvle of

Thinking and Learning, Form B, (1978) McCarthy tested 329

high school students. She found that approximately equal
percentages of each gender fell into each of the four
learning style groups. Sixty percent of the students fell
into the Concrete Experience end of the Concrete-Abstract
perception ccntinuwa, while the processing concinuum had
57% being Reflective and 43% being Active. she also found
that 46% of the students were right-hemisphere dominant,

while 28% were left-hemisphere dominant and 25% were
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integrated-douminant.

McCarthy found that all three types of brain
dominance were represented in all four learning styles, but
only the Analytic Learners had a higher percentage of left-
hemisphere dominant members than any other type of brain
dominance. 1In addition, Inncrative Learners and Common
Sense Learners tended to have more integrated duminance
than do the Analytic Learners and Dyramic Learners.
Finally, she found that geadexr has some relaicionship to
integrated dominance, with 33% of the females and only 15%
of the males being integrated-dominant.

-icCarthy thus determined that there may, indeed, be a
relationship between learning styles and brain
hemisphericity. Individuals fall into four learning
styles, and within each learning style, they exhibit
right-, left-, or integrated-hemisphere processing. Based
on this information, she developed her 4MAT System for
instruction, an eight-step cycle incorporating Kolb's four
learning styles as well as right- and left-hemisphere
processing within each learning-style quadrant.

McCarthy's model describes learners and the ways they
are taught within the framewcrk of the model using nine
categories: 1) the type of learners, 2) how the learners
prefer to perceive information, 3) the tyvpe of question
learners ask themselves, 4) the kind of learning concerns

the individuals have, 5) the strengths the learners have,
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6) the processes the learners in a particular gquadrant use,

7) the teacher's role within each quadrant, 8) the teaching
method used within each ¢uadrant, and 9) the purpose for
the hemispheric experience within each quadrant. These
categories are summarized in Figure 2.

Mccarthy feels Kolb's model is important not only
because it provides a way to categorize learning
styles, but also because of the sequence of learning his
model encompasses: a cycle of instruction that involves
experience, reflection, conceptualization, and
experimentation. In this way, all students are taught in
their preferred learning style 25% of the -time and.have.an
opportunity to expand their abilities in the otherﬁlearning
styles the rest of the time. She further says thig.js B
important because if they are not exposed tofégz?rigty"oﬁﬁ
learning styles they will nct develop other learﬁing
skills.

AMAT Research. Little research has focused on

McCarthy's 4MAT System. A review of the literature
revealed only one research study. Wilkerson (1986/1987)
evaluated the effects of the 4MAT System on third graders'
1) academic achievement, 2) retention of learning, and 3)
attitudes toward the unit of instruction and science in
general. The control group was taught using a trzditional,

textbook apprcach. Using Bloom's (1956) taxonomy to
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type
learner

prefers
to

question

indivi~
dual hac
concern
for

strengths

function
by

teacher's
role

method

purpose
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Figure 2

A Summary of

McCarthy's 4M\T System

Quadrant 1 Quadrant 2 Quadrant 3

innovative

perceive
concretely,
process
reflectively

WHY do 1 need
to learn this?

personal
meaning: give
them a reason

innovation &
ideas, brain-
storming,
listening,
interacting,
speaking

values
clarification

motivator,
witness

discussion,
interaction

right
create an

experience

left
reflect/
analyze
experience

analytic

perceive
abstractly,
process
reflectively

WHAT are the
facts?

facts: teach
it to them

creating
concepts &
ideas,
observing.,
classifying,
drawing
conclusions,
seriating

thinking
things
through

information-
giver

informational

right
integrate
obs :rvation/
reflective

left
develop
theories,
concepts, &
skills
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Quadrant 4
common sense dynamic
perceive perceive
abstractly, concretely,
process process
actively actively
HOW does IF...how

this work? can I apply

this?
hands-on action,
experience: doing: let
let them try them teach
it & share

practical
application,
experimenting,
manipulating,
following
directions

factual data
garnered from
kinesthetic
experiences

coach

facilitation,
organizational

left
practice
defined
givens

right
practice,
adding some-
thing of
yourself

action; getting
things dcne;
aprlying, test-
ing w/reality;
carrying
through

acting and
testing
experiences

evaluator,
remediator

self-
discovery

right
think about
application
for relevance

left

share what
you've done
with others



classify test questions, she found significant differences
favoring the 4MAT group, p < .05, on achievement classified
as knowledge, comprehension, application, and analysis, and
on retention after 35 days; but she found no significart
differences between the groups on achievement classified
as synthesis and evaluation. 1In addition, she found
students' interest in science and attitudes toward the
jnstructiunal activities were more positive with the 4MAT

group than with the contrcl group.




CHAPTER III

METHODOLOGY

The purpose of this study was to investigate the
effects of the 4MAT instructional system on ichievement and
on attitudes toward the unit of study and science in
general.

There were two instruments used in this study. The
achievement test acsessed achievement at two levels
derived from Bloom's (1956) Taxonomy of Educational
Objectives: knowledge and comprehension and critical
thinking (application, analysis, synthesis, and

evaluation). The attitude m2asure assessed attitudes
about the un't of study and about science in general.

The research design was a Posttest-Only COH%%OI Grouﬁ
experimental design (Campbell & Stanley, 1963). One-way
analysis of variance was used to determine if there were
significant differences between groups. The dependent
variables were the two subscores and the total score on the
achievement instrument and the two subscores on the
attitude instrument. The independent variable was the

group into which students were assigned.
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Subjects

Fifty-four students (three black and fifty-one
white) in academically gifted sixth grade classes in three
schools in the Chapel Hill-Carrboro (North Carolina) City
Schools participated in this study. These students were
chosen because their teachers had participated in a ten-
hour staff development workshop on Newtonian Mechanics the
previous autumn and thus had a common subject matter
background. The investigator also participated in the
workshop. The investigator felt this common background was
important to avoid the skewed results that might develop if
one teacher had a more extensive subject matter background
than the other teachers. ‘

A letter outlining the purpose of ;he study and
guaranteeing anonymity was sent home to parents.a month
before the study began. Students were told thgy could drop .
out of the study at any time, and there would be.noc penalty ‘
for those who chose not to participate. Fifty-eight
students were onrqlled in these classes; two students opted
not to participate, and two had to be dropped from the
study because of absences. Fifty-four students completed

the study, with twenty-seven each in the experimental and

control groups.

o2



Design

Treatment. The treatment variable for this experiment

was two methods of instruction for teaching a unit on
Newton's First Law of Motion. One method of instruction
was a restricted-textbeok approach that involvad teacher
lecture, reading of text materials, writing activity
sheets, and complet/ng two activities. This approach was
restricted to activities that represent left-hemisphere
specializations that are verbal, logical, abstract, and
linear/sequential in nature.

The other method was Bernice McCarthy's (1980) 4MAT
System approach utilizing a sequence of instruction taking
into account specific learning stvles as well as right- and
left-hemisphere dominance.

The teachers at each school w..e females certified in
Acadenically Gifted education. The inveséigator was
certified in Middle Grades Science. Each of the teachers
and the investigator had at least ten years of teaching
experience.

Assignment to Tre..ment Group. The students in each

school were randomly assigned to either the experimental or
control group using a table cf random numbers. The
assignment was done in the following manner. For each
class, the investig+tor arbitrarily selected a spot to
begin looking at the numbers in a table of random numbers.

She looked down the column until she came to the first
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number that we3 assigned to a student. If the first
number chosen was even, that individual was assigned to
the control group; if it was odd, that individual was
assigned to the experimental group. The investigator
continued from the same point in the table of random
numbers until she came tc the next number that had been
assigned to a student. That student was placed in the
opposite group. This method was followed until all
students were placed ii: one of the twou groups.

Teacher Assignment. The acadenically-gifted teachers

shared the teaching of the experimental unit with the
investigator. The teachers and thgwinvestigator alternated
the days they taught each group télﬁtovide for
instructional counterbalancing. Alte;;ating the rooums
where the students met counterbalanced.;he effect of the
classroom. ‘

The decision as to which group each instructor would
begin teaching was made separately for each scnool by
assigning the teachers even numbers and the investigator
odd numbers. If, from a table of random numbers, the
first number selected was even, the teacher began with the
control group, and the investigator began with the
experimental group. If the first number selected was 44,
the investigator began with the experimental grcup, and the

teacher began with the control oroup.
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Procedure

Length of Treatment. The experiment was conducted
during the last week in April and the first week in May,
1987. Each class met for a total of three hours. Two of
the groups met four days for forty-five minute. each day.
Due to the class schedule, the oither group met three days
for one hour. Within each school, the students were
randomly divided, and the length of instruction was equal.
Thus, all students within each school were treated the
same.

Before treatment began, each teacher completed an
Assessment of Class Form {Appencix D) to document any
differences among students in the classes that might affect
the results. This was completed before the teachers knew
which students were in the experimental group and which
were in the controi group to prevent any potential bias.

The attitude measure (Appendix E) and the achievement
test (Appendix F) were give™ the day after the end of the
experiment.

Subject Matter. Both groups were taught Newtonu's

First Law of Motion using the same terminal objectives.
{Appendix A) Instructional packecs were designed for each
group. These packets included lesson plans with a script
to ensure unifcrmity of instruction, information sheets for

the students, activities to use in instruction, and




materials to complete the activities. (Appendices B and C)

The terminal objectives were drawn from the information in
the Prentice-Hall textbook. Care was taken to ensure that
the content in the 4MAT information sheets was the same as
that in the textbook.

The information sheets and activities for the control
group were the sections in Unit 6, Chapters 1 and 2 of

Prentice~Hall's General Science, A Voyage of Discovery

(Hurd et al., 1986), that pertain to the First Law of
Motion. This book was selected because it is recent, gives
coverage of the Laws of Motion, and is written for grades
six through nine. The lesson plans used teaching
strategies and activities suggested in the Prentice-Hall
book. The word-scramble puzzle used is a modification of
the puzzle presented in the teacher's resource book.

The content information sheets used by the
experimental grcup were written by the investigator. The
informatinn in these sheets was selected so it would cover
the same copics in the Prentice-Hall book. The activities
were those developed by Gartrell (1986) and an
investigator-made crossword puzzle. The Gartrell materials
were the same as those used in the workshop on Newtonian
Mechanics that the teachers and the investigator had
completed earlier.

The content validity of the 4MAT materials was
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established as follows. A current middle grades physical
science teacher and a former middle grades physical science
teacher (who also was the instructor at the Newtonian
Mechanics Workshop the three teachers and the investigator
attended) read the 4MAT script and information sheets and
verified the accuracy of the concepts presented. 1In a
similar manner, two other middle grades teachers reviewed
the textbook lesson plans, compared them with the textbook
and accompanying teachers' guide, and verified that the
lesso s accurately represented the text and teaching
suggestions. (Appendix G)

McCarthy is very specific about tﬁé order in which
each learning styles quadrant, and the%éﬁmispheric modes
within each quadrant, are to be taught.;.;To ensure that the

4AMAT lessons developed were valid representations of the

e L}

-

AMAT System, two people certified by 4MAT aé"érainers
reviewed and validated the 4MAT script as accurately
representing the 4MAT System. This was done in the
following manner. The activities in the 4MAT lesson
plans were written in random order. The reviewers were
asked to determine to which of the eight steps cach of the
activities belonged. The reviewers matched the steps to
each of the eight steps the investigator had determined
with 100% accuracy. These two ind.viduals also reviewed
the activities for the restricted-textbook instructional

packet, again in scrambled order, and verified that the

o7
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activities .ncluded there were all left-hemisphere
activities. (Appendix G)

Monitoring Treatment Delivery. The investigator

monitored the treatment in two ways. First, tape-recorded
lessons presented by the teachers were reviewed each day of
treatment. In this way, any deviations from the script
could be noted, and the investigator could discuss the
deviation, if necessary, with the individual teacher
jnvolved. Secornd, the teachers were interviewed following
each lesson to identify anv problems.

Instrumentation. Two instruments were administered to
the subjects. The first was an investigatér-constructeg
achievement test on Newton's First Law of Motion. (Appendix
F) The questions were derived from a variety of sources
including the study by McCloskey, Carmazza, and Green
(1980), the Prentice-Hall teachers' resource book (Hurd,
et al., 1986), Gartrell's (1986) activities, as well some
written by the investigator.

Using Bloom's (1956) Taxonomy of Educational

Objectives as the criteria, the sixty-item test was divided
into thirty-five knowledge questions (numbers 1, 2, 12-14,
17-26, 28-30, and 38-54) and twenty-five critical thinking
questions {(numbers 3-11, 15, 16, 27, 31-37, and 55-60).

Two professors at the University of North Carolina at

Chapel Hill who teach learning theory courses reviewed the
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achievement test and, using the Bloom taxonomy, rated each
guestion as being either a knowledge or a critical thinking
question. . There was 100% agreement as to which questions
belonged to which category.

The reliability of the achievement instrument was
determined.by field-testing it with a group of twenty-five
heterogeneous sixth grade stucdcuats who had recently
completed a unit on Newtonian mechanics using materials
from the workshop the three teachers and the investigator
in this study had attended. The test had a Kuder-
Richardson-20 reliability of .84. Through an item
analysis, those items with difficulty ?gdex of <.30 or
>.85, negative correlations, or correléiions = or < .00
were dropped, leaving sixty of the original eighty
questions in the final version of the test. Only the
students in the study took the final version of the test.
For this version of the test, the Kuder-kichardson-20
reliazility was .83.

The achievement test was constructed to assoss the
content coveced in both the control and experimental
groups. Two middle grades teachers who took the Newtonian
Mechanics Workshop and who have extensive backgrounds in
science reviewed the questions to determine if they
accurately represented the stated objectives for the unit.
There was 100% agreement that the items were appropriate.

(Appendix G)

oY
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The second instrument was an investigator-constructed
Attitude Survey. (Appendix E) The attitude statements were
designed to determine (1) how well the students liked the unit
they had just completed and (2) their attitudes toward
science in general.

The ten questions on this instrument were divided into
two parts, those that referred specifically to the unit of
study (numbers 1-4, 6, and 10) and those having :o do with
science in general (numbers 5, 7, 8, and 9). The
reliability of the Attitude Survey was determined by using
a Cronbach's Alpha reliability test on the attitude
measure. Only the students in fhe experiment completed

this instrument. The reliability for the instrument was

94-;,.

.79.
The Attitude Survey was field- testzﬂ;wlth a group of

a similar unit on Newtonian mzchanics to ensure that the
questions on the survey were easily understandable. The
students reported that they had had no difficulty in
underztanding the questions.

Statistical Analysis. Raw achievement test and

attitude survey scores were used to determine descriptive
statistics (range, mean, variance, and standard deviation)
for the two groups. The achievement test had two subscores

{knowledge and critical thinking questions) as well as a
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total achievement score. The Attitude Survey had two

subscores, unit-specific statements and statements about

science in general.

Separate one-way analysis of variance was used
to determine if there were statistical differences between
the experimental and control groups on the total scores on
the achievement test and the two subscores on the

achievement and attitude instruments.
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CHAPTER IV

RESULTS

This study investigated the effects of using the 4MAT
jnstructional system on achievement, knowledge- and
critical thinking-level questions, and on attitudes toward
both the unit of study and toward science in general.
Academically gifted sixth grade students were the subjects
for this study. Thne unit of instruction was Newton's First
Law of Motion. .

The data for this stﬁ&#?&ére derived from the results
of an investigator-made a&ﬁigvement test and an
investigator-made attitude iﬁvéntory. The investigator-
made achievement test consisted of .two subparts: knowledge
questions [at the knowledge and comprehension levels of
Bloom's (1956) taxonomy] and critical thinking questions
(at the application, analysis, synthesis, and evaluation
levels of Bloom's taxonomy). The investigator-made
attitude inventory consisted of questions specifically
related to the unit of study and questions relating to

science in general.




The Relationship Between Achievemeat and Instructional

Approach
The first three hypotheses investlgated overall

achievement and achievement on knowledge questions and
critical thinking questions of students taught using the
4MAT System approach and students taught using a
restricted-textbook method utilizing only left-hemisphere
instruction. Overall achievement results were analyzed
using a one-way analysis of variance. The two subscores on
the overall achievement instrument ﬁor knowledge and
critical thinking questions leo we;é ctested using analysis

of variance.

Hypothesis 1. The nullfﬁypothesis wés: There is no

significant difference in o;etall achievement on an
investigator-made achievement;tnst between 2 group of
students taught using the 4MAT Jystem approach and a group
of students taught using a restricted-textbook approach.

The research hypothesis was: StudeﬁzS'taught Newton's
First Law of Motion using the 4MAT System apﬁioach will
perform significantly better on overall achievement on an
investigator-made achievement test than students taught
using a restricted-textbook . sproach.

The analysis of variance indicated that there was a
significant difference in overall mean achievement between

the two groups in favor of the group using the 4MAT System

(F [1,52) = 6.19, p < .05). The null hypothesis was
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rejected, and the research hypothesis was supported.
Table 1 presents the descriptive statistics for the overall
achievement test scores. Table 2 presents a summary of the

analysis of variance.

Table 1

Descriptive Statistics for the

Test of Overall Achievement

N $ Questtans Mean S. .. Range
4MAT S
Group 27 60 ‘243.8% 6.92 21-56
Restricted- o
Textbook TR,
Approach 27 60 38.93 7.35. 22-50
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Table 2

Summary Table of ANOVA for the

Test of Overall Achievement

Source SS af MS F
Between Groups 327.58 1 327.58 6.19%
Within Groups 2751.26 52 52.91

Total 3078.84 N 53

* p< .05

-

Hypothesis 2. The null hypothesis was: There is no

significant difference on knowledge gquestions on an
investigator-mcde achievement test betweem.a group of
students taught using the 4MAT System approach and a group-
of students taught using a restricted-textbook approach.

Tne research hypothesis was: Students taught Newton's
First Law of Motion using the 4MAT System approach will
perform significantly better on knowledge gquestions on an
investigator-made achievement test than students taught
using a restricted-textbook approach.

The analysis of variance indicated that there was no

significant difference in mean achievement on knowledge
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questions between the two groups (F [1,52) = 1.72, p > .05).
Consequently, the null hypothesis cannot be rejecitcu. Table
3 presents the descriptive statistics for the scores on the
knowledge questions on the achievement test. Table 4

presents a summary of the analysis of variance.

Table 3

Descriptive Statistics for the
Knowledge Questions on the

Test of Overall Achievement

3
-

N $ Questions Mean S.D. Range
4Mat Tl
Group 27 35 27.78 4.64 13-33. .
Restricted-
Textbook
Group 27 35 26.19 4.28 17-31
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Table 4

Summary Table o. the ANOVA for the
Knowledge Questions on the

Test of Overall Achievement

Source SsS af MS F
Between Gro.ps 34.24 1 34.24 1.72
within Groups 1034.74 82 .., 19.90

Total 1068.98 53

.
e, oy

-

————

Hypothesis 3. The null hyppthesis was: There is no

significant difference on critical‘tginking guestions on

an investigator-made achievement test,‘bé;negn a group of
students taught using the 4MAT System approaéh:epd a group . .-
of students taught using a restricted-textbook a;proach.

The research hypothesis was: Students taught Newton's
First Law of Motion using the 4MAT System approach will
perform significantly better on critical thinking questions
on an investigator-made achievement test than studencs
taught using a restricted-textbcck approach.

The analysis of varlance indicated that there was a

significant difference in the means for the critical
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tuinking questions between the two groups favoring the group
using the 4MAT System (F = 13.07, p < .001). The null
hypothesis was rejected, and the ro>searcn hypothesis was
supported. Table 5 presents the means and standard
deviations for the questions on an overall achie :ment test.

Table 6 presents a summary of the analysis of variance.

Table 5

Descriptive Statistics for the
Critical Thinking Questions on the

Test of Overall Achievement

N $ Questions Mean S.D. Range
4r2T )
Group 27 25 16.11 3.65 2-23
Restricted-
Textbook
Giroup 27 25 - —312.59 3.50 5-19

€8
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Table 6

Suminary Table for the ANOVA for the
Critical Thinking Questions on the

Test of Overall Achievement

Source ss af Ms F
Between Groups 167.13 1 167.12 13.07*
wWithin Groups 665.19 52.- . . _%;-79
Total 832.32 53
* p < .001 “' :

.%gﬁml

The Relationship Between Attitudés é;&“;gggructional

The fourth and fifth hypotheses tested the attitudes
toward the specific unit of study and science in general of
students taught using the AMAT System approacl and students
taught using a restricted-textbook method utilizing only
ieft-hemisphere activities. The two subscores on the
attituda inventory for unit-specific questions and questions
about sc:ence in general were tested using analyses of

varianc-.




Hypothesis 4. The null hypothesis was: There is no

significant difference in attitudes toward the unit of
study, as measured by an investigator-made attitude
inventory, between students taught using the 4MAT System
approach and students taught using a restricted-textbook
approach.

The research hypothesis was: Students taught Newton's
First Law of Motion using the 4MAT System approach will
rate statements about the unit of study on an
investigator-made atti*ude scale significantly higher than
students taught using a restricted-textbook approach.

The analysis of varianég,indicated that there was a
significant difference betweem:the means of the two groups
favoring the 4MAT System approaéh;group over the restricted
textbook group (F [1,52] = 5.33, p <t-q5). The null
hypothesis was rejected, and the reseaégh?hypothesis was
supported. Table 7 presents the means, standard deviations,
and ranges for the attitude questions relating specifically

to the unit of study. Table 8 presents a summary of the

analysis of variance.



Table 7

Des:criptive Statistics for the

Attitude Statements About the Unit of Study

N § Questions Means S.D.
4MAT
Group 27 6 15.59 3.50
Restricted-
Textbook
Group 27 6 13.48 3.22
Table. 8
Summary of ANOVA “far the

Lttitude Statements About the ﬁétticf Study
Source Ss a“: MS F
Between Groups 60.17 e 60.17 5.33*%
within Groups 587.26 52 11.29
Total 647.43 53
* p < .05
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Hypothesis 5. The null hypothesis was: There is

no significant difference in general attitude toward

science, as measured by 7 investigator-made attitude

inventory, between students taught using the 4MAT System
approach and students taught using a restricted-textbook
approach.,

The research hypothesis was: Students taught Newton's
First Law of Motion using the 4MAT System will rate
statements about science in general on an investigator-
made attitude scal: significantly . higher than students
taught using a restricted*igiﬁhook approaéh.

The analysis of varféisé:ipﬂicated that there was a
significant difference bééieenﬁfhe rieans of the two groups
favoring the restricted—teitbcék group (F [1,52] = £.20,

p < .05). The null hypothesiés;ls rejected. However, the
research hypothesis was not supborteﬂ.hecause the results
were in the opposite direction from those predicted in the
research hypothesis. Table 9 presents theﬂéésgriptive

statistics for the general attitude toward science scores.

Table 10 presents a summary of the analysis of variance.
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Table 9
Descriptive Statistics for the
Attitude Statements About Science in General

N $ Questions Means S.D.
4MAT
Group 27 4 11.48 2.38
Restricted-
T vxtbook L
Group 27 3§ 77 "I3aF. - 3.49

TabY& 10

Summary of ANOVE.£or the

Attitude Statements About Sciencg in General

Source Ss af MS F
Between Groups 46.30 1 46.30 5.33*
within Groups 462.74 52 8.9C
Total 509.04 53
* p < .05
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CHAPTER V

DISCUSSION

The purpose of this study was to examine the effects
of instruction utilizing the 4MAT System on achievement and
attitudes of academically gifted sixth grade stidents. The
students received three hours of instruction on Newton's
First Law of Motion. Instruction using the The 4MAT System
approach (McCarthy, 1980) had components that were
congruent with each of the four major learzlﬁg styles and
brain bemisphere dominancé;3i1nstruction utilizing a
reétricted-textbook approad@:followed the textbook and its
teaching suggestions and uwed%gnly left-hemisphere

activities. %

Conclusions

The results of the analyses generally support the
research hypotheses, which are discussed below.

Achievement. The first three research hypotheses

concerned instructional approach ané achievement.
Hypothesis 1 concerned the difference in overall
ach.evement on an investigator-made achievement test
between students taught using the 4MAT System approach and
students taught using a restricted-textbook approach. The

results of the one-way analysls of variance support the
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research hypothesis that there are significant differences
between the two groups on overall achievement favoring the
4MAT System approach (p < .05).

These results were expected for three reasons. First,
the 4MAT System appeals to all four major learning styles
as well as to right- and left-hemisphere dominance within
each learning styles group. In this way, individuals were
taught in their preferred learning style 25% of the time.
Tndividuals who are not usually systematically taught in
this fashion were allowed to learn in the way they learn
best. _

Second, by utilizing ézg;riety of teaching zpproaches
to incorporate the various leaihing styles and hemisphere
dominance, the 4MAT System adde& variety to the lessons.

The combination of addressing learning styles aund

hemisphere dominance along with the instructignal variety 3

that is entailed is likely to have increased the
probability that instruction would attract the attention of
the students, a necessary condition for activating Luria's
Attentional System and long-term memory. (Johnson, 1985)
Third, it was expected that students would be better
able to apply the subject matter they had learned when
answering questions at the critical thinking level of
Bloom's (1956) taxonomy: application, analysis, synthesis,

and evaluation. Since critical thinking questions were
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jncluded a3 a part of the achievement test, it was expected
that the 4MAT System approach group would do Lk tter on the
overall achievement test.

Hypothesis 2 investigated the relationship between
achievement on knowledge questions and instructional group.
‘The research hypothesis was that students in the 4MAT
System approach group would achieve significantly higher
than those students in the restricted-textbook group. The
differences were not statistically significant (p > .05),
and thus this hypothesis was not supported.

Lack of support for Hypothesis Zjégé‘not expected. It
would seem that if the 4MAT System approach engages the

learner to a higher degreé@ihan the restricted textbook

approach (see the discussion;ag Hypothesis 1), the

e

o

achiazvement at all levels should?;gflect that engagement.
It is possible that the lack of si;ﬁificant differences
arose because of the nature of the quégéinns. Knowledge-
level questions are rote, usually deal withﬁﬁaxt of the
whole, and are frequently linear-;equential iz:nature,
characteristics of left-hemisphere specialization. Because
both groups received instruction using left~hemisphere
techrniques, it is likely that the engagement of the
students at this level was th2 same for both groups.

A second, related explanation may lie in ..e general
instruction the students usually receive. It is possible

that because the subjects wece academically gifted
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students, all were capable of accommodating to the system
that traditionally tests with knowledge-level questions.
Thus, because the students have learned to excel at these
types of questions, the differences were more likely to be
smaller.

Hypothesis 3 investigated tl._ relationship between
achievement on critical thinking questions and membership
in instructional group. The research hypothesis that the
4MAT System approach group would achieve higher than the
restricted textbook group .was supported"fp'< .001).

These results vere expected due to a combination of
instruction being direcﬁe¢;:éf"least part of the time, to
both the individuals' giv;hilgarning style preferences and
hemisphere dominance. In addiﬁion, as discussed in
Hypothesis 1, the us2 of a variety of teaching approaches
was likely to have activated the learmers' attentional
systems.

These results were also expected bécénse acquiring
the knovledge necessar. for success on vriticﬁl thinkiag
questions was more demanding. In addition to learning the
knowledge, the students also had to use the knowledge. The
results of Mypothesis 3 indicate that the students in the
4MAT System approach seemed to have a better understanding

of the subject matter and were more able to apply the

knowledge obtained on critical thinking questions. This
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suggests that an instructional system that . directed to
learning stylies and brain dominance develops these
abilities to a greater extent.

Finally, explanatio for the significant results
favoring the 4MAT group may be explained if one considers
that problem solving lies in the realm of the right-
hemisphere specialization. (Grady and Leucke, 1978;
ornstein, 1973; & Galin, 1976) The critical thinking
guestions -.quired problem-solsing activities. Since this
is a right-hemisphere specialization,.it is reasonable that
students who had been instructed using right-hemisphere
techniques would perform be;tefb.

Attitudes. Hypotheses:i"-:c;.a'zid 5 concerned students'
attitudes toward science imﬁédih;ely following the
creatment. Hypothesis 4 concefn;ﬁsat;itudes toward the
unit ¢ study while Hypothesis 5 con;;zlud attitudes toward
science in general. Data analysis reveaigamthat both
hypotheses were significant, but in opposite 5irections.:“
Hypothesis 4 was significant favoring the 4MAT System
approach, p < .05, and Hypothesis 5 was significant
favoring the restricted-textbook approach, p < .05.

It was anticipated that students in the 4MAT System
approach group would have more positive attitudes toward
the unit of study than students in the other group. Thls
was expected because all students were instructed and able

to work part of the time in their preferred learning style
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and hemisphere preference. In addition, the variety of
activities the 4MAT System utilizes would likely be more
interesting to the students and therein produce more
positive attitudes.

It was .ot predicted that students in the restricted
textbook grour would show more positive attitudes toward
science in general than the 4MAT System approach group.

The investigator can find no explanation to explain these
vesults adequately. It is possible tbat students in the
forr:r group overreacted and gpaged a "protest vote." They
did not enjoy the unit of studyﬁﬁgt_do, on the whole, like
science. They, thereforegéiightfﬁ;ﬁe reacted more strongly
to the questions about scféége:;q;general to show that they
really do like science. The %Fzmaﬁxitgm approach group, on
the other hand, did not have tﬁi;*stiupg}negative reaction
to the unit of study, and, therefore, £hey”;;lt no

compulsion to show that they really do like science.

H

(S

Implications

The use of the 4MAT System instructional approach may
have merit for school utilization and for research. As
educators strive to find .. ys to motivate students and to
focus their attention, they need to use 4MAT, and they need
to conduct research on its impact and effectiveness.

One must remember that, like all experi.ents, this
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research project had limitations delineated by its design.
This study was with 6tk grade students in three schools and
one school system, and results can 6nly be generalized to
other similar situations. Additional research is necessary
before generalizations and conclusions can be made to
populat!ons other than those studied.

The findings of this investigation are important
because they increase the body of data and literature on
the effectiveness of the 4MAT System approach to
instruction. As of this date, only. one.research study
(Wilkerson, 1986,1987) has been reported on the 4MAT
system, and while that study shawed significant results in
favor of the 4MAT System, phmduusly additional research is
needzd. SR

A need for reform in educatkon has been cited
frequently in recent yea:s. There:iStgeneral consensus
that students need to be taught to appIy; analyze,
synthesize, and evaluate information with increasing skill
if they are to be pirepared for the workplace of tomorrow [
technolugical world. The results of this study indicate
that the 4MAT System approach to instruction may hold
p::omise to help meet this need. Curricula tuaat are
organized according o the 4MAT System, with teachers
trained to properly teach the lessons, may well provide an

answer to the question of what is the best route to take in

educating our students.
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Suggestions for Further Research

The 4MAT System i3 relatively new and little research
has been conducted on it. Consequently, additional
research would be beneficial in several areas. One would
be to replicate the study with a h terogeneous . oup of
students because at this time we have dta only on groups of
academically gifted students.

Another research project couls” “Ye to replicate the
study or conduct a similar one at'otﬁef'grade levels. The
effects of the 4MAT System qpproach as it interacts with
maturational or cognitive ié%els thus could be investigated.

Research using a larger é?pulation that would increase
the likelihood of having more éuhjects in each of the
hemisphere~dominance categories might shed light on the
interaction of the effect of hemisphere dominance on
achievement. .

Addicional research on the attitudesmbéjstudents
taught using the 4MAT System also deserves attention.

Using rore sophisticated measures of attitude toward
science and mode of instruction may yield more information
on instructional affects of the 4MAT Systen approach.

The long-term effect of the 4MAT System is another

area for research. lLongitudinal studies of students taught

using the 4MAT Syste.a over a period of a year or more would
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provide interesting data.
Finally, a study of achievement, gender, and

jnstructional format may yield valuable information about

the most expedient ways to teach.

Summary

This investigation sought to assess the affect of use
of the 4AMAT System approach and the restricteé textbook
approach on . thievement and attitudes of sixth grade
academically gifted students.

There were significant §5vantages in-favor of the
4MAT System approach in ov;xaii achievement, achievement on
critical thinking question;,ﬁaﬁn attitudes toward the unit
of study. There were significaht advantages in favor oi
the restricted-textbook approach in attitudes toward
science in gen~ral. There were no significant differences

on achievement of knowledge-level questions.
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OBJECTIVES

FOR THE UNIT OF STUDY

Upon completion of this unit, the student will be able to:

1.

State Newton's First Law of Motion and apply it to
situations involving the motion of objects.

~ecognize and correctly choose the correct definitions
for the following terms: motion, d%stance, speed,
velocity, acceleration, mass, weight, friction,
newton, force, bioyancy, gravity, and spring
balance.

Apply the concepts- in Objective 2 to situations
involving Newton's First Law of Motion.

Ccalculate the speed and acceleration of objects.

State Newton's Universal Law of Gravitation and apply

it to given situation.
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4AMAT SYSTEM LESSON PLANS

QUADRANT ONE--INTEGRATING EXPERIENCE WITH THE SELF
--CONCERM WITH PERSONAL MEANING--GIVE THEM A REASON
--The Innovative Learner's most comfortable ple
--Answer the question "WHY?"

--Teacher's role: Motivator and Witness

--Method: Simulation to encourage brainstorming for

imagination, innovation, and empathy

Stev 1--Right Mode: Create an Experience

Objective: To help the students understand that motion is
an integral part of their everyday lives motion.
Acti73v+: Students will listen as the teacher takes them

throug uided imagery of the motion they have experienced

from the ¥ ‘“ey arose until they arrived at school.
Materials: ne
Evaluation: e engagement of the students.
Script:
AKhkhhkkkkhk*x

The teacher shculd create the following
experience in a soothincu. deliberate manner,

allowing students suf. . .ent time to visualize the

4
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trip on which they are being take:.

Je g Je dede ke Kk K

"Poday I want to take you on a trip, a trip of a
different kind than you usually take. This trip will be
in your mind. Before I begin, I want you to get

comfortable."

khkhkhkkkhkhkhk

Wait until the students are settled down.

Jedededek gk k
"I want you to close your eyes, breathe deeply, and
completely relax. Try aot to think about anything special
at this point, just try to relax. Be sure to keep your

eyes closed."

hhkdkkkkhkkkk

Give the students a few moments to relax
and feel comfortable with this activity.
khhkkhkkkhkk
"Now, I want you tc think about what you have done
today that involves motion. It's this morning, and you
have just awakened and are lying in bed. You haven't moved
yet."

dddddkdkkhkkx

Paur-

Rk hkkkhkkkk
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"Then you make your first move. What kind of motion was
it? Did you hop out of bed? Did you slowly get up? How
did this movement make y- 1 feel?"

khkkkkkkkkk

Pause
khkkhkkkkhkkk
"Now you're up; what did ycu do firot? Take a few

moments and think about your movements from the time you
got up to just befor you le . - home to come to school.
Think about everything about getting dressed. What did you
put on first? Next? What did you do after getting
dressed? Did you make your hed? Did ycu eat bieakfast?
Did you open and close any doors or drawers? “hink of all
your movements gettiny ready for schcol."

Xhkkkkkkkkk

Allow the students a few moments to think about

this.

kxhkkkkkkk+ %
"Now you're on your way to school. How did you get
they2? Did you walk? Ride a bus? Ride you. bicycle?

Ride in a car?

Akkkkkkkkkk

Pause

AKkkkkkhkkkkk

"~ t uid it feel like when you were going to school?

Feel yourself -moving; was it hard work? Was it pleasant?

36




How long did it take? What kind of stops and starts were

there? How did it feel to stop and start? Was it bumpy?
which directions did you move?"

kkkXxkkkkkk

Pause
kkkkkkkkkk
"Now you've arrived at school. Think about opening
the door. What was it like? Did you push or pull it
open? Was the door heavy? Did you have trouble opening
ie2"
hkkhkkkkkkk

Pause

Kk ddkkkkkk
"When you were inside, where did you go first? Wwas it
crowded? Did you bump into anyone? What happened when
you touched someone or something--did you move?

Rdede ko kkdk R

Pause

kkkkkkkkkk
“OK, you can open Your eyes now. How did it
feel to imagine your trip to school today? Could you feel
the motions you had gone through? Was it hard to remember

all the motions you went through?"
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kkkkkkkkkk

Allow time for the students to briefly discuss how

they felt during this experience.

kkkkkkkkkk

(Time: approximately 10 minutes.)

Step 2--Left Mode: Analyze the Zxperience

Objective: To have the students analyze the kinds of
motion they have experienced that day from the time they
awoke until they got in the school building and to share
this motion with another.

Activity: Ask the students to get into groups of two and
share with one anuther they kinds of motion and cessation
of motion they experienced during the day.

Materials: None

Evaluation: OQuality of the students' engagement in the
discussion.

Script: "Now I want each of you to share the motions you
have gone through today with the person sitting next to
you. Each of you should take about five minutes as you
tell each other what you did. Talk about the kind of
motion involved; were you moving up and down or forward
and backward? What did it feel like when you stopped
moving? Could you feel any pressures when you stopped?

was it hard or easy to stop?”
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(Time:
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XX xkkkkkkxk

Allow time for the students to share their
feelings. Walk arounc¢ the room and listen to the
conversations students are having to be sure they

are on task.

Akkkkkkkhkk

Approximately 10 minutes)




QUADRANT TWO--CONCEPT FORMATION

--CONCERN FOR THE FACTS AS EXPERTS SEE THEM--TEACH IT TO
THEM

--The Analytic Learner's most comfortable place

--Answer the qQuestion "WHAT?2"

--Teacher's Role: Information Giver

--Method: Informational

Step 3--Right Mode: Integrate Observations Into Concepts

Objective: To integrate Quadrant One's experiences with

motion and Newton's First Law of Motion (the Law of
Inertia).

Activity: Students will listen as the teacher leads them
through a guided imagery of life if Newton's First Law of
Mution, the Law of Inertia, existed without restraints on
jt. This will be followed by the section of the videotape,
"Poys in Space," that poses questions about motion of a
paper airplane in a gravity-less environment.

Materials: "Star wars" audio tape; tapeplayer; videotape,
“Toys in Space;" video cassette player; posterboard with
Newton's First Law of Motion written on it

Evaluation: Engagement of the students in the imagery and

videotape.

1¢0
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Script: "Well, we've all had a chance to visualize and
then to talk about the kinds of motion we've experienced
today. Now I'd like to take you on another trip. I want
you to close your eyes again and just relax. I'm going to
play some music to help you get in the mood for the trip
we're going to take."

kkkkkkkkkk

Plz*r the theme song from Star Wars for 10-15

seconds while the students relax to get ready for

the guided imagery. Continue to play the music

softly as you begin speaking.)

khkkkkxkkkk

"Once upon a time, a long time ago, in a galaxy far,
far away, there was a school in Chapel Hill, North
carolina. Some things at this school were very different
from what it is like today. Things dian't always move
like they do today. Sometimes, people found it was
difficult to get things moving, but once they started
moving, they needed no energy, and they didn't stop. What
would it be like to be able to move quickly and easily
without using any energy? People had to be very careful,
though, not to get carried away as they moved.
"I want you to pretend you are in school in that far

away time, and try to imagine life where things moved like
that. You and a friend decide to ride bikes during

recess. You p=dal like mad to get going really fast. A:l
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of a suddeh, you are moving on your own. You don't have
to pedal any more. You can go around any place you want--
upkill, downhill, around the buildings-- without needing
to pedal. What a wonderful feeling! 1It's like flying;
you feel free as a bird. All of a sudden, your bike goes
over a bump, and your find you are airborne. You're
flying! You can turn your bike any direction you want.
Can't you just feel the breezes around you?! Ah, this is
the life!"

kkkkkkkkkk

Pause

kkkkkkkkkk

"oh, there's the whistle! Recess is over, and it's
time for class again. You try to get your bike down, but
you can't. What will you do? You can't stop moving! Oh,
no! What will happen? You are riding near your friend,
yelling at each other as you try to figure out a way to
get down. If only that famous super power Inertia Woman
were here to help you!

"Then, all of a sudden, from out of nowhere, Inertia
Woman shows up. She carefully shows you how to have an
outside force on your moticn, and you glide down to earth.
As she leaves you there, she gives you some advice. You
had better learn about the laws that govern me so this

doesn't happen again. I may not be around to help you the
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next time!' With that, Inertia Woman moves on to do her
job in another part of the galaxy."

% J¢ Je Je Kk k Kk Kk kR

Turn off music.
xkkkkkkkkk
"Well, that's the end of my story. Now, open your
eyes. You are safely back in your own galaxy in your own
school. How did you like that story?"

Rkkkkkkkkk

Elicit a couple of responses.

KKk kkdkkkdk
"Who remembers the name of the super power who helped you
get back to earth?"

kkkkkkkkkk

Inertia Woman

% Je K Kk Kk Kk k Xk

"Wwhat was the advice she gave you?"

Khkkkkkkkkk

Learn about the Law of Inertia

k¥ kkkkkkkk

"Does anyone have any idea what inertia is?"

k¥ kkkkkkkk

Elicit responses. If no one knows, state that
inertia is a property of motion having to do with

forces that start and stop things.

*ddkkkkkkkk

1n3
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"Now I'd like to show a videotape abcut flying a paper
airplane in space and the way the airplane acts in space
when the forces around it are different from those on
earth. As you watch the tape, try to think about the
differences between the paper airplane on earth and in
space."

Kk kkkkkkkkk

Show the videotape.
% % Kk %k Kk k %k Kk kk
"What did you think of the paper airplane in space?

How was the airplane like a similar one here on earth?"

% % % J Kk Kk Kk X k%

It looked the same and could go forward in a

similar manner. It couldn't go backwards in

either situation.

* % Kk Xk kkkk

"How was it different?"

khkkkkkkkkk

when it hit the wall, it bounced back in space.
It could fly with a very small push, and would
continue to move until it hit something else.
Small air currents were enough to make it move in

different directions.

kkkkkkkkkk

Q- 1n4




“"Think back to the videctape. Remember how the paper
airplane floated in spzce and would keep going until it
hit something? It didn't fall down like it would on
earth, did it? That's because the force of gravity and
other forces aren't the same in space as they are on
earth. The paper airplane in space is a good
representation of Newton's Law of Inertia. what's amazing
is that he wrote his laws 300 years ago without ever
having been in space!"

(Time: Approximately 20 minutes.)

(Note: This is the end of Day 1)

Step 4--Left Mode: Develop Theories and Concepts

Objective: To develcp the overall concepts and vocabulary
connected with the Law of Inertia.

Activity: A five-minute videotape segment from the Public
Broadcasting Service "Eureka!" science series on Newton's
First Law will be shown and discussed. Vocabulary words
ani definitions will be distributed to the students and
written on an overhead transparency and then will be
discussed. Written material on the law and connected
vocabulary will be read.

Materials: Sheet with definitions; information sheets on
Newton's First Law of Motion; videotape, "Eureka!;"
videotape player; poster on the First Law of Motion

Evaluation: Engagement of the students in completing the
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activities.

Script: "Vesterday we were talking about motion ead
inertia. We said the Law of Inertia is another name for
Newton's First Law of Motion. Who can state this law?"

Ahkkhkkkhkkhk

Elicit Gefinition. If they know the definition,

respond positively, as follows. Otherwise, have a

student read the definition from the poster.

khkkkkkkkkk

"That's great! You were really listening well

yesterday. I have a videotape about inertia I'd like to
show you. Before we see it, though, I'd like to read a
little about inertia. I'm going to pass out these sheets.

when you get one, begin reading the first page and the
first couple of lines on page 2--up to where the section

on forces begins."

kRkkhkkkkkkx
Pass out information sheets. Allow a couple of

minutes for students to read the sheets.

khkkhkkkkkkx
"Now that you've read about inertia, I want you to

watch a videotape about inertia. I want you to p&y

special attention to what inertia is, how objects begin

moving, and how objects stop."
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khkkhkkkXxXxkk
Show videotape on inertia.
khkkkkkkkkk
"That was a fun way to tell you about Newton's First
Law. Let's think about what we just saw about inertia.
Objects are basically lazy, aren't they? What do

nonmoving objects naturally want to do?"

XKkkkkk¥*kkk

Continue to be at rest

kkkkkkitkkk

"Great! OK, now who can tell me what moving objects

naturally want to do?"

kkkkkkkkkk

Continue to move

kkkkkkkkkk
"Wery good! I think you are all really catching on to
this. If an object is moving, it wants to continue
moving. Does anyone remember in what direction it wants

to continue to move?"

kkkkkkkkkk
It will go in a straight line. Refer at will to
the posterboard with Newton's First Law written on

it'

kkkkkkkkA%k
"Good. Who can tell me about how fast the object will go

once it is moving?"
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kkkkkkkkkk

It will continue at a constant speed.
kkkkkkkkkk
"That's right. Now, I want each of you to think
about how things move here on earth. Do they keep moving

without stopping?"

AKhkkkkkkkkik

No

kkkkkkkkkk

"Right! Look at the Law of Inertia we have written on

the posterboard. Does anyone see anything in the Law of

Inertia that might explain wny things don't keep on

moving?"

kkkkkkkkkk

...unless acted upon by an unequal force.
kkkkkkhkkkk
"That's right; things keep moving unless acted upon by an
unequal force.

"Before we go any further, let's talk about those
forces that make things stop. There are some words and
definitions that will help you understand these forces on
this vocabulary sheet. You'll need to know these, so pay

close attention as I go over it."
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ARkkkkkkkkk

Pass out the vocabulary sheets. Using the

overhead transparency with the definitions written

on it, discuss each word and its definition.

Rhkkkkkkkkk

"Now I want you to finish reading your information

sheets on forces affecting inertia. Pay special attention

to the forces that affect forward and backward motion and
the one that affects up and down motion. When Yyou are

finished, we'll discuss it."

-

RRRkRkkkkkXk

Allow time for the students to read.

khkkkkkkkkx
"OK, let's discuss what you've just read. Let's look
at the first three topics discussed in the sheet. Inertia
is the tendency for things to keep on doing what they are
already doing. Force is a push or a pull that can change
inertia. Vertical forces pull things down and push things
up. Gravity is the force that interrupts the inertia
of things and pulls them down toward the earth; buoyancy
is a force that pushes things up.

"The next topic mentioned is mass versus weight.
What is the difference between these two words?"
RRRRRRkRRRR

Mass is the quantity of matter; it is invariable.

Weight is the amount of force gravity exerts on an
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object; it varies with the object's location in
the Universe.
AXRRARKRAKK
“"Now, how about horizontal or back and forth forces?
What is the force that slows things down in a straight
line or horizontal direction?"

khkkkkkkkkk

Friction

khkkhkkkhkhkkik
"Good. Friction slows down straight line motion. There
are three kinds of friction: sliding, rolling, and fluid.
which kind of friction does it take the most force to
overcome?"

khkkkkkkk

Sliding friction

khkkkkkkk

“That's right. That's why it takes more effort to
push something on the ground than to put it in a wagoi and
pull it along. Adding a lubricant to a machine.or a wheel
changes sliding friction to fluid friction where the least
force is required to move some something. When you are
riding your bike, it is a combination of two kinds of
friction that slows you down: rolling friction and fluid
frictici. Does anyone remember another name for the luid

friction that slows your bike down?"
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khkkkkkkkkk

Air resistance

khkkhkkkkhkkk
"Good. Now, we've talked about speed before.

Velocity is like speed, excepting you add a direction.

when might it be important to know your velocity, not just

your speed?"

kkhkhkhkkkkkk
Accept any reasonable answer that has to do with a
direction being important when considering motion

such as airplanes landing or finding an unknown

location.

khkkkkkkkkk

"what is acceleration?"

khkkkkkhkkkk

The rate of change in velocity of an object

khkkhkkkkkkk
"That's right. If an object is not moving at a ccastant
speed, or if it is changing direction, it is accelerating.
1f you are accelerating vou are going faster or slower, or
you are changing direction, because velocity involves
speed and direction. Sometimes when an object slows down
it is called deceleration, but it is still acceleration.
Therefore, if an object is changing direction and/or
speed, it is accelerating.

“"Now, answer this. If you are riding your bike down
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the street in a straight line at a con.tant speed, you are
not accelerating; why aren't you?"

kkkkkhkhkkkk

You are maintaining the same speed and direction.

kkkkkkhkkkk
"Gocd. Now, if you are riding around a track at a
constant speed, you are accelerating. Why?"

kkkkkkkkkk

You are changing direction when you ride around

the track.

khkkkkkkkk*k

"OK, let's wrap this up now. What unit do scientists

use to me=sure force?"

khkkkkhkhkkkk

The newton
kkkXkkkkkk
"That's right; the newton is used to measure how much

a force changes the speed of an object of a given mass.
What is the definition of 1 newton?

khkhkhkkhkhkhkikk

The amount of force required to accalerate 100

grams at 10m/sec/sec (10m/sec2)

khkkkkkkkhik
"Good, and the force of one newton is equal to about how

many grams?"
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khkkkkkkkkk

1 N = "100 gms.; specifically 100 gms = .98 N

hhkkkkkkkkk
"Fine. A spring balance is used to measure the force,
the number of newtons, required to do any work. Don't
forget, newtons are also used to measure weight because

weight is a measure of force.

OK. Are there any questions about any of these

terms?"

khkkkkkkkkk

Answer any questions they may have.

khkkkkkkkkk

(Time: approximately 35 minutes)
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QUADRANT THREE--PRACTICE AND PERSONALIZATION
--CONCERN FOR HANDS-ON EXPERIENCE--LET THEM TRY IT
--The Common Sense Learner's most comfortable place
--Answer the question "HOW DOES THIS WORK?"
--Teacner's Role: Coach/Facilitator

--Methoéd: Facilitation

Step S5--Left Mode: Practicing Defined Givens

Objective: To reinforce concepts thrcough use of hands-on
investigations concerning Newton's First Law of Motion.
Activity: Students will reinforce the information learned
by completing a crossword puzzle and two hands-on
activities.

Materials: Information sheets, crossword puzzle, 4 wind-
up cars, 12 feet of 1/2" plastic tubing, 4 ball bearings,
12 index cards, 4 metersticks

Evaluation: Completion of the assigned activities.
Script: "we have been talking about Newton's First Law of
Motion. As a review of what we've been talking about
today, I'd like for you to ~nmplete this crossword puzzle
on Newton's Law of Inertia. .. covers the major
vocabulary words we have just discussed. There are about

10 minutes left in this period. Complete the puzzle, and
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then we'll continue with some other activities about

motion tomorrow."
**x(Note: This is the end of Day 2.)**

"Yesterday we were talking about Newton's First Law
of Motion, the Law of Inertia. Today I want you to do
some activities involv.ng the law.

"There are two activities. One involves measuring
speed and the other involves investigating the direction

a ball will go when it exits from a piece of plastic

tubing."

Je Je Je Je ek de ke k

Pass out the worksheets.

Thkkkkkkkkk
"First, let me go over -he directions with you. It will
be important to follow directions, so listen carefully
while we go over the directions. (Student), please read
the directions at the top of the first sheet."

khkkkkkkkkk

Student reads

khkdhkhkkkk

"Good, thank you. Are there any gquestions?"

% % ddedk ke kk kk

Answer any questions they may have.

%k ke dedkkkkkk
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"Now, (Student), please

second sheet."

kkkkkkkkkk

Student reads

Khkkkkkkkkk

"Good, thank you. Are there

Khkkkkkkkkk

Answer any questions
kkkkkkkkkk
"OK, divide intc groups

You'll have 25 minutes to do
khkkkhkkkkkk
wander around as the
assignment. Be sure
directions carefully
task.

kkkhkkkhkkkk

(Time:

read the directions on the

any questions?"
they may have.

of three and begin your work.

this, so watch your time."

students wo.k on their

they are following the

and that they are staying on

approximately 25 minutes)

Step 6--Right Mode:
Objective:

their personal lives.

Activity: The students will

activities and will plan how

Adding Something of Themselves

To relate the content they have learned to

choose one of several

they want to present the

information to others via their activity.

Materials:

116

List of activities




Evaluation: 1Involvement of the students and production of
a plan for their activity

Script: "Now that you've had a chance to practice some
activities relating to the First Law of Motion, I want you
to tell someone else about Newton's First Taw of Motion.
This will be a creative activity, so you c.. put a little
bit of yourself into it. You may choose from the list I
have for you, or you may think of an activity for
yourself. If vou choose an activity of your own, please
tell me what you are planning."

khkkhkhkhkhkkk

Pass out list.

khkkhkhkhkhkkkk

"rake a look at the list. Do you have any questions?"

khkhkhkkkhkdhk

Answer any questions they may have.
khkkkkkkkkk

"You will have 20 minutes to plan this activity, so

let's get started."
khkkkhkkkkkk
Enccurage students to begin right away. Walk
around ané monitor the students as they work,
giving assistance as needed. If students are
ready for the next step before the end of the time

period, introduce them to the next step
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individually.

kkkkkkkkkk

(TMime: approximately 25 minutes.)

(Note: This is the end of Day 3.)
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QUADRANT FOUR--INTEGRATING APPLICATION AND EXPERIENCE

-~CONCERN FOR ACTION, DOING--LET THEM TEACH IT TO THEMSELVES
AND SHARE WHAT THEY LEARN WITH OTHERS3

--Answer the question "IF?
--Teacher's Role: Evaluatci/Remediator

--Method: Self-Discovery

|
|
|
Step 7--Left Mode: Analyzing their Persnnalization for
originality and Relevance

Cpjective: To reinforce student ability to understand

Newton's First Law of Motion

Activity: Students will analyze and carry out their plan
demonstrating some aspect of Newton's First Law of Motion.

Materials: ©0ld magazines, colored marking pens,

posterboard, glue

Evaluation: Analysis and completion of the plan in Step 6.
Script: "Yesterday you created a plan to teach someone
else about Newton's Law of Inertia. Now I want you to
thjak about that plan. Does your plan do what you want it
to do? Does it tell someone about the law? What kinds of
questions might someone have about it? See if the project
you have created actually tells about the law. After you

have analyzed your plan and are ready to begin your
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project, let me see what you are planning before you begin.
"When you are through analyzing, I want you to

actually make the project you have created. There are
some old magazines, colored markers, she~ts of
posterboard, and glue up here to use in making your
project when you are ready. You will have about 20
minutes to complete this project, so work quickly. 1I'll
be here to answer any questions you may have."

khkkkhkkhk

wWander around and answer questions and make sure

the students are on task.

Ahkkkhkhkhkkk

(Time: approximately 25 minutes)

Step 8--Right Mode: Doing It and Applying What They Have

Learned to New, More Complex Experiences

Objective: To share the completed activities.

Activity: Students will meet in groups and share

and explain the activities they have devised.

Materials: Projects the students have completed
Evaluation: Quality of the students' engagement in the
presentations.

Script: "All right now. You should be finished with your

activity. I want you to get into groups of four."
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RAwhkhkhkkk

Use groups of three if time is . unning short.
Rhkkkkkkk
"I want each of you to take about three or four minutes
to present your project to the other members of your
group. Are there any questions? OK, begin."
RRkhkhkhkkkkkk
wander around the room listening to the
presentations. Help out as necessary to keep the
students on task. After 15 minutes or so, bring

the group back together.

Rhkhkkhkkhhkhkk

"Those were certainly some good ideas. I think you
really understand about the Law of Inertia. Tomorrow we
will have a short guiz over the material we have been
studying. The questions will be multiple choice, true-
false, and which one doesn't belong. You will need to
study the vocabulary words we learned. Are there any
guestions?"

222222 2 2 2

Answer any questions they may have.

Ahkkhkhkhkkhstk

“"OK, see you tomorrow."

(Time: approximately 20 minutes.)
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Newton’s First
Law of Motion

An object at rest tends
to stay at rest, and an
object in motion tends
to stay in moticn in the
same direction and at a
constant speed unless
acted on by an unequal
force.

(Example of format for poster)

122



113

Newton's First Law of Motion

In 1687, a man named Isaac Newton published three
observations about motion. Today we know these
observations as Newton's Three Laws of Motion. This paper
is about the first of these laws.

Newton's Fi- st Law of Motion states: "An object at
rest tends to stay at rest, and an object in motion tends
to stay in motion in a straight line and at a constant
velocity unless acted upon by an unequal force." This
tendency to keep on doing what you are already doing is

called inertia. For this reason, Newton's First Law of

Motion is also'called the Law of Inertia.

Your own experiences tell you the first part of this
law is true. After all, the only place we have ever seen
a ball start rolling on its own or a bike ride down the
street on its own is in the movies or on T.V. An object
that is not moving will stay that way until something
makes it move.

on the other hand, your own experiences may seem to
tell you that moving objects don't just keep moving--they
eventually stop. If you throw a ball, it stops on its own
or is caught; if you don't ep pedaling, your bike will
stop. Believe it or not, IF there were no unequal forces
around, that ball and that bike WOULD keep moving in a

straight line at a constant velocity FOREVER! Hard to
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believe? Perhaps, but it is true. Let's discuss some of
those forces and some concepts that may help you to

understand about the First Law of Motion.

FORCES

A force is a push or a pull that is exerted on an
object. At any given time, all objects arz either moving,
not moving, or changing directions. It is force that
gives energy to an object to make it start moving, stop
moving, or change its movement. While people and objects
produce some forces, other are naturally occuring. There
are two major forces you need to be concerned with at this
point, gravity and friction.

GRAVITY. Newton's Law of Universal Gravitation
states that all objects naturally have a pull or an
attraction toward each other; this attraction is called
gravity. The strength of the attrs:tion of two objects is
determined by the mass of the objects and their distance
from each other. For example, there is a gravitational
pull between you and the paper you are holding, but the
masses involved are so slight you don't notice it. On the
other hand, the earth is very massive, so it has a huge
pull on objects. The force of gravity pulling things
toward earth is so much larger than the forces pushing
things up that gravity will usually cause objects to fall

to earth. The downward-pulling force of gravity is opposed
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by buoyancy, a lesser force that pushes upward.

Mass is the quantity of matter in an object while
weight is the amount of force gravity exerts on an object
in any given part of the universe. This gravitational
force varies with the mass and distances of the objects
being attracted. For example, there is less gravitational
pull on top of a mountain than near the ocean here on
earth. There is almost no gravitational pull in space
because the distance from the earth or other planets and
moons is so great. This is the reason people are
essentially weightless in space and float around. The
mass of the our moon is about one-sixth that of the
earth's, so its gravitational pull is one-sixth that of
earth, and objects on the moon weigh one-sixtlh what they

would on earth.

FRICTION. The force that causes objects to stop is
called friction. There are three kinds of friction:

sliding, rolling, and fluid. sliding friction is the

force that stops you when you slide across a gym floor in
your stocking feet. Rolling friction is the force that
stops you when you are coasting on your bike. Fluid
friction is the air resistance or water resistance that
slows things down when they are falling through the air or
liquid. Sliding fricition is the strongest friction

force, followed by rolling and fluid friction. This is
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why it's easier to pull a box on wheels than flat on the
ground. Lubricants are used in machines to change sliding
friciton to fluid friction so there won't be so much
friction between two sources. Thus fluids can act as a
force to push things up (buoyancy), and they also can act

as a force to slow things down (friction).

MEASURING MOTION

Motion is a change in position of an object. It is
measured by how far and how fast the object is going.
Distance is a measure of how far an object has moved.
Speed is the distance an object has moved in a given
period of time. If an object is going at a constant
speed, it is covering the same distance every second it
travels. The formula for speed is S = D/T, speed equals
distance divided by time.

Velocity is a measure of the speed and direction of
motion. The velocity of an object is determined not only
by its speed, but also by the direction in which it is
going. For example, if you are told a car is going 50
km/hr, you know the car's speed. If you are told a car is
going 50 km/hr east, you know the car's velocity--its
speed and direction.

Velocity is used in determining the acceleration of

an object. Earlier we said that if an object is covering
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the same distance every second, it is traveling at a
constant speed. If the distance is not the same every
second, the object is accelerating, or changing its rate
of speed. Acceleration is the rate of change in velocity
of an object. Another way of saying this is that
acceleration is a measure of the direction and rate of
speeding up or slowing down of an object in a given period
of time. Because acceleration involves a change in
velocity, it can only occur when an unequal force acts on
an object. The formula for acceleration is A = CV/T,
acceleration equals change in velocity divided by time.
Since velocity is measured in units of distance divided
by time (for example m/sec or km/hr), and acceleration
is a measure of velocity change in a given period of time,
acceleration is measured in m/sec/sec. This tells you how
much the speed {m/sec) changes every second. This is also
written m/secz. If an object is accelerating at the rate
of 2 m/sec/sec (2 m/secz), its speed is increasing at the

rate of 2m/sec every second.

MEASURING FORCE

The metric unit used to measure force is the newton.
Forces affect the motion of objects, and the newton is
used to measure l:ow much a force changes the speed of an
object of a given mass. (Note that scientists use the

term mass not weight. Remember that the weight of an



object is the amount of force that the earth's gravity
exerts on an object, so weight will vary according to the
gravitational pull on it, but that the mass, the quantity
of matter, will always remain the same.)

One newton (N) is equal to the amount of force
required to accelerate 100 grams at 10m/sec2. On earth,
the force of one newton equals about 100 grams (.98 N =

100 gms). A special scale called a spring balance is

often used to measure force in newtons. Since weight is a
measure of force, it is measured in newtons just like

other forces.
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5.
6.

7.
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9.

10'
11'

12'
13'

14'
15'

16.

119
MOTION VOCABULARY WORDS

force = a push or pull exerted on an object

newton = metric unit of force

--measures how much a push or pull changes the speed of
an object of a given mass

--1 N = the force that changes the speed of a 1 kg
mass by 1 m/sec)

-=-100 gm = .98 N

mass = the quantity of matter an object
--mass doesn't change

weight = the amount of force gravity exerts on an
object
--weight varies with the amount of gravitational pull
spring balance = an instrument that measures force
friction = force that opposes the horizontal

movement of an object
--three types of friction: sliding, rolling, and fluid

motion = change in positon
distance = how far an object has moved
speed = distance traveled in a particular period of
time
--s = d/t
velocity = speed and direction of an object
acceleration = rate of change in velocity
::;e;sggeg as distance/time/time (ex. m/sec/sec)
negative acceleration = deceleration = slowing down

inertia = the tendency of things to keep on doing what
they're doing

buoyancy = a force that pushes upward on objects
gravity = a force that pulls downward on objects

--varies with the size of the objects and the distance
between the objects

lubricant = a substance such as grease that is designed

to change sliding friction to fluid friction
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ACROSS CLUES

4. force that opposes the horizontal
movement of an object

6. change in position

8. rate of change in veloclity

9. force that pushes up on an object

0. amount of force the earth’s
gravity exerts on an object

1. speed and direction of an cbject

3. distance traveled in a particular
period of time

1
1
1
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tendency of things to kcep an
doing what they are doing

. how far an object has moved
. push or pull on an object

instrument that measures force
metric unit of force
quantity of matter i1n an object
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Activity {I: Determining the Speed of a Toy Car
S

A. Materials and Equioment Needed:
Each group will need:
meter stick
battery-operated electric model car or truck
timer or clock with second hand
15 cm masking tape

B. Procedure:
1. Measure 8 2.5 m track for your car on 8 smooth surface, such 8s 8
table top or fioor. Use masking idpe to mark “stert”, "time”, and
"finish™ 1ines like those shown below.

B ao’/”#\ ) Am R
‘ - D -
/ ~ /
-
-~ .
JYars Time Finrsh

2. Switch on uour car and place it on the “start™ mark. ¥hen it reaches
the “time" mark, begin timing how loig it takes to reach the “finich”
mark. Record your time observetion in the Dats Table as “Trial 1.
Time three runs using this procedure and record your observations.

Datsa Tabie

—— I

Trial 1 Trisl 2 Trial 3

Seconds for car
to go 2 meters

3. Compute the 8versge for Trisis 1-3.

Average time interval to travel 2m = seconds.

ERIC 131
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4. The relationship between speed and distance is stated: 122

Speed = distsance moved

time interval

While it is being timed for this activity, the car moves a distance of
2 meters between the “time" and “finish® lines. Dividing this
distance (2 meters) by the average time interval that you computed
(for step 3) gives the average speed of the car for the three runs.

Substitute your value for the averana time interval in the equation
below, and calcuiate the average speed of the car.

distance moved 2m .
Average Speed - = = —m/sec
average time interval --- Seconds

S. Why is it best to repest your measurements severel times in en
experiment like this one?

6. What is the purposs for letting the cer run 0.5 meters before
starting to measure the time?

7. If the car that you are using has dificrent speed settings, change
the speed setting and repeat the measurements. How does the
celculated velue for the car’'s spead change?




Activityll : Dent Barrel Dallistics
*
Scenarto: In an old movie, 74& Kaad ta 88/i, Bing Crosby stands in the
doorway of 8 hut and shoots & gun with & barrei that has teen bent into a
semicircle by 8 gorilia. The bullet, rather than offering freedom, traps
Crosby and Hope in their hut by continuously circling the hut. After ali,
since the bullet had a circular psth while in the barrel why shouldn't it
continue its circular motion after leaving the barrel?

The Problem: Will an object already traveling in a curving path continye
its curving motion when it {s released?

A. Haterials and Equipment Needed:
Each group wtll need:
115 cm length of clear plastic tubing (tubing 1°x 3/4" used in M1)
marble or ball bearing that can roll freely inside the tubing (the
“bullet”)
masking tape
index card “target" (about 3 cm wide) for each person
meter stick or ruter

8. Procedure:
1. Cofl the garden hose into 8 20 cm diemeter circle, and tape it down
as shown in the diagram. afar Shit

&

‘Tar?k
2N
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Check the accuracy of your se.-up by answering the following questions:

Is the section of garden hose coiled and taped into & 20 cm diameter
circle as seen on the next page? ______

Is the “exit end” or the muzzle toped to the coil so the “end" curves
with the coil?

Is the tape far enough eway from the “loading end" of the coil so
that it can be lifted shout 10 centimeters above the table?

Is the “exit ¢nd” pointed so the ball will shoot along the level
teble?

Is the coil taped to the teble so it will not move with repeated
shootings?

Is the “bullet” just & little smaller then the tube, but smell
enough to easily roll in the tubing? ____

When you con answer “yes” to all of these questions, do the steps below.

2. PREDICTIONS: Write your name on your index card "target”. Predict
the path of the “bullet™ and place your “target” on the table where you
think it will be hit by the ball shooting out of the tube. The target
must be at 1east 30 cm from the “exit end” of the tube.

3. Reise the “loading end” of the tube slightly and drop in the “bullet".
The ball zooms around in & circular path inside the tubing before it
shoots out. Whose target was hit?

4. Put @ meter stick in front of the “exit end” so that it will stop the
shots from the coil. The meter stick should be about 30 cm from the
end of the tube. Shoot the bullet at 1east S more times and keep track
of where the bullet hits the meter stick.

S. From observing the “hit marks" on the meter stick in relation to the
"exit end” of the tube, describe the motion of & bullet after it ieaves
the curved barrel.

6. State your own hypothesis: Will objects continue in curved motion
wrhen they are free to move without constraint?
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NEWTON'S FIRST LAW OF MOTICN ACTIVITIES

You are to plan an activity to demonstrate/teach Newton's
First Law of Motion (Law of Inertia) to someone else.
Choose an activity from the following list. If vou wish
to develop your own activity, please check with your

teacher before you begin planning it.

1. Make a poster.

2. Make up an original investigation or experiment.

3. Make up a demonstration.

4. Design an instrument to measure inertia.

5. Write a poem that explains inertia.

6. Design an investigation that will demonstrate inertia
in space.

7. Make up a game that will teach about inertia.

8. Make a collage to describe inertia.

9. Write a story that explains inertia to a 5-year old.

10. Write a letter home from a journey on a space ship
explaining about how and why things move in space.

11. Make up a TV commercial "selling" inertia.

12. Design a worksheet to practice concepts akout inertia.

HAVE FUN!!
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APPENDIX C

RESTRICTED-TEXTBOOOK LESSON PLANS
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TEXTBOOK APPROACH LESSON PLANS

Text: "Mechanics," Unit 6, Chapters 22 and 23, pp. 504-

512, 534-543, 546-549. General Science, A Vovyage ot

Discovery, Englewood Cliffs, NJ: Prentice-Hall, Inc.,
1986.

Lesson One: Force and Friction
Objectives: The studenc will be able to:

1) Describe force and explain how it is measured

2) Name and compare three types of friction

3) Determine the number of newtons in a given weight
Activities: Introduce Newton's First Law of Motion using
a diaglogue of a hypothetical crew on a space ship. Read
and discuss written material about force, how force is
measured, ind mass versus weight. Discuss some examples
of measuring force. Determine the number of newtons in a
1 kilogram mass on Earth. Discuss equal and unequal
forces and work a problem involiving combined forces.
Define and discuss types of friction.
Materials:

1) Photocopied excerpts from text

2) Vocabulary lists

3) Blank overhead transparency and pens

4) Overhead projector
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Timc: 45 minutes

Script: "Today we are going to begin a new unit on
mechanics, which is the science of motion and the energy
associated with motion."

khkkkkkkkkk

Hand out the photocopies of the text material.

Assign four students to read the parts of the

navigator, captain, first officer, and narrator on

p. 505. For ease in reading, the name of the part

and the material to be read are highlighted on

four of the copies. Wwhen the reading is finished,

thank the students and continue with the rest of

the lesson.

khkkkkkkkkk

"That was a space-age look at motion. Our scientific
ability hasn't reached the point where we can send people
safely beyond the solar system yet, but scientists do know
a lo:c about motion and what forces they will have to
overcome to send people to those far away places.
"Right now I'd like you to take a few minutes to read

pages 507 and 508 as an introduction to motion. As you
read, pay particular attention to what force is and how it

affects motion."

138
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% Jc % % k Kk k Kk kk

Allow 3-5 minutes for the students to read the
pages. At the end of five minutes, get the
group's attention and begin the discussion.
kkkkkkkkkk

"The first page of this chapter calked about

bicycles. Why were the scientists working on bicycles? "

kkkkkkkkkk

They wanted to improve the design of bicycles

and see how fast they can go.

kkkkkkkkkk
"So, knowing about force and work can help us know how to

make things go faster.
"The chapter talked about force on page 508.

who can tell me what force is?"

khkkkkkkikkk
A push or pull that is exerted on an object.
write the definition of force on tne overhead

transparency.

kkkkkkkkkk

“"That's right. What does a force do?"

kkkkkkkkkk

It gives energy tc an object to make it

start or stop moving or change its movement.

kkkkkkkkkk

"OK, what was the example the book gave about force?"
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%k Xk kkkkkkk

The door could be made to move faster or be kept
from opening by using force.
k¥ xkkkhkkkk
"We've been talking ahout force and how it starts,
stops, or changzs the movement of objects. Now I'd like
to take a look at how force is measured and some ways
force can be made more effective. Does anyone know why
Sir Isaac Newton was a famous scientist?"
Kk Kkkxkkkk
He was a scientist who studied motion and gave us
some very important laws about how things move.
%k Kk kkkkk
"Newiton made the people of the world change in how
they looked at motion and weight. <U7e of the things he
did was to e¥plain why things have weight, and he gave a
special term to how we measure weight. I want you to read
pages 509 %ou 312 in your handout materials. As you read,
I want you to pay special attention to how weight is
measured, to now forces are combined, and to what friction

is and how it affects motion."

khkkkkkkkkk

Give the students 10 minutes to read the pages.

kkkkkkkkkkx

"Scientists measure force in the metric unit of the

newton, amed after Sir Isaac Newton. A force affects
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thq_motion of an object, and a newton is a measure of how
that force, how that push or pull, chanyes the speed of an

object with a given mass."

kkkkkkkkkk

write "newtcn- (N) inetric unit of force:
measures how much a push or pull changes the speed
of an object of a given mass" on the overhead
transparency.
% %k %k Kk Xk kkkkk
"This definition mentions mass. We've talked about
mass before. Who rzmembers what mass is?"
J¢ % Je Je K J v ek Kk
A measure of the quantity of matter an object
possesses

kkkkkkkkkk

"what is the difference between mass and weight?"

% % % Jedk kkkkk

Mass is the quantity of matter whereas weight is
the amount of force that the earth's gravity
exerts on an object. Remind them that mass stays
the same while weighc varies with the pull of
gravity.

kkkkkkkkkk

"what is the formula used to determine force?"
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kkkkkkkkkk

Force = mass X change in speed
hkkkkhkkkkk
wcan anyone think of a situation where a person's mass

and weight are »ot the same?"
khkkkkkkkkx
Elicit situations such as weightlessness in space,
or people's moon weight being 1/6 of their Earth
weight because the moon's mass is 1/6 that of the
Earth. Tell the students their weight up on Mt.
Mitchell in western North Carolina would be

slightly less than here in Chapel Hill.

hkkkkhkhkkkk
"The abbreviation for newton is a capital N. We
said newtons measure how much the speed of an object with

a given mass changes. Who can tell me what a force of 1

newton is equal to?"

dhkkhkkkkkkk
Elicit answer and write on overhead transparency
"] N = a force that changes the speed of a 1-

kilogram mass by 1 meter per second."

ARhkkikkkkkkk
"let's try some examples. Let's start with the one
in the handout. If you have a 2-kg. weight and want to
push it so its speed changes from 0 m/sec to 5 m/sec, what

is the number of newtons needed to do this? Remember that
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force is equal to the mass of the object times its change

in speed. We have a 2 kg. mass here. What is its change

in speed, 0 to what?"

* %k k kkkkkkk

5 m/sec.

% % J J X Kk Kk kkk

"Good. So what is the number of newtons needed?"

khkhkkkkkkkk

10 N.

% % Jek Kk k kkkk

"That's right. How did you determine that?"

%k Kk kkk kkkk

Multiply the mass, 2 kg., by the change in speed,
5 m/sec., to get 10 N.
dkhkkkkkkkkkx
"Let's try another. If you want to move a 5-kg.
object from 2 to 10 m/sec, how many newtons of force would
you need?"

khkkkkkkkkk

40 N.

hkkhkkkkkkxk

"That's right. How did you get that answer?"

khkkkkkkkkxk

Multiply 5 times 8.

kdhkkkkkkkxk
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"T think you seem to be understanding. Are there any
questions about what a newton is and how to determine the
number of newtons needed to apply force?"

Kk Kk kkkkkkk

Answer any questions the students may have.
kkdhkkkkkkk
"Let's coantinue now. Scientists use an instrument

called a spring balance to measure force. The object is
attached to.tre spring balance and is pulled toward the
earth by the force of gravity. The spring stretches, with
the amount of stretch indicating the size of the force.
The spring is marked off in newtons so the size of the
force can be read directly from the scale."

kkkkkkkkkk

Point out the picture of a balance on p. 509.
khkKkhkkkkkkk
"Earlier we said weight was a force. Because of this,
scientists measure weight in newtons, too, just like other
forces. Look at the bottom of page 509 where it talks
about weight. A mass of 1 kilogram is pulled toward the
earth by gravity with a force of how many newtons?"

% J % Kk k Kk kk

9.8 N.

khkkkkkkkkk

"That's right, its weicht is 9.8 newtons. 1In

other words, weight in newtons is about ten times an
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object's mass in kilograms. If your mass is 50 kg., what
is your approximate weight in newtons?"

Kk ok ddkdkkkkk

About 500 aewtons
*hkhkkkkkkkk
“"Good. The approximate weight would be 500 N, and your
exact weight would be 50 kg. x 9.8 newtons or 430 N.
"Now, let's think about forces. If you and a friend

push an object together, is it easier or harder than doiag

it alone?"

Kk Kk kkkk

Easier

kkkkkikkkkk
“"That's right; it's easier because the two forces going
in the same djirection are combined. Now, how about if you
and your friend are pushing in opposite directions? 1If

you are pushing with exactly the same amount of force,

what happens?"

khkhkkkkkkkk

Nothing, it would not move.

¥ J % Je ¥ )k kkk
m...and if you are pushing against each othier with unequal

forces?"
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KhkkRkkhkkkXkXk

The object would move away from the stronger

force.

RhkRkkRRkRRkk*X

"Gerod. Look at p. 511. (Student), read what it says
under “Activity' at the bottom of the rage."

KhkkkRkAkxkXkX

Student reads.

kRhkkkkkkkk?
"The two forces are going in the same direction. What is

the combined force?"

KRRk RRkRRkk*X

15,060 N.

Axkhkihkktkk
"That's right, the forces are in the same direction, so
you add them together to get 15,000 N.

“Now, let's think about opposing forces. When you
are riding your bicycle, if you are just coasting along,
you eventually stop because of rriction. Friction is a
force that opposes the horizontal motion of an object."

ARAkRkXkkkkXk%k
Write the definition of friction on the

overhead transparency.

KRRk RkRkXXk*®

"It acts in a manner similar to when you and your

friend are pushing in opposite directions on an object.
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In this case, the forward motion of the bicycle is one
force and friction is the other force. 1If the bike rider
doesn't pedal tu keep the forward motion going, friction
is the stronger force and stops the bike. The handout
mentioned three types of friction. Who remembe.'s what

they are and can give an exarple of each?"

khkkhkkkkkkk

Siiding, rolling, and fluid friction. Accept any

reasonable answer for the examples.

Kk Kk kkkkkkk

"ret's review what we've talked about today. Here is

a vocabulary list to help you learn thse words.

Khhhkhkhkkkk

Hand out the vocabulary lists.

khkkkkkkkkk

"ok, what is a force?"

khkhkhkkkkkkk

A push or pull exerted on an object

Khhhkkkhkhkkk

"Good. What is the metric unit for measuring force, and

how do we measure force?"

Khhhkhkkkkk

Newtons, spring balance

KhkLhkkhkhkkk

"what is the difference between mass and weight?"
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% Je Je de ded ke kk ok

Mass is the total quantity of matter; weight is
the amount of force the earth's gravity exerts on
an object.

dhkhkNxhkkhkkkk

is friction?"

Ahkkhkkkkkkk

Force that opposes the motion of an object

khkkkkkkkkk

"Wwhat are the three types of friction?"

% J¢ Je % % J Kk kX

sliding, rolling, fluid

k¥l xhkkkkkk

"wery good. Tomorrow we'll learn about distance and ways

to measure motion."
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Lesson Two: Distance and Velocity

Objectives: The student will be able to

1)
2)
3)
4)

5)
6)

7)

Define distance

Determine the speed of objects

Define velocity

Describe motion in terms of distance, speed, and
velocity

Define acceleration

Determine acccleration when given change in
velocity and time

Discuss why circular motion always involves

acceleration

Activities: Review previous day's definitions and

concepts. Read about, define, discuss, and give examples

of motion, speed, velocity, and acceleration. Complete an

activity sheet to determine students' weight on Earth,

Mars, Jupiter, and the moon.

Materials:
1) Photocopied excerpts from text
2) Overhead transparency with vocabulary words
3) Blank overhead transparency and pens
4) Activity sheet, "How Much Do You weigh?"
5) Vocabulary lists
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Time: 45 minutes

Script:
"Before we begin today, I'd like to review what we did

yesterday."

kkkkkkkkkk

Take about five minutes and review the definitions
for force, mass, weight, newton, spring balance,

and friction using transparency.

kkkkkkkkkk

"Are there any questions about these definitiuns?"

khkhkhkkkkkkk
Answer any questions the students may have.
khkkhkkkkkkk

“Now we're going to talk some mcre about motion.

Motion is a change in position."

khkhkkhkkkkkk
write definition of motion on the blank overhead

transparency.

khkhkkkkkkkk

v(Student), read the first two paragraphs on page 536."

khkkkkkkkkk

Student reads about mocion.

khkkkkkkkkk

"So, when we talk about motion, we talk about movement
only; we don't know how far or how fast something is

géing. To know that, we have to talk about distance a4nd
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(student), read the next two paragraphs."

khkkkkkkkkk

student reads about distance and speed. Put the

formula "speed = distance/time" on the overhead

transparency.
kkkhkkkkkkx
"Talking about motion, speed, and distance tells us
nothing about the direction something is moving. when you
begin to talk about direction, you are talking about

velocity. (Student), read the next two paragraphs."

dhkkkhkkk

Student reads about velocity. Write "velocity =

speed and direction of an object" on the

transparency.)

Ahkkkkkkxk

"Look at the picture at the top of p. 537. There are

different speeds and velocitlies represented there. Look
at the picture and tell me some things about the speeds

and velocities you see there."

khkkkkkkkkk

Spend only about two to three minutes on this
activity. T..ik about what things are moving as

well as the directions they are moving.

hkhkkhkkkhkkk
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"lLet's talk a little more about velocities now. Who
can tell me what we talked about yesterday about combining
forces?"

kkkkkkkkkk

Review about how direction and strength of

forces determine the size and direction cf

combined forces.

khkkkkkkkkk

“Very jood. In a similar way, velocities can be

ccwbined. Look at the top of p.538. (Student), read the
two paragraphs there."

khkkkkkkkkk

Have student read. Then discuss same and

opposite directic. = in terms of velocitiss.

khkkkkkkkik

"lLet's review a bit here. What is moticn?"

khkkkkkkkkk

Change in position

khkkkkkkkkk

"Good. OK, how is the speed of an object calrulated?"

khkkkkkkkkk

Speed = distance/time
khkhkkkkkkkk
"Finc. Finally, what quantity gives both the speed and

the direction of an object?"
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% J K % k %k k kkk

Velocity
* Kk kkkkkkkk
"Good. (Student), please read the first paragraph
under “Changes in Velocity' on p. 539."

J¢ % % % Xk k k Kk k k

Student reac .

kkkkkkkkkxk

"Thank you. Now, (Student), I want you to read about
acceleration and deceleration. Would you read the next
paragraph, please’"

Jdkdkkkdkky X

student reads. Write 'acceleration = change in

velocity/time' on the overhead transparency.

% % % % Kk ¥k k k k Xk
"Thank you. Let's take a look at the last part of .he
pa.agraph there. How do we measure change in velocity?"

hkkkkkkkkk

In kilometers per hour or meters per second

ek %k kk kkkk

"Good. Now, how do we measure time?"

% %k kkkkkkkk

In hours or seconds

dkkkkkkkkk

"That's right. So, when we measure acceleration we

measure in kilometers per hour per hour or in meters per
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second per second."
kxkkkkkkkkk
Put "km/hr/hr and "m/sec/sec" on the
transparency.
kkkkkkkk
"Let's look at an example. Read the last paragraph on p.
539 silently while I read it aloud."

khkkkkkkkkk

Read paragraph.
khkkkkkkkkk
"So, acceleration is the rate of change in velocity.
when an object slows down, we call this deceleration. It
is also called negative acceleration because it is a
decrease in velocity. You use the same formula to find
deceleration as you do to determine acceleration.
"When you are talling about circular motion,
acceleration is a bit different. (Student), read the two
paragraphs under the heading Circular Motion."

khkkkkkkkkk

Student reads.

khkkkkkkkkk

"Thank you. The word velocity is really important here.

what are the two parts of velocity?"
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"That's

khkhkkkkkkk

Speed and directinn

khkkkkkkkkx

right, speed and direction. So even if an object

is going at a constant speed, if it isn't going in the

same direction, it is accelerating. Therefore, objects

going in circles are actually accelerating even if they

are moving at a constant speed.

"Let's look at the questions at the top of p. 541 as

a brief

"Good.

"That's

path at

review. what is acceleration?"

khkhkkkkkkkk

Rate of change of velocity

Xhkkhkkkhkkkx

what is another name for negative acceleration?"

khkkkkkkkkx

Deceleration

khkkkkkkkkx

right. Why is an owject traveling in a circular
constant speed accelerating?"

hkkkkkhkkkkx

It's changing direction, so it's velocity is
changing, and therefore it's accelerating.

hkkhkkkkhkkx

"Thus far we have been talking about force, newtons,

mass, welght, distance, speed, and velocity.

to do an exercise dealing with how much you'd weigh on

185

Now I'd like
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Earth, Mars, Jupiter, and the moon. Get nut a pencil
while I pass the sheets out."

kkkkkkkkkk

Pass out the activity sheets.

kkkkkkkkkk
"Now, let's take a look at this activity sheet. I want
you to read the directions silently to yourself while I
read them aloud."

% % % % % Kk %k kX

Read directions.

% %k Kk Kk kdkkk
"7o make this easier. let's pretend each of you has a mass
of 50 kg. Remember, if you multiply your mass by the
number of newtons per kilogram. you can figure your weight
at any given place in our Universe. Let's figure the
weight of a 50 kg. mass here on Earth together. On Earth
there are 9.8 newtons per kilogram. So, a mass of 50 kg.
would weigh 9.8 times 50 kg. or how many newtons?"

kkkkkkkkkk

490 N.

khkkkkkkkkk
"Phat's right, 490 N. Now, on your own, I want you
to determine what your weight would be on the moon, Mars,
and Jupiter. The number of newtons per kilogram are given

on the activity sheet for you."
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kkkkkkkkkk

Allow the students to complete the activity

sheet. Wander around the room, monitoring their
work, and helping as necessary. Just before class
is over, tell them good-bye and tell them they
will be continuing to study about motion the next

day. If there is time, review the major concepts.

kkkkkkkkkk
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Lesson Three: Newton's First Law of Motion

Objectives: The student will be able to:

1) State Newton's First Law of lMotion

2) Define inertia

3) Give examples of inertia in his/her life

4) sState what an object will do when an outside

force changes its motion

Activities: Review concepts and definitions from previous
day's discussion. Complete a word scramble puzzle on
motion concepts. Complete an activity to determine the
velocity of a car. State, read about, and discuss
Newton's First Law of Motion, including friction, forces,
and inertia. Watch a demonstration about inertia and
discuss it. Conduct and then discuss an investigation
about Newton's First Law of Motion. Conduct a review of

all the concepts and vocabulary associated with Newton's
First Law of Motion.
Materials:

1) Photocopied excerpts from text

2) Blank overhead transparency and pens

4) Overhead projector

5) fTransparency with vocabulary words
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6) Book attached to a dowel rod with a string hanging

down from it that has a large magic marker
attached to it
7) Activity sheet on Newton's First Law of Motion
from Prentice-Hall's Teacher's Resource Book
8) Word scramble on motion concepts
Time: 90 minutes
Scrirc: '"Yesterday we were talking about motion and
velocity. Who can tell me the difference between these
two termsz®
Akkkkxkkkk
Motion is a change in position, and it involves
distance and speed. Velocity is a measure of
motion that involves not only distance and speed,
but direction as well. Point to the definitions
of motion, distance, speed, velocity, and the
formula s = 4/t on overhead traﬁsparency.
Akkkkkkkkkk
"Good. Now let's think abcut acceleration. What is
acceleration?"

Akkkkkkkkkk

Rate of change of velocity

kkkkkkkkkx

"Good. How do we figure the acceleration of an object?"
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xhkkhkkkkkkk

Acceleration of an object is equal to its change
in velocity divided by the time during which the
change occurs. Point to the definition for
acceleration and the formula a = cv/t on overhead
transparency.
% % % % Kk Kk Kk Kk kX

"Very good. Now, let's review about circular motion.

who can tell me why circular motion always involves

acceleration even if the object maintains a constant

speed?"

xhkhkhkkkkkkk

Circular motion involves accelerat.on because the

object is constantly changing direction.

khkhkhkkkkkkk

"Wery good. Remember, acceleration involves change in
velocity, and velocity is determined by both the srneed and
direction of an object. I think you understand that
well."

"Iook at the activity at the top of p. 541. Let's
determine the velocity for that car. (Student), what is
the formula for determining acceleration?"

khkkkrkkkkk

a = cv/d

khkhkhkkkkkkk

"Good. OK, what is the change in velocity here?"

ERIC 160



% % J Jc ¥ Kk Kk k k

3z km/hr

*khkkkkkkkk

"Right. And what is the time?"

kikkkkkkkkk

8 seconds

khkkkkkkk

"OK, so what is the acceleration?"

% J ek Kk kdkkkk

32 km/hr / 8 sec = 4 km/hr/sec

% % % J ¥ Jkkkk

"That's right; the car's acceleration--its change in
velocity divided by the time it took for this to happen--
is 4 km/hr/sec. This means that every second the car
slowed down an average of 4 km/hr.

"Now I'd like to introduce Newton's First Law of
Motion. The work you've been doing up until ncw has
been leading up co this. Wwho remembers who Sir Isaac
Newton was?"

kkkxkkkkkk

A famous scientist who studied motion

% % % % Xk kk Kk kX
"Thac's right. Newton added a lot to what we know about
motion. His work was very important because so much of
what happens in our world involves motion."

"Newton's First Law of Motion states that an
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object at rest tends to stay at rest, and that an object
in motion tends to stay in motion in a straight line at a
constant velocity unless acted upon by an unequal force."
khkkkkkkkkk
write the law on the blank overhead transparency.

Akhkkkkkkkkk

"(Student), I'd like you to read the first paragraph

cn p. 541."

kkrkkkkkkk

Student reads.
AhkkkkXxkkkk

"Thank you. Now, I'd like for all of youn to read the rest

of this information sheet silently to yourselves."

% % Kk Kk K 5k k Kk k

Allow the students three minutes to read.

khkkkkkkkkk

"OK, let's talk about what you just read. Ho many

of you knew that if it weren't for friction and other
forces, wher you rode your bicycles you would be able to
go on forever? Raise your hands, and let me see."

khkkkkkkkkk

Pause, survey group

Akhkkkkkkkkk

"It's hard to imagine, but scientists in frictionless

environments have shown this to be true. What is
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inertia?"

Khkhkkhkkkkkk

The tendency for objects to continue what they are

doing. Write the definition for inertia on the

blank overhead transparency.

Xhkkkkhkhkkkk
"That's currect. Because inertia is what Newton's First
Law of Motion is all abocut, it is also called the Law of
Irartia.

"Let's think about inertia for a minute. Think about

riding in a car. Wwhat happens when someone puts on the

brakes quickly when you're riding in a car?"

Khkhkhkkkkkk
You continve to go forward while the car slows.
khkkhkkkkkkk

"Wwhat would happen if you were riding your bike down the

street, and you got your backpack caught in the srokes?"

% % % Kk Kk kk kxk
The bike would stop, and vou would go forward,

probably falling off your bike.

Khhkhkkhkkkkk

“"That would hurt, wouldn't it? Remember, the bike, with
you on it, will keep moving at the sa.ie speed and in the
same direction unless acted upon by an outside force.

what is the outside force in the case of the bike and the

backpack?"
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Khkkkkkkkkk

The backpack

KKXdkkkkkk
"That's right, the bike stops because of the backpack, but
you would keep going at the same speed and the same
direction and fzll off the bike. Actually, there is
another force at work, too. What is it?"

AKhkkkkkkkkk

friction

Yhkkkkhkkkkk

"That's right. The bike would eventually slow down due
tc friction as well.

"This is baseball season, so let's take a baseball for
example. If a baseball is lying on a baseball diamond, it
will continue to lie there until an outside force moves
it. It 1s basically lazy and won't move unless it has to.
what are some of the forces that might move it?"

AhkRkhkkkkkkk
Accept any reasonable answer such 4s a person, the

wind, or an animal.

KKKk kkkkkkk
"OK, good. Now, what if that ball is moving? What

will it do?"

AKhkkkkkkkkk

Keep on moving

Ahkkkkkkkk
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“"That's right; it will continue to move at a constant
speed in a straight line unless what?"

khkkkkkkkkk

Acted on by some outside force

% Jr % % % %k Kk Kk kX
"Good! It takes an outside force to stop the ball. What
might some of those outside forces be that would change
the speed or direction of this baseball?"

khkkkhkkkkkk

Accept any reasonable answer, including such

forces as friction with the air, gravity, or being

caught by someone.

kkkkkkkkkk

"what if the baseball hit something? Wwhat would happen

then?"

khkkLhkhkkkkk

It would be slowed down considerably and would

richochet off in another direction.

khkkkkkkkkk

"Ie:'s look at an example demonstrating inertia.

(Student), read what it says at the top of p. 542."

khkkkkkkkkk

Student reads.

khkkkhkkkkkk

"let's try the demonstration to see what happens."
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kddkkkkkkkk

Do the demonstration. Discuss. The string
breaks in different places because of the
different force that is placed on the string. The
sudden, gquick jerk acts as an acceleration force
at the point of the stress while the force of
acceleration of slow pulling on the rod places
stress along the string more evenly. The added
weight of the book causes tre string to break

above where the string is attached to the book.

J¢ J¢ Je Je % J ke k Xk k

"Now to work with some of the concepts you've learned
so far, I want you to do this word scramble puzzle using
motion words. The words all deal with the concepts we've

been talking about these last few days. You'll have 10

minutes to finish."

dkKkkkkkkikk
Pass out sheets. 2Allow about 10 minutes, then
collect the puzzles. Answer any questions about

the puzzle.

Jc e Je de Xk k ok ok k

"Now I'd like all of you to (> an investigation of
Newton's First Law of Motion. 1I'll pass out the
investigation'sheet. while I'm doing this, I wan. you to

get a partner to work with."
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xkkkkkkkkk

Pass out investigation sheet entitled "Wewton's

First Law of Motion." Read the directions aloud to

the students while they read silently. Pass out

a small rubber ball to each group. Tell the

students to do the investigation together, with

one person doing the ball tossing, aud the other

observing and recording. Walk around and monitor

the groups as they perform the investigation.

Give the groups about 20-25 minutes to complete

the activity. At the end of this time, have them

get back in their seats.

kkkkkkkkkk

"OK, let's discuss what you've learned while you

investigated the Law of Inertia. Let's do number 1.
(Sstudent), when you threw the ball straight up in the air,
did it land in your hand?:”

kkkkxkkkkkk

Yes

kkkkkkkkkk

"All right. Now, {(Student), when you were walking at a

constant speed, where did the ball land?"

kkkkkkkktk

In the hand

kkkkkkkkkk

"Good. Now, (Student), what happened when you did the
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same thing in number 3 but stopped immediately?"

kkFrhkkkkkkk

Ball landed in front of person
kK kkkkkkkk
"Good; I see you conducted this investigation carefully.

what about number 4 where you ran ahead, (Student)?"

Kk kkkkkkkk

Ball landed in back of person
% % %k %k ¥k %k %k k Xk k
"All right now what about number 5; when you made a sharp

90° turn to the right, what did the ball do?"

% %k %k kkkkkkk

Ball landed behind and to the left

Kk kkkkkkkk

"Good. Now for the big question, where .ould it land if
you jumped up in a jumbo jet that was moving at 600
m.p.h.2?2"

ktkkkkkkkk

In the same spot from which you jumped

kkkkkkkkkk

"Very good. How did you figure that out?"

kXkkkkkkkk
2llow students to give their reasoning. Make sure

they understand that because both the plane and

the person are moving forward at the same speed
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and because there is n¢ outside force changing the
forward motion, both the plane and the person will
continue to move _orward at the same rate despite
the person jumping up. The vertical motior does
not alter cne horizontal motion of the person.
- % J J J J J %k k Xk
"Before we finish today, I want to. remind you that
you'll be having a quiz over Newton's First Law of Motion
tomoirow. The questions will be multiple choice, true-
false, and which word dc=sn't belong? Be sure to study
your information sheets, your notes, and your vocabulary
words. Do you have any questions about Newton's First Law
of Motion?
Kk kkdkkkkk
Answer any questions the students may have. If
there is still time in the class period, pose some

review questions over the major concepts.

khkkkkkkkk
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MOTION
VOCABULARY #1

1. 'OXCE = a push or pull exerted on
an object

2. NEWTON := metric unit of force
3. MASS = quantity of matter in an object

4. WEIGHT = amount of force gravity
exerts on an object

5. SPRING BALANCE : instrument used
to measure force

6. FRICTION : force that opposes the
horizontal movement of an
object
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Name Class Date

Fort and Vork How Much Do You Weigh?

Weight is = measure of the force of gravi’. on an object. The force of gravity is not a
constant value in the universe. The force + gravity on the surface of the planet Jupiter is
more than 2% times the force of gravity on the surface of Earth. The moon’s gravitational
force is only about 1/6 of Earth's.

The unit of weight is the newton, N. Weight in newtons is calculated by multiplying the mass
of an object in kilograms by the number of newtons per kilogram. On Earth there are 9.8
newtons per kilogram. A mass of 100 kg would ‘weigh 100 kg x 9.8 N/kg = 980 N.

Calculate your weight in newtons on Earth, the moon, Mars, and Jupiter. Place your answers
in the blank space on the appropriate scales. The newtons per kilogram on each planet are
listed. If you do not know your mass in kilograms, divide your mass in pounds by 2.2. For
example, if your mass is 110 pounds, your mass is 110 + 2.2 = 50 kg.

weight Your mass kg weight

General Science
© 1986 Prentice-Hall, Inc. A Voyage of Discovery 775




MOTION
VOCABULARY #2

1. MOTION : change in position

2. DISTANCE : how far an object has
moved

3. SPEED : distance traveled in a
particular period of time
s=d/t

4. VELOCITY : speed and direction of
an object

5. ACCELERATION = rate of change in
velccity
a:=cv/t
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Name Class Date

e Gy Newton'’s FirstLaw of Motion

Newton’s first law of motion states :hat an object in motion will continue to move at constant
speed in a straight line. Onl,;’ an outside force can change the speed or divection. If the object
is ¢ .est, it will remain at rest, unless an outside Jorce is exerted on it.

Suppose you are standing in the aisle of a jumbo jet parked at ite terminal. You jump
straight up. Where will you land? That is an easy question to answer. You will land in the same
place from which you jumped. But now suppose the jet is moving at a speed of 600 km/hr.
You jump straight up again. Where will you land? Try this activity and see if you can answer
the question correctly.

L. While standing still, throw a small, rubber ball straight up about 2 or 3 mzters high. Does it
land in your hand?

2. Now walk at a constant speed and throw the ball straight up. Where does the vall land?

3. Continue walking at 4 constant speed. This time, stop instantly just after you release the ball
upward. Where does the ball land?

4. Centinue walking at a . onstaut specd. Just after you release the ball upward, break into a
run. Where does the ball land?

5. Continue walking at a constant speed. Just after you release the ball upward, make a sharp
right turn. Where does the bail land?

6. Where would you land on the jumbo jet that is moving a. 600 knvhr?

General Science
© 1988 Prentice-Hall, inc. A Voyage of Discovery 807
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MOTION WORD SCRAMBLE

Fill in the blanks in the paragraphs below with the correct
words by unscrambling the letters to the left of the

blanks.

TOMINO is a chandge in position. The

-

change in position of an object occurs in a certain amount
of time, during which the object moves a certain STANDICE

This is called the object's PEDES

If the quantity distance divided by time

also includes the directin of motion, then the object's

TILYVOCE is being ~~asured. If an object

speed up or changes its direction, the object undergoes

LEACRANICOTE

The principle of IRATINE describes the

tendency of an object in notion to continue in that state
of motion unless acted upon by an outside force. Newton

stated this in his TIFSRONFIMATLOWO
1n addition, Newton proposed

that there is an attractive fcr-ze between any two objects

anyplace in the universe. He called this force TRIVYAG

A CEROF is a push or a pull. The pull

gravity exerts on an object is its GITHWE s

while the quantity of matter in an object is its SAMS

The met.cic measure of force is the TWENON

and the LASPANNIBCERG

measures the metric unit of force.
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ASSESSMENT OF CLASS

l66

Piease rate your 6th grade Academically Gifted class on the

form below. Put a circle around the response that best
describes your class in general. Put any comment you have
about “-he statement in the "Comments" section after each

guestion.
The ratings are as follows:

l--Rarely, if ever 3--0Often
2--Occasionally 4--Almost always

**********************************************************

In general, are/do the students in this class:

1. Motivated to achieve well in school? 1 2 3 4
Comments:

2. Motivated to achieve well in topics 1 2 3 4
having to do with science?
Comments:

3. Interested in school? 1 2 3 4
Commer.ts:

4, Interested in science topics? 1 2 3 4
Comments:

5. Achieve well academically in school? 1 2 3 4
Comments:
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6. Achieve well academically in science? 1 2 3 4
Comments:

7. Academically capable? 1 2 3 4
Comments:

8. Academicaliy capable in science? 1 2 3 4
Comments:

9. Similar in “heir academic abilities? 1 2 3 ¢
Comments:

10. Similar in their academic abilities 1 2 3 4

in sciencez

Comments:

11. Creative? 1 2 3 4

Comments:

. Well-behaved?

Comments:

Your Name
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Name

ATTITUDE SURVEY

Please respond to the following statements honestly. Your
responses v1ill not affect your test grade.

Rate your feelings akout the following statements. Put a
circle around the number that best describes your feelings.

The ratings are as follows:

l1--Strongly Disagree 3--Agree
2--Disagree 4--Strongly Agree

**********************************************************

\

1. This unit on motion was interesting. 1 2 3 4
2. I enj.yed studying this unit on motion. 1 2 3 4
3. I would like to study Newton's other

laws of motion. 1 2 3 4
4. I would like to study other topics

similar to this one. 1 2 3 4
5. I would like to learn more about physics. 1 2 3 4

6. I enjoyed the activities we did in
this unit. - 1 2 3 4

7. Even if I didn't have to take science in
school next year, I would still sign up
to take it. 1 2 3 4

8. Science is important for people to know
about. 1 2 3 4

9. Xnowing science ~an help you understand
other things. 1 2 3 4

10. Knowing what I know now about the unit on
motion I just completed, if I had to do
it all over again, I would want to study
motion in a similar way. 1 2 3 4
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NEWTON®S FIRST LAW OF MOTION

Multiple Choice. Darken in your answer sheet with the number of
the statement that best answers the gquestion.

1. Which of the following is the metric unit used to measure

force?

t. Gram
2. Liter
3. Meter
@ Newton

2. Which of the following is the best example of
"velocity” as the term is used by scientists?

1. A car traveling 49 kilometers per hour on an oval track
Cg) A car traveling 50 kilometers per hour and heading
astraight west
3. A car going fru. 3@ ‘lometers to 40 kilometers per
hour in 19 seconds
4, A car with a mass cf 1,000 kilograms traveling at
7@ kilometers per hour

3. wWhich of the tollowing is the «verage speaed of a runner
whs completes a & kilometer (i km) race in 4 minutes?

1. ©.25 meters per second
2. ©2.2%5 meters per minute
3. 250 meters per second
250 melers per minute

4., A pair of dice is hanging from the mirror of a car. Which of
the following best describes what will bP-Jpen tc the dice as
the speed of th« car changes while trave 1ng down a levzl
road?

1) The dice will swing toward the rear when the car
sneeds up and toward the front as the car slows down.
?. The dice wili swing toward the front when the car
speeds up and toward the rear when the car slows down.
3- The dice will swing toward the front and then
return so the st-ing is vertical whenever the car
| spaeds up or slows down.
4., Because 0f the f.rce of gravity on the dice, they
will not move forward o- backward as the car speesds up
or slows down.
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S. What is the average acceleration of a car if it speeds
up from 1@ kilometers per hour to 3@ kilometers oer hour i1n
19 seconds?

1 2 kilometers per hour per second
e 3 Kilometers par houwr 22r second

3. 27 ¥ lometers per hour

4, 20 kilometers per hour per second

5. What is the average speed of a bicycle rider who
travels S5 kilometers (35,000 meters) in 19 minutys?

1. 9.5 meters per second
2. 0.5 poters per minute
3. S0¢ meters per second
CE) 500 meters per minute

7. Hhich of the following is the best answwr when a pilot
is asked by the control tower to resport the airplane’s
velacity?

1. "I just went from 200 kilometers per hour to 220
kilometars per hour in the last 3 minutes.”
(2.) "I’m going 240 kjlometers per hour and going due

north."
3. "I°m going 25¢ kilometers per hour."
4, "I'm going 260 kilometers an ho!'r with a total mass

of 1529 kilograms."

8. A passenger in the backseat of a car holds a large round-
bottomed bowl containing a ball so that the top of the bowl
is level with the road. Which of the followinn best
describes what will ha.oen to the ball as the speed of the
car changes as it travels down a level road?

1. Because uf the force of gravity pulling down on the
ball, it will not move relative to the bowl as the car
speeds up or slowe down.

2. The hall will move toward the front as the car
speeds up and toward the front as the car slows down.

CE) The 11l will move toward the rear as the car
speeds up and toward the front as the car slows down.

4., The ball will move towzrd the front of the bowl, and
then raeaturn to the lowest ~oint in the bowl when the
car either speeds up or slows down.

9. What is the average acceleration of a car that slows
down from 60 kilometers per hour o 20 kilometers per !iour
in 20 seconds’

G} 2 kilometers per hour per second
2. 2T Kilicameters per hour per second
3. . 40 kilometers per hour

4. 40 kilometers per hour per secord
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13. Which of the following best describes what will happen to
the gravitational attraction between Planet A and Planet B
if the mass of one of the plancts is doubled?

1.

2.

&ED

4.

The
The
The
The

11. Which of

attraction
attraction
attraction
attraction

would be one-fourth » much.
would be ona-half as much.
would be doubled.

would be four times as much.

the following best describes what will happen
to the weight of a person stanting ) a bathroom sciles in
an elevator?

(i) The weig:... shown on the scalas will decrease as the
elu: ator starts downward and increase as the elevator

2.

3.

4,

astart:

upward.

The weight shown it the scales will decrease as the
@levator starte upward and increase as the wlevator
starts downward.

The weight shown on the scales will increase

whenever the elevator starts to move either upward or
downward.
The weight shown on the scales will not change
because A parson’s weight does not change during a

period o

time as short as that invoived in an elevalor

going ug or down.

12. What law states that an object at rest tends to remain
at rest unless acted upon by a force?

(1D
=.

First Law of Motion
Second Law of Motion

3. Third Law of Motion
3. Law of Universal Gravitation
13. A changa in an object’s location or posit: is
called :
@) Motion
2. Force
3. Energy
4, Momentum

14, If an object slows down, it

D
2.
3.

4.

Accelerates
Stops
Increases momentum
Changes its mass

(2]
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15.

14.

17.

18.

19.

20.

The speed of an object that moves 58 kilometers in 3

hours is

1. V.1 hr/km
2. 9.1 km/hr
3. 10 hr/km

(ED 18 km/hr

What is tre acceleration cf an
constant velocity of 18 km/hr

2
C;? &0 km/hr east
3. 98 km/hr west

4, Cannot be determined with

The scientific name for a ush

CZ} Force

2. Energy
3. Power
4. Mechanical advantage

Force is measured in

1. Joules

@ Newtons
3. Watts
4., Grams

Lubricants are used to reduce

1. Buoyancy
2. Fluid friction
3. Rolling friction

Sliding friction

F-iction is a form of

1. Energy
2. Work
3. Power

(ED Force

object moving at a
cast?

the information given

or pull is

174

What law or principle states that there 15 an attraction
force that acts between all objects?

1. Archimedes’ Principle
2. Berrouilli®s Principla

3.) Law of Universal Gravitatioun
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22.

23.

24.

27.
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A device that measures force is 2

Cz) Spring balance

2. Triple-beam balance
3. Double-pan balance
4, Graduated cyliner

Which of the following expresses velocity?

1. 20 km

2. 2@ km/hr

3. 20 km/hr/hr
CE) 20 km/hr north

Speed

1. Gives no information about distance covared per
unit time

(Z} Gives no information about direction

3. Is the same thing as velocity

4, Is :he same thing as acceleration

Which of Newton’s laws states that an object at rest
tends to stay at rest?

@ First L. s+ of Motion

. Second Law of Motion

3. Third Law of Motion

4, Law of Universal Gravitation

The tendency of objects to continue to move at the velocity
at which they are already moving is called

1. Mechanical advantage
2. Friction

3. Thrust

@p Inertia

What is the speed of an cobject that moves 2¢ km in an
easterly direction in 4 hours?

@ S km/hr

2. S km/hr E

3. 5 km/hr west
4. 5 km

Newton’s First Law of Moti~n states that a force is
neaded to change

1. Kilometers

The direction of a moving object
3. Gravity
4, Weightlessnass
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29. A measure of how fast an object moves 1s

{. Force

Speed
3. Motion
4, Gravity

S3. The three factors involved in describing motion are

t. Distance, time, direction
(g} Distance, time, speed
. Time, speed, dirwction
4, Velocity, acceleration, direction

31. Which of the fcllowing best describes what will happen
to the weight of a person standing on a bathroon scales
inside the car of a large maving Ferris vheel?

t. The weight shown on the scales will decrease as the
car starts moving upward and incraase as the car goes
over the top and starts downward.

2. The weight shown on the scales will decrease as the

car starts to turn regardless of the car’s position and -

will ircrease when the car slows down.

Cg? The weight shown on the scales will increass as the
car starts to move upward and decrease as the car goes
over the top and starts downward.

4., The weight shown on the sceies will not change

because a person’s weignt does not change during a
period of time as short as that involved in making a
few revolutions of the Ferris wheel.

32. In the diagram below, which of the targets will be hit
by tha ball when it zomes out of the coiled tube?

. Target |}
(:) Target 2
3. Target 3
a, Target &
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33. Four players try their hand at ro)ling a ball through
the cur ved Pathway shown in tnd diagrsT Selow. To win, the
ball cannot touch the wally of the pathway. Whicn player
snoud win if the balls are placed in motion in the manner
shown by the dotted linwes and released at the points
indicated with the arrow heads?

t. Player 1 c ?
@ Player 2 vV
3. Player 3 v/ o3
4, Player 4 ) PR
.l 'l
W““" - e “

The graph below represents the distance a model car traveled in a
gstraight line in a given period of time. Based on the
information given, answer the follaowing questions.

24. Was the car accelerating? (Darken "1" for yes and "2" for

3%. 1§ the present trends continue, how far will the car travel
in 12 seconds?

i. 4 m Gj
2. S m Distante &
@3 am @ : Modal Car
4. 7 m v 5 Teavels
<
o L‘ -y
£ /
< 3 - ////
o
J
£ 2
3
*
o
.- '
Q

.
]

2 4 6 ¢ 0
Time Cn seconds)

1R7
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36. Luok at the diagrams below. Imagine that someone has a
metal ball attached to « string and is twirrling it at high
speed in & circle above his head. In the diagrams you are
looking down on the ball. The circle shows th> path
fcllowed by the ball, and the arrow: show the direction in
which it is moving. The.line from the center of the circle
to the ball is the string. Assume that when the ball is at
the point shown in the diagram, the string breaks where it
is at>ached to the ball.

Look at the four possible solutions as to the direction the
ball would go when the string breaks. Darken in the number
of the picture that best represents the direction the ball
would go.

R
/
7/
/
/

Y

\ 2
\ @
\
@ @fﬁ“-‘ '
~3

37. The diagrams below show a thin curved metal tube. You are
looking down on the tube. In other words, the tube is lying
flat. A metal ball is put into the end of the tube
indicated by .the arrow and is shot out of the other end of
the tube at high speed. ’

Look at the four possible solutions as to where the bail
would go when shot from the tube. Darken in the number of -
the diagram that hbest represents the path you think the ball
will take when exiting from the tube.

<
€« o R
' \\ 5 4
| ‘ ) A
1 7 \
/
‘ - \ - R
‘ N AR x _ o=
| < / ! -7
; / ’
| \:/
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True or False. If a statement if true, darken in the "1" on your

e et |

answer sheet. If it 138 false, darken the "2".
38. Friction is a force that opposes the motion of an object.

Weight is the same as mass and can bae measured in kilograms.

nT\‘\
(%]
e

4. Thae quantity that expresses spead and direction is called
acceleration.

31. Weight is the amount of force the earth’s gravity exerts on
an object.

42. Gravitational force is exerted rly by very large objects
such as the earth.

43. A single force cannot axist by itsel+.

44, An ot ject whose velocity is increasing is decelerating.

2 T s T O W ¢

4%. A force is not required to slow down a moving object} the
object will slow down by itself.

3

45. In a vacuum. all objezts will fall with the same
acceleration.

F 47. The newton is a unit of energy.

~\

48. Acceleration is always measured as distance/time/time.

1

49, Speaed is measured as distance per unit of time with a
direction stated. .

T S@. Inertia is changed by a force.
F 5i. Weight is measuraed by the quantity of matter in an object.
T

52, If an object speeds up or chanées direction, it is
accelerating.

F s3. The metric unit of force is the kilogram.

-7’ 54, The First Law of Motion is also known as the Law of Inertia
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One Doesn’t Helong. Three of the following words having to do
with motion belong together and one doesn’t. Darken in tie
number of the word that doesn’t belong.

55. 1. buoyancy, 2. g.-avity, 3. Friction,<3> newton

s6. 1. nawton,(:D density, 3. we.gh%, 4, force

57. 1. inertia, 2. motion, 3. rest,(E) power

s8. (:) velaocity, 2. air resistance, 3. friction, 4. gravity

59, 1. acceler  .ion, 2. speead, Géﬁ newton, 4. velocity

60, €Z> Direction, 2. lJistance, 3. speed, 4. time

1
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CHAPEL HILL-CARRBORO CITY SCHOOLS
LINCOLN CENTER, MERRITT MILL ROAD
CHAPEL HILL, NORTH CAROLINA 27514
Telephone: (919) 967-3211

GERRY HOUSE, Superintendent MICHAEL RADZ, Assistant Superintendent
for Instructional Services

SHEILA & 'TWEISER, Assistant Superintendent

for Support Services

May 28, 1987

Dear Camittee:

I am a certified trainer affiliated with Excel, Inc., a management
consulting firm founded by Dr. Bernice McCarthy, the developer of the
4MAT model. In this capacity I have given numerous presentatiuns at
national and state conferences and have conducted workshops for local
school districts.

At her request, I reviewed the 4MAT unit designed by Patricia Bowers.
Specifically, I "blindly” sorted the eight activities so as to make a
judgment as to the step on the 4MAT circle that was appropriate. It is
my assessment that these activities did in fact coincide with the steps
outlined in the script prepared by Ms. Bowers. Finally, the activities
provided for the "traditional® unit, were what I wondd classify as
being largely of the left mode type.

{t is my opinion that this aspect of the study is & legitimate 4MAT
unit of instruction consistent with the criteria used by Excel, Inc.

* Sincerely,

ikl A C/n/

Michael A. Radz
Assistant Superintendent
for Instruction

MAR:pg
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THE UNIVERSITY OF NORTH CAROLINA

AT
CHAPEL HILI
ool ol Eduanon Fhe Unineraty ut North Caroling at Chapet Hali
Dicmon of Peabody Hall 037 A
feaching and Learning Chapel Hill. NC 27¢13

April 7, 1987

600 Emory Drive
Chapel Hill, NC 27514

Dear Pat:

This letter is to confirm that the 4MAT lesson plans you have prepared for use
in your research are consistent with the guidelines established by Dr. Bernice
ticCarthy in the 4MAT Model, and that the lesson plans you prepared'for the
control group are left mode lessons.

After reviewing the lesson plans designed for the experimental group, I sorted
the lessons into the eighi-step 4MAT cycle. 1 determined that the lesson plans
were rtepresentative of the 4MAT Model. 1 then examined the lesson plans
developed for the control group and agree that they are left mode lessons.

As an EXCEL Associate, I want to encourage you in your research efforts. Dr.
McCarthy and other EXCEL Associates are looking forward to hearing about the
results of your study.

Best wishes,
Rhonda 7(. Withoseoro

Rhonda M. Wilkerson, Ph.D.
Visiting Assistant Professor

]

Ms. Patricia Bowers
RMW/chw
|

|

ERIC

: Aruitoxt provided by Eic:
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RESEARCH TRIANGLE INSTITUTE

Center for Educational Studies

May 8, 1987

Mrs. Patricia Bowers

Science and Mathematics Coordinator
Chapel Hili-Carrboro City Schools
Linccin Center

Merritt Mill Road

Chapel Hill, North Carotlina

Dear Mrs. Bowers:

I have reviewed your "4MAT SYSTEM LESSON PLANS™ and the accompanying
concept presentation materials, "Newton's First Law of Motion”. These
materials accurately and clearly present the concepts and veccabulary
required to study the first iaw of motion.

! am ver, pieased that you have chosen to adapt materials from the Sohio
workshops in Newtonian fechanics prepared by Research Triangie
Institute’s Center for Educational Studies for part of your doctoral
research. We would greatly appreciate the opportunity to review your
findings when your dissertation is completed.

'f 1 may be of further service, please feel free to contact me again.

Yours truly,

/

/-? / ’ L 7 -~
\ / é /g /oA '
AR~ By S A 4

-
e i

Jack E. Gartrell, Jr.
Educational Analist

Post Office Box 12194 Research Triangle Park, North Carolina 27709 Telephone: 919 541-6000
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Instructions to the Reviewer:

Please read the enclosed information sheets and
accompanying activities on Newton’s First Law . . . aete
Then read the script, "4MAT Approach Lesson Planws wWhen
you have finished, pisase answer the gquestions below.
Thank you very much.

Did the information sheet, "Newton’s First Law of Mction,"
accurately reprasent the science concepts associated with
Newton’s First Law of Motion?

(yes or no) E#?fs

Did the "4MAT Approach Lesson Plans" accurately and
completely reflect the concepts on Newton’s First Law of
Motion found in the information sheet you raeaviewed?

(yes or no) __ :ifis
-+

Was there any information included that was not a part of
the information sheets and accompanying activities?

(yes or no) ho

Comments:

1935
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Instructions to Reviewer:

Plnase read the snclosed text excerpts and accompanying
activities on Newton’s First Law of Motion in Unit 6,
Chapter 1 and 2 of Prentice-Hall’s General Scionce, A
Voyage of Discovery. Then read the script, "“Textbook
Approach Lesson Plans." When you have finished, please
answer the questions below. Thank you very mucii.

Did the "Textbook Approach Lesson Plans" accurately and

completely reflect the concepts on Newton’s First Law of
Motion found in the text excerpts and Teacher’s Resource
Book you reaviewed?

(yes or na) ____X’_Q_s_ _______

Was there any information included that was not included
in the text and accompanying activities?

(yes or no) _QO

43H6\NJ Jhe  —texd ev4nhm<7

Comments:
M ot oJoly o CQQ\LY V'\(yv.1>

{'QSJr\ ? C\V\S
wretl — cl*SL , Aty W S e T S . Ja s
“t> Lavln *N ~(-\=f~t. _’Z‘\-L, brook « -4‘”. @‘(u‘“r&rﬁ o
8- PO oM. > ()Q.V\gr\é-—&nrgg‘\-( oL k/CL+"0h

T lesa ax4dz47 .bed qu{ —+kk 3+UA4“ff
O Lﬁ*-f*?r urde_(SJ'UV‘ ") g—f— C\/Q AL Oy |($,| (a v <

_____ ‘\gfw-,du//)\j“’*- Mbw?‘u ZSY—
date Jord (7 /qf"l

| —dox~ it
{Vloivah Lu(\__) e+ (V\LK\.,J{) (v~ +\ \ ":’.L
(ov‘A\ B4 ‘a.L coOvr~Sy (}*l_th O~3 9\5\ N vy

.0 . ( bread anad 7 Ve
|Y\“D(W~(\'\‘DV‘. T ot 7. ? Fa BV N KN )\k tex

UD\L)Q.V / k.\v":-zs“r\ C}'L _LL‘L- |r\‘1 ')//»"\0\.\ R J VN \3
S
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Instructions to Reviewer:

Please read the enclosed text excerpts and accombanying
activities on Newton’s First Law of Motion in Unit 6,
Chapter 1 and 2 of Prentice-Hall’s General Science. A

Vovage of Discovery. Then read the script, "Textbook
Approach Lesson Plans.” When you have finished, pleasw

answer the questions below. Than'< you very much.

Did the "Textbook Approach Lesson Plans" accurately and

completely reflect the concepts on Newton’'s First Law of
Motion found in the text excerpts and Teacher’s Resource
Book you reviewed?

(yas or no) ___%{ 65

Was there any information included that was not included
in the text and accompanying activities?

(yes or no) __ A0

Comments:
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