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INTRODUCTION

Recent research on instructional television has demonstrated ways in which
the level of instructional effectiveness can exceed that usually attained with
"conventional" television lessons. The innovations which have led to greater

effectiveness derive from the instructional technology represented in programmed

instruction. Carpenter and Greenhill (1963) applying programming techniques

to television have effectively prepared entire courses on English and math. 1In
a series of separate studies using individual lessons, Gropper, Lumsdaine, et al.
(1961a,b,c,d,e) have demonstrated experimentally the value of: pre-testing and
revising television lessons, programming 2.essons, and requiring aclive responses.
More recently Gropper (1965, 1966) has extended the programming approach effec-
tively to the visual, demonstration portions of lessons as well as to the verbal

portions.

In these various studies, lessons take on a format and character distinc-
tively different from a conventional television lecture or television lesson.
They are divided into well delineated segments. The segments are sequenced in
systematic ways with each segment building on the juet prior segment. Provisicns ‘
are made for continuous "active student fespcnse" with confirmation provided

inmediately after each response.

Producers of the eonventional television lesson adopt'few of these features
sysfematically as a matter of policy. Rather, the conventional telev151on lesson
can be characterized as providing the standard form of lecture presentation,
often aided by demonstrations or other visual materials and, perhaps, on occasion
using interpolated questions. In view of the growing evidence of the contribu-
tions to instructional effectiveness which programming features make, it appears
appropriate to look to the-behaviora; principles and techniques that underlie
programmed instruction and to determine whether the television lesson in con-
ventlonal form can be improved through their implementation. It is, therefore,
the intent of this study to investigate ways in which the conventional uelev151on

lesson can be improved through the application of learning principles.’

-
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v ntrolling Student Behavior Durinrg Instruction

One of the principal goals of programmed instruction is to exercise precise
control over the conditions under which learning occurs. The fragmentation of
lessons into discrete segments serves this purpoce. It facilitates student
practice of specific responses in the presence of specific stimuli, thus min-

imizing the opportunity for the practice of adventitious responses or the practice

‘of correct responses in the presence of inappropriate stimuli. It further provides

immediate reinforcement following response practice, rather than at some later
time. _Adhérence to these conditions, prcomotes efficiency in learning. Student
responées readily and efficiently come under the control of the stimulus material
coniained‘in the lesson. Although stated in a relatively abstract way, this is
the generai'aim of all instruc¢tion. Stated somewhat more concretely and specif-
ically, two principal aims of instruction appear to be: (a) to facilitate the
acquisition and ;etention of responses and (b) to facilitate transfer of these

responses to new situations.

The preparation of conventional lessons; whether live in the classroom or
on televiéion, has rarely been preceeded by the kind of'careful and systematic
analysis of behavioral outcomes which characterizes the preparetion of programmed
lessons. It would appear tha£ the conventional television lesson might be
significantly improved by an analysis of the learner's task when he is expected
to learn from a conventional lesson. Mgthods to facilitate his task could then
be devised such that learning will more efficiently be a function of the instruc-

tional materials presented to him.

Analysis of the Task of Learning from a Conventional Television Lesson

The learnlng process can be better controlled as a function of conventional
instructional. materlals presented on television through an analysis of the student'v
task in learnlng from them and through an analysis of the problems <hich may arise.
Tn a general sense, all undesirable outcomes can be considered as being made up .
of three components: a failure to identify what it is to be learned; a failure

to retain the information successfully identified; or a failure to apply the

retained information properly in post-instructional situations. _:
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(1) failure to identify what is to be learned

As a first step in learning from a conventional television lesson, the
student must be able to identify just what it is he is to learn. Often what
the student regards as important will not correspond closely with the intended
objectives of the lesson. Or, an important point may be so buried in a welter
or irrelevant or even relevant detail that the student fails to respond to it.
A conventional lesson must therefore be prepared so that it aids the student to

identify the importsnt points.

(2) failure to retain what has been identified ,

Learning may still encounter failure if information in a lesson which has
been successfully idenfified as being important is nevertheless not retained.
Fai ~ to retain information can be diagnostic of inadequate conditions of
practice or review or perhaps even initially of an inability to attract the
student's attention. The preparation of conventional lessons must also deal

with,ﬁhis second source of possible failure.

(3) failure to applj retained information

Bven if information is adequately retained, a further failure is possible.

Particularly when concepts and principles are being learned, they may be inad-

. equately presented so that the learner may fail to apply them tc new, appropriate

situations, situations other than the specific ones encountered in a lesson.

Steps must be. taken to build into lessons procedures or materials which facilitate

this kind of appropriate transfer.

Approach’

The purpose of the present study is to evaluate a number of procedures for

improving the conventional television lesson. The procedures are based on.a

number of hypotheses concerning technlques for avoiding the kinds of potentlal

learning failures described above:
1. Successmul identification of points to e learned is a
function of the clarity, specificity, and difficulty

level with which they are presented. Accordingly,
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successful identification by the student of the points

to be léarned can pe aided by:
a. isolating or designating the main points

to be learned

b. isolating or designating supporting‘mate~
rials
¢, omitting extraneous or unnecessary points

d. adjusting the difficulty level of examples,

vocabulary, grammar, or sentence length.

2. Successful retention of material is a function of conditions

1 —~.._.I

of.review, the concreteness of examples, and the interest
level of examples. Accordingly, successful retention can be |
aided by: |

a. increasing the amount, variety, and |

-

relevance of review -
|
b. improving the spacing of review
\
[

c; increasing the interest level of examples

d. wusing visual examples.

3, Successful application or transfer of what has been learned

}M.... i

is a function of the breadth of the context in which it is

learned initially;. i.e., the kinds and number of examples

used. Accordingly, successful application can be aided by:
a. increasing the number and variety of

examples

b. omitting irrelevant examples

¢. including positive and negative examples

r — \.-,II

(e.g., of the applicability of a term) . |
d. using appropriate connective passages

linking principlés and examples

T N
e

increasirg the likelihood that the student

_
T 5

will anticipate the outcome -of exambles.

While many of these feqtures of prcgrammed instruction can be applied to a

“

conventional lesson, one feature cannot without changing its conventional "look."
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that is repeated active responding followed by confirmation throughout the entire

length of a lesson. While provision can be made (and in this study was madg)

for anticipatory responses (by interpolating pauses), no systematic efforts can

be made for this purpose and still have the lesson appear "conventional." Mo
measures (such as use of workbooks, for example) can be taken to insure that students
will actually make responses. None wefe taken in the present study. The intent

of the present study, therefore, was to determine, primarily whether application

of programming techniques only to the stimulus features of a conventional pres-

entation (their design, seyuencing, etc.) can measurably increase its effectiveness.

Tt is not the intent of the present study to concern itself with an experi-
mental comparison directed to each of the possibilities hypothesized above.
Rather, it is intended to incorporate several techniques within an experimental
lesson as an attempt to maximize differences between treatments. Three treat-
ments are envisaged, one of which is a control treatment. Of the other two,
one is intended to facilitate retention of science concepts and principlgs. The
other is intended to facilitate the transfer of concepts and principles learned
to new contexts. Both treatments represent modifications of an original lessbn,

which serves as a control. This study thus involves the revision of an existing

lesson in order to achieve specific predictable behavioral outcomes.

" Tryout and reviéion are integral steps in the preparation of programmed
materials. Programs are revised until they meet some predesignated standard.
This goal has also been spﬁght in non-programmed instruction. Gropper, Lumsdaine,
and Shipman (196la) demonstrated ihe value of applying the tryout and revision
process to conventional television lessons. The need for empirical tryout and
subseguenﬁ revision is, it would séem, well understood today. But'a frankly
empirical approach to the preparation of instructional materials cannot be equated
with the development of an instructional technology. A highiy developed instructional
technology may always require empirical tryout. But, by definition, it should
require only minimal revision. To reach this stage of sbphistiqation requires
a tested body of principles, techniques, procedures for the iniﬁial‘preparation
of lesson materials. Only as the need for revision approaches (zerp) can we

truly say that we possess a technology of instruction.

"
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Greater sophistication in the tryout phase itself can lead first of all tu

the need for fewer and fewer revisions. It can, more importantly, lead to the
formulation, evaluation, and demonstra£ion of principles, which, if applied in
the initial preparatioq of lesson materials, can lead to the need for minimal
revision. This gtudy attempts suéh an approach. It seeks through the use of
diagnostic tests.to pinpoint particular types of learning task failures in
eﬁisting lessons. It further seeks, by means of the various techniques sug-
gested above, to correct those failures and to demonstrate their effectiveness

in revised. versions of the same lesson.

The general approach to be followed may be summarized as follows:
(l) development of tests diagnostic of particular tvypes

of learning failures in an existing lesson;
(2) administration of standard achievement and diagnostic

tests following administraticoa of an existing lesson

- (prepared for television);

(3) revision of the lesson to improve retention and to

improve transfer by means 6f techniques described

above; and
(4) comparing the original and two revised versions

experimentally.

It should be made clear that this study is not designed to demonstrate the

value of empirical tryout. This has been amply demqnstrated in the past. This

'study is employiné the tryout process merely as a means. of developing principles

that can minimize the need for revision following tryout. Thus, it is not the
tfyout process per se that. is to be evaluated. What is to be évaluated are
specific techniques for preparing television lessons presented in conventional

o

form that will facilitate retention and transfer.

While this study is not primarily concerned with the tryout process per se,
tecﬁniques to be employe@ in it are likely to be applicable to the routine try- '
oul of insirgctional materials. These techniques cornern the systematic attempt

to diagnose pariicular types of learning failures ==~ in addiiion to altempts to
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identify specific items of lesson content inadequately learned. Items diagnostic

of particular types of learning failures, in addition to idenﬁifying specific

'content inadequafely learned, also sgggest‘sgeéific ways of improving lesson

presentation.
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METHOD

Materia%i

Three versions of a lesson on levers were compéred experimentally. One
was an existing lesson;.the second was a revised version of the original lesson
that was specifically designed to facilitate retention; and the. third was also

a revised version of the original, this time specifically designed to facilitate

e

transfer. Revisions were based on results obtained from diagnostic and achieve-
ment tests administered to a sample of seventh-grade students comparable to the

target population.
- 1. Lessons

The original lesson on levers had been prepared for an earlier project
(Gropper & Lumsdaine, 1961). It was a conventional lesson that had undergone

empirical tryout and revision, bui, compared to standards typically set for

programmed instruction, héd still produced relatively low achievément,levels. | ‘
The possible criticism that bias may have entered in the selection of a particular
substandard lesson ﬁay be answered as follows. It is not the intent of this

study merely to show that tryout and revision can produce improvements. It is ' j
the intent to determine if specific types ol improvement can be brought 4
about through the application of specific behavioral principles. Thus, two |
experimental versions were. produced, one designed for retention, the other for

transfer. Selecting an existing lesson that failed to produce high levels of

achievement, thus, could not be expected to have systematically influenced

learning outcomes made possible by one version and not by the other. Moreover,

I_. I ,i._ i . I . . i ~ - -

emplrﬁcal results based on tryouts indicated that the original lesson was

equally 1nadequate ‘for both re%ention and transfer purposes.

" The script for the original television lessbn on levers appears in its p

entirety in Appendix A. The concepts and principles covered in this lesson,

vhich lasted approximately 28 minutes, included:
(1) force and motion;

(2) the relationship between the direction of a force and the direction of

-

movement;
(3) the relationship between the weight of an object and magnitude of the
force needed to 1lift it; '
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(4) a comparison of the magnitudes of the applied force and lifting

fprce when a lever is used to 1lift objects;

(5) definitions of the terms: machine, levers, applied forces,'and
lifting forces; |

(6) identification of the direction of the applied and 13fting forces;

(7) the relationship between the position of the fulcrum and the
magnitude of the applied force required;

(8) the relationship between lever arm ratios and the ratio of applied
to lifting force;

(9) the definition of work;

(10) the relationship between work put in and work put out (when a:lever
is used); and

(ll) the relationship between the distance through which an apﬁlied

- ey s e EE

force is exerted and the distance through which the lifting force

-

is exerted.

As can be noted from the length of the list, this was an ambitious goal for

a 28-minute lesson. Since this version failed to do an adequate job of teaching '

all these concepts and principles, there were two possible ways to improve it:
(1) keep the lesson the same length (duration) but reduce the number of concepts

and principles to be taught; or (2) lengthen the lesson (duration) making it less

efficient but also making it possible to be more effective. The second path was
followed resulting in separate retention and transfer versions each lastingd
approximately 55 minutes. The scripts for both retention and transfer versions

have large seéctions in common; the primary difference between them consisting |

of the use of more varied examples in the transfer version. The scripts for

both versions also appear in Appendix A.

Even after revision the two experimental lessons remained conventional

television lectures. No systematic attempt was made to require active respond-

e i

ing. While many pauses were introduced in the lesson to encourage anticipatory

-

responding (to solve problems), as is usually done in any good lecture, no work

booklets were distributed for recording responses. Nor were special instructions

or explanations given to encourage responding. Since no systematic provisions

were made to encourage "on cue" respondiﬁg, the behavioral principles applied
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in the revision of the original lesson thus had to do primarily with the design

and preparation of the stimylus materials only.

Clenges made in the revised version of the original script may be described
as general and as specific¢ in pufpose. General changes were based on good
instructional and gocd television production'practice that might be expected to
lead to heightened instructional effectiveness. Specific changes were based on

specific inadequacies identified in the original lesson by means of diagnostic

tests.

Behavioral principles underlying programmed instruction (save for the require-

" ment of response practice) were implemented as a general way of improving the

original lesson. For example, to facilitate discrimination practice on which
concept acqu1s1t10n is contingent, positive and negatlve examples were used
contrasting examples were used, etc. To facilitate generalization, multlple

and varied examples were used. To facilitate retention (and transfer which is
contingent on it) more review was introduced. Some of the television production
techniques employed to make improvements over the original lesson included greater
use of close-ups (and less use of the lecturer's face), ample use of supers (e.g.,
arrows to indicate the direction of forces, or lines to indicate the positich a

lever had been in after it was pushed down, etc.).

Specific changes introduced were based on identified weaknesses in the
original lesson. The identification was made by means of specially designed

diagnostic instruments.

2. Diagnostic tests

Diagnostic instruments were designed to accomplish two things: (1) to pin-
.point student inability to identify what was supposed to be learned, to retain '
what was 1dent1f1ed and to transfer what was retained to new, but related

situations; and (2) to obtain a measure of response strength.

(a) diagnosis of learning failures. - A student cannot transfer a concept

or principle to a new situation if he has failed.to retain the concept. He

cannot retain it if he failed to learn it in the first place. He may fail to

learn it in the first place if he is uncertain as to what it is he is supposed
. to learn. The diagnostic instruments used were designed to identify which

of these types of failures the original lesson produced.

~10-
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The original lesson was divided into seven segments. After seeing each
segment, one group of 15 trial Ss was asked to indicate what they thought they
were supposed to learn. A second group of 15 trial Ss was asked the same
duestipn at the conclusion of the entire lesson. These resvlts pinpoihted

portions. of the lesson that led to identification failures -- either identifying

thé wrong thing or failing £0 identify the rigﬁt thing.

Students were also instructed to indicate how adequately the points they

identified were taught. Some typical replies to these instructions are listed

‘below:

--- "Although it was repeated many times the things on the board
did not help."
== "The film did not say how the force was ihcreaséd."
-e- "The word transmitted was not really stressed enough."
--- "He could have explained it better and more slowly."
--- "T{ wasn't explained fully enough because you couldn't tell
what caused this." ,
--- '"We know work as something different. It didn't éXplain it
cleariy enough." ‘
--- "Why do you have to have the same weight applied to lift
something?" '
-—- "Tt didn't explain why the man couldn't lift the car by
himself and then with a piece of wood 1lift it with one
finger." '
Student diagnoses of lesson inadequacies in getting particular points across
were used as one indicator Sf needed revision. Complementing the subjectivg

student reports were the results of diagnostic achievement tests.

Achievement tests, reproduced in their entirety in Appendix B, were
designed to assess both retention and transfer failures. For example, problems

posed with numerical values identical with those used in the lesson were

designed to measure retention. Problems with new values were designed to measure

transfer. Other transfer itemé went further and required the application of

brinciples of work, learned in the context of levers, to other machines, the

pulley for example.




S (et - e 2 e ey = e e - e i v adea

AT AN £ 0 Aot Pt o YAt Y oo 1 2 P e e e b st e

'a —w‘]

-

=

(b) assessment of response threshold. - Other diagnostic information was

(B

ubtained from items requiring responses in differing modes. Items covering
specific content that could be answered in multiple-choice or recognition format
but not in constituted-response format provided additional results diagnostic

of the instructionai adequacy of a lesson., Where students were only capable of

I~ B —a..ay-i
.

recognizing a correct answer (e.g., a definition of a concept), the lesson wds revised
so that they could produce a definition., Response mode differences thus provided

evidence as to the response "strength" capabilities built into the original lesson

-

X
‘.\M.._ Nb[

3. Evaluation tests

The tests to evaluate the instructional effectiveness of the original lesson

iﬂn-n—d‘

and the two revised versions are reproddged in their entirety in Appendix C. Two 1

ln-—-.— -i

forms of the test were prepared. Within each form, items were prepared specifically J
to test retention (test section labeled 'R') and to test transfer (test section |
' |

l

labeled 'T').

Sub jects

I-’ﬂ-.ui
Y
~
- AN

Subjects part1c1pat1ng in this study were seventh graders drawn from five

.

publlc and parochial schools. An 1ntact class of thirty students took part in |

the diagnostic evaluation of the original lesson., One hundred and two students

.

took part in the experimental evaluation of the three versions of the lesson on

levers. Students were randomly assigned to one of the three conditions.

s

Procedure

1. Diagnosis of learning failures in original lesson. <

‘a

In order to,diagnqse the shortcomings'in an existing leséon, a sample class
‘of thirty seventh-grade students viewed a kinescope of the lesson. As described

earller, half the group filled out questionnaire forms at the end of each of 1

seven segments. The other half filled out the forms at the conclusion of the

entire lesson. Questions on the form were designed to elicit student 1dent1f1cation .‘
of what it was they thought they were supposed to be learning. They were also

askéd to indicsate what it was in the lesson that failéd to get across the par-

ticular points they had identified. Sfudents were instructed that the purpose:

ml of their task was to help make revisions in the lesson so that it could be

improved.
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systematic provision for response practice,
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Following the presentation of the entire lesson diagnostic tests were
udministered. |
2. Preparation of rewvised lessons.

3
Oh the basis of the results obteined in the tryout of the original lesson,

the two revised lessons were prepared. As described both in the'Introduction
to this report and in the section of Materials, a variety of techniques were
employed in an attempt to upgrade the effectiveness of the lesson. Iﬂ light
o’ this aim, no attempt was made tc assess the effectiveness of particular
techniques by building them into lessons and by leaving others out. The sole
intent was to assess the usefulness of using a broad range of programming

techniques in designing the stimulus Teatures of fhe lesson while making no

3. Experimental comparison of tiiree versions of lessons on levers.

Approximately two weeks before they saw the lessons on levers, students y
participating in this study took one form of the acnievement test as a measure
of' their entering knowledge. Immediately following the presentations they took
an alternate form of the test. Approximately one month later they took the

origihal form of the test as a delayed posttest.
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"~ RESULTS

Tollowing the random assighment of Ss to treaﬁment conditions and tlhe
administration of ihe three experimental treatments, high and low I.Q. sub-
groups were identified for each treatmeht group. The median I.Q. was used as
théidividing score. For purposes.of data analyéis, this resulted in a 3 X 2

design as illustrated in Figure 1.

Treatments
retention transfer control
version version version !
High I.Q.
Low I.Q.

Fig. 1 Design for Analysis of Data

1. Analysis of entering behavior.

Two measures were obtained to compare the entering béhavior of Ss who had

been assigned to each of the three experimental conditions. These were pretest '

scores and I.Q. Analysis of variance for each of these measures indicated that
there were no significant differences among the three treatment groups. The

analysis of variance date appear in Tables 1 and 2, Appendix D.

2. Analysis of criterion behavior.

(a). Immediate posttest

Table 1 presents the results of the analysis of variance for total

scores on tests administered immediately after the lesson presentations. As

can be ndted, there were significant differences ambng levels of both variables,
I.Q. and treatments.' ~Table 2 presents the means for the three treétment groups .
On a test, in which 37 points were possible, the two experimental groups scored
approximately 17 points; the control group almost 13 points. Both experimental

versions differed significantly from the original lesson but not from each other.
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TABLE 1

Summary of Analysis of Variancé:
"Total" Scores -on' Immediate Posttest

———

Source of Variation

: . I.Q. x
! 1.4, Treatments  Treatments Within
H af 1 2 2

Mean Squares 1412.01 209.45 - 24,98 27.68

F o 1h.89%%x 7. 5T%* —

il

* significance at the 5% level
¥% significance at the 1% level
¥¥¥ significance at the .1% level

e

TABLE 2

o

Mean "Total' Score for Three Treatments - . |
on Immediate Posttest ' |

i‘ ..-..—n‘l

Retention  Transfer Original

3 Version Version Version |
X = 17.09 17.32 12.91

Z! S.D. = 5,32 5.53 . 5.97 |
= 3k 3k 3k

rwe b

In subsequent analysés test items tesiing for retention of'spécific
content contained 1n the lessons and test items testing for transfer of principle
to new situations were treated separately. Tables 3 and L present and summarize
the analysis of results forlthe retention items only. As can be noted from the
tables, on the retention items both the retention and transfer treatment groups
differed significantly from the control but not from each other. The total

number of points possible was 20.
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TABLE 3

V. : Summary of Analysis of Variance:
"Retention" Scores on Immediate Posttest

Source of Variation

?' . : . I.Q. x

A I1.Q. Treatments Treatnments Within
E af 1 2 2 9%

' Mean Scuares L40.16 ~ 50.94 3.10 15.25
)I | P 2.63 C33k T —

{

TABLE 4

Mean "Rclention" Séore for Three ’ITeatmen‘ps
on the Immediate Posttest

¥,

Retention Transfer Original

Version Version Version
g X 10.88 10.76 8.71
' S.D. = 3.80 3.80 h.11
m = "3k 34 3k
;! The same kind of analysis performed for the transfer items only revealed

similar results.. Both revised versions of the .lesson, the one desipned to héightgn
}l . retention and the cne designed to heighfcen transfer produced significantly higher
mean scores than the original version produced, but did not differ significantly
l from each other. Tables 5 and 6 summarize these findings. The total number of -

"transfer" points possible was 17.

Q . - ' -16. . :
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TABLE 5 .

Summary of Analysis of Variance:
"mransfer"” Scores on Immediate Posttest

Source of Variation

I.Q., X
I.Q. Treatments Treatments Within
af 1 2 2 96
Mean Squares = 194.91 54,75 12,12 9.19
F D1.20%% 5. 6%+ 1.3

'TABLE 6

Mean "Transfer" Score for Three Tregtments
. on the Immediate Posttest

Retention  Transfer Original

' Version Version Version
X = 6.21 6.56 h,21
S.D. = 3.70 3.17 3.10
N = 3 3k 3h

(b). Delayed posttest
Analyses similar to those Jjust reported aré available for tests -

administered on a delayed basis.

On the total test score no significant differences were discovered

among the three treatment groups (see Table 3 in AppendixAD for the summary of

the analysis of variance). The means for the treatment groups were as follows:

retention version - 11.91; transfer version - 12,71; and original version - 10.26.

-17-
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Looking at the scores for retention items only, here also no significant
differences were observed between treatment groups (see Table 4 in Appendix D '

for the summary of the analysis of variance). The means for the treatment groups

-

- were .as follows: retention version = 8.70; transfer version - 8.06; and original

version = T.T7k.

Sy

For the transfer items only, significant differences were observed.

(See Table 7). As can be noted in Table 8, the transfer version produced the

S

highest mean transfer score, but the difference between it and the original
version only was significant. Although the mean for the transfer version was

larger than that for the retention version, the difference between them was

]

not statistically significant. . }

TABLE 7 N ' |

A

‘Summary of Analysis of Variance:
"Transfer" Scores on Delayed Posttest —

Source of Variation

- .

I.Q. x
I.Q. Treatments Treatments Wi“hin
df 1 2 2 96
Mean Squares 2.20 28.89 11.73 7.21
’ F ——— )"‘001* 1063

TABLE 8

Mean "Transfer" Score for Three Treatments
on the Delayed Posttest ’

»

A

Retention Transfer Original

Version Version Version

T = 3.2 k.35 2.51
S.D. =- 2.00 3.75 1.93
N = 3k 3k 3k

18-
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DISCUSSION

The primary interest of this project has been to determine whether the
application of programming techniques to a conventional television lesson can

make it more effective. The method chosen to demonstrate whether or not this

could be done was not the typicél, experimental comparison of t » independently

created versions of a lesson covering the same material. Thus, it did not
involve the preparation of two lessons, de novo, one in a conventional way,

the other by using programming techniques.

Rather, programming techniques were used to upgrade an existing lesson.
This was accomplished through a process of tryout and revision. By attempting
to improve an existing lesson through the systematic identification of its

weaknesses and through systematic efforts to overcome them, it is possible to

. specify more precisely the ways in which the two versions differ.

The results of this study thus have a bearing on two problems: (1) do
the procedures for tryoﬁt and revision originated in this study provide a
more systematic way of identifying weaknesses in lessons; and (2) do pro-
gramming techniques- produce revisions in a conventional lesson that make it

more effective.

(a). Procedures for tryout of an original lesson.

The data reported in the preceding section cannot help us distinguish
between the respective contribution made to the superiority of the revised
versions of the lesson by the tryout procedures and by the programming
procedures used for upgrading the lesson. Since overall performance level
was raised roughly thirty percent over the original, it can be said that the

combination of the two sets of procedures is not without merit. (We shall

have more to say below about the inadequate, absolute level of achievement
observed.) Without héving at least two tryouﬁ procedures to compare (it was
not the intent of this project to study this problem), the value of the pro-

cedures introduced must be made on a rational basis.

Typical pretesting procedures generally rely on some form of achievement

testing. There tends to be little in such tests that performs a differential
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' diagnostic function. The tests introduced in this study were prinmarily designed

to fill this gap. This was accomplished through an analysis of the kinds of

learning failures that are likely to occur.

As was pointed out earlier in the introductory section of this report,
transfer cannot occur if retention is inadequate. Retention,in turn, cannot

occur if the points to be learned cannot be identified. The diagnostic tests

" used were therefore designed to determine which of these different kinds of

failures accounted for inadequate student performance. Revisions in the original
lesson were then aimed at overcoming a particular kind of learning failure. In
addition to this approach, systematic attention was alsotpaid to the level at
which the tryout sample of students could perform, i.e., whether they could only
recognize a correct answer or whether they could produce it. Révisions also

reflected these differing respons= thresholds.

While 1t was not the purpose of this study to do research on "pretesting"

as an issue, it was p0351ble while studying other 1ssues to demonstrate effective

means for improving the "pretesting" process.

(b). _Eg;yl programming principles to the design of the stimulus elements
of. & conventional TV lesson.

The primary purpose of the present project was to determine whether it was

possible to develop a more effective conventional television lesson by applying

programming techniques in the design of the stimulus elements. This was to be,
accomplished even though no systematic attempt was made to facilitéte active

responding. The stimulus elements of the two revised versions of the lesson on
levers were redesigned to facilitate particular outcomes: heightened retention

in one and heightened transfer in the other.

Data obtained from tests administered immediately following lesson presen-

-tation suggest that the two revised versions did not produce differential results.

The "transfer" version did not produce better transfer than the "retention" version,

The "retentlon" version did not produce better retentiomn than the "transfer"
version; but this is predictable since transfer could not have occurred withe-
out retention. Both vewsions did, however, excell the original. They surpassed
the original by approximately chirty percent on "total" testAscores, by approx=-

imately twenty percent on "retention" scores and by approximately forty percent

-20..
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on "transfer" scores. This improvement was not without its costs, however.

.Approximatelj twice the originel leasrning time was required to produce it.

Redesign of the stimulﬁs elements, with a multiplicity of programminé principles
as guidelinee, thus resulted in substantial improvement over the original. But,
the absolute performance level, as measured by programming standards was low.
Students attained only fifty percent of the total possible. .

On the delayed test, save for scores on the transfer subtest, neither the
"retention" nor the "transfer" versions of the lesson were significantly superior
to the original. On the "transfer" subtest the transfer version of the lesson
produced & performance superior to the original (by approximately seventy per-
cent). But here again the absolute level of attainment was low (only twenty-six
percent of the total possible).

Had there been a third "revised" version in which active response had been
required, we would be in a better position to assess just how much active res-
ponding would have added to a lesson benefiting only from effective stimulus
design features. But there is sufficient prior research to testify to the value
for learning of active responding. It seems perfectly justifiable to conclude
on the basis of the results obtained here, that applying programming principles
(e.g., use of contrasting examples for teaching discriminations needed for con-
cept acquisition, etc.) to the design of the stimulus elements of a conventional
lesson can enhance the quality of the lesson. But, without active practice of

particular responses in the presence of the siimulus elements, there is likely

. to be a failure in bringing about adequate discriminative stimulus control.

Further, without active responding delayed retention in particular seems to suffef.
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CONCLUSIONS

It seems clear, on the basis of evidence produced hére~and elsewhere, that
the success of programmed instruction depends both on effective design of the stimulus
and- on appropriate response practice. Oné school of programming, in fact, stresses
the central role of response practice as a condition for bringing about stimulus
control. Thus, from this point of view, selecting only one of two key features of
programmed instruction 1s not likely to produce desired results. In an earlier
study, Gropper and Lumsdalne (1961) demonstrated that active regponding to con;
ventional, non-programmed stimulus materials did not lead to more effective

learning. In this study, the evidence appears to indicate that merely programming

the stimulus elements is equally inadequate.

In evaluating the implications of the findings presented here, it should
be kept in mind that they were based on one kind of learning task. Students
were expected to acquire, retain and transfer a considerable number of concepts
and principles. Tor this kind of goal, the learning experience creagted for
students was inadequate. The conventional lecture‘format, albeit more effectively
designed than is typically the case, was incapable of producing the desired level
of mastery. On £he other hand, other lesson objectives might benefit from redesigned,
conventional lecture formats. If, for example, we wish to present a lesson designed
to provide an introduction to or an orientation to a particular topic, we might
wish to employ programming principles in the design of the stimulus elements.
In such presentations, we rarely expect the viewer to produce any amount of détail
we have offered him. Rather, we expect him to come away with one or two general
ideas or even a general point of view. For this less demanding goal, concentratlon

on the effective design of the stimulus materials (without requiring response
practice) may be completely adequate .

The general conclusion to be drawn from this study is that programming
prinéiples applicable only to the stimulus elements of a conventional lelevision
lesson can produce significant improvements over more conventional "conventional"
television lessons. When a large amount of detailed factual or conceptual
material is to be learned; the magnitude of the improvement is likely to fall

short of the usual standards set for programmed instruction. On the other hand,

=22
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less demanding learning goals (e.g., general orientation) may be adequately

NN

met by applying prégramming principles to only one of the two key features of

-~

instructional sequences; Any more demanding goal would seem to call for

intensive attention to both stimulus and response.
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SUMMARY

Three versions of a television lesson on levers were compared. One was
an exis£ing lesson, used in previous research, that had been shown to produce
inadequate levels of student achievement. The other two lessons were revised
versions of the original. Revisiens were made on the basis of prior pretesting
of the original lesson. Special diagnostic tests prepared for this projecf were
used to identify the kinds of learning failure produced by the original. These
included failure: (a) to identify what was supposed to be learned; (b) to retain

what was identified; and (c) to transfer what was retained.

Revisions in the lesson incorporated many features of programmed instruction.
No attempt was made to single out a specific programming feature. Rather, changes
reflected a global effort to upgrade the lesson. All changes made, however,
revolved about the stimulus features of the presentation. No systematic effort
was made to require active responding. Thus, the principal question to be
answered in this study concerned the feasibility of using programmiﬁg features
to design a presentation while at the same time maintaiping the "conventional"

lesson format requiring no active response.

One revised version was designed to facilitate better retention than the
criginal. This broved to be the outcome obtained. The second revised version
was designed to facilitate better transfer than the original. This, too, proved
to be the outcome obtained. However, the "retention" version did not differ

significantly from the "transfer" version on any of the test measures observed.

Generally, it was concluded that concentration on only the stimulus, while
neglecting the response pays attention to only one of two"key elements. It can
produce improvements over most typical lessons, but falls short of standards
usually set for programmed instruction. This approach appears not to be useful
in those situations where the student is expected to acquire, retain, and
transfer large amounts of information. With lesser goals in mind, sequencing
one or two main ideas in a lesson designed for general orientation or for
imparting a point of view, the stimulus centered approach may prove to be

adequate.
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Appendix A - Scripts

Script for Original Lesson on levers

(Let's watch a man try to lift this automobile by himself. As much -
as he tries, he isn't gfrong’enough to 1lift it.- Let's see if two people can
lift the automobile. Now two men are trying to lift thé automobile together.
Together thej Just manage to lift it a tiny fraction. Now let's watch and

see if this long board can help the man to lift the automobile all by him-

self., Watch. The man is pressing down on one end of the board with just one
finger and the automobile is being lifted quite a bit by the other end of the
board. Let's watch it again. The man presses down on one end of the board
with just one finger. And at the other end, the automobile is lifted up

into the air.)

Today we're going to find out how the long board we just saw made it
possible for the man to lift the automobile with just one finger. Remember
without the long board he couldn't raise thé'automobile at all even with
both arms, and, even with the help of another person, he still couldn't
1ift the awtomobile.

To help you understand how the long board helped the man to raise the
automobile so easily, every now and then during the lesson I'm going to ask
some questions and I'll pause to let you fill in the answers. Every time I
ask a question, a question mark will appear on the screen like this ?/.
Then I'll pause a second or two and let you give the answer. When you see
the question mark on the screen, say the answer right out loud. See if you

can say the answer out loud before I do. OK?

Now if we had a powerful machine like this crane, we could lift an -
automobile with it, couldn't we? The crane is a machine which performs or
does work for us. What do we mean when we say a machine performs or does
work? A machine performs work when it lifts a heavy load like this up from
the.ground. Any time we llft a loaq e we'have,performed ?/ (what) ‘WORK ,
Did you say work out loud before I d;d? i

When I slide this book from one side of the table to another, I do so
by applying a pusg to it. When I lift thé book up from the table I do so
by applying a pulf to it. Whenever I apply a push or whenever I apply a pull
to any object like this book, I'm able to move it. Objects are moved when
we apply pushes or ?/ PULLS,
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_'The objects are moved in the same direction as the push or pull. If
T push this way, the book moves in the same direction as the push.‘ If I
pull in this direction, the book.moves in the same direction as the pull.
The book moves in the direction'o% the push or the pull., If I apply a push‘
in this direction, the book moves in the s;me direction as the ?/ THE SAME
DIRECTION AS THE PUSH. |

Pushes and pulls have a name; they are called forces. Thus, Whén a
push is applied to this book, we say that we have applied‘a pushing force
to it. In the same way, when a pull is applied to this book, we can also
say that we have applied a pulling ?/ (what) A PULLING FORCE. Forces either
as a push or as a pull can make the book move. For example, the book was
moved from down here to up here by applying a pulling force. We made the
book move by 2/ (doing what to it) APPLYING A PULLING FORCE TO IT.

Whenever we apply a force to an object and the object moves in the same
direction as the force - we have performed work. Let's define work in te}ms
of forces. Thé amount of work we perform is equal to the force we apply
times the distance the object moves. If I apply a pushing force of one pound
to a book and the book moves two feet in the same direction as the force, I

have performed two foot pounds of work. The amount of force applied times

~ the distance the objeét moves is equal to the amount of ?/ (what that we

perform) THE AMOUNT OF WORK WE PERFORM.

Let's do another example. Iet's }ift this two pound book. It takes a
two pound force to lift a two pound book. Similarly, in order to 1lift a three
pound book we need a ?/ (what size force) A THREE POUND FORCE. We need a
force equal to the weight of a load in order to lift it. In order to 1lift
a 2000 pound automobile, we need 2/ (what) A 200 POUND FORCE.

Gettiﬁg back to books, how much work have we done when we lifted the
two pound book two feet up ?/ (how many foot pounds of work) 2 x 2 = % -
FOUR FOOT POUNDS OF WORK. It takes a two pound force to 1lift a two pound
book. Two pound force x two feet = four foot pounds of work. We compute the
amount of work performed by multiplying the force that's applied times the
(vhat that the object is moved) ?/ FORCE TIMES THE DISTANCE THE OBJECT IS
MOVED. | | -

What then do we mean by work (what does work equal) ?/ WORK EQUALS
FORCE X THE DISTANCE AN OBJECT MOVES.

A-2 *
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Why Qo we use machines like the crane to do our work when they 1lift heavy'
loads? When loads are very heavy, very large forces are needed to lift them.
As a matter of fact, we need a force that is as big as‘the weight of the
load. If the load weighs 350 pounds we need a force of 350 to lift. Light
loads require small forces to 1ift or move them. To 1lift or move large
loads we need ?/ (what) LARGE FORCES. |

Men aren'£ strong enough to apply a force that will be big enough to _
move a large or heavy load. He needs something that will increase forces .for
him so that they will be big enough. Therefore, machines are used to increase
forces so that the forces will be big enough to meve a heavy load. To move
a heavy load we need a machine that will inerease ?/ (what) A MACHINE THAT
WILL INCREASE A FORCE. Machines help us because they (what do they do to
forces) ?/ THEY INCREASE FORCES.

(The man pushed the board with just his finger. This means he applied
a small force with his finger at one end of the board and the board increased.
or magnified the force so that it was big enough at the other end to 1ift

the heavy car. Therefore, the board acted és a machine to increase a force.)

Machines help us by increasing forces. The straight board increased a
force and therefore we can call it a ?/ MACHINE. The board that was used
was rigid - that is, we coulun't bend it. The rigid board served as a simple
kind of machine which wevfall a lever. Levers consist of objects which cannot
be bent. In other words, they are rigid. Any rigid object can be used as
a lever. But, to be called a lever a board must be ?/ RIGID. The board is
placed on a fulerum. The board can be pivoted like this around the ?/ (what)"
AROUND THE FULCRUM. The rigid board is pivoted around ?/ (what) THE FULCRUM.
Why do we call the lever a machine? A lever is a machine because when we

apply a force at one end we inérease the force at the other end.

In addition to being increased, the force was transmitted from one end
of the board to. thé other end. The man pushed on one ernd and the force was
transmitted to the other end which lifted the automobile. Any lever trans-
mits a force from one end to another. What happens to a force that is applied
at one end 7/ IT IS TRANSMITTED TO THE OTHER END. A lever also increases forces.

A lever then does two things to forces. What two things does a lever do

to forces? What docs it do to the size of the force ?/ IT INCREASES THE FORCE.

A-3
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The force goes from one end to the other. That means the lever does what

to the force?/ TRANSMITS IT FROM ONE END TO THE OTHER. In addition to trans-
mitting a force from one end to the other and increasing the force, a lever
sometimes changes the direction of a force. When I push down here - there

is a push up at the other end. The direction of the force was changed. A
lever changes the 2/ (what of a force) THE DIRECTION.

I want you to ﬁake a lever in your classrooms now. Take a ruler, a pencil,
an@ a book. Put the zero end to the left like this. Put a pencil under the
two-inch mark like this. Put the book at the zero end. Now fush down at the
12-inch end. It's eas& to push the book up, isn't it? You applied a down-
ward force at the 1l2-inch end and the direction at the other end was up.

The push down is called the applied force and the upward push is called the
lifting force. The push .own is which force ?/ (the applied of lifting force)
THE APPLIED FORCE IS THE PUSH DOWN. The upward push is therefore the 2/

THE LIFTING FORCE. '

the two-inch mark and now push down at the right end or l2-inch end. It's
easy to push doﬁn, ien't it? Move the ruler to the eight-inch mark. Push
down at the l2-inch mark again. Was your downward applied force smaller, the
same, or bigger than before ?/ IT WAS BIGCER.

We have just'demonstfated Jhe following principle: The closer the ful-.
crum is to the object we want to lift,,the easier it is to 1lift it. What do
we mean Ey easier? FEasier means that we have to apply a smaller downward
push at this end. When the fulcrum is close to the load, the applied down-
ward force needed at this end is ?/ (large or small) SMALL. As the fulcrum
moves awey from the load, the applied downward force at this end in order to
1lift the load must be ?/ (what) GREATER. Put your ruler and book away now..

(When the fulcrum is close to the automobile the man is applying a
downward force with just one finger and is able to 1lift the car at the other
end. Let's see it with the fulcrum a little farther away from the car.

Now, the man has to apply a force with his whole hand in.order to raise the
car. He has to bear down harder than before. Let's move the fulcrum even
farther away. Now he needs both hands to apply the downward force and he
‘has to work pretty hard to raise ihe car.). |

Il , Put the book on the left end of your ruler aéaiﬂ: Put the pencil under |

A-L
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Iet's see if we can explain why it's easier to push down on a lever and
raise a heavy object when the fulcrum ié nearer the load. We can show that
" the applied force times this length from the place the force is aﬁplied to
the fulcrum is equal to the Jift times this length from the plgce the 1lift

occurs to the fulcrum.

Applied force times this length is equal to lifting force times this
length. For example, I'm going to put a load of 15 pounds at this end of
the lever, and I'm going to puv the fulcrum two inches away from the load.
All T need is an applied force of three pounds to lift the 15-pound load &t
the other end. Why? Let's look at our formula. The downward force is three
pounds; this length is 10 inches. The load weighs 15 pounds and therefore

we need a lifting force of 15 pounds to raise it. The upward force is 15
pounds. This length from the end to the fulcrum is two inches. Three pounds o
times 10 inches = 30 - fifteen pounds times two inches = 30. Thirty = thirty.

I'm going to move the fulcruﬁ to the three-inch mark now. We still have : ;
a 15=pound load at this end. How much bf a force do we need at this end to
1lift the l5-pound load at thé other end? ILet's figure it out. The 1l5-pound
load times three inches equals 45. The fulcrum is three inches from this

end and therefore it's nine inches from this other end., Therefore, on this
side of the equation we have nine times 2/ (what) NINE TIMES FIVE. We need
a five pound downward force or push to lift the 15~pound load at the other
end. Length x load = length x applied force. |

How can we tell how much of a push we'll need in order to lift a given
weight or load? I apply the force at this end. This length is twice as
long as this length. In order to make this equation equal, the applied force
will have to be one;half the weight of the load that is lifted. This length
is eight inches. This length is four inches. This one is twice as long as' ,
this one. Therefore, at this end we need only half the force. It takes
Just a lO0«pound force to lift a 20-pound load. The equatipn comes out equal

N P .
i . . .
E R B N
.

then. This length is twice as long as this one. This force is one-half

this one.

If this length were two and this length were ten, this length would be
five times as long. We would only negd one-fifth the force to 1ift the 20=
pound weight. Since the load is 20 pounds, we'd need a downward force of

: oy
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one-fifth of ?/ (one-fifth of how many pounds) 20 POUNDS, Ehenefore, we
need a downward force of ?/ (one-fifth of 20 is how muck) FOUR POUNDS.

But do we get something for nothing When we apply a smal. force and move
a big load? Let's look at this example. Although we need only 10 pounds to
1ift a 20-pound load -- or one-half its weight, we have to apply this 10;
pound force over a distance twice as long as that which the load covers.
I have to push down two inches to raise this load one inch. I have to push
down four inches to raise this load ?/ (how many inches) WO INCHES.

So we don’t get something for nothing. In Qrder to raise a heavy load
with a small amount of ‘push -- I can only move the load a small distance.

I have to apply a emall force over a large distance in order to be able to

"raise a heavy load ?/ (over what kind of distance) A SMATL DISTANCE., The

lever increases the push on the load -- but the load only moves a small
?/ DISTANCE. This is so becal ® work in must equal work out -- applied force
X distance must-equal ?/ (what) LOAD TIMES THE DISTANCE. , ;

" (Even though the load moves just a little bit, machines are useful to
us because without them we wouldn't be able to 1lift such heavy loads like
the automobile.
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Seript for

Revised Retention and Transfer Versions

of Lesson on Levers

Let's look at some examples of what is needed to make things move.

Retention

- 1l. The ball does not move until

someone pushes it.

2. The door doesn't move until

‘someone pulls it.

3. The telephone doesn't get
lifted until (someone) pulls
it up. '

4. The box doesn't move until

(someone) pushes it.

5. The sailboat does not move

until air pushes it.

Transfer

1.

The model elevator rises Because
the cable pulls it up.

The ping pong ball does not move

until the water pushes it.

The balloon (rocket) will not

move until the thrust pushes it.

Thg bits of metal do not move

until the magnet pulls them.

A stone falls because gravity
pulls it down.

In all the examples you just saw, objects moved only when someone or something .

made them move. To make the objects move it took either a push or a (pause) pull.

If I don't push the wagon or if I don't pull the wagon, can it move? No, the

wagon won't move unless I either (pause) push or pull it. The wagon does start

to move if I apply a push to it -- like this, or if I apply a pull to it --

like this.

Now we know why things move.

They move when someone or something

applies a push to them or applies a pull to them.

Scientists have given a spegial name to what we do when we apply a push to an

object or when we apply a pull to an object. .

They say we apply a force to an

object. But what exactly does apply a force mean?

Retention )
1. When a golfer applies a push
"to a golf ball with his club,

scientists would say the club
‘has applied & force to the ball.

Transfer

1.

‘A-7

;When air applies a pﬁsh to this

model sailboard, scientists would

say the air has applied a force
to the sail. S -
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_ Retention (contd.) Transfer (contd.)

2. When I pull a bucket up, I 2., When the magnet pulls the iron
have applied a force to the filings up, the magnet has applied
bucket. . a force to the filings.

3. When I push a doorbell, my 3. When a hammer hits a nail, the
finger has applied a force ’ hammer has applied a force to
to the doorbell. the nail.

I was able tb_make thé box move . I was able to make the golf ball move

because I applied a force to it. because I applied a force to the

Appendix A - Scripts
ball with a club.

' |

Objects start to move only when you apply a force to them. An object like this J

golfball cannot start to move unless a force is applied to it. Whenever you :

apply a push or apply a pull to an object, scientists would say you are applylng J

(pause) a force to the object. _ S

In order to make the'puppet move, we have to apply a force to it. To make the |
puppet move in an upward direction, in which direction must the force be '
applied? When I push this puppet up, the force is being applied to the puppet

in an upward direction.

When I applied a downward push to the block, ‘the for?e was applied in a downward
direction. The direction of the force applied %o the block was toward the
(pause) left. In what direction is the force being applied now? The force

is peing applied to the block toward the (pause) right.

1. If I apply a force toward the East, the block will move toward the East.

2._ In the same way, if I apply a force toward\fhe West, the block will move
toward the West. "

3. If I apply a downward force to the handle, this handie will move (pause)
down. The direction of the force and the direction of the movement are

the same.

I want to move this box over in this direction from here to here. In which direc-
tion do I have to apply the force? In this direction, or in this direction?
To move the box in this dlrectlon, I have to apply the force in this direction.

An object moves in the same direction as the force.

A8
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We've seen that in order to lift an object up, we have to apply an upward force
to it. Iet's find cut how big the upward force has to be before it can 1lift
something. '

This meter measures how big a force is. When I pull on the meter, like this,
the meter measures 5 lbs. because I am applying a 5-1b. force to the meter.
When I pull harder, the meter measures 10 lbs. because now I am applying a 10-1b.

force to the meter.

This box weighs 15 lbs. As you can see I am applying a 5-1b. force to the box.
Although i am applying a force to the box, the box is not being lifted because
the force is not big enough. I'll increase the force to 10 1bs. (pause) Now
I am applying a bigger force than before, but the box still isn't lifted. The
force is still not big enough. But, when I'épﬁly a 15-1b. force to the box,
(pause) the force is big enough and the box is lifted. Since the box weighs
15 1bs., it takes a 15-1b. force to 1ift it. |

This box wéighs 10 1bs. In order to 1lift the box, I have to apply a 10-1b.

force to it. (ﬁause). This box weighé 20 lbs. 1In order to lift the box, I have
to apply a 20-1b. force to it. (pause) If I applied less than a 20-1b. force,
the box would not be lifted. _ |

This box welghs 12 lbs. To 1lift the box, how much force will I have to apply

to it? (pause) Because the box weighs 12 1bs., I have to apply a 12-1b. force

to it in order to 1lift it. The amount of force applied to the box and the

weight of the box have to be equal. If the amount of force is less than the

weight of the box, could the box be lifted? No. In order to lift an object, <
the amount of force you have to apply to it must be equal to the weight of

the object.

We have learned quite a bit about how things move. Iet's go back and review 1
then.

1. In order to move an object, what must we apply to it? (pause) a force to
it. (pause) '

2, You can apply a force to an object in two ways. You can either put it or
(pause pull it. |

3. The direction in which an object moves depends on the direction of the
(pause) force. When we apply a force to an object, the object moves in

the same direction (pause) .as the force.

A-9
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L, The amount of force needed to lift an object is equal to what? (pause)

The amount of force needed to 1lift an object is equal to the weight of

the object.

Retention

Let's watch a man try to lift this

piano. As much as he tries, he
isn't strong enough to 1lift it by
himself. Now let's see if this
long board can help the man 1lift
the piano with Jjust his thumb.
Watch. The man is pressing down
onaone end of the board with Jjust
his thumb and the piano is being
lifted quite a bit by the other
end of the board.

Remember, without the long board
he could not lift the piano at
all. Today we're going to find

out how the long board made it

" possible for the man to 1lift the

piano by a force on the board

with just one finger.

Transfer

Let's watch a man try to 1lift this
automobile off the ground by himself,
As much as he tries, he isn't strong
enough to lift it. Now two men are
trying to 1lift the automobile to-~
gether. Even together they were

not able to lift it off the ground.
Now let's watch and see if this jack

can nelp one man to lift the automo-
bile off the ground all by himself. Watch.,

Thé man is pressing down on one end of
the jack with just one hand and the
automobile is being lifted off the
ground by the other end of the jack.

Remember without the jack he could
not 1ift the automobile.at all, and
even with the help of another person,
he still couldn't lift the automobile.
Today we're going to find out how the
jack made it possible for the man to

1lift the automobile with Jjust one hand.

When you hear the word machine, you probably think of complicated devices such

as a crane which is used to lift things.

But this straight board can also be

used as a machine. The board is used as a machine any time it is used to lift
objects. Let's lift this 20-1lb. box with the board. With the board in this

position, a 20-1b. box is lifted by applying a 20-1b. force at this end. When
I make this side of the board shorter, the same 20-1b., box can be lifted by

applying only a 10-1b. force (10 1bs.) at this end. I'ii meke this end even

shorter, and see what happens. Now, I can 1lift the 20-1b. box by applying only

4 1bs. of force at this end.
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In order to 1ift the 20-1lb. box by hénd, I have to apply a 20-1b. force to it.
By using the board and applying a force to this end, I can 1lift the same box,
and I only have to apply a 4-1b. force. It is easier to apply a 4-1b. force
than to have to apply a 20-1lb. force. |

In order to 1lift a 15-1b. box by hand, I would have to apply a 15-1b. force
to the box. By using the board and applying a force to this end, I can 1lift
the 15-1b. box and I only have to apply a 3-1b, force. It is easier to apply
a 3-1b. force than to have to apply a 15-1b. force.

It is hard to lift a.heavy object by hand because you have to-apply a lot of
force to the object. When I use this board, it becomes easy to 1ift the same
'object because I only have to apply a small force to the board. The board is
called a machine because I can use é small force at one end to 1lift heavy objects
at thelother end. Since machines let us usetsmall forces in order to 1lift heavy

objects, machines make it easier for us to lift them.

Retention I Transfer

In order to use a straight board In order to use an object as a simple

as a simple kind of machine, what kind of machine, what muct the object

must the board be like? The be like? It must be rigid. It must
board must be rigid. It must . not bend.
not bend.

The rigid bar is placed or  fulcrum.

The rigid board is placed on a
fulcrum, The board is pivcted
like this around the fulcrum.
This pencil is also rigid. If
we pivot it around a fulcrum
like this, it can be used as

a machine to lift an object.
In order to bé used as a
machine, a board must be
(pause) rigid. The rigid board
is pivoted around a (pause)
fulcrum. This kind of machine
which pivots around a fulcrum

is called a .lever.

The bar is pivoted, like this, around
the fulcrum. This bar can be used

as a machine to 1li. an object.

This screwdriver is also rigid. If
we pivot it around the edge of the
can, like this, it can be used as a
machine to 1ift the cover of the can.
In order to be used as a machine,

an object must be (pause) rigid.

The rigid object is pivoted around a
(pause) fulerum. This kind of machine
which pivots around a fulcrum is called

a lever.
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When we use a lever to 1lift a load, we push down here and the lever pulls the

load up at the other end. Since we will be talking more about the forces at the

" two ends, we should use their correct names. At this end, a downward force is

applied to the lever by my hand. The downward force is called the applied
force. At this end, an upward force is applied to the box by the lever. The
upward force applied by the lever is called the lifting force. The push I give
to the lever is called the applied force. The pull the lever applies to the
box is called the lifting force. The push down is called_(pause) the applied
force. The pull up is called the (peuse) lifting force. &

Let's review what we have learned about the lever,

1. The lever can be used as a machine because we can 1lift a heavy load at one
end even though the force we apply at the other end is (pause) small.
2. Any rigid board that pivots around a fulcrum is called a (pause) lever.
The downward push we apply to the lever is called the (pause) applied force.
4. The upward pull by the lever is called the (pause) lifting force. In the’

 same way an upward push applied by the lever is called a lifting force.

If I wanted to lift this 5-1b. box by hand, how much upward force would I have
to apply to the box? To 1lift a 5-1b. box by hand, you need a 5-1 . pward force.
In order for the lever to 1lift the same o=lb. box, how much lifting _‘orce will
the lever have to apply to the box9 In order for the lever to 1lift a 5-1b. box,
the lever must apply a 5-1b. llftlng force to it. The lifting force must be
equal to the weight of the object.

This box weighs 10 1bs. In order for the lever to 1lift the box, the lever must
apply a 10-1b. lifting force to it. The lifting force must be equal to the
weight of the object. In order to 1ift this 15-1b. box, how much lifting force
must the lever apply to the box? The lever has to apply a 15-1b. llftlng force
to it. To lift any object with a lever, the lever has to apply a lifting force
which is equal to the weight of the object.

In order for the lever to be lifting the 15-1b. box like this, the lever must
be applying a 15-1b. lifting force to it. But the force I am applying at this
end is only 3 lbs. Therefore, it's easy to see that with a lever we get a lift-

ing force which is bigger than the applied force.

Since thie box weighs 20 1lbs., the lifting force has to be 20 lbs. But, the
applied force at this end .is only 4 1bs. Therefore,, with a lever we get a

A-12
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lifting force which is bigger than the applied force. If I pull down at this
end with an applied force of just 2 lbs., will the lifting force at the other
end be more than 2 1bs. or less than 2 1bs? At.the other end of the lever, we
get a force of 10 1lbs. Thus, the lifting force of 10 1bs. is bigger than the
applied force of 2 1lbs.

The lever is pulling up with a lifting force of 12 1lbs. Is the applied force
at the other end more than 12 1bs. or less than 12 1bs.? The applied force is

3 1bs. Therefore, the applied force of 3‘lbs. is smallier than the lifting force

of 12 lbs. at the other end.

When we use a lever, even though the applied force may be small, we set a lift-

ing force at the other end which is bigger than the applied force. Even though

we apply only a small force here, because we get a big lifting force at the other

end -- we can 1lift heavy loads. That's the reason we use levers to lift things.

Levers let us lift heavy loads, even though we apply only a small force at this

end.

’Transfer

If I want to pick up this pile of books

by hand, I apply an upward force to

the books. I pull up and the books:

move up. But, when lifting .books

with a lever, I push down at this end

and the lever pushes the books up at

the other end. A lever is like a

see-saw, when one end goes down the

other end goes up. The lever changes

the downward force at this end into

an upward force at the other end.
As a result, the direction of the applied force and the direction of the lift-

ing force are opposite. The lever changes the direction of a force from down

at this end to up at the other end.

A-13
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Let's review.

l. In order to lift an object, the lever must apply a 1ifting force that is
equal to what? the weight of‘the object.

2. When we use aflever, we apply a small force at one end. At the other end,
do we get a lifting force which is bigger or smaller than the applied force? -
We get a lifting force which is bigger than the applied force.

3. The direction of the applied force is downward but the direction of the

. lifting force is (pause) upward. .

In order to get a 20-1b, lifting force at this end, I only have to apply a 10-1b.
force at this end. What can I do so that I can use an applied force here which
is even smaller than 10 1bs. and still get a 20-1b. lifting force at the other
end?

Let's see how changing the position of the fulecrum makes it possible to use less
and less épplied force and still get the same amount of 1ifting force at the
other end. Let's move the fulcrum closer to the load. We can still get a
20-1b. lifting force by applying only a 5-1b. force at this end. ILet's move the
fulcrum even closer to the load. We now get a 20-1b. lifting‘force even though
I apply only a 2-1b. force at this end. By moving the fulerum closer to the
load, we can get the same amount of lifting force here even though we apply less

and less force at this end.

Let's look at another example. When the fulcrum is in this positioa we can get
a 12-1b. lifting force by applying only & 6-1b, force at this end. If I wanted
to get the same amount of lifting force with an even smaller applied force than
this, should I move the fulcrum away from the load or toward the load? (pause)
The fulcrum should be closer to the load. Now, by applying only a h-Ib. force
at this end, I can still get a 12-1b. lifting force. By moving the fulcrum
closer to the load, we can get the same amount of lifting force even though we

apply less and less force at this end. ‘

When the fulcrum is close to the piano, the man is applying a doﬁnwafd-force

with just his thumb and is able to 1lift the piano at the other end. Let's see
it with the fulcrum a little farther away from the piano. Now, the man has to
apply a force with his whole hand in order to raise the piano. He has to bear
down harder than before. Let's move the fulecrum even farther away. Now he

needs both hands to apbiy the downwérd force and he has to work pretty hard

~ to raise the piano.

. A-1h4
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We have just demonstrated the principle that in order to 1ift a heavy load at
the other end, the closer to the fulecrum is to the load the smaller the applied

g

force at thls end has to be.

When we want to 1lift a heavy load, there is a simple formula to figure out how
small the applied force can be. There is a 20-1b. load at this end of the lever.
In order to 1lift the 20-1lb. load, we need a 20-1b. lifting force. The length

‘-m —-»....

from here to the fulcrum is 6 inches. On this side, the applied force is 4 1bs.

—M—«

The length from here to the fulerum is 30 inches. Let's use this drawing to
demonstrate the formula which lets us figure out how small the applied force
can be. Here 20 x 6 = 120, and here 4 x 30 = 120, ILook -~ 120 is equal to 120.

By multiplying lifting force times length on this side, we get 120; and, by

multiplying applied force x lengthk on this side we get 120, Lifting force x
length on this side is equal to applied force x the length on this side.

Therefore, our formula is lifting force x length = applied force x length,

. Let's work another example on the same lever. Now there is a 10-1b. load at
this end of the lever. In order to 1lift a 10-1b. load, we need a 10-1b. lift- |
ing force. The length from here to the fulcrum is 6 inches. On this side the |
applied force is 2 1lbs. The length from here to the fulcrum is 30 inches. |
Let's look at our drawing again. Here, multiplying lifting force x length
we get 10 x 6 = 60, Here, multiplying applied force x length we get 2 x 30 =
60. 60 egquals 60. '

Lifting force x length on this side is equal to applied force x length on this

side. ..Therefore, our formula is (pause) lifting force x length equals applied

force x" length.

Transfer

By using our formula,

big the applied force

By using our formula,

big the applied force

we can find out how . '

has to be in order to 1ift

we can find out how

has to be in order

to lift this 10-1b, load on another lever.

Since we want to llft this 10-1b. load, the .
llftlng force on this side has to be how.big?
The lifting force has to be 10 1bs. '

- | A-ls ' | 7 .— %]
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Retention ‘

Here the length from the fulerum
to the load is 8. inches.
force 10 x 8 = 80.

There-

On this side of the Zulerum, the

board is 4O inches long. On this

side of the fulerum, applied force x

length must also equal 80.

what times 40 will equal 807
2 x 40 = 80. " How much must "the
applied force be? (pause) The

Thus

applied force must be 2 lbs.
Let's see if by aprlying a 2-1b.
force here the lever can 1lift a
10-1b, load?

A 10-1b. lifting force is produced
here -- when all I applied here was
a 2=1b. force,
to figure out what the applied force

The way we were abl:

had to be .was from the formula.
Lifting force x length = applied
force x length.

Let's try another example. We want
to 1lift a 12-1b. load. Therefore
the lifting force has to be 12 lbs.
The length of the lever frbm here

. to the fulerum is 1 foot.

12 x 1 = 12, The length from here

_to_the fulerum is 3 feet.

On this side of the fulerum,
applied force x length must also
equal 12, What x 3 will = 127

L x 3_§;lg.> What must the applied'

force be? The applied force must
be 4 1bs. ILet's see if it works.

f . |

1
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Transfer .

A man can easily 1ift this heavy box
off the floor, if he uses this hand
The wheels of the hand truck

act as the fulerum.

truck.
When he applies

& downward force to the handle - the
platform at the other end of the
handtruck will app;y an upward force

\ the box. The hand truck is another
example of a lever.

Iet's work with this model handtruck.
Since we want. to 1ift this 15-0z. load,
the lifting force has to be how big?
The lifting force has to be 15 oz.

By using our formula, we can find out
how big the applied force on the handle
has to be in order to lift this 15-0z.
load.

Here the length from the edge of the
pletform to the fulerum is 2 inches,
15 x 2 = 30, The length from the tip
of the handle to the fulerum is

On this side of the
fulcrum, applied force x length must
also = 30. Thus what x 6 will = 30?
5x 6 =30, '

6 inches long.

Here 15 x 2 = 30, lifting force x
length = 30. Here 5 x 6 = 30, applied

foree x length = 30. How much must

the applied force on the handle be? (pause)

The applied force must be 5 oz.

Let's see if by appl&ing a 5-0z. force
here the handcart can lift the lS-bz.
load, A 15-0z. lifting force 18 pro-
duced hére -- when all T applied here

i
I
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Retention (contd.) : ’ "~ Transfer (contd.) ‘

A 12-1b. lifting force is produced was & 5-0z. force. The way we were
‘here when all I applied here was a able to figure out what the applied
 k-1b. force. 12x1=Lkx3. You force had to be was from the formula,
can tell how much applied force will: ’ lifting forée X length = applied force

be needed if you remember the formula, ° x length.
lifting force x length = applied force

. ILet's try angther-example. We want
x length. |

‘to 1ift a 12-0z, load. Therefore the
lifting force bas to be 12 oz. The
length of the platform is 2 inches.
12 x 2 = 24, lifting force x length = 2k,
The length of the handle is 8 inches.
On this side of the fulcrum, applied
force x length rust also = 24, What x
| 8 =247 3x8=2k Wnat mst the
Il : ' ‘ | - applied force be?- The applied force
‘ mst be 3 oz. Let's see if it works.
Il : . A 12-0z. lifting force is produced
A ' here when all I applied here was a
~ 30z, force. 12x 2 =2k and 3 x 8 = 24,
Il ' ' " You can tell how much applied force wiil

~

- — n —__ ‘i.. - -
+
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_ be needed if you remember the formula ’
I ' ’ lifting force x length = applied force x
’ length. Lifting force x length =
applied force x length.

I We can find out how hard or easy it is to 1lift an object just by measuring how
long the two sides of the lever are. This side is 1 ft. long and this side is

2 ft. long. 1 ft. - 2 St. As you can see » this side is 2 times longer than
the other side. - '

Eaéh of these blocks weighs 1 1b. In order to 1lift the L-1b. load it takes
a 4-1b. lu.fting force. We got'a 4-1b, 1ifting force here, even though only a
. 2-lb. :f’orce wa.s applied here. The lifting force is two times 'bigger than the
applied force. When 'hhis length is 2 times longer than this length the .Lift-
1ng force heére will be 2 times bigger than the applied force here.

P ; ' ) A R :
\‘l ‘ - ] . ‘ : A"137’ ' }
. _ ' | | ,
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Let's look at another example using theﬂéame lever. This side is 2 times longer
than this side. In order to left this é;lb.,load it takes a 6-1b. lifting
force. I got a 6-1b. lifting force here by applying only a 3-lb. foice here.
The lifting force is 2 times bigger than the applied force. When this side is

2 times longer than this side, the 11+ ving force here will be 2 times bigger
than the applied force here. By finding out that this side is 2 times longer
than this side, we were able to figure out that the 1lifting force would be

2 times bigger than the applied force.

Iet's look at another ‘example using a different lever. This side is 30 inches
long and this side s 6 inches long. 30 inches is 5 times longer than 6 inches.
Therefore, with this lever we will get a lifting force at this end which will
be 5 times bigger than the applied force. By applying a l-lb. force here, we
can get a lifting force of 5 1lbs. By measufing the two sides of the lever, we
found tkat this side was 5 times longer than this side. Therefore, the lift-
ing force here became 5 times bigger than the applied force here.

On this lever, this side is 3 ft. long and this side is i ft. long. 3 ft. is

3 times longer than 1 ft. Since this side is 3 times longer, the lifting force
at this end will be how many times bigger than the applied force? It will be

3 times bigger. The lever will apply a lifting force 3 times bigger than the
applied force because this side is 3 times longer than the other side. If the
applied force is 3 1bs., how big will the"lifting force be? The lifting force
will be (péuse) 9 lbs. Since this side is 3 times longer than the other side,
how big will the lifting force be if I apply a 2-1b. force here? (pause) The
lifting force is 6 1bs. or 3 times bigger than the applied force. By finding
out how much longer this side is compared to the other side we can figure out

how many times bigger the lifting force will be than the applied force.

Before we go on and learn more about the lever, let's review what we just learned.
Point 1. The closer the fulcrum is to the load, the ea81er it is to llft a
heavy load. .
Point 2. We learned the formula that lifting force x length = (pause) applied
force x length. .

Point 3. Just measuring the length of both sides of the lever, we can tell how
many times bigger the lifting force is -than the applied force.

A-18
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This man is doing work everytime he lifts a box. In physics, to do work means
something special. Let's find out what a physisist means when he talks about

doing work.

When I apply an upward pull to this box, I ém applying a force to the box. But,
the force is not strong enougﬁ to move the box. Even ﬁhough I have applied a
force to the box, I have not performed any work because the box did not move.

Now I am applying more force to the box but I still haven't done any work because
the box still has not moved. No/, I'm applying a big enough force and the box
moves. That's what the physici.t means when he uses the word toﬁdo'work. You
do work when you apply a force and the object moves. Even though I'm applying

a force, if the object doesn'’; move I have not performed work.

-

Retention

To 1lift this block up a distance of
2 ft., the man keeps applying a
5=1b. force to the block all the
way from here to heré for a
distance of 2 ft. To lift this
block up a distance of 6 inches,

he keeps applyingﬁa 5=1lb. force to
the block from here to here‘for a
distance of 6 inches. To move this
box a distance of 3 ft., he keeps
applying a force of 20 lbs. from

bhere to here for a distance of 3 ft.

In all three examples, work was
performed because the man applied

a force and th. object moved.

Let's measure how much work the

man performed when he lifts the
blocks. When the man 1ifts this
5-1b. block up & distance of 2 £t.,
he has performed 18 in. lbs. of
work: 2 ft. x 5 lbs. = 10 £t. lbs.

Transfer ,
To 1ift this 3-.b. block up a distance
of 6 inches, the rope keeps applying

"a 3-1b. force to the block from here

to here for a distance of 6 inches.
Work was performed. To lift this
5-1b. block up 2 ft., the rope keeps
applying a 5-1b. force to the block
all the way‘from here to here for a

distance of 2 ft. Work was performed.

To move this 20-1b. block a distance

of 3 £t., the rope keeps applying a
force of 20 lbs. ffom here to here for
a distance of 3 ft.

In all 3 examples,work was perfofmed
because a force was applied to an object

and the object moved.

Let's measure how much work was performed

when the blocks were l;fted. To 1lift
this block, the rope applied a 20-1b.
force for a distance of 3ft. 3

3 ft. x 20 1bs. = 60 ft. 1bs. of work
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Retention (contd.) ‘
To 1ift this block, he applied
a 10-1b. force for a distance of
6 inches. 6 in. x 3 1b. =

18 in. 1lbs. of work. To move
this box, he applies a 20-1b
force over a distance of 3 ft.

3 ft. x 20 1bs. = 60, ft. lbs.
He has done 60 ft. 1lbs. of work.

How many ft. lbs. of work did the

man do when he applied a 12-1b.

Transfer (contd.)
When the rope lifts this 5 1b. block

for a distance of 2 ft., 10 ft. lbs.
of work was performed. 2 ft. x 5 1lbs. =

10 ft. 1bs. To move this block, the

rope applied a 3-1b. force over a
distance of 6 in. 6 in. x 3 1lbs. =
18 in. lbs. of work.

How many ft. lbs. of work was- performed
when the rope applied a 12-1b, force
and 1lifted the block 1 ft.? (pause

force and lifted the block 1 ft.?
1 ft. x 12 1b, = 12 ft. 1bs. of

work.

1l ft. x 12 1lbs. = 12 ft. 1lbs. of work.

Here is a bucket of paint that weighs T lbs. I am going to lift the can up to
this shelf a distance of 3 ft. To 1lift the bucket I have to apply a force of
7 1bs. To put it on the shelf, I have to move it a distance of 3 ft. How much
work have I performed? (pause) 3 ft. x T lbs. = -(pause) 21 ft. 1bs. of work.

Distance x force = amount of work done.

When the physicist talks about work, he means the amount of force x the aic*tance

an object moves. Work = force x distance.

Do we get something for nothing when a lever lets us apply a small force and
still 1ift a big load? ILet's look at this example.

Using the lever, I can 1lift a man by applying a small force with my thumb. I am
using a very small force at this‘end to 1ift the heavy man at the other end.

But, in order to raise the man just a little bit, I have to push down a long !
distance at this end, all the way to the floor. '

I can raise a heavy load by applying a small force here but, I have to push down
; iong distance -- whiie the man is raised only a short distance. When I pushed
down on a lever, I did work because I applied a_forge for & distance. Work =
applied force x distance., At the other end,_tﬁe lever did work because it a
applied s lifting force for aidistance. Work = lifting force x distence. We
can measure the amount of work done at each end of a lever. l

Q | o ,A-QO
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Appendix A - Seript

Retention

-Tet's use this diagram to

demonstrate the amount of

work done at each end of a

lever.

This is where the lever was. This
At this end,
a 10-1b. force is applied for a

is where it is now.
distance of 5 inches. Since a
10-1b. force was applied for a
distance of 5 inches, we multiply

5 inches x 10 lbs. to get 50 in. lbs.
of work. Applied force x distance =
the amount of work we put into the
At the other end, this is
where the lever was. This is

where it is now. The 25-1lb. load °
is liftedja distance of 2 inches.

lever.

Here, & 25-1b.' lifting force was
applied for a distance of 2 inches.
2 inches x 25 1lbs..= 50 in. lbs., of
work. ILifting force x distance =

the amount of work put out by the

© lever.

A-21

screwdriver.

Transfer .

When I try to 1ift the 1id off the
paint can with my fingers, I cannot
apply a strong enough force, but I

can pry the.lid off when I use a screw-
The edge of the

The push

down. on the hahdle is the applied force,
and, the push up on the 1lid is the
1ifting force. When a screwdriver is

driver as a lever.

can gcts as the fulcrum.

used to pry things off, it is used

as a lever,

Iet's use this diagram to demonstrate
the amount of wo.'k done at each end of

a screwdriver.

This is where the handle was. This

At this end,

a 10-1b. force was applied for a

Since a 10-lb.
force was applied for a distance of

5 inches, we multiply 5 inches x 10 lbs.
to get 50 in. 1lbs. of work. Applied

is where it is now.

distance of 5 inches.

force x distance = the amount of work
we put into the screwdriver. At the
other end this is where the tip of
the screwdriver was. This is where it
The 25-1b. lifting force
1lifted the 1id a distance of 2 inches.
Here, a 25-lb. lifting force pushed

the lid‘ﬁp for a distance of 2 inches.
2 inches x 25 lbs. = 50 in. 1lbs.

of work., Lifting force x distance =

is now.

the emount of work put out by the
50 in. lbs. of work was

. done on this side and 50.in. lbs. of
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Retention (contd.’) Transfer (contd.)

50 in. 1bs. of work was done on work was done on this side. ILifting
this side and 50 in. 1bs. of work force x distance here = applied force x
was done on this side. Lifting distance here. So, the amount of

force x distance here = applied work we put.in at the applied end

force x distance here. So, the equals the amount of work that the
amount of work we put in at the secrewdriver puts out at the lifting end.
applied erd equels the amount of Work in = work:out.

work that the léver‘puté out at
the lifting end. Work in = work.out.

Let's try another problem.. In order to lift a 12-1b. load & distance of 2 inches,
I must apply a 4-1b. force for a distance of 6 inches. At this end, 6 inches x

4 1bs. = 24 in. 1bs. At this end, 2 inches x 12 lbs. = 24 in. lbs. 24 in. lbs.
of work put into the lever = 24 in. 1bs. of work put out by the lever. Again
work in = work out because the lifting fopce x distance here must equal the

applied force x distance here.

When the lever lifts this 20-1b. load for a distance of 1 ft., the amount of work
thelever does equals 1 ft. x 20 lbs. or how many ft. lbs.? (pause) 20 ft. lbs.
Work = lifting force x distance. 20 ft. 1bs. of work hed to be done on this

side too. Since a 10-lb. force was applied at this end, how far down did the
lever go? (pause) In order to do 20 ft. lbs. of work, a downward force of 10 1bs.
must be applied for a distance of (pause) 2 ft. ‘Here 1 ft. x 20 1lbs. = 20 £t. lbs.
of work. And here, 2 ft. x 10 1lbs. = 20 ft. lbs. of work. 20 ft. lbs. fut into
the lever = 20 ft. lbs. put out by the lever. Again, work in = work out.

Work is performed at both ends of the lever. The lifting force x distance at
this end equals the applied force x distance at the other end. We were able to
get a lifting force of 20 lbs. here, even though only & 10-1b. force was applled
here. Since work in has to equal work out, we do not get something for nothlng.
You will notice that the force had to be applied for a distance of 2 ft. hére
just to get the load up 1 £t. at this end. '

As you can see, the fulcrum has been moved closer to the load. If I want to 1ift
this 15-1b. load 1 ft., the amount of work the lever has to do will equal 1 ft.'x
15 1bs. Work = lifting force x distance.. I have to do 15 ft. 1bs. of work

A A-22
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"at this side too. Jf I apply a 5-1b. force at this end, how far down will I
have to push this side in order to do 15 £t. 1lbs. of work? I mst apply & force
of 5 1bs. for a distance of (pause) 3 £t. 1 ft. x 15 1bs. = 3 £t. x 5 1bs.

We can get a lifting force of 15 lbs. here, even though I only apply a 5-1b.
force here. Since work in has to equal work out, we don't get something for
nothing. You will notice I have to pusﬁ down 3 ft. just to get the load up 1 £t.
at this end. | '

In order to 1lift a heavy load by applying a small force, I have to apply the small
force for a long distance. And I can only move the load up a short distance.
So we use a small force but we have to apply it for a long distance.

Let's review what we mean by work and what it means when we use a lever.

Point 1. We do work whehevep we apply force over a distance. Work = force x
distance (push down on lever).
" Point 2. When we use a lever, work in must = (pause) work out. The formula
 for work in = work out is 1lifting force x distance = (pause) applied
“ force x distance. _ '
Point 3. We can apply a small force at one end and raise a heavy load at the
other end. We do not get something for nothing because we have to
apply the small force over a long distance to raise the heavy load a
short distance. However, even though the man is lifted just a little
bit, levers are useful to us because without them we wouldn't be able
to 1ift heavy loads at all.

A3




APFENDIX B

! 7 : . Diagnostic Tests

l L] Form I [ ] [ ] [ ] [ ] [} [ ] [} [} [ ] [ [ ] [ ] [} [ ] [} [ [} L] . B-l

! 7 ) ‘ Page No. | ) ‘

2. lForm II. L] [ ] L) [ ] L[] L[] L[] L) L[] [ ] L[] L[] [ ] L) .. L) L[] ’. . B-8 l .

3.FOI‘I!IIII.....«............ B"‘ls -




ol e e e s A

l , ~ : Form I

l ) Name

Group __ . ~ Date

- SEGMENT I - A

1. If you apply an upward force to a box, -what will ha.ﬁpen to the box?

‘2. What do. we mean when we say that we "apply a force" to an object?

" 3, The direction in which an object moves depends on

- I o ] e B
.
¥
.
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Form I

SEGMENT II - A

1. What do we mean when we say' we have performed "work?"

" 2. In order for a steam shovel to lift i00 pounds of dirt into the air, what

must the steam shovel do to the dirt?

3.

A man pumped up 6 lbs. of water from the bottom of the well vhich was 10 ft.
below the ground. How much work did he perform?

. adaan %
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Form I

SEGMENT III - A

1. It's easier to raise a heavy load of dirt with 8 steam shot21l than to try
to 1ift it by hand because

2. Why is it harder to raise a heavy load than to raise a small load?

3. What do we mean when we say a machine "makes work easier?"-
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 * SEGMENT IV - A

‘1. When we apply a force at one end of & lever, what is the lifting force like
: at the other end ? ' ) .

.(d)j-

~

If we want to use a board as a iever, what must the board be like?

|'m‘

/

(a) What is ‘the pert at C called?

(b) Why is a lever called a machine?

-

|
I J
I
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. The upvard push given by & lever to the load is called the

" .SEGMENT V - A

The pushiné down force at one en&-of.a lever is calied the

What ahould you do to the fulcrum of a lever in order to meke it easier to

1ift a heavy load?

-~

_ When using a-lever, what do we mean when we say. that we can make it easier

to lift a heavy load ? Y

B-5
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'SEQMENT VI - A

1. What is the formla you use to find out how much applied force is needed to
-11ft a load with a lever? TN .

S, - -
- }
:
| & v

2 incheS
How much force do we need at B to lift the 15-1b. 16ad?

.

ﬁ" Y
J

N
}

)
| 4—

>
# -.
|

P

1lifting force be compared to the applied force?

. Yoy

! If part A is three times longer than part B, what will the size of the




g

- - - N . v ‘
| . Iy R
- ‘ - - - ’ - - -
N N
4 . "
- .
. - . ®

b

Form I

SEGMENT VII - A.

1. Explain hOW'we don’t b get BOmething for nothing when we apply a small force
and 1ift a big load.. i . .

. 2. What is the formula that tells us how great a distance we' can lift a load
when we apply a force to a lever? .

3.
QIND tbs
n

/

If I push down 2 feet with an applied force of 10 1bs., how ‘hish will the
load be raised? :

h; How far down will this lever have to be pushed to lift the rock one foot?'

-y
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. SEGMENT I -‘B‘

1. A man applied a force to a large rock. We didn’t see him apply the force, but
we did see.the rock move. wa could we tell in whicn direction the force was

‘being applied?

2. When ihe Egyptians were buildlng the pyramlds, they had to lift heavy slabs

of stone in order to get them to the top of the pyramid. In order to move

the slabs up, what did they Have to do¢

1y

3. Write down three examples from your everyday life which show different ways
in which you apply a force to objects.

s
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Form II

SEGMENT IT - B ST T

'X. How can we figure out how much force has to be applied to an object in order
to 11ft 187 S - g '

2. What would you need to know to figure out how much work is being done when
an elevator takes people up from the ground floor to the top floor? .

~

-

3. What is the difference;beﬁween the amount of force we apply to an object
to move it and the amount of work we do in moving it?
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} sﬁcmc{r I - B

‘1. A man using a pulley, applied a lo-lb. force to the ‘ropes and was Eble

.~ to:lift a lOO-Ib logd. What did the pulley ‘do to ‘make this possible?

2, It's almost impossible for men to lift large slabs of concrete weighing
several tons, by hand.

. (a) why?

(b) How do machines make it possible to lift such weights?

.l,"

- 3+ . To 1ift & 50-1b, box by hand, we must apply & 50=1b. force to it. How

~»much force can we apply to a lever and still 1lift the 50-1b. load?

B-10
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SEGMENT IV - B

<

A man used a pulley to raise two other men sitting on a flatform.
~ In order for one man to raise two men, -what must ‘the pulley do?

2. The man pulls down on & pulley rope and yet another rope lifts a load up.
In order for this. his to happen, what must the pulley do to the force the man

'applied?

3. Why do we call a lever a machine?

B-1l
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'Il " SEGMENT v11~”B

la. -If a-man‘gpplied a 10-1b. force to hammer A, how many 1bs. of 1ifting force wouid

be applied to the nail? : v

‘

1b. If 10 lbs. of force was applied té hammer B, how mgn§ 1bs. of liftingifofce would

' "be applied to that nail? ___

o, When you use a screwdriver to pry of f the.lid of & paint can, the screwdriver
is being used as a lever. (The edge of the can is the fulcrum.) :

You know that you need a 1lifting force of 60 Tbs. to get the lid off the can.
What else do you need to.know in order to figure out how much force you will

have to apply to the handle?

M ~

B-12
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SEGMENT V - B -

‘1. Which steam shovel below can lift a heavy load with less applied force?

£

How did-you decide which shovel can lift a hézvy ioad,with less app;ied'forcé? '

\

' - ap Prici N e =
&.-Au.\-n«m

N - ]
P

(a) Two men are having & contest to see which one can push his own end of the
hoard down to the ground. Which men will win when both men apply equal
forces?

Man Why ?

(p) In order to make the contest between the two men to come out a tie,
what should we do to the lever?




Form II

' 7

- SECMENT VII - B

rd

1.

It takes a very large force to pry the 1lid off a paint can. It can be done
with a screwdriver, by applying only a small force to the handle. However,
we don't get something for nothing.

Besides Beihg small, what else muet the force applied to the handle be like?

2. When you use a pulley, you can apply a small force and still raise a large
load. What will you have to do to the pulling rope in or-er to be able to
use just a small force? ' : '

Why is this necessary?

3. Tt takes a 50-1b. lifting force to'pry a rock up out of the ground with a
_crow bar., In order to raise the rock 1 inch, you have to push the handle
down 10 inches. How much apvlied force will be needed?

.4

-

.. B
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"‘SEGMENT I - C

Name

Form III

Group Date

J.. Put an X next to the sentences below which are examples of & force being

applied to

obJjects:

a. boxer punching a man in the chest.
b.‘two teams playing tug-of-war with a rope.
c. a horse pulliné'a we.gon.

d. man hitting a *.seball.

e. three men Pushing a stalled car.

2. When an,objéct moves, the direction it moves will be

3. A car will

a. opposite to the direction of the force.
b. the sgﬁe as the direction of the force.
c., perpendicular to the direction of the force.

d. none of the .above.

move forward if: (check all the correct answers)

a. a tow truck in front pulls it.
b. another car in back pushes it.
c. the engine applies a forward force to the wheels.

d. the gears are in reverse.

e. the engine is running with the gears in neutral.’

B-15 -
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SEGMENT II - C

1.

?.

3.

Form III

N

In order for a steamshovel to 1lift 50 lbs. of dirt 10 ft.into the air,
the shovel must

a. apply 10 1bs. of force to the dirt.

b. apply 50 lbs. of force to the dirt.

c. apply 500 1bs. of force:to the dirt.

do dO 50 fto"leo Of WOI‘k.

e. do 100 ft.-1bs. of work.

———

A man 1lifts three suitcases from the ground onto a platform which is one

foot

(A),

Work

high. Each of the suitcases weighs 10 lbs.

To each suitcase he had to _apply a .force of

a. 1 1b.
b. 3 lbs.
c. 10 1lbs.

d. 30 1bs.

-

. 8. 3 fto"leo
bo lo fto"leo
c. 30 ft.-1bs.

d. 60 ft.-1bs.

equals

a. welght times force.

c., force times distance.

REEE

. The total amount of work he performed was

b. force:-times direction.

d. direction times distance.
e. weight times direction.

B-16
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When we use a machine, it lets us 1lift

a, smaller loads than before.
b. only the same sized load as before.

c. larger loads than before.

Which of the following are examples of a machine making work easier?
as many answers as are correct.)

a. a man using a pulley is able to 1lift three other men
b. a 150-1b. boy balancing another 150-1b. boy on & seesaw

c. a man prying a 200-1b. rock loose by applying a 20-1b.
“force to a crow bar

d. a man couldn't pull a nayl out of the wall with a 10-1b. force;
he applied the same amount of force to a claw hammer and pulled

the nail out

3. Machines are used to 1lif% large loads because (check as many answers as are
correct)

a. men aren't able tc apply large enough forces by hand.
b. machines take small forces and makes them bigger.
c. machines lessen the weight of the load.

d. the lifting force produced by the machine is equal
to the weight of the load.

"e., none of the above is correct.

B-1T
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SEGMENT IV - C

Form III

1. A small downward‘force at one end of a lever 1ifts a heavy loed at the

other end.

This means that the lever has (check as many answers as are correct)
a. changed the direction of the force at the other end.
b. decreases the strength of the force at the other end.

c. produced a bigger lifting force-at the other end.

d. all of the above answers are correct.

2., Put an X next to all the objects below which are being used as a lever.

a. seesaw

b. a board supported at both ends
c. a board resting on one rock‘
d. a thin, flexible twig

> o,

e. a claw hammér used to pull a rail out

3. One man using a pulley can raise three men on & piauviorm. This means
that the pulley ' :

a. made the weight of the lpad smaller.
b. reduced the applied force.
c. did nothing ©o the applied force.

d. made the lifting force bigger.

. B-18 - | -
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SEGMENT V - C

1.

\

One boy on one end of a seesaw can 11ft two boys on the other end if the
two boys move -

E——m—

2. If you move

3. When we say

m——————

k. Tt is easier to cut through a plece of thick cloth with a pair of scissors

a. closer to the fulcrum.

b. further away from'the fulcyum.

c. to the extreme end of the seesaw.

the fulcrum away from the lcad you will need’
a. a bigger applied force.
b. a smaller applied force.

c. the same amount of applied force.

1t becomes "éasier" to 1ift a load, we mean that
a. the load gets lighter.

b. ﬁore 1ifting force is applied.

c. less lifting force is applied.

d. less applied_force is needed.

,e. more applied force is needed..

if the edge of the cloth is placed at

a. A

b. B

c. C

d. D




SEGMENT VI - C

The applied

T

2.

e

3. Put an X next to all the answers which have the 1nformation you'd need to know .

force required to 1lift this load is

a. 3 lbs.
b. 4 1bs.
cl 12 1bs.
d. 20 1bs.
e, 80 1lbs.

12 N

4 1N
When we use this lever, the applied force‘will lift a load

a. 1/k as big.

b. 1/3 as big.

c. 3 times bigger.
d. 4 times bigger.
e. of equal size.

- to pull out the nail with the hammer.

Hl

a. Distance A
b. Distance'B

c. Distance C

Form III

R I N NS

o..__

. To figure out how many times bigger the force on the ring is than the force

on the handle, which lengths would you compare?

HH

a. A
b. B
c. C
d. D

1
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SEGMENT VII - C

1. - V10 lbs
' n

@ 2 bk
- j

If I push down 2 feet with an applied force of 10 1bs., how high will the
load be raised?

a. 1/2 ft.
b. 1 ft.
e, 2 ft.

d. 5 ft.

V3 lbs

To raiae the 9-1b. load 2 feet, I would.have to push down with an applied
force of 3 1lbs. for a distance of

a. 2 feet.

b. 3 feet.
c. b-1/2 feet.
d., 6 feet.

e, 9 feet. | ' - 1

3. When you lift a heavy load by applying only a shall force .0 the lever

“ ’ - o = .« )
N TR AN TN A S I B N O a Sk el
>

a. you push down & short distance and t]-> load. is raised
a short distance.

b. you push down a long distance and the load s raised
a short distance.,

C. you push down a short distance and the load is raised
a long distance.
'd,-you push down a long distance'and ihe-lbad is raised®
55 distance | o : B
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Name ‘ Pre Post . Delayed
School Group
Grade

2

-

MACHINE - LESSON

Forgﬁl - R

1. In order to lift an object off th;g?ound, the force a man applies to it must be

(a)

g (b‘), ~ R | ‘ ° ‘ .

”

2., Whgat does a scientist mean when he says'it's easier to 1lift a load with a machine
«. = bo 1ift it by hand? ‘

Why is it easier with a machine?

3. A man wants to use a straight board as a lever. What must the board ve like?

What must the man do with the board?




Form I

O

B

What is part B called?

What is the downward force at C called?

What is the upward force at A called?

(a) In order to 1ift a load, how much lifting force must a lever apply to the load?

(b) Using the word "force" in your answer, tell why a man uses a lever to J
1ift a load? ' ' : ’

A - et _

(a) We wént to 1ift a 15-1b. load with a lever. What is the formula for
figuring out what the applied force should be? ‘ : |

(b) Using the formula, figure out what the applied force is.

»
l |
A
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(c) Which force is bigger, A or B?

'(d) How many times bigger than the other force is it?

T. A man kept applying a 20-1b. force to a huge 5oulder, bﬁt he couldn't budge it.
How much work did he do?

If the applied force is 10 1lbs. and the lever is pushed down 6 ft., how high
will a 20-1b. load be lifted? ' ‘
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Forml - T

9. If w scientist said that steam in a railroad engine "applied a force" to the
whesls, what would he mean? . i

10. The direction in which a basebaii,sails through the air depends on

11. A pulley is one type of machine used to 1lift heavy objects. You have two
pulleys to choose from. How would you decide which of the two pulleys to use? ‘

12,
| —
You use the claw end of a hammer to pull a nail out from a board. The force
you apply to the hammer and the force the hammer applies to the nail are
different from each other in amount and in direction. Exactly how are they
different? “
(2)
: (amount )
(b)
~ (direction)
13.

Ao B

_ You need to cut something. Which pair of scissors, A or B, would make it
easier for you? - ’

Why?




Form I

14, A man pumped up 6 1bs. of water from a well which was 10 ft. below the ground.
How much work was performed?

What is the formula for figuring out how much work waé.done?

15.

A pair of scissors acts as a lever when you use it to cut things. When using
a pair of scissors, work in = work out. What does this mean?

16. When you use a pulley, you can use'a small applied force and still raise a
large load. ,

(a) How far down will you have to pull the rope and how high will the load
-be raised?

(b) Explain why you gave the answer you did.
-




[ ol Form II

Nane . . Pre Post Delayed
School . ' Group
Grade

) MACHINE LESSON
Form 2 - R

1. A scientist pushed an object and then pulled it. What ggecial words weuld
the scientist use to tell you what he did to the object?

2. In order to lift a.25-1b. box off:the floor, what must a man do to it?

3. You have two levers: A and B. It's harder to 1ift the same load with lever A,
What do we mean when we say it's harder?

k., A man wants to use a straight board as 8 lever. What must the board be like?

What must the man do with the board?

The forces at the two ends of a lever are different from each other in amount
and in direction. Exactly how are they different?

(a)

(amount )

(b)

(direction)




Form II

Which man will have to apply a bigéér downward force, A or B?

‘Why?

(a) What does a scientist mean when he uses the word “work?"

(b) ‘What is the formula for figuring out how much work is done?

What is the formula that tells us how high we can lift a load when we use a
lever?

(a) How far down must this lever be pushed to 1ift the rock one foot?

(b) Why must it be pushed down that much?
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Form II

Form 2 - T

10. A steam shovel appljed an upward force to a hﬁge boulder, but the boulder didn't

12.

13.

get off the ground. What would you tell someone about the force that the steam
shovel applied to the boulder, so that he would understand vhy it wasn't lifted
off the ground? -

-

You have to lift a very heavy box. What would you do to make it eésier for
yourself in lifting it?

Why would this make it easier?

A pulley is a machine just as a lever is a machine. We pull down on one rope

and another rope lifts a heavy load up.

The downward pull is called the , .

The upward pull is called the .

(a) In order to 1ift a load, how much lifting force must a pulley apply to
the load?

(b) Using the word "force" in your answer, tell why a man would use a pulley
to 1ift a load.
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Form II

14 A hammer is used as a lever.

ﬁul.cnum

anmemnt—

(a) Which is bigger, the force at A or the force at B?

it —

(b) ‘How many times bigger than the other force is it?

" (c) If the force at B is 60 lbs., what is the force at A?

(d) What is the formula for figuring out how much force is needed at A?

15.

A man kept applying a 100-1b. force to a pulley, but he couldn't raise two men _

sitting on a.platform. How much work did he do?

16.

You apply & 10-1b, force to the hammer and the hammer 1ifts the nail with a
force of 30 lbs. You pull the hammer down six inches., How high will the

nail be raised?

T Ol am « saeinn ot

A d el P



A bl

e

o T R T T T
SasinEb A o S

e

L

3 ) o < :
r ‘R

APPENDIX D

Additional Results o ‘

“p

Page No.

Table 1 Summary of Analysis of Variance:
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Table 2 Summary of Analysis of Variance:
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TABLE 1

Summary of Analysis of Variance:
"Total" Score on Pretest

Souwrce of Variation

I.Q..x

I.Q. Treatments Treatments , Within
& 1 .2 2 96
, Mean Squares 21.66 1k4.89 27.77 16.58 |
' F 3.29 2.26 L, 20%
I * gignificance at the 5% level
- *% gignificance at the 1% level
I *#¥* gignificance at the .1% level
i TABLE 2
Summary of Analysis of Variance:
' I.Q.
I ) Source of Variation’
_ : ; -i.Q. b'4
I.Q. Treatments Treatments . Within
l ar 1 2 2 9%
Mean Squares 3660.01 1.26 - 12,01 | 25.9&'*
l F 12.95%%% —
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TABLE 3

Summary of Analysis of Variance:
"Total" Score on Delayed Posttest

Source of Variation

. I.Q. x
- I1.Q. Treatments Treatments Within
af 1 2 2 %6
Mean Squeres 145.92° 52,72 55.72 22,14
F  6.59% 2.38 2,52
TABLE 4
Summery of Analysis of Variance:
"Retention" Scores on Delayed Posttest
"~ Source. of Variation
I.Q. x
e T.Qe . Treatments Treatments  Within
. af i 2 2 96
. Mean Squares 92.25 8.30 - 32.95 14.24




