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ABSTRACT

A study of the attitudes of students toward physics
laboratory programs Was-hypotheéized to be one method
of determi;ing the relagive prébability with which these
laboratory brograms could succeed in fulfilling two primary
objectives: (1) providing a knowledge of some basic
concepts and experimantal techniques in physics, ahd
(2) developing a high degree of interest in physics.»
This.supposition was based upon the positive correlaﬁion.
between attitude toward a learhing sipuation and:
achievement and interest in the situation, reportéd to
have been found in previous studies investigating attitudes
and their relationship to'léarningg '

--To-measure-the attitudes of students toward thé
physics laboratory,.an attitude scale was developed through
'sbund methods of scale construction. Studies were completed
_investigating attitudes as measured by this scalé and
‘their rélationship with achievement>in the laboratory
and interest in physics. The resuits of these studies
not only supported the hypothesis that the predicted
'Vrelationship did éxist, but aléo furnished evidence that
the scale posseséed construct validity.

The function of the attitude scale in this study
. was ﬂo deFermine which of two physics 110 laboratory

programs at the University of British Columbia was more

ii



favorably rated'by"students. One program Was paﬁterned
upon traditional laboratory design (control program),
whilé the other was based upon receﬁ£ frends in
laboratory philosophy and design (experiméntal prograﬁ).
Students wg;ked in thes§ programs for three months.

' The attitude scaie was administered before
thése proérams commenced, and at their completion.
The results of these administrations disclosed that the
experimental progrém was rated by studénts to be
significantly more favorable than the control program,
which.in View of the relationship found to exist between
attitude as measured by the attitude scale, and

achievement in the laboratory and interest in physics,

suggested that the.experimental program was more capable

‘of "providing a knowledge of some basic concepts and

experimental techniques in physics, as well as developing

a higher degree of interest in physics.
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CHAPTER I
INTRODUCTION

1. Importance of the Study .

In many universities in recent years there has
developédvan intensified>effort to increase;the relative
effectiveness of the intioductory physics laboratofy. 
This effort has been led by the American Associatioh
bf Physics Teachers and its Commission on College Physics,
under the sponsorship'of.the National Science Foundation.l
Aé a result, mahy different laboratory-instructional
methods and programs have been suggested, but their
relative overall efficacy is difficult'to'gauge because —
reports of their success are seldom based on clearly
stated objectives or supported by the results of reliable
measurements on student gchievement.
| 'One behavioral objective of an introductory‘
physics laborato;y'is to develop of foster, through
the methodé and materials presented, a godd attitude
toward'physics.2 Research has suggested that succeséful
fulfillment of this objective will enhance the probability
of two desifed outcomes: (1) providing a knowledge of
some basic concepts and experimeh£a1~techﬁiques in -
physics, and (2) develdping\a high degree of interest

-in physicé, and consequently producing a desire for a



continued study of physics;3: Hence, an indication of the
g success bf'the iﬁtroducton'physics.laboratéry in fﬁlfilling
_these oufcomeS'may be provided by a measurément‘of studenﬁ
attitude toward this learnihg situationf

In view of this.stated importance'of the attitudeb
. of the7learner toward this‘iearning situatibn, it appears
worthwhile for laboratory designers td.éndeavdur to
developgor'adopt laborétory methods andbmaterials, within
-the realm of cognative effeétiveness; which best fo§tér
a favorable attitude in the student. Furthérmbre, in
consideration of fhe present interest in the redevelopment
of bhysics laboratories, in which the University of
British Columbia is participating,'the availability .
of an instfument capablé of scaling or comparing the

attitudes of students toward the new programs developed

7

would be a significant contribution toward evaluating -
the extent to which the laboratory designéfS'have"
-succeeded in developing'programs capable of fulfilling

"outcomes (1) and (2).

2.  Statement of the Problem

It was the pu?pose of this study (1) to investigate.
the differénce‘in the geheral attitude of students toward
the University of British Célumbia's Physics 110 1aboratory‘
"created by three months of study patterned upon two contrasting

and frequently utilized approaches in laboratory design,



the first of these’being based upon the traditional laeratory
~philosophy and the second upon recent trends in laboratoty
.designvand philosophy; (2) to determine the reaction of
students toward those specific.characteristicsiof the
laboratory which can be controlled by theilabotatory
designer; ahd (3):to deveiop a reliable and_valid attitude
scale that will accommodate the specific purposes of this
and Similar studies. | |

More_generally, this study provided a cdmperison,
from the students' point of view, of the value of the.
characteristics of traditional and modern.laboratorj
philosdphyf_ |

3. Attitudes and Learning

The value of this and similar investigations has
been in pert based ﬁpon the relationship eresuﬁed to exist
between student achievement in a iearning situation and his
attitude toward the situation. A study of the literature i
furnished some e&idence supporting the existence of this
relationship. | |

Numerous generalizations exist iﬁ_bbth researeh
reports and general texts which stress the paramount effect
that attitudes have on behavior.. For examﬁle; Mead, after.
surveying the research on attitudes, stated:

| Perhaps no acquired motives influence more
behavior more strongly than our attitudes. That

makes them HaSically and generally of maXimum ,
importance. . : S



More specifically in relation to learning, C.E.
Skinner asserted:
;AOne'svattitude.toward the work which he is
about to undertake will determine his progress.
If he dislikes what he is about to do, his
rate of progress will be slow. When one likes
the work he is interested, gives undivided
‘attention, and makes better progress.>
Skinner 's claim appears almost obvious. But studies
that relate attitudes and achievement have not provided
evidence of this cause-effect relationship. What these
studies have provided is evidence of a significant positive
‘correlation existing between a student's perception of
or attitude toward a subject or subjects and his achievement
in that subject or subjects. The cause-effect relationship
mentioned is only one of several plausible explanafions
for the existence of a positive correlation.
- Examples of studies relating attitude and achievement
are Peskin's study with seventh grade arithmetic and

geometry studentsG, Hungerman's study with sixth grade

mathematics students7, and Austin'ss, Brodie'sg, and

10 separate studies relating general scholastic

Malpass's
success to general attitude toward school..

As a consequénce of theiexperimental evidencé
available, the position has been taken that_students who
are satisfied with a learning situation and hold a favourable

attitude toward it generally outperform dissatisfied students.

However, it must be appreciated that a perfect correlation



between attitude (basedrupon'the students' perception

of'the learning situation as being worthwhile and meaningful)

“and achievement cannot be anticipated; because other aspects. 

- of the learning situation (degree'of organization of materialsh

}instructions which identify what is to be iearned,'etc;) are

vequally; if not more 1mportant 11.
Furthermore, it seemed legitlmate to ask whether

it was correct at all to speak of "one" attitude toward

a learning"situation, when it was.reasonablehto-expect:

that the student might have different attitudes toward

each of the dozens of properties presented by a situation.

Newcomb studied this topic and concluded_that_"it is likely

.that we form a meaningful generalized attitude about any

object, however complex,'that we recognige_asisome kind

of whole or unit" 1z -

On these grounds"thefattitudes of
students toward the specific characterlstics of the:
laboratory were cons1dered to unite, forming'a general

'attitude toward it. ' : - R

4, Definitions of Terms Used

4.1 attitude

For the purposes of this study a working definition
of the nebulous terﬁ attitude_wasurequired. Thurstone,
associated for many years with research in'attitude:scaling,

provided'a_compact, semi-quantitative description of an



attitude, defining'it'as."the degree of positive or:negatiVe
affect associated'with some psychological object",
"psychologicai:object" referring to any symbol, phrase,
slogan, person, institution;.ideal or idea toward which
people can differ with fespect to poSitive br'negative a
affect.13 |
More specific to this study, the attitude of the"
students'was operationally defined -as their response to
‘the series of statements on the attitude~scalé. Sincéf
‘theipUrpose of the scale was to compare the»attitudes of
students toward two‘conttasting programs; these statements
weré chosen to pertaih to those chafacteristics»of the lab
that distinguish the two approaches. These characteristics
included discussion of theory, level of difficulty, equipmeﬁt,
~instructions (opgn ended and brief, or step by step);
reporting procedures, etc. There wete.also statéments
of a generai»nature fegarding the overall vaiﬁe of the -
laboratory. Hence the attitude of ths student as defined
by the attitude scale was a synthesis of his perceptions
of the.virtue of those characteristics of the laboratory.

referred to by the attitude statements.

4.2 Physics
Webster's Dictionary defines physics as "a science
that deals with matter and enetgy and their interactions

in the fields of mechanics, acoustics, optics, heat;



electricity, magnetism, radiation, atomic structure, and
nuclear phenomena'", where in this study the term "science"

will be taken to mean ”a.process of inquiry"..14

4.3 Conventional Laboratory

The term "cOnventiohal laboratory" shall be interpreted
.as meaning the laboratory situation in which the student
is given detailed instrﬁctions regarding the choice and
setting up of apparatus, thévexperimental procedure, the

taking of data, and the presentation of results.

4.4 Free Laboratory

| In extreme contrast to the "term cénventional"
laboratory; the term "free laboratory"'shali refer to
the laboratéry situation in which the.studenté‘are neither
given instructions nor assigned experimeﬁts, but rather
are expected to explore subjects 6f‘£heir own choosing
by methods that-they themselves have_discovéred or invented,
usihg apparatus that'they have désigned, built, or assembled
from aVailable-insﬁruments}and parts. | |

Recently, the major trend in léboratéry design

has been toward the free laboratory.ls'

But because of

the practical restrictions imposed'by large eﬁrollments

and lack of laboratoiy facilities,“faculty time, aﬁd

finances, most institutions are striving to effect a
compromise,'ﬁnique to their situatibn,vbetween the contrastiné

_ L6 o

free and conventional design.



5. The Plan of this Report

Prior to_commencing the development of the attitude
scalé) it was necessary to éurvey the literature'on'attitudé
Scales to weigh the advantages and disadvantages.of’thé
~ methods évailable,'and study their adaptébility to this
 situation.- To appreciate the decisions underlying the
design chosen, a summary of this‘éurvey on attitude scalingA
teéhniques will be.given in Chapter II. The third chapter :
will discuss the development of the attitude scale toward
the éhysics laboratory, Chapter.IViwill present the design
of the attitudinal study,AChaptér V will provide a-
statement -and analysié of the results of the attitudinal.
study,iand Chapter VI Will preéent,the-summary and conclusions

of this study.
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CHAPTER II
A SURVEY OF THE LITERATURE ON THE MEASUREMENT OF ATTITUDES

1. Overview of Attitude Measurement Technigues:

Prlor to the appearance of the supporting research
'avallable today on the 1mportance of attitudes, there were.
many 1nvest1gators in the early twentieth century-who |
displayed ihtense interest-invattitude measurement. 'Out

of this interest arose many methods of attitude measﬁrement,
some of which have become classics and are scill extensiYely

used in opinion and attitude research.

1.1 The Single Question . | )

The most primitive and obvious manner of»determipiné
attitude was to ask a subjecﬁ a single question and elicit
his opinion. The logic behind-the ase_cf overt opinion to .
measure attirude is based on the positive correlation thacf-
ekists>betweenmwhat‘people eay on a sﬁbject and what they
will do about it. Edwarde'pointed out that~the correlation
is, of course, not perfect and perhaps not even high, since
- both oplnlons and actlons are multlply determlned 1 This
technique has been_glven,thorough cons1derat10n by Remmers
and has been found to contain many hazards and shortccmingsfm
Among these are the reluctance of'many'individuals to give -

- public expression of their feelings cr attitudesedae tc |

felt or actual pressures toward conformity, and the fact

11
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that some individuals may not be aware of their feelings

toward a given psycholOgicalfobject».2

1.2 . Summated Questionnaire

A more elaborate'scheme aﬁd natﬁral éktehsion'df'
thé single'question techpique is a‘combination of'questionsi
on the.same'topic to form a summatéd Questionnaire.3 Since‘
replication adds reliability this techniquebhas obvious

advantages over the singlevquestion.

1.3 Scaling Techniques

The'first‘formal attempts to measure aéﬁitudes by
use.of scaling techniques appeared in the late‘ﬁineteen';
twenties. The early techniques that are still most
commonly used in attitude scaling are the method of
equal-appearing intervals which was introduced by ‘I'hurstone,4
and the Likert's method of summated fatings.s Through the
years a mulﬁitude of minor and major variations ha#e evolved
from these basic techniques.

Mbre recent developments,in the theory andAtechniques
of attitude sCales,.by Guttmah, have centred around the
concept of unidimehsionality, a scéle being unidimensional
Aif the Score.derived is a measure of one.factor and only |
one factor.6 The desirability of such a scaie is discussed .
by McNEmaf, who concluded'that»the‘criteria'for the selectioh
of statements in both Thurstone and,Likert scalesvcannqt 5e

counted on to separate two or more factors,which belohg to



13

an attitude area that has been too broadly defined. = |

1.4 ”Indirect Methods of Attitude Measurémén;‘ -
Théfpreceding-méthods_measute attitudés.direqﬁly '
in the‘sensgltﬁatlfhe'purposefof requesﬁingka resﬁbhse 
is usually obvious to the subject.  There also existsb
téchniques.which measure attitudes indirectly.  Here
the individual is préseﬁted_with a relatively unstructured |
stimulus or situation in which the real purpose of the-.
measurement;_that of:determining his attitude, is n6ti
apparent to him. - Among thesevtechniques, Remmers
discusses‘the:followingﬁ  Word assoqiation, a method
which utilizes the subjects; response to a séiected list
of kéy words or phrases; visual stimulus, which, as thé-
term implies, used pictures or diagrams to secure
- emotionally toned responses fromjavsubject; ekpressive
movement, a technique in which attitudes ére revealed
from overt behavior of the subject:; intrégroup attitude
v méasurement, céﬁcerned with measuring attitﬁdes by'
'requiring_the individual to chooée within his functioﬁing
social groups either desirable or,undesirablé membefs.df .'i
that group with respect £o certain criteria; and rating
scales,.whére a persbn is asked to rate the attributes,
traits, or behavior of persons thaf he knows, while at
the same time fevealing many df his own attitudes in ﬂis

e 8
ratings.
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lﬁ.is appa:enﬁ'from the overview of attitude

a meaaurea presented that it‘would’be_unrealistic tu-
batuempu to.deeeribe all these techniqueS;u'Since one

‘ purpose of thia'study is to.develop an aﬁtitude scale,;
the remainder of this chapﬁer is devdted'tO’an examination
of scaling tecnniques, wiﬁh.particular emphasis on the

‘ Thurstone'and Likert techniques, which have survived much
criticism, and:still act as the basis'for-many’of today's
-éommenly applied'techniques. Guttman's scale analysis
will also be investigated as a'possible:contributor to

the study.

2. General Description of - Scaling Technidgues

2,1 Criteria to Consider in.Constructinq Statements_

The firsn step‘inithe construction of an attitude
scale is to obtain items that'relate'te the universe of
intereet-or~psycholOgica1 object. These.items_are known -
as atfitude statements.. As a SOurce of statements'Edwards
recommended that the examiner have individuals write a
short description of their feellngs about the psychological
object. Statements can then be developed which express
some kind‘of:opinion about the attitude object under study.
A summary ef the literature on attitude statements by-
Edwards indicates.that a person developing a seale should;
stfive'for Simple, shbrt, unambigueua statements that are

relevant, not factual, refer to the present, and are unlikely
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to be'endorsed b§ everyone. . The statements should not.
dcbntain double negatives or uniVersals such as "all,
_halways ‘none or never“ - Words: such as "only, just
and merely" should be used with care and moderatlon
Flnally‘the statements should attempt to cover the_entire
attltude contlnuum 2

Once a set of attltude statements has been collected
there are two general methods used to,develop'an attltude
scale. .The first of these methods utilizes a judging

group.

2 2 The Use of a Judqfnq Group

The judglng group is not asked to respond to the
statements in terms of their own agreement or dlsagreement'
with them, but rather to'rate-the degree of favorableness
or unfavorableness expressed by each statement. 'Thesev.
judgments are used as a.basis for determining scale-values'
of the statements upon a psychologlcal contlnuum (just as -
the ordering of objects in terms of their measured welghts
is said to be on a physical continuum, the‘orderrng of
objects upon the basis of judgments is said to be on a
psychological continuum). In the case of attitude, the
Apsychologlcal contlnuum extends from most unfavorable to
most favorable,- the units of the contlnuumvbelng chosen
for their convenience and suitability_by the scalefdesigner;lO

Once the scale-values of the statements are known,
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subjects_caﬁ be.asked tobexpress their own-agreement or
disagfeemeht Wifh the individual statements. Attitude‘
scores-for.these subjects can'then be obﬁained from the
-scalé—vaers of the statements ehdorsed;

Three methods of constructing attitude scalés'ih
this-manner'aré outiined bY’Edwards. These are the methods
of successive inter&als, the method of paired comparisoﬁé,
and the method of equal-appearing intervals.v They differ
"only in the manner in which the‘judgments and séale¥values
of the statements»are obtained.Jfl The method of equal-
‘appearing intervals, although extremely'démanding of the
respondent, is the most straight fprward technique and

thus the most utilized. It will be the only method of ™

its kind considered in this survey.

2.3 The<Direct Response Technique

The~secohd general method used to develop an
attitude scale‘is based upon direct responses of "agree"
and "disagreé" with the attitude statements by subjects
from the‘populatioh'of interest.12 'Suéh é.method does
not require prior knowledge of fhe scale-values of the
stateménts’in any exact sense, thus a judging group is=
not necessary. The response methods for constructing
attitude scales include Guttman's scale analysis, a
techhique which. Suchman discuséed at-léngthlS, and the

Likert method of summated ratings.
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‘Guttman's scale analysis technique is perhaps
the most difficult to employ, since there is no truly

effective Way~of selecting good'items.14

Much dependé
on the investigater's wisdom and experience in'regard‘f
ﬁo the seleetion of statements.  There has been -
extensive research carried'out on Guttman's techniques,
and from this research stems much criticism (to be .
discussed), notably by Festinge:ls; Edwerdel6,

18 - h ‘
, and Smith.lgv"

Edwards and‘KilpatriCkl7; Loevinger
Likert's method of Eummated'ratings is; like
'its elassiCal"counﬁerpart, the methdd of.equalfappearing
intervals, still commonly used. Sinee both téqhniques=
draw considerabie attention, are often compared, and méy
even be combined, the method of summated ratings merits

consideration. .Edwards supplies a complete description’

2
of this technique.

3. . Likert's Method of Swamated Ratinqi

3.1 Construction of the Scale

Firstg as with all methods,.a la;ge number of -
‘statements or proﬁositions relating to the attitude
object in question are collected. These items should
-be carefully edited by the inveétigator to eliminate
“ambiguous, irrelevant, and otherwiserfaﬁlty_items, The

~items are then drawn up in the form of a questionnaire
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or attitude test, each item‘being_givéh multiple response
catégories, _ (For example: '"strongly agrée, agree,
uﬁdedided;vdisagree, strongly disagree".)" The statements
sh¢uld'be so constructed that for about half of them én»'
"agree" résponse represénts_é.févorable attitﬁdé towafd
the attitude object in qﬁestioh, and for the other half
a ﬁdisagfee" response represents a favorable attitude.:
The experimental instrument is then administered

. to a teasdnably»large group of subjecﬁs (100 or more)
who are representgtive of ﬁhe population to which the
fiqal scale will be administered. They aré'asked t§
indicate their own attitudes by checking the‘response
to each item which most élosely expresses their'feeiingi
on that‘item. The questibnhaires afe then scoredffOf
each éubject by assigning arbitrary weights éf l; 2; 3,
4, and 5 (or O, l,72, 3, ahd 4i to the_five catégories
‘of each item in such a Qay that thé highest Weight:ié
alwéys-assigned to the response that ﬁendetowérd one
end of the attitude continuum (say the,unfavorablé eﬁd); ;
' while the lowest weight is always assigned to'tﬁe resPdnse
categories Which tends toward the-oppbsi£e~end.> A sﬁbject's
score is-£he sum of the weights assigned to thé responses> |
which he made. B

. The items are then analjzed for_theirAdiécriminéting
power with respect to the>measuremeﬁt of the attitude in.

question, by any one of several item—analysis proCedﬁreé
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available Perhaps the s1mplest index is to take the -
:top and bottom 10 percent (ox 27 or any other percent)
'i»of the subjects on the distribution of total scores,
and calculate the mean of the responses to each 1tem_
for each of these groups separately. Those items~are'
the most discriminating which show the greatest discrepancy‘
in the mean response between the high and low groups If”
'more senSitive indices of 1tem discriminating power are'
fwanted,‘the phi coefficient Aor'item—test correlationbu
procedurestmay be employed . |
_‘The final attitude scale is then constructed by

choosing those 20 to 25 items from the total list which
show the greatest discrimination These items are used
with the same.five "agree -~ disagree response categories,

-and scored in-the same preViously discussed manner.

3.2 The Acceptance of Likert's Technique

Farnsworth asserted;that in his}experience theh.
Likert technique of attitude scaling had become more »
‘popularrthan the older Thurstone method/ due mainly to
the greater work outlay inherent in the.Thurstone‘
prejudging procedure,A He had discovered that many
researchers'felt thevtime<demandediby this judging -

procedure was more'than they could afford.

3.3. Critdcism‘of‘Likert's Technicue

Farnsworth also pointed out that there are many
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researchers who are someWhatvloathe to iose the opportunity
of prejudging) that_is, of_assembling item wéights, which
the Thurstonebmethod alone gives;23 'Ianemmers'-words; _

... the Thurstone scaling procedures give
absolute meaning to scale units, and therefore
to an individual score achieved on an attitude
instrument constructed by these procedures. No
such situation exists with the Likert technique.
In the latter case, an individual's score can
only be interpreted by reference to sets of -
norms for defined populations, since the units
of the scale are not "rational" in the sense.
of having been defined (psychologically) . as. = =
 equal and_egually spaced along the attitude
continuum, 2 o A R

The significancé Qf.this quotatidn_wiil'becoﬁe 
more épparent fbllowing the discussion df Thursténe's
techniqueé, but it should be noted at this point‘that
this quotéfion outlines the maih reéson why ﬁhe Thurstone
technique is still employed in the construction of’

’

.experimental attitude scales.

4., Thurstone's Method of Equal—Appearinq Intefvalé
" The Thurstone technique is slightly more complex

than the Likert method in that avjudgment group is involved.

4.1 Technique-for Judgianstatéments

In manner similar to the Likert method, it is first
necessary to collect a list of statements, following the
same criteria as summarized by Edwards (section 2.1).25

The statements are'mimeographed on small slips, one'Stétemént

to a slip, and a set of slips is_given to each subject,
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‘The'subject is also given 1l master slips of the same

size lettered from A to K.

To 1llustrate the 1nstructlons given these

'subjects who are to.act as the judges the 1nstructlons

_from Thurstone's "Scale for Measurlng Attitude toward

the Church" are referred to.

lo

vThe 130 slips contaln statements regardlng

the value of the church. These have been
made by various persons studentsv and
others.

As a first step in the maklng of a scale

that may be used in a test of opinions
relating to the church and religion we
want a number of persons to sort these -

. 130 slips into eleven piles.

You are given eleven slips with letters

on them, A, B, C, D, E, F, G, H, I, J, K }
Please arrange these before you in. regular_v;f
order. On slip A put those statements
which you believe express the highest

‘appreciation of the value of'the church'
-~ On slip F put those expressing a neutral-:
,«pos1t10n On slip K put those slips

which express the strongest depreciation .
of the church. On the rest of the slips
arrange statements in accordance with the
degree of apprec1atlon or deprec1atlon
expressed in them.- SR
This means that when you are through sortlng

you will have eleven piles arranged in order,-~s

of value-estimate from A, the highest, to K,
the lowest.

Do not try to get the same number in each
pile. They are not evenly distributed. o
The numbers of the slips are code numbers -
and have nothing to do with the arrangement
in piles.

You will find it ea31er to sort ‘them 1f you
look over a number of the slips chosen at -

-random, before you begln to sort. :
It Wlll probably take gou about forty—flve R

minutes to sort them
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4.2' Criticisms of thé Judging;Téchniqﬁe = ‘

| This techniéué of judgihg Wasiattackea immediately;_
'Thufétone had assumed. that the;écale-values.fdund would be
indepéndent_of the attitude distribution of the jﬁdges3who.

rates the statements?’

, but many sceptics; later to_ihclﬁde
Edwards and Kenneyzs, pointed.out thét_this was‘perhapé
unjustified assumption. To test Thurstone's hypothesis,
Pintner and Forlano gave the Thule and Thufstoné»"Scalé
for the Measurement of Patriotism" to four hundred)and
eleven students in several‘classes‘of‘educational
psychology. . The Subjects marked the items according to.
the standard directions. Upon completion, theriﬁstructor
explained briefly to'thé>§tudents éhe mefhod'Of-constructing
such scaléé; and asked them to act as judges and sort the
statement; into 11 categofies, marking -each with a letter
from A to K, from véry much to very little patriotism.
Pintﬁer and Forlano felt that the fact‘that the judging
followed immediately after the subject had registered his
own individual attitﬁde in regard‘to.each,item would
presumably allow fdf the greatest "halo" influence of
the individual attitude upon the item judgment.

The total group was divided.into thfeé groups on_
the basis of the attitude scale, an upper 27% a middlebf
" 46%, and a lower group of 27%.; Pihtnef and Forlano reported
When the rankings of items by the three groubslf

were correlated, the correlations were .994
between lower and middle, .983 between middle
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‘and uppér. Alsé there waé very-liftieu“
difference in the scale-values assigned by .
any one of the groups, and the scale-values -
derived by Thule and Thurstone.29

Ferguson found similar réSults,»and so did
Hinckléy.SO Hinckle?‘svmore_elaborate stuay_cbnsisted-~
of thé construction of‘a scale meésufing‘attitﬁde toward_
the Negro. He fcﬁnd the correlation of the scale-values
of the judges prejudiced against-the Negro with thosé_éf
.»the judges in favor of the NegrQ was 0.98.3l |

These findings which indicate  that thé attitudes
and opinions of the judges have virtually no effect on
the placement of items are in sharp cénflictiwith'the B
‘results of studieé in the fields of perception and judgﬁent.

" These studies_indicate that judgments are greatly influencéd
by‘motivational and attitudinal factors'operaﬁive at the
time. | / | |

This discrepancy prompted Shetif and Hovland to -
doubt the‘validity of the results qf the Pintner and
Forlano, Ferguson, and Hinckiey studies. Upon in&estigation
of these works, they félt thét these previous studies failed
in that they did not employ samples with a suff1c1ently wide
range of attitudes to represent adequately the strongly .
involved individuals who would be most likely to show the
displacements and distortions féund in the field of péréepfion

and judgment,

To test this hypothe51s Sherif.and'Hovlahd used
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Hinckley‘s:original statements, and duplicated his -
»instructicns and proceduresi. They made every effcrt tc‘
\secure subjects who were deeply involved'With the issue
~at hand.. Their flndings were definitely in line Wlth the
”predictions of judgment theory. |

coa 1nd1v1duals with strong attitudes tended

to see issues in "black.and white", and :

displaced neutral statements to the extremes.

The number of statements assigned to the

various categories by "average' ind1v1duals

were found much more uniform. 33.

This behav1or found in Sherif and Honand”s study
~was not expected to adversely affect the development(of
an'attitnde scale toward such a non?controversial topic"
as a physics laboratory. The range of attitude present-
was anticiéated_tc be largely between indifference and
mild enthusiasm; with.only.a few exceptions in persons
who were.stronglilagainst-it.‘

As a second criticism of the jndging_technique
Fehrer and Farnsworth, in separate studies, found that
judgment of one attitude statement is dependent upon the
- remaining items in the scale.?% ‘To iliustrate this
drawback, Fehrer constructed three~scaleS*from-items cf_
Thurstone and Peterson's "Scale of Attitudebtcward War".
Scale C contained an equal number,cf Thurstone‘S“itens
valued from O to 10 (where scaleévalue A corresponds to
o, B ccrresponds to 1, etc.). Scale M (militaristic)

contained items" w1th values 3 to lO and scale P (pac1f1st1c)‘
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items with Qalues 0 to 7. Eaeh‘scale wasAfatedvby a
different group of 100 equated for-ege and sex. -

Fehrer found the median scale—values of the items
common to several scales to differ s1gn1f1cantly with.
content. For example 'in scale M the common 1tems were
rated on the average more.paclflstlc than the samesltems -
were -rated on the scales_C-and P, In general,-the nentrel
or extfeﬁe iﬁems had the same values on allvthree scales,
and it was the moderately pac1f1stlc items on scale ‘M, and
~ the moderately mllltarlstlc 1tems ‘on scale P whose scale—
values changed.?s,'

This criticism can of course be kept miﬁimal if
items are chosen such that there are as many'appreciatioﬁ
items as tﬁere are.deprecietion'items for the judges to

rate.

’

One last criticism of Thurstone's judging techﬁique,
investigated’by Farnsworth, suggested ﬁhat the scale-values
may change with time. Farnsworth, utilizing the same scale
as Fehrer, found that only two“items had changed scale-value
significantly over a period of eight years. He felt that
this minor change in the scale-values on such e controversial
subject as war was not serious, since the correlation‘between
the scale-values was 0.97‘.36 |

- At face value, this was considered a minor and

-perhaps unjust criticism, since attitudes toward controversial
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topics do change with time, and consequently changes in’'

scale-values Should necessarily be expected.

4 3 Development and Format of the Final Thurstone Scale

To complete the description of Thurstone s technique
.ofeattitude scale»construction, reference»is again made to
the development of Thurstone's scale for measuring attitude}
towardvthe church. When the Judging of the statements was
completed, the returns were tabulated, show1ng.for:each
item the frequency of response in each pile or oategory,'
and the cumulative.frequency of these responsesf From
this cumulative frequency the scale-value, taken as the’
median response, and Q-value, a measure of ambiguity,'were_
determinedworaphioally,,both values being read to one
decimal point. Thurstone reasoned that the Q-value
provided an objeotive measure of an ambiguous statement,
since such a statement will be given.soale-values over'a"
wider range and the Q-value will be ocrrespondingly high.‘37

From the original list of 130 statements of opiniOnsf
a final list of 45 was selected. | The selection was made
“with COnsideration.of‘the-oriterion of ambiguity and the
scale-values. The statements were.so seleoted that they
constitute a more or less uniformly graduated‘Series of
scaleevalues. These statements were_then arranged;in
random order, not in the order of their SCale—Valuest
Thislwas done to encouraée the subjects to.read'aii'of

7
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the statements. 'The final iist Was-then_given.te several
nundred subjects, asking them_to endorse these statements
‘that express their own sentiment. The seale was-seered_’
by determining the mean scale~values of all the_epiniens
that any individual subject endprses.38 | |
At this stage another criterion described by
Thurstone, the "criterion of irrelevance", was employed
in addition to Q-value as a basis for rejecting statements.
This criterion essentially demands that the greétest
probability.of endorsement of statements should be associated
with those.respondents‘whose attitude score on the .
psyehological continuum is equal to the scele ;elue of
the statement.39 Edwards reported that this criterion -
however, has not been used extensively in connection with
the method of equal-appearing intervals.4‘0
It should be noted.that-altheugh Thurstone chose
45 statemente for the final scale, the number of statements
selected was at his discretion. From the point of view of
time taken to administer the scale, fewer .statements would

‘have been convenient. v'But fewer statements»would also

~ have theoretically decreased the reliability of the scale.

4.4 Criticism of the Final Scale

Dunlap and Kroll investigated two aspects of the -
format and scoring of the final list of statements. They»r

first‘studied'the effect of arranging the statements in
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order df'seale—value on mean response, variability of
response, and reliability of scores, concluding that
‘there is evidence that arranging the.
statements on an attitude scale in order
of scale-value neither effects the mean,
the standard deviation, or the rellablllty,
Since scoring is materially facilitated by -
- serial arrangement, the statements should
be arranged in serlal order.41
But Guilford pointed out that serlal order mlght ‘
encourage response biases, and response biases contribute
to reliability while at the same time'detracting from

validity.42 Thus he would reject the Dunlap and Kroll

suggestion.43
Seeondly, Dunlap and Kroll studied‘tne'effect on .

mean response, variability, and reliabiiity of limiting -

an individual'snresponses to those three which best

represent his attitude. Here they found that for their

particular scale (concerning war), tne mean was depressed,

the Varlablllty of scores 1ncreased ~and the reliability "’

of the scale was slightly reduced. ‘ Dunlap and Kroll felt

"in view of the savings in scoring time, and.the slight

loss of reliability; this method deserves»faﬁorable_ |

consideration and further investigation".44 Guilford

explained the greater‘variability_of respdnse by noting

that those subjects who mark more statements tend to regress.

to the neutral value. He feit it was best therefore to

limit a‘subjeqt-to'markinq three or-five statements. He

felt that when the subject has to limit his choices he_
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will probably concentrate marks nearest his average.

4.5 Reliability of Thurstone's Scales

Ferguson reported that'Thurstbne claimedv
reliabilities ef sealeslcohstfucted under his editorship-
~all over .8, most being over .9. But Fergﬁson himself -
:secured reliabilities ranging fromi.52 to .80>fer theeZO“
item forms and from .68 to .89 for the 40 item forms.46,
Likert, Reslew, and Murphy feported reliabilities ranging
from .42 to .84 for 20 item forms, and from .59 to .91
for forms of 40‘items. Nystrom, Belton, and Stoufferh :
reported similar results.47 | -

Edwards and Kehney,ﬁpon compar ing the reliability
of the Thurstone method and the‘Likert methOd,;concluded _
that |

oo there is’ no longer any reasbn to doubt
that the scales constructed by the method of
summated ratings and containing fewer items .
" will yeild reliability coefficients as high
as or higher than those obtained with scales
construczed by the Thurstone method.48 -

This conclu31on appears to be common througheut
‘ the-literature.

Edwards and Kenney also did a study comparing the
results obtained by the Likert and Thurstone methods, -and
found that even though_the Likert seale was margihally |
more reliable than the Thurstone, the correlation between
the resultstf'the:two scales was Oy92, whigh they felt
established the.faet that it 1is possible to construct

!
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scaies by the two methods-which'will.yield comparable,h

results.49,

'4.6"Innovations Upon-Thurstone's Original Techniqueh
-As previously mentioned, there'have been. many -

innovations suggested.concernino the Thurstone-technique;_
Perhaps the most radical, yet'successful”change was proposed.
by Seashore'and Hevner. They suggested a method of rating.
the statements on a nine-point scale which‘is printed on |
the left-hand margin for each item, rather than the standard
method of sorting 1tems printed on separate Sllps into
eleven piles. They found their rating method saves from
-50 to 87 percent of the time'on;the var ious prooesses
involved inmmaking attitude scales by Thurstone's‘method,
taking an amount of tiﬁe‘comparable to that required in
the_construotion of Likert scale.50

| Seashore. and Hevner had 75 subjeets judge statementS'
, byzthe classical Thurstonestechnique,land 75 different
subjects-judge the same statements using their technique.
They conoluded,

The subjects flnd the task eas1er and more .

pleasant, and.the results, when the two groups

of seventy-five’ subjects were compared show

negligible difference in the median of the .

scale-value of the items, and in the dlfferences
or spread of oplnlon (Q—value) in regard to them.

51
Edwards and Kenney used the Seashore Hevner method
to obtain judgments of 129 statements orlglnally scaled by

Thurstone and Chave'flfteen years‘earller. They found that
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the scale-values of statements correlated .95 with those

of:Thurstsne and Chave.52

It is also significant to note that Edwards and
Kenney obtained this correlation by using only 72 judges,

indicating that reliable scales can bé'obtained by relatively:

':small groups of judges.53 Similar results have been found

54

by Uhrbrock and Rosander. Uhrbrock obtained judgmentsb

of 279 statements from two groups of 50 judges each. The
correlation.between the scale-values obtained independently
from the two gfoups of judges was’.'99.55 Rosander reéorted
correlations as high as .99 fof-scale—values obtained
1ndependently by two groups with as few as 15 Judges in

each group.-56

4.7 Validity of Thurstone's Scales
'_ Férguson’s>statement that "validity seems too

obvious a requirement to mention" aépears to be held by
many people.-57 It is disturbing that most scale de51gnsrs
have displayed only minor cons1deratlon to this aspect of
their research. |

Validation of fhurstone's scales,is'attempted in
theJcourse of construction by retaining only those items
which a sufficient number of judges allocate to the same
scale position. Sesondly,'the items must meet, if applied,

58

the criterion of irrelevancy. . These internal consistency

methods of validating scales are of course inadequate, since
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vaithough Ehey»maysaid‘in developing a reliable scalé?
reliébilit? is a necesSary‘but not sufficientICOndition‘
for:validity. |
The third way in-which:thése scales are validated

is_by‘giVing them to crifefibn groups. Ferguson reported
that although dataﬁare;meagre on this ?oiht, ﬁhosé'whichi
have been published -indicate that Thurstone's scales
differentiate_criterion.grpupsvfairly well.59 Fdr;éxampleg
Stouffer finds‘a.validity,cbefficient of'.Bl for»the Smifh'
-scale toward prohibition when scores‘on it aré,compared
to ratihgs based upon case history methodé.6o'

| Experimenters other than Thurstone or his students
have validated their scales only'ﬁy-some criterion of =
internal consistency, or have used Thurstone's'sdéies'as -
a criterion. This latter method was used by_Likeft in

the development of his technique for the measurement of

attitudes.61
o
4.8 Summary

From a survey of the litérature on the Thurstone
methodjof'equal—appearing intervals, one mﬁst cbnclﬁde that‘. 
it is an accepted and.oft¢n utilized.teghniquef_ Although it
has shown éovbe marginally less reliable than the method of
summated ratings, it claims the advantagg'of giving item

‘weights and absolute meaning to scale units.
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5. Guttman's Technique of Scalogram_Analysisf
The Guttman technique‘of developing attitude scales,
as previously mentioned,:is_somewhat,more complex than the -

two classical methods investigated.62 |

Due to lack of
universal acceptance and appllcatlon,-this technique,:for
the purposes of thls study, merlted only a superf1c1a1

investigation.

5.1 A Unidimensional Scale

The most difficult aspect of the Guttman technique .
is to construct aeset of statements which form a
unidimensional scale. Edwardstreportedithat Guttman first
proposed that this should be done by intuition and
eXperienceL If a set of statements forms a unidimensional
scale, then a person with a more favorable score than
another person must be at'least as favorable in his resbonse
to every statement in the set as the other person.63 " This
suggests that 1deally 1t should be possible to reproduce‘

from their total scores alone the responses of individuals

to the various statements."

5.2 .The Cornell Technique

There exists several means of determining whether

[y

a scale is unidimensional. The method most often described
is the Cornell Technique. 64 A descrlptlon of . thls technlque
will brlng 1nto context several 1mportant scalogram analys1s

’ terms. Edwards descrlbed this technlque well by use of a
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simple example.65

| Edwards firstvconsidéred the simplest situation -
" in which each statement éelected hés;only‘é response
categories, agree and disagree, which are assignéd item:
welghts 6f 0 and -1. The weight 1 Qill always bé assigned
to the response categOry that'indicétes the more favorable.gA
attitude.. These stateﬁents are given to 100 or mofe |
- subjects who are askéd‘to respond to the statements in
terms of theirvown.agreement or'disagieement. A 5core
for each subjéct is obtained by summing the item weights,
and the papers are tﬁen ranked in ofder of scores from high
‘to low.

A table similar to Table 1 is then prepared. For
'simplicity Bnly 4 statements are considered. .

As previously mentioned, in the case of perfeét
reprodﬁcigiliﬁy ié is possiblé to reproduce thé response- -
to the individual,sﬁatements from knowlédge of total scores.
Examination of Téble'l indicates that this cannoé be
baccomplished with the results displayed. Since perfec£
reproducibility cahnot be realistically expected, it is
desirable. to know the degree of reproducibility present.
This 1is accomplished by establishing»cutting points for
the reSponse.categories'of each statement. These points
mark the,piéce in the rank order of subjects where the
»moSt common tesponse shifts from one cateébry to thé other.

.Clark and Kriedt described the difficulties involved in
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TABLE 1.'

THE CORNELL TECHNIQUE APPLIED TO A FOUR STATEMENT SCALE
RESPONDED TO BY 20 SUBJECTS

STATEMENTS
SUBJECTS | 1 . ,2 3 SCORES
1 0 1 O 1 0 1 O
1 X X X x 4
2 X X X b < 3
3 . X x X x 3
4 X X X X 3
5 X X X ' X 3
6 x X x x 3
7 x x b b 3
8 X X X X 3
9 x X x be 2
10 , X X X X 2
11 X X X X 2
12 ﬁi——Qaﬂ X X X 2
13 b3 x X X 2
14 X X b4 X 2
15 X X X x 1
16 ~ X X X X 1
17 X X b X 1
18 X b x X 1
19 X x X x 1
20  x X X . x 0
£ 12 8 6 14 8 12 16 4 . ££=80
e 1 1 3 1 2 2 2 0 fe=12

.8 The horizontal lines are the possible cuttlng points

“for the statements.
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Do establlshlng the cuttlng p01nts 66 : Guttman offered two :
'.rules to be used in locatlng cuttlng p01nts.. First, the
’“cuttlng p01nt should be: located SO as to minimize error,

and second no- category should have more error in it than

.\;

'fnon -error (responses falllng outs1de the category in wthh
they theoretlcally belong for perfect reproduc1b111ty arei
'counted as . error) 67 ' | V
| . In Table 1, the cuttlng p01nts are lndlcated by the
-.horlzontal llnes in the body of the table.‘ The errors are
recorded at-the bottom of the table. h For example, for
category 1 of the thlrd statement two responses fell .
" below the cutting p01nt and they should theoretlcally fall
above it, therefore constltutlng two errors which are
'recorded in row "e" at the bottom of the tabler

‘The errors for each category are summed whlch\ln
this case“glves a total of 12 errors. The 12 errors are
then expressed as a proportion of the total number of
fresponseS-and this value is subtracted from unity. The
number found at the end of these operatlons, called the
coefficient of reproduc1blllty, was con51dered by Guttman
~ to indicate the percent accuracy with which responses to the
'varlous statements can be reproduced from the total scores.6

In . the example, the coefficient of reproduc1b111ty

- 1.00 - 12/80 = .85 |
- Similar methods of working out the coefficient of

'reproduc1b111ty for . 3 response categorles are descrlbed by
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Edwards.69 _If more than 3'responseicategories are used,

he noted that it is usually necessary to group response
categories or even dichotomize the response categories

to obtain a satisfactory coefficient of reproducibility.

5.3 Modal CatggorieS'and Minimum Mafgina1.Reproducibiligz
anards reported that Guttman. felt a céefficiént
of reproducibility of .90 was necessary to constitute
evidence that but a single dominant variable was involved
in the statements.70‘ But Edwards and.Kilpatrick pointed
out that this is perhaps a necessary bUf not'a sufficient
_conditidn, since thé mean value'of the modal categories
(that response category.containing thé greatest.proﬁoftion
of.respbnses) is the minimum vélue of the coefficient of"
reproducibility,»and for dicﬁotbmizéd response categories
this mean value is always greater than or equal to .50.
Thus it might be possible to have a set.of ten statements,
eaéh with two categorieé‘of response, and each with a very.
high modal frequency, and these statements would have to

1 The

yield a very high coefficient of repréducibility.7
minimum value of the coefficient of reproducibility found
by-evaiuating thé mean value of the modal:cafegories indicates
- the "minimal marginal reproaucibility" present for a set of‘
.statements.72
It is not the intent of this study to attempt a

complete analysis of Guttman's  techniques. " The basic
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concepté of unidimensionality, cutting pbint, minimal
}mafginal feprodﬁcibility, and Coefficient.of réproducibility“' 
have been intréduced and illustrated, aﬁd'Can now be applied
with undérstanding.to a scéling teéhniqﬁe’devised by EdWards
and Kiléatrick which incérporateé both the Thﬁrstone and

Likert techniques to produce_avscale which hés been shown ; '
to display unidimehsionali£y and a relatively high reliability

vcoefficient.73

6. The Scale-Discrimination Technique

Edwards and Kilpatrick.calied their technique the
‘"Scale-Discrimination method of at£itude scale constructibnﬁ.
- It is based on investigatidns which showed that the cutting
point of an item is related to‘the,Thurstone scale-value
of the item, and that thg reproducibility of the‘item is

. .. L .- 74
related to the discriminatory power of the 1tem.

6.1 Selection of Items

'Thevprocedures involved in this technique are not
ﬁew. First, a large number of statements about thé attitude
object are judged in the usual Thurstone manner. ‘The.median
scale-value and the 0-value of each statément are'then
détermined by graphical methods. Those statements whose

~Q-values fall in the top 50% of_the Q-value rangevgré
rejected, and the remaining items are prepared in the‘form
 _Qf a Likert scale,-each item'presénting multiple responée-

categoriés. -(Without explanation Edwards and Kilpatrick
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~chose to use six categoriési strongly agree; aérée, miidly
agree,‘mildly disagree, disagreé, strongly diségree); -
'-Subjeéts-are ihstructed to check thé items in the normal
:Likert faéhion, and with item‘weights of 0 to S'assigned

in the,aépropriate manner, total'scores are obtained;
The'di3criminating power of each item is then calculated.
Edwards and Kilpatrick used the phi coefficieht (primariiy~
because of its simplicity) to determine the discriminating
‘power by reducing the six response categories to two by
combining the original'categories.75 |

The technique of combining response catego;iés‘tq
determine the phi coefficient is best described by a
hypothetical example (Table‘2).i

Thé'rule'followed in combining caﬁegories is to.
dichotomi?é SO as to minimize the total of the number of
subjects in the igw-group above the line and the number
of subjects in the high group below thé line.

Obviously, in Table 2, a line betWeen_responée
categories 2 and 3 givés 8:+ 5 + 3 of the low group above
the line and 2 + 2'+ilef the high grdup below the line,
giving a total of 21 subjecfs.. A line drawn between any
other response categories, on inspection, is found to give -
a total larger than 21. Therefbre,:for this statement,-
the scoring weights would besl_for respon#é_bategbries f
previously weighed 5, 4;'3; and O for‘respdnsefcategories

previoﬁsly weighed 2, 1, 0, as in Table 3.



40

TABLE 2.

'THE DISTRIBUTION OF RESPONSES TO AN ATTITUDE STATEMENT
FOR THE TOP 100 SCORES (HIGH GROUP) AND LOWEST 100
- SCORES (LOW GROUP) FROM A.SAMPLE OF 380.

RESPONSE CATEGORY LOW GROUP ~ * HIGH GROUP"
Strongly Agree . (5) " 3 o 38
Agree . - | V (4) - » 5 _ 42
Mildly Agree (3) 8 15
Mildly Disagree (2) 26 A |
Disagree - | (1) - 36,
Strongly Disagree (0) 22

TABLE 3

DICHOTOMIZED RESPONSE CATEGORIES

RESPONSE CATEGORY LOW GRQUP ﬁIGH GROUP
1 | . 16 (&) - 95 (b)
0 84 (c) 5 (d)
Phi Coefficient r¢ = be - ad

J@-Db-d@-cl-d
= (95) (84) - (16) (5)
|111151100)(100)Z89)T';

= .79
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Tables prepared by Jurgensen enableveneito obtein
‘phi eoefficients very quickly and*convenienﬁly withoutbl
‘detailed calculation.’®

Once the phi coefficients are known, the items
are ploﬁﬁed in a bivariate(distfibution with the phi!
coefficient on the Y axisvand the Thurstone scale-valﬁes
on the X .axis. This ehables inspection of ﬁhe etatements
evaileble in terms of their discriminating power and
scale-values. Edwards and Kilpaﬁrick suggested'selectihgv'ff
- four items with the highest phi coefficient from each half
scale interval (in their example, they chose a 9 - unit
“interval Thurstone continuum), where four items exist iﬁ»
these intervals. These items can then be assigned to two
forms A andTB by equeting iﬁeﬁs as to Thurstone scale-values,
Q-values, and phi coefficients.77

Eéwards aﬁd.Kilpatrick used this Eechnique.to develop -
an attitude scale toward Science. They found their item
criteria eliminated the neutral items on the attitude
.contihuum. Their final scale consisted of a total of 28 |
items on.2 forms, A and B. For A end B respectiVely, the
mean scale-values were 3.85 and 3.91, and-the»mean Q-values
were .90 and .92. = For A, phi coefficients ranged from .58
to .78, with a median value of .65; for form B they ranged

from .58 to .76 with a median value of .66.78

= 6 2 Rellablllty and Reproduc1b111ty of the Scale

The total test, when scored by the leert technlque
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had a reliability coefficient of ;89. This was eetimated -
vby_the Spearman-Brown formula fromethe‘COrgelation of .81
.'between,the half-tests A and B. FormstA and'Bahad"
reproducibilities of 87.5% and 87.2% respectively.
Both forms'A.ahdaB had‘a minimum margina11

- reproducibility of ;57, thus Edwards andtKilpatrickb
: contended that the values of the eoefficients’of -

reproducibility were sufficiently high.tb'Suggest that

unidimenéidnality»was present.79_

6.3 Advantages of the Scale-Discrimination Technigque

Thus the scale discrimination techﬁique essentially
synthesizes the_methods ef'item se1ection presented by>j~f
Thurstone,%Likert, and Guttman. It posseeses certain -
advantages which are not present in any one of these
methods considered Separately. For example, - the scale
dlscrlmlnatlon technique ellmlnates the least d1scr1m1nat1ng
items which the Thurstone procedure-alonevdoes not do, it
provides scale-values which the Likert method cannot do, .
and its advantages over the Guttman proeedure lies
essentially in the fact that it provides an objectlve ba51s
for the selectlon of a set of 1tems Whlch are then: tested for'

scalablllty.

6.4 Scoring by the Method of SealeiProduetS'
Edwards and Kilpatrick aesumably scored their scale

by the‘Likert'technique_because it-has'proventmore‘reliable
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‘than the Thursténe,technique Whén consideringfthe same
numbér of items. - Research by Eysénck and.Croﬁn has
a suggééted that the use of'a combined'Thﬁrstone—Likert
Vmethod of scoring mlght still further increase the A
‘rellablllty of the scale. »Slnce Edwards and Kllpatrick
have the Thurstone scale-values at_their disposal, they
could ea31ly apply thlS technique.
Eysenck and Crown developed a scale 1n’the usual

. Thurstone manner, concerning anti-Semitism. Their scale
consisted of 24 items. Bu using 3 similar samples of
200 university stﬁdents,'the scale was scored first by
the Thurstone technlque yielding a corrected spllt—half
rellablllty coefficient of .83, then by the Likert technlque
yielding a corrected split-half reliability coefficient of

.90, and flnally by a method of “Scale Products" which
gave a split- half rellablllty coeff1c1ent of .94, The
,scale products method consisted of 51mply multlplying,

for each item, the Likert weight by the Thurstone scale :
position. Thus the scalé product ﬁechhique takes into
account bbth the scale position of each item and the degree
- of intensity with-which each item is accepted or rejééted.
Eysenck and Crown. concluded that, for their~scalé,'this
method of scoring was superior with respect.to‘split—half

reliability.80
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7. Summary

It becomes obvious as_oﬁe.iéads'througﬁ'the"
literature on ﬁhe.tOpic-of attitude measurement that
there exist séaling téchniques far_too numerous to'
discuss in.this'shoft survey,' This paper presents oniy
the most Widély’utilized techniques,vbut does so in.
sufficient detail'tb serve as a\blueprintifor developing
a scale, utilizing one-of,theitechniques describéd;:

Basicaily, the purpoée'of‘this chapter was td
ascertain whether or not suitéble’group techniques were
»ayailable which wére capable df_reliably détermining
aﬁtitude“distribution, without unreasonable ekpense of
time. It_has certainly been ‘established that numerous
techniques are available, and can be successfully apélied.
Whethef the demand on time to develop a scale is considered
reasohable must be dealt with.inithe light Qf knowledge to

. be gained from_appliCafion of the scale.
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CHAPTER III
DEVELOPMENT OF AN ATTITUDE SCALE~TOWARDS_THEvPHYSICS LABORATORY

The "Scale—biécrimination“‘method'bf'éttitude scale
»conétruction wésbchosen, upon the bésis of the résults of
the‘Edwards and Kilpattick study reported in Chapter II,
sections 6.2 and 6.3, as most appiopriate for this study.
The procedures employed to construct fhis scalé fbilowed

the outline presented in Chapter II, section 6.

"1. Collection of the Attitude Statements

In the development of an attitude scale by thé
Scale—Disc;imiﬁationvtechnique it‘waé first necessary to
develop a large number of statements of opinion relating to
the attitude object, in this case a physics laboratory.

In order to have the statements express-opinions authentiéally
held by the étudents,'a two hdﬁr,seminér session. was organized
in December, 1966, during which students>then enrolledwin

the newly'deVeloped Physics 120 lecture and laboratory
éourse.discussed the proé and cons of the laboratory as
they‘éaw them. Thé opinions expressed by'the students
provided the foundation‘upoh which 120 statements of
[opinion‘concerning the laboraﬁory were developed.
‘Construction of the.statements wés in adcbrdance with-the

suggestions summarized by Edwards (Chapter II, section 2}1),2

51
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The statements;attempted to.relate to_ail aspects of the
laboratory, with a balance of statements reflecting positive
and negative attitudes, as Table 4 1llustrates. Presumably
neutral statements always seemed to possess a sllght degree
of favorableness or unfavorableness, and are entered in

the appropriate column in the table.
TABLE 4

ASPECTS OF LABORATORY COVERED BY ATTITUDE STATEMENTS

Topic of Statement Number of Statements
. Positive = Negative

General Attitude 1 1l
Understanding '

Interest ‘

Challenge

Calculations and Formulae
Level of leflculty

Time

Equipment

Instructor

Reference Material
Instructions (ertten)
Marking-

Overlap Between Laboratory
: - and Lectures

B WUBRBRLWONENARY
1N BROBDWOONWH WWN

2.v‘Judging4the 120 Statements
Once the set of original statements was contrived,
it was necessary to have a éroupvof subjects judge them as
to their>degree of favorableness orbunfavorableness.

Thurstone's original‘judging teehnique was not applied.
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Instead the time saving innovation developéd by'Seashore'
and Hevner (Chapter II, section 4.6) was adopted in which
the items were judged on a nine point scale lettered. "a"

3: The most favorable rating a judge could give

to "I".
a statement was "A", and the mosﬁ-Uhfavofable'was FI"L
Scale value "E" rated £he item as neutrai;

The 120 statements, with inétructions for judging,
were presentéd to 200 judges in the Physiés i20'c1§ss in
" January, 1967; The 120 statements.together with the instructions
given are in Appendik A. The‘judges were allotted 20 minutes»
to complete their task. Such a time limit wés'undesirable,
»but'it was a product of the circumstances. In this 20
'-minutes-107“of the 200 judges were aﬁlerto complete tﬁeir
evaluationfof‘eacﬂ statement. ‘These 107‘completed papers
were then_examine@ to eliminate those papers for which the
~Jjudges either misunderstodd fhe task reghired or lacked
sincerity in.completing the form. This examination involved
~referring to 3 items that expressed strongly‘favorableh
‘opinions, and 4 items that expressed strongly unfavérable
opinions. If unexpected, contradictory jﬁdgments-Were
foundvfor any of these statements, then_the entife paper
‘was inspected to determine the extent of further judgments‘
contrary to what would be expected. Twenty papers were"_
eliminated by this>technique,’and for ease of ¢omputatioﬁ,

- 80 out of the remaining 87 acceptable papers were chosen
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to act as-a basis_for determining the scale—velue of
each etatement, |

Since the ﬁore conscientiousvjudge Qould inevidably
| take lenger'to complete his.task,'dieregafding the incemplete e
papers mey have meant.omitting;thevmost valid judgmeﬁts;,

As a check on_fhe validity of the judgements of.theA80'
completed ?apers chosen, a comparison of responses between
these papers and the 93 incomplete papers wes made'onA

3 randomly selected statements (numbers 29, 34, 47) completed
by both groups. To the first decimal-place)}bbth.groupse!'j
of responses yielded the same scaleévalue.ahd-interqﬁértiie: :?
.ranée for a given sﬁatementé,*an indication fhat both sets
of judgments were equally valid.

Fiﬁally, the response of each of the 80 chosen
judgee tq_each etatement was recorded, and the results
were tabulated as in Table_S, Appendix‘A. The first row
corresponding to each item indicates tﬁe'frequency of
response for each scale value, while the second row is
the cumulative frequency or response. Consistent with
the philosophy behind this technique for -developing an
attitude scale, the responee categories were~then given
- equally spaced numerical vaiues. The_most favorable
rating "A" was given the value "1", "B" the value "2,

and so on, giving "I" the value 9.
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3. Scale-Values and Interquartile Range

The scale-values and interquartile range (Q) for
each stateﬁent are aiso listed in Tabie 5. They were
found,graéhicelly. 'Scale-values 1.00 to 9;001were taken
as the ebscissa of the graph, and the cumulative'frequeﬁcy
was the ordinate. »A.graph wes then plotted for:eachi
statement using the data in Table 5. Rather than require
a. separate eheet of graph paper fdf eech statement, one
plece of graph‘paper‘wasvappropriately 1abelled, and‘then,
the graphs were plotted on tracing paper laid over thie
-one piece of graph paper, as Figure 1 and Figure 2.
iliustrate.f |

The scale-value corresponding to the median response
of the judées to an item,vthat is, cbrfespohding to a
_cumulatiye-frequency of 40 was taken as ﬁhe seale—value
.of the item (scaie—values were read to two‘places of decimal,
the second place being merely an approéimation). ‘This
scale-value represents the degree of ‘avorableness or
unfa&orableness of opinion expressed by the etatement..

The Q-value was,found by taking the difference
in the scale-values between the cumulative frequencies
20 and 60. The O-value provides aﬁ objective measure of
an ambiguous statement, since an-ambiguous statement will
be given scale-values over a wider range, and the QLvalﬁe

Willjbe-correspondingly high. The interquartile deviation
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‘has been denotea by_d to distinguish it from the semi-
.interquartilé.deviation usually denoted by Q. |
The lasf stage iﬁ the development of an attiﬁude -

~ scale by theiscaié—Discrimination technique is the
‘detérmiﬁation of fhe discriminéting powér of that half
. of the Originai'étatements which have the lowest Q?value.
Before Qbrk started on this phaée,,an oppo;tﬁnity arose

in March, 1967, to present the Physics lZd»class'with

a preliminary scale.

4. The Pilot Study -

The opportunity to do a pilot study pfovided a
welcome check on the entire concept of attitude measurement
toward a laboratdry by scaling Eechniques. Measurement
of attitude toward a laboratory was thought to be a more
difficglt problem than the measurement of more openly
controversial attitudes, since the range of opinion toward
.thgllab was expected_toube largely.between indifferenéef
-and mild enthuéiasm. This limited rahge Qouid cleérly
adversely affect the reliability of the scale produced.
In-éontrast,}measurement of ppinion on the more open
guestions such as attitﬁde toward the Negro,. or toward
pacificism; one éxpects to find'many persohs Who are
maintaining a strong position either for or against the |
question, asAwéll as mény neutral persons. In essense

‘therefore; applying a. scale to a group similar to the
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,1967—68'Physics 110 class tb-bevutilized in the main study
was expected to_prdvide a.teliability coefficient whose -
magnitude wouldssuggest'the possibility of sdccess with
- the final scaie._

- For its:ease ofdseoring;_a pilot scale wasepfoduced
"in the Thurstone manner. Since this'techniquezhas,proten
less reliable‘than the Likert<teehnique (Chapter 1II,
sectlon 4.5), the appllcatlon of this scale was expected

to prov1de a lower bound for future rellablllty coeff1c1ents.4

4.1 ‘Selection of-Statementsvfer the Pilot Scale
Aﬁ attempt was?made to select statements for the..

pilot scale so that they constltuted a more or less unlformly
graduated ‘series of scale—values, and at the same time
select statements which had the lowest Q-values. To aid
this opetation, ‘the statements were pictured‘on a‘graph
With scale-value as the abscissa and Q-value as the ordinate
'(Figure 3). This permitted the distribution of scaleévelues-
of the items to‘be examined the context-of their Q-value.
Figure 3 illustfetes-that the 2 eritefia of uniform
distribution of scalefvelue,.and'low Q-value could-hot
be met simdltaneeusly.- Thus. it was necessary to subjectively -
balance the concessions given eech eriterion when~the final
items were selected.v Figure 3 also illustrates a comparatlve‘
'scerCity of neutral items, and where neutral items exist

their Q-values are nearly all excessively high. 'Thurstone,
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Edwards and Kilpatrick, and Eysenck and Crown héve found
both these résults to be general features of the judging_'

techﬁique.s'

4.2 The Pilot Scale

Forty items were selected for‘the pilot’scaié; _To
determine the.reliabiiity of this.scaie byba split-half
technique the 40 items were divided, on the basis of
scale—valué,'into two forms, A and B. Form A had a mean
Scale—vaiue of 4.94 and Form B a mean scale-value of -

4.99. | |

Form A ahd Form B, together with instructioﬁs for
scoring the scale, were given to all 180 Physicé 120
students as in Appendix B. The'écore‘for‘a student on ééﬁh '
form was determined by adding therscale—Vélues.of the items
endorsed, and then dividing:this_sum by the'nuﬁber of
statements endorsed. These scores are listed in Table 6,
Appendix B. A split-half coefficient of_reliability was
‘calculated usingrkhe scores on Form A and Form B avaiiabié’bi
for each student. .ThiS‘reliabiiity coeffiéien£ was fouﬁd,
using the Guttmaﬁ formula, . to bé .912 (Figure 4,.Appendix B),
whichAcompared_eXtreme%y favorably with the reliability of
other.scaleé,develoﬁed by any scaling technique..

Therefore, on a preliminary basis, the concept
of attitude»measurement Eoward a laboratory by a sCalin§

technique appeared highly feasible.

’
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- 5. Discriminating Power of the Staﬁements
Following the-pilot study, the develbpment df thé
attitude scale by the Scale- Dlscrlmlnatlon technlque
1¢ont1nued. “ Approx1mately half (68) of the orlglnal
lZOvstateﬁents were chosen,. on the basis of low Q-value,
as possible contributors to the final scale. These
statements were then studied forvtheirQability to discriminate
between students of good and poor attitude toward the
laboratory. The statements éhosen included the 40 statements
that appeared on thé pilot scale, since both sets of statemehts
were selected_hsiné the same criteria. o
| fhe 68‘statements‘were.prepared in the-fbrﬁ of a
‘Likert scale (Appendix C), énd theAécale was completed by
470 Physics ilO students in April, 1967. 'Rejecting responsé
forms for which ﬁour or more statements lacked response,
and those fof which there existed doﬁbtfconcerning sincerity,
as indicated‘by overuse of one or two response categories
or contrédictory responses (ététements 7, 12, 43, and 60
were examinéd), 411 papers remained. Two hundred and
seventy-eight of the 411 were then randomly selected as
the basis of ﬁhe analysis.
| " The responses of these 278 subjects Were scored
in the normal Likert fashion, with weights of 0 through
- 5 being aséigned to the six response‘categories. The

weights were assigned so that. the smallest weight was



always glven to that response category that 1ndicated
the most favorable attitude. Thatvis, the response categories
"strongly»agree" thrOugh'"stronglyvdisagree"-Were weighed’
0 to 5-respectivelyifor statements'whose Thurstone scaie—vaiue
was between i.OO-and 5.00, and 5 to O for statements with .
scale-values 5.01 to 9.00. A totaltscore.was obtainedv>
for each subject by adding-the item weights corresponding“
to the responses given each statement. If a statement
was not responded to, it was assigned an itemiweight
of 3.

The papers:were-then arranged in order of total -
score; and the bottom (low group)>and top (high group)-
75 papers (27%) were selected. The scores in.the low
group ranged from 61 to 125, while those in the high group
ranged from 178 to 287.. For each group separately, a-
frequency distribution of response to each statement was
tabulated as.in Tahle 7{Appendix C, and these response
categories were then dichotonized (Table‘8,Appendix c),
- following Edwards' and Kilpatrick's criteria (Chapter 1I,
section 6.1).6 " Because some subjects diavnot-respond
to all statements,'the'frequency distribution in Tabie.7
and Table 8 do not alﬁays addeup to 75.

All pertinent data was now represented'hy two
pairs of variables (Table 8), one pair heing the dichotomized

response distribution of_students in the low scoring group,
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the other being the dichotomized resppnsevdistributioh of ;
students in the high scoring group. Due to its éimplicity,
~the phi coefficienﬁ, a cérrelation.coefficient-between'
two pairs of variables, was employed to pro?idé a measure’
of the discriminatiné power of,each statemeht. ‘The>Values
~of the phi coefficients were found in a manner.analogous
to the example given in‘Chépter II,vsection 6.1, and are °

listed in Table 9, Appendix C.

6. Selection of Statements for the Final Scale

With the phi coefficients now known, the statements
were represéhted oﬁ é_new graph with Thurstone.scaie—§alde
as. abscissa and phi coefficient as -ordinate (Figure 5).

Ah attempt was made to select, fbr the final scalé,'thosé
statements with a phi coefficient greater than .50 which
were as equally spaced as ppSsible acrdssAthe continuum
of scale-values. If two statemeﬁts held similar scale-values
and phi ééefficients, that‘aspect'of the laboratory to whiéh
the stétement peftained was used as a criteria of selection.
An attempt was made to represent all aspecfs.of thé léboratory'
that could theofetically be controlled by:the laboratory
aesigner, and_omit.fhoée over which the designer had little
or no control (i.e.: ihétructoré). |

| - From the 68 statements, 35 were selected as candidates
for the final scaie; ‘Eith of these $tatements had phi
coeffiéients of 1eés.than .50, but were selected because

they related to important aspects of the laboratdrf,g
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'The 35 statemehts, togeﬁher‘with their scale—&alues,
Q-values and phi coefficientsA(Appendix D),Werevdistribﬁted
" to 3 members of the_Faculty of Education (Dr. Cannon,f'

Dr. Dennison, and Dr. McPherson) and one member'Of the
Physics‘Department (Dr.'Bichara) who-égreed;fo evaluaté_ 
thé statements‘ih terms 6fvtheir Validityfas contributors
to the objectives of-the SCale_(Chapter I, sectiéh 4.1), -
and in terms of their clarity and 1éck of ambiguity. The
Aobservatioﬁs 6f this_competenﬁ.judging group yielded 9

statements which were questionable and thus rejected.

7. The Final Scale’

The 26 remaining statements were arranged in rank
ofder of their fhurstoné scale—ﬁalues, from most to least
favorable. Alternate statements were then separated, forming-
2 groups, one of'which constitqted‘the odd numbered statements
of thé final scale, and the other which formed the even
numbered statements. This arrangement accommodated the -
calculation of an odd-even reliability coefficient. Minor:i
'variationsvin the separation.technique were made to produce
two groups of étateﬁents that were as closely equivélent -'
in the mean and raﬁge.of séale—value, Q-value, and phi
coefficient as possible. |

The order of selection of statements from within
both groups fof the final»scaie (Appendix E) was random,

so that the items-would'noﬁ appear in the order of their
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Scalé—values; and hence ndt.encourage‘response biases which
may.detractbfrom the validity of the scale.

For the odd‘and even numbered groups respectivélyh
the meah_scale—values'of-the'13 statements were‘4.ésiéhd
.4.60, and the mean Q—vaiueS'werev0;6O énd 0.66. The phi‘
coefficients for the statemehts.in the Qdd group ranged
from 0.36 to 0.81, with a median value of 0.58.  For the -
beven>group, the Qange of>phi coefficients was from 0.47
to 0.84, with a median value_of 0.62. The Scale—valueé,
QO-values, and éhi coefficiénts of the 26 statements are

displayed in Table 10, Appendix E.

7.1 Scoring of the Final Scale -
The final scaléiwas scored by both the normal
Likert technique and by the scale products techniQue proposed
by Eysenck and Crown (Chapﬁer I1I, section 5.4{.7 If the
scale products scoring technique did not yield a higher
‘reliability for the scale than that produced by the Likeft
scoring techniq&e, then it was to be rejected in favor éf
the.simﬁler Likert technique. | | |
Consequently, for each attitude scale completed,
twé sets of data weré.derived, one set for each scoring
technique., The elements of each_set consisted of the
average score on the 13‘ddd'numbered statements, the average "

score on the 13 even numbered statements, and the average

score for the entire 26 statements. Each set of scores

;



68

_constituted the raw data necessary for the calculation
of an odd-even reliability coefficient for the scale,
thus permitting a comparison of the reliability of these
two method§ of scoring, for this particular scale with

this particular sample of Physiés 110 students.

7.2 Applications of the Final Scale

For the purposes bf reportiﬁg,the reliability and
validity studies performed on the attitude scale, it is
necessary to briefly describe the basic design of the
attitudinal study. A detailed_descfiption of this design
is presented in Chapter IV.

During the 1967-68 pre—Christmas term éll Physics 110
students completed the same laboratory program. At the
end of this program in December the attitude ééale was
presented to these students. Thié application of the scale
is henceforth referred to as the first or initial application
of thevscale. At the beginning of the second term the
Physics 110 students were separated into an experimental
and control group. These groups were assigned contrasting.
laboratory programs. Upon completion of their respéctive
--programs>in March, students wefevagain given the attitude
scale. This application of the scale is henceforth referred

to as the second or final application of the scale.
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8. 'Reliability of tﬁe Scale

" The reliability of the scale was reported as an
internal.consistén¢y~coefficient, the coefficient being
caiculatéd.by"the-Guttman_formula. | This formula was given
prefereﬁce over thé'combination.of the Peaﬁson proauct. 
moment correlation coefficient and the Séearman Bfown'
formula in ordér to remove the requirement that thé odd
and éven'groups of statements display the same variance:
in their total séores for any group of subjects.

The attitﬁde scale was presented on two océasidné

to the'éontrol and experimental ‘groups, hence four sets
of aéta existed for'each scoring technique from,which a
reliability coefficient could be calculated. These sets
of data are listed in Tables 11, 12, 13, and 14, Appendix F.
The sample variapces of the elements in each set of data,
togethér_wiéh the calculated reliabilipy coefficients, |
found from '
2 2,

~r =2 (1- 5,7+ 8.7

45,2

are displayed in Table 15, Appendix F. In the Guttman
formula_above, SOZ; Sez,and'st2 are respectively the sample‘
var iances pf.theAaverage scores on the 13 odd, 13 even, and
entire 26 statements about their respective mean values
for a givenvsampie of students. Thé factor 4 is necessary

to offset the fact that St2 is not the variance of the .

sum of the average scores on the odd and even numbered
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statements, but rather is the.variance of theﬁmeén bf
these ‘two séoreé. |

| The reliability coefficients_displayed in-Téblé'lS
illustrate that either method of scoring yields very reliable.
results, but the simplef_Likert technique produces the
same or‘marginally better’coefficieﬁts. For this réasbn
the scorés derived through the Likert scoring technique
were uéed in the main study. |
' A complete description of:reliability should also -
include é'coefficient of stability for the scale. The
scéle couldvhavé 5een administered to a group of Physics 110
stﬁdents immediately following the Christﬁas bréak, whigh
would haVeubeen six weeks after'thé first application of
the scale. This would have been ideal experimental design,
as there was no exposure to the laboratory during that time.

This administration of the écalé was not éarried

out. It waé generélly félt thét another applicatioh:of~
the scale, added to the two applications already needed
for the main study, may place a strain on both the good‘
rapport assumed to exist.bétween the students.and'theA
interviewer, and the interest of the student toward the
scale. Henée, inforhation about the scale was sacrifiged“

for the sake of the validity of the main study[

9. Validity’of the Scale

Evidence of'thebconStrucf validity of the scale-
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-was gathered by utilizing four general approaches: (1) the
statements oﬁ-the scale were examihed by a_competént group
of judges, (2) the attitudes of'thrée groups were compared, .
which, on a priori grqunds,”should differ, (3) a comparisonf
was madé with another measure of attitude, and‘(4)}the
accuracy of predictibn of behavior based upon the measurement
of the attitudes by the scale was studied.

In the two latter approaches, the criteria used
- were considered weak,_eithef in terms,ofvtheir rélevgnce
as criteria or in terms of their reliability. But these
studies were compieted upon Ehe belief that  any indication
’Qf‘validity was superior to no indication.

The first approach has beeh‘diSCQSSed pfévibusly-
cand will ge given nd further considefétion. However, the

latter three approaches will be discussed in;detail.

9.1 vValidity Study Utilizing Criterion Groups

-The second approach at eétablishing validity
involvéd mailiﬁg copies of the scale, together with stampea,
self-addressed, return envelopes to 200 fandomly selected
.studénts who had taken Physics 110 in the.year 1966-67.
Responses were reéeiyed from 122 of these students. These
responsesIWere divided into 3 éategories'representing those
students who énrolled in pure physics (38 students) in
their second year (l967-68),>those.who went into appiiéd

-physicS»(36 studénts), and'those'who elected no physics -
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-icourees (48 students). It was anticipated that_those students
who‘eontinued in physics would have_held‘a3better attitude
toward the laboratery than thdSe_whoielected nb;phyeice
- courses. The ng statistic was employed to compate the -
' mean attitude scores of students electing pure physics or
applied physies with those.electing'no‘thsics courses.

| - The attitude‘scores for the three groups of students
and derived date necessary for calcuiation of the "t" |
stetistic ate presented in Tables 16, 17,and 18, Appendix‘G.

The calcaulation of the "t" values is displayed
in'Figure.G, Appendix G.
The mean scores of students eleCting_no.ﬁhysics,

pure physies, and applied physics were tespectively 2.9999,
2.8005, andf2.7050, where a lower score indicates a more |
favorable attitude. The calculations in Figure 6 illustrate
“that the diffetenee betWeen'the'mean scores of the no
physics and applied physics group is siénificant at the
: . 005 leyei, while the difference in the meaniscores between
~ the ne physies and pure physics groups ie significant at
the .05 level. ~Thesevresults are commensurate with expectations,

and hence provide evidence supporting the contention that the

scale is measuring what it purports to measure.

9.2 Student Attitude as Interpreted by the Teaching Assistents

The third approach at establishing Validity involved

a comparison of the attitude score of a student on the
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attitude scale, and an attitude score of the same student
as giyen by his:teaching assistant in the laboratory.
| In March, l9é8,'a11 teaching assistants‘were given
the fo:m displayed in Figute.7, Appendix'G, asking them
to judgevtheit students"attitude_toward»the laboratory.
'Twenty-two_teaching assistants completed this task. and
of these, the responses of seventeen of the more conscientious
._teachingeassistants provided. judgments upon 257 students.
These scores, as given by the‘teaching assistants, were then
correlated with the students' scores on the final application
(March, 1968) of the attitude scale. Both‘sets of sccres'
are'listed in Table 19, AAppendix G, and the calculation>
of a Pearson product moment correlation coefficient -is
111ustrated in Flgure 8, Appendlx G. The coeff1c1ent
"of .03 obtained_indicated,that no'relationship existed
between the two. sets of.data.
This result provided no support for theAvaiidity,
of the scale. A possible,. and very probable explanation
for thisvapparenti1ack'of_agreemeht may be the unreliability
" of thé criterion measure. 'Seventeen people making subjective
evaluations concerning'studehts abcut whom they know very

little provides a weak criterion measure.

v9.3 Attitudes and Achievement

Inasmuch as the llterature on the topic of attitudes

'“and learnlng has’ establlshed that a relatlonshlp ex1sts



between these‘two concepts,‘a p051t1ve correlatlon was.

;expected to exist between the students attltudes toward -
7-the laboratory‘and thelr laboratory marks. | To'test this
hypothe51s a correlatlon coeff1c1ent was calculated between
the- attltude scores on the flnal appllcatlon of the attltude
scale, ‘and the sum of the marks achleved_on the second
terms_laboratOrybexperiments. The final.application of
“the attitude scale measured'the'attitudes ofvstudents
tomard these-experiments only. | '

However, these laboratory grades were unfortunately

:belleved to be quite unrellable,’s1nce they were assigned
‘9by 26 teachlng assistants whose marklng technlques varled
‘greatly. Consequently, correlations were also desirable
between the‘final attitude scores and the final exam‘mark,
the total lab mark from both.terms, the total course mark
and a comp051te mark prlor to the flnal exam derlved from
the studentS' lab_mark weekly a551gnments, mid-term tests,-
and Christmas exam. Although these scores were less
relevent because they were not derlved from the experlments
to which the flnal'attltude scoreS~referredL they were
considered to be more reliablefestimates of'achievement,
Aeither because they were a composite.of a greater number |
of individual evaluations, as in the case of the total
laboratory mark the flnal course mark, and the composite

mark prior to the final exam, or because,'as in the case.
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of.theffihél exam, the‘s¢oré was bbtained through a more'_
.'Staﬁdardized proéedure:v |

| The final attitude_séores, together with the five °
marks with which.theée.scores‘Were'correlatedﬂare displayed ~
in Table 20. Only the scores of the e#periméntal group.

were employed’forathis study. The instructions given to

the teaching assistants for scoring the experimental group's " -

second term's experiments, in comparison to fhe instructions-
given for scorihg.the control group's,second term's |
Hexperiments, were more defailed'and'expliéif, and hence
the results were chsideréd more»reliable.

| ‘The resultsvof<£he correlations, as obéerved inv
Table 21, iﬁdicate that a definite relationéhip existed
between £he attitude scores, and thé lab mark in the secohd’
term, the total léb mark, and the final exam mark. The
respective correlations of .3791 and .2213 between attitudg
scores and_the_lab mark in the second term and thelﬁotal
lab mark are highly-significant at the one percent 1evei
of confidence. The correlation of .1667 between the
attitﬁde scores and the final exam mark is significant at
the five pérceﬁt level of confidenée. |

These results, particularly the most significant

correlation e2isting'between attitude_scores and thé lab
Imark in the second ﬁerm,-provide further evidence Supporting

‘the validity of the scale. -
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TABLE 21

CORRELATION COEFFICIENTS DENOTING 'THE RELATIONSHIP BETWEEN
ATTITUDES AND ACHIEVEMENT

Correlation Coefficients®

Final Attitude Score

Lab Mark -- Second Term 1 -.3791%*
Lab Mark -- Total | - -.2213"F
Final Exam Mark - -.1667"
Final Coufse Mark - -.1342
Course Mafk Prior to Final Exam a .¥.0924

All coefficients are negative because a low attitude
" score indicates a favorable attitude. ’

o, | |
n = 200, ' is significant at .0l
- when r = .181 : :

'is significant at .05
when r = ,138
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10. -Sﬁmﬁary

This chapterndescribed the development of.the'
'attitnae scale toward'the_Physios»laboratory.v The scale
‘wasvshoWn to posseas an.avarage‘internal‘reiiability
coefficient of .942 based upon two applications of'the
scaie to two groups of Physics 110 sﬁndents, each group
having in excess of 200 members. ' _

‘Thé function of thé attitnde scale in this stndy
was.to determine thch laboratory prograﬁ the Physies 110 ~
stndents perceived as being most worthwhile_and meaningfnl.
The importance.of this information rested upon“thé presenceb
of the relationship presumed to exist between the attitudes
of studenﬁs toward the laboratory as measured by the scale
and their achiévement in the laboratory. A relationship
was aiso"postulated to existrbetween attitnda as measured
by the scale and the student's desire to continue his snudy
of physics. The_resulté of the validity studies
vinvestigating these relationships were in the»predictea"
- directions, hence supporting notfoniy tha consﬁruct
- validity of the scalevbut.also the hypothesis that these

relationships do exist.
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CHAPTER IV

THE DESIGN OF THE ATTITUDINAL STUDY

1. The Proq;amstresented to the Experiméntal

and Control Groups

Students were .presented with two modes of labbratdfy
instruction based on two contrasting_philosophiesvin
laboratory design. ~ Since this change in instrucﬁional
‘design was made-aﬁ the end’of the first’term, it is mosf
convenient td-consider thenfirst term and secdnd term

programs separately.

1.1 ‘Laboratory Program.—— First Term

Thempre—Christmas laboratory prbgram, taken from thé'
1966-67 edition of the Physics 110 Labdratory Manual, can
be classified as/"striétly-conventional". Snudents were
given a three hournlaboratory period‘on alternate weeks.n
During this thrge hnur periodvthey were expected ﬁo complete
én experiment and an accompanying write-up, which was to be
handed in prior to leaving the léboratoryf Students completed
a total of six discrete experiments in this manner. ”

The,instrucfions given in the experiment regarding
- equipment, use of formula, ﬁaking of data{-etc.;'were_
explicit. .The 6bject of the experiment, as given to the
student, was to Verify or demonstrate some fact or law
previouély introduced‘in:the lecture. 'Reports of the

79
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"experlment were - to be wrltten in the tradltlonal manner,

-\;u31ng the conventlonal headlngs of object theory, method

;*data,'calculatlons,‘conclus1ons and sources of error

FollOW1ng an 1ntroductory exercrse on measurlng

-Z'.‘instruments s1gnlf1cant flgures and errors ‘the tOplCS _'

- con81dered 1n the experlments were Boyle 'S Law for an 1deal

'::gas, Fletcher s Trolley (Newton s Second Law) the perlod
.:of osc1llatlon of a 51mple pendulum ‘the veloc1ty of
~:stand1ng waves 1n a strlng,‘and the moment of inertia

of a dlSC The entlre populatlon of students in this

-study completed these experlments

1.2 The Experlmental ‘and Control GrouDs

‘Two dlstlnctlve programs henceforth referred to as
the control program and experlmental program were presented
in the second term. Slnce students were glven a laboratory
‘mperlod on alternate weeks only, it was p0551b1e to present
the control progran on one set of alternate ‘weeks, and the
experlmental program on the 1nterven1ng weeks. In this
manner the control and experlmental groups were deflned

The ass1gnment of the 1000 Phy51cs llO students to
ta partlcular set of alternate weeks was based upon the flrstv
1n1t1al of their last name (A L in the experlmental group,
M-Z in the control group) ThlS ass1gnment was made in
September, 1967, at the general reglstratlon sess1on of

yall'university students. As a result of thlS 1mpart1al
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selgction’technique, theée groups Wefe considered ﬁo.be
equivalent in those attributes éxterhal té-thevlabOratory
programs which may effect theirfattitude thafd the
laboratory. | | |

Schédﬁling the control and experimentél,ﬁrograms on
an alternate week basis was particularly cpﬁvenient, becausé
the laboratory teaching assistants instructed every‘week;
- and consequently both the eXperimental andjéontfélféroﬁp
had the same teaching assiétants;%_»This'éfrangement- |
eliminated the necessity of considéring a variable whose-

effects would be difficult to gauge.

1.3 ILaboratory Program -- Second Term

1.3.1 Program of the Control Group.  The control

group was so named because,. apartvfrom,the topics of the
experiments, the members of the group wefe presented with

a continuation of‘the design of the first téfm's laboratbry
-‘program; The experimeﬁts were again taken from the 1966-67
editionvof the Physics llO Manual._ The topics consgdered

were Ohm's Law, the potentiOmeter, magnetism, the speétrometer,

the cathode ray oScilloscdpe (2 experiments), and radioactivity. .

.1;3.2 ‘Program of the Experimental Group. This group

of students was presented a set of experiments recéntly.'
prepared for incorporation into the 1968-69 Physics lio"

Labqratory Manual.  Although the topics of the experiments
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: were 51m11ar to those outllned for the control group,»
"dithe main dlfferences 1n the two programs lay 1n the areas;;d
d“tof stress and methodology. ‘ ThlS program"a compromlse

V~between the free and conventlonal laboratory approaches

'C{was 1ntended to expose the students to some of the splrlt
of the free laboratory (Chapter I, sectlon 4. 4), but w1th1n
laeframework which placed reasonable.demands on the laboratory'
facilities andlstaff ayailable;h JRETE

| Since this'nas part;of the program proposed for}

‘_ladoption'in ﬁhegnext_university calendar year{ it wasuthe,

attltude of students toward thisbprogram andtits.

characteristics, in relation to their attitnde towardrd

: the‘conventional prograﬁ that was of importance;:"For

completeness, a more detailed'description of the

'acharacteristics of this experimental:program will be given.

-,

2. Characteristics of the Experimental Program

2.1 Schedulinq of Experiments['

, Students were presented wrth only three experlnents
.(Ohm's Law, The Cathode Ray Osc1lloscope, and Radloact1v1ty)
This permitted‘approxrmately one month.for each experlment;
Each experiment consisted of a series of'related studies
which as a unit-reguired.at least“twice“as,much.time'to
complete as did an experiment in'theecontrol program., To
retainfsome ease inuadministering the lab,,students'were

,jallottedthO.regularly scheduled laboratory periods on
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alternate weeks.forteaoh experiment.

On-the basis ofione scheduled laboratory period
every two weeks, laboratoryntime could be scheduled for_:
all students in such a manner that only six of the ten o
aVailahletmornings‘or afternoons werelutilized;‘ To
zaccommodate those students who desired additional time
for a more free and perhaps‘more'sophisticated study in
the areas under investigation,“optional lab time was made
available by opening the laboratory on three of the’four

-remaining mornings or afternoons.

2.2 Laboratorvy Reportsﬁ'

Students were not presented with a r1g1d formal
outline to follow in wrltlng up thelr report. - Instead,
they were given the following instructions,

_ Ybu -are to consider your book as an experlmental
record book containing a statement of the title,
object, and date of the experiment (recorded each
time you add new data), plus clear circuit diagrams
where applicable, all relevant data (neatly tabulated
and/or plotted where possible), and calculations. -
There should be some comments on the results, their
accuracy, and the estimated errors, Dofggtowaste .
time copying out given instructions and theory, .
but when you are required to initiate your own
method of achieving a result, you should outllne
what you did and why you did it in the manner chosen

Students are permitted ‘to write th,e,lr lab reports'
outside of the laboratory. . Thie procedure allowed the student
more time for experlmental act1v1t1es in the laboratory, |
prov1ded a. greater opportunlty for analysis of data and

such a practlce accommodated. the proposal of free lab time.
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2.3  Instructions

Y The students:werebgiven as few-séecifig instrﬁctions
has possible, so that they would héve‘to employ their .
imagination énd ingenuity.' .That’is;-Where préétiéal,v»
the students were handed:thé.responsibility of deciding
which theory was‘relevant, what data were required, and

which methods would best provide that data.

3. Application of the Scale

The population of‘Studenﬁs completed the attitude
scale at the end of both the first and'sécoﬂd~terms{
-labératoryvprogram. The first application wasvneqessa:y
- to detect any initial differences in attitude beﬁweén thé~
control and experimental groupé beforé they became acquainted
with the second @erm's laboratory program,. .

The purpose of the second application of the scale
was to detecf any differences in éttitude betWegn the control
and expefimental groups after they had completed the two
conﬁrasting experimental programs. On thié application,
studentS»were'instrucﬁedfto respond to the stateﬁents with
'specific refereﬂcé to the second term}s laboraﬁory prOgram

.'ohly.

4, The Collection and Treatment of the Data
Rather than consider the two samples from the

upopulation-of3Physics 110 students as being random,vﬁhe -
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groups were. studied for their equivalence by gathering,
. for each student; data upon which his attitude may depend.
Tbe»influence of the setsvof data obtained on'the'final
attitudevscore was margined out by treatihg each factor
~as an independent variable in an analysislof eovariance,

.the dependent variable'beingvthe final attitude score.

4.1 The Independent Variables (Covariates)

Information was collected on those characterlstlcs
of the student which may have affected his attltude toward
the experlmental or control laboratory program. | As a result,
eight independent variables were defined. These were the
verbal, quantitative, and total scores on the School and
College Ability Tests, the attitude-score on the initial
appllcatlon of the scale the mark in the last high school
physics. course taken the hlgh school graduatlng average,
the number of high school physics courSes taken, and the
number of laboratory courses elected concurrently with
Physics llO;. \

The School'and College_Ability.Testsf scores were
obtaiped from_the University;of British Columbia eounselling
office, and the remaining information was collected at the
first Physics 110 lecture in September, 1967. The card in

Figure 9 was developed for this purpose.

4.2 Restrictions Imposed by Incomplete Data

To adopt the analysis of covariance technique it

4
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Fig. 9.--The Card Employed to Obtain Information Required

~in the Analysis of Covariance.

PHYSICS 110 LABORATORY

NAME REG, NO. - $.C.A.T. Verbal
. . . Quant.

Surname Given Names _ . . _ Total —
School Last Attended . vGraduating Average
Math and.Science courses completed - Laborafory Science Courses taken this
in Secondary School (Circle ) : year. - ‘
appropriate No.. and indicate final
_mark) '

* COURSES RESPECTIVE MARKS

Physics 91, 11, 12
mChemistry 91, 11, 12 INTENDED. PHYSICS PROGRAM

Biology 91, 11, 12 - Major in Physics
Math 01, 11, 12 - (Accompanying Major)

OTHER (indicate where taken). , , Honors in Physics

1]
|

(Accompanying Honor)

Physics 110 Only
Undecided

ool o0




87

was necessarY'to have a complete~set'of data on each student,
B consisting of the.dependent;variable (final score)., and the
eight independent variables described. ‘The members}of the
control and ekperimental groups originally consisted_Of
those students in the appropriate set of alternate weeks
who completed the 1nit1al application of the scale Us1ng
this criterion there were initially 353 students in the
control group and‘370 students.in the experimental group.

It became apparent, on tabulating the information on each
of these students, that some had not written the School.
and College Ability»Tests,'and others were not present at-

~ the first Physics 110 lecture to complete the card in
Figureﬁ9. ‘Furthermore; many of these students did not
complete the final application of the scale. Tables 22

and 23 1n Appendix H display the data collected for the
original control and experimental groups In these tables
Y is the student S score on the final application of the.
attitude scale, and Xithrough X9 are respectlvely his score
on the initial application of theAattitude scale, his total,
verbal, and-quantitatiVe scores on the School and College
Ability Tests, the mark obtained invhis'last high school
physicsvcourse, the number of high school physics courses
taken, his high-school graduating average, the number‘of-
laboratory sciences taken concurrently.with Physics'llO,.
and his Physics 110 mark at the time of writing the final

‘application of‘the scale,
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. The high S¢hdol physics mark and highrscthl
éraduating average iﬁvTablestZ:and'23 were coded in-
.theAfollowing manner: ‘A (86% - 100%) was given the value
1, B (72% - 85%) the value 2, -¢+ (65%'— 71%) the valué'3,

C (57% - 64%).the'value'4;: C- (50% - 56%) the value 5, and
D (40% - 49%) the value 6. ' The final column of these tables,
the.Physicé-llO mark in March, was not included in the |
anélysis of covafiance, but was used in-a-validity'study:
described in Chapter III. |

' Of the original nuﬁbers, there remained 201 and
209 in the control and éxperimentai groups feSpectively
fof’which:a complete‘sét of data was available. These
subjécts constituted the final-control and experimenfal

groups upon which the analysis of covariance was run.

4.3 Responses to Individual Statements

A second function of this study was to compare the
reaction of the students inrthe-control'and_experimental
groups towardvséecific-aspects of the two laboratory
designs,_as‘elicited by the ihdiVidual attitude sﬁatemehts;
This was\accomplished_by tabulating, for.eéch group
separately, the frequencybwith which'each response category
for a singlevstatement was utilized. Then,bfor each
statement, two histograms‘displayihg these distributions
of response:were constructed.  One histogram was basea upon

the respohse diStribution.of_the control group for that



‘h statement7 while the.other was constructed from the
.response distribution of the experimentai group. ‘AAf
"comparison of these histograms yielded in a qualitative'
manner, the 1nformation required concerning the particular
‘e'aspect of the laboratory to which that statement pertained
| These histograms were constructed for both the _
initial_and final applications of the scale{‘ It was .
ianticfpated that the controltand experimental grouns
would display the same response distribution for each .~
statement on_the initial application, since both’ groups
compietedithe same érogram. h.consequently,-any

' differences between’the histograms ofvthe two groups'

found in the second application could be attributed to

the different treatments given the. groups

4 4 leltatlonS/Of the Data .

The grouping of students upon the bas1s of the
first 1nit1a1'of their last name may 1ntroduce a bias
vin the results which is'not accounted for by the covariance
technique. |
'Furthermore,“since the experimental,group‘will
" know that they are involved in a new and different program!
there is a'possibility.that the results obtained may in |

part be a reflection of the "Hawthorne Effect".



CHAPTER V

- ANALYSIS OF THE DATA‘
The\purpose of this chapter is to study the results
~of the analysis of covariance, and also to investigate
the differences in responses as given by the experimental
group and control group to each individual attitude

statement.

1. General Attitudinal Differences of the Control

and Experimental Groups

The results of the analysis of covariahée, as
seen in Table 24, illustratevthat the diffefence in the
mean attitude scores of the experimental group’aﬁd control
- group was staﬁigtically significant. An F value of 42.272
with 1 and 400 degrees of freedom is well beyond the one
tenth of one percent level of significance. The adjusted
mean attitude scores in Table 25 reveal that the expefimental
group held.the lower mean score, and hence displayed the

more favorable attitude.

2. Attitudinal Differences of the Control and Experimental

Groups on the Individual Attitude Statements

A separate histogram displaying the response
distribution of each group to each statement was constructed

for both applications of the scale. Tables 26 and 27

R 20
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' TABLE 24

ANALYSIS OF COVARIANCE TABLE

Source.bf Degrees of ~ Sum of " Mean

Variance. = Freedom = - Squares Square

Total (adj.) 401 - 102.1303

Between 1 . 9.7616 9.7616 42.272
Groups (adj.) : ' (p < .001)
Within 400 | 92.3687  0.2309

Groups (adj.)

- ‘ : TABLE 25

MEAN ATTITUDE SCORES

Treatment . Treatment Meana
-~ Not Adjusted Adjusted
Experimental 12.4343 : 2.4618
Control o - 2.8019 o 2.7733

? The low score denotes the more favourable
attitude, :
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in AppendixAH respectivély display the fesponse distributidns
~on thé initial and final appliéations. Using the data .
for statement number 14, Figures 10,111,v12, and 13 in
Appendix H prdvide an example of the four histograms plotted':
for a given statement. 

An éxaminatioﬁ of the histograms based upon the
responses of the experimentél~and control‘groﬁps on the
first application of the scalé revealed that on 17 statéménts
.the responéé distributions Qere the same for both g:dups,
while on 9 statements (numbers 1, 3, 5, 7, 8, 9, 23, 25,
and 26) the res?onées of the experimental group were
marginally more favorable than those of the control group.
These differénces were not attributable to any treatment;
given the g;bups, since both groups completed the same
program under the same instrucﬁors.

AA examin%tion of the histograms based u?on the
‘responses of'the'control and experimentél groups on the
, second aﬁplication yielded two qualitative observations:
(i) the reﬁponses to each'stateﬁent_by the.experimental
group_Weré more favorable.thanAthoselgiven by the control
group, with the exception Qf'statements 13 and 21, for-
which the response distributions were similar (as they
were on the initial application);,and K2) the:degreé,to
- which the more favorable reSponSes of the experimental

'group_surpassed those of the control group on the second:
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application of the scale:exceeded the deg£ee,bf any differences
existing in the initial application, with the>exception of -
’:statements 5,_13, 21, 25, and 26, where the differences,

if they existed, were the same.

| In summéry thérefore,-the responses obtained'on the
two applications of the attitude scale suggeSted.that the
experiméntal progrémvwas,perceived by students to be as‘
good as or superior to the control program in’éll aspects
'éf the laboratory alluded to by the attitude statements.
The aspects referred to were understanding prdmdted, level.
of difficulty, ciafity of instructions, opportunity for
individual initiative, generationvof interest,-éhd demaﬁds

on time.



CHAPTER VI
'SUMMARY AND CONCLUSIONS

1. Restatement of the Problem

The puprse:of,this'study was:(l)_to compare the
attitudes of studentsjtowafd two contrasting'introductefy.'
physics,laboratory designs, and (2) to develop a feliable
and velid attitude scale cépable of'measﬁring these |
aﬁtitudes.»AKnowledge of these attitudes was eonsideredi
important in view of the telationships hypothesized to
exis£ between attitude toward the physics laboratory and
achievement ‘in it, and‘attitude toward the laboratory and
the likelihood of a continued sfudy_in physicsf

Attitude toward the laboratory was defined as the
studentfs perception of the value and meeningfhlness of
the laboratory, as developed through their_perceptiens
of its specific characteristics as measured by the attitude

scale.

2. Summary of Results

2.1 The Attitude Scale

An/aﬁtitude scale toward_thevphysics labOfatory ;
was censtructed using:the Scale-Discriminatioh technique.
It cenSists Qf.26 attitude statements.whose average scale-

value on a nine point Thurstone continuum (scale-values

94
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1 to 9) is 4.64, gnd whose mean semi-interquartile range
is 0.63. The phi coefficients, employed as a measure of.
the discriminating power of each statement, range from
0.36 to O,§§, with a median value of 0.60. |

The geliability of the scale, repofted as a Guttmap.
internal consistency cdefficient, was 0.942. This coefficient
was the average of four coefficienfs sécured through two
applications of the scale to the contrQl and experimenﬁai
groups of Physics ilO students, each containing in excess
of 200 members.

Evidence that the scale possessed construct validity
was pursued in three separate approaches. The first approéch,
utilizing criterion groups of past Physics 110 stuaents |
who elected pure, applied, or no physics courses in their
second year, established that the difference between the
mean attitude scores of the applied thsics group and no
physics group toward the Physics 110 laboratory was significant
at the one percent lével, while the difference between
the scores on the pure and no physicsﬁgrqups was significaﬁt
~at the five percent level. |

In the second validity study, the laboratory achievementb
scores of students were correlated with their attitude |
scores. The correlation coefficient of .3791 obtained
was well beyond the one percent level of significance.

‘The third approach at establishing evidence of

construct validity'correlated the attitude scores of students
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with estimates of student attltude provided by the teaching

<

.assistants in the laboratory. A significant correlation
was not found. The unreliability of the teaching assistants'
estimate of a student's attitude was considered responsible

ey

for the'apparent lack of agreement.

2.2  Attitudinal Differences Possessed by the Experimental

and Control Groups

Q

2.2.1 Genefal Attitudinal Difference. The technique

. employed to detect a general‘attitudinal_difgerence between
the experimental and control group was an analysis of
covariance. The'resulting F ratio or 42.272 with 1 and 400
degrées of freedom which was highly significant at the

.001 level, and the respective adjusted mean scores of
2.3018 and\2.7733 for the experiﬁenta} and control groups
~indicated that students viewed the experimental program

as superior to the control program.

2.2.2 Specific Attitudinal Differences. The

hisﬁograms drawn from the response distributions of the
control and experimental groups to each statement disclosed
. that students found the experimental program as good‘as
or superior to thé control program in all aspects of the

laboratory programs referred to by the attitude statements.
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- 3. Conclusions

:Jf3 1 Development of an Attltude Scale:“'

7'5 An attltude scale was developed capable of objectlvelyr'

'T,lscallng students attltudes toward a phy51cs 1aboratory

\-'

:’-Thls conclus1on was based upon the sound methods of scale
.”constructlon utlllzed (Chapter III), the hlgh coeff1c1ent
. of rellablllty obtalned for the scale (chapter III sectlon 8),

' -‘and the success in establlshlng some - manlfestatlon of |
'?valldlty (Chapter III sectlon 9) |

The flndlngs of the valldlty studles supported not

only the construct valldlty of the scale, but-also ‘the -

"i'theory concernlng the nature of attltudes as measured by

.the scale and thelr correlates in actual behav1or

:3 2 The Attltudlnal Study

’

A review of the data obtalned in the attltudlnal
.study lead to the formulatlon of ‘some tentatlve but suggestlve
conslu31ons. These conclu51ons are contlngent upon the ‘

scale's valldlty as an attitude measurlng dev1ce.

3.2.1 Immediate Conclusions. As an integral unit,

“the experlmental program, in.contrast to the control program,
was perceived by students as having been more worthwhlle

and meanlngful (Chapter v, sectlon l) i Furthermore, the
;1nd1v1dual characterlstlcs of the experlmental program

were percelved by'students as having had as much or more?
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'merit than those of the control group (Chapter V, section2),
’_Aln SO far as student responses toward these characteristics

“;‘were measured by the attltude scale.gnl

'..,3:232' General Conclusions. The-results ofvthe:u

‘\

. validity studies, in conjunction w1th the results of the

:attitudlnal study 1mply that the experimental program should
- be’ more'conduc1ve in promoting better achievement in the
'ilaboratOry, and also more likely to produce a des1re for

ra continued study 1n phy51cs.

4. Discussion

- A comparison of the characteristics of=the experimental
and control 1aboratory programs, in view of the conclusions

stated in section 3.2.1, yielded some interesting observations

and 1nferences
ra

In contrast to the control program,.the experimentai.

, program demanded more time, the tOplCS were studied in
greatervdepth, and the instructions given were less explicit;““4
'However,.an examination of the responses to the 1nd1v1dual ~7%¥;

'statements on the attitude scale determined that the A

;f_experimental group rated (1) the 1nstructlons in their

1aboratory as being less confusing (statements 5, o, and 12),
(2).the_1evel-of difficulty as being lower and more appropriate
(statements 2, 10, 17, and 24), and (3) the time required'

as being more commensurate with the benefit der ived (statements
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_9.and'l9). "These reSpOnses were considered to be paftially

the result‘deStudeht.participation'in'moré worthwhile and

,,meaningful:experieﬁces which.were'cénducive to the development

of.desirable attitudes, and wereialéo considered to reflect'

. the greater freeddms and fesponsibilities given'stﬁdents

"in the leSS»strﬁctured eXpefimental program, even'tﬁough

this program was more demahding.-'These freedoms ahd '

responsibilities required the application of.more imagination

and ingenuity, and provided thé opportuniﬁy for greater

involvement in the activities fequired to meet the immediate

objecti&es of the laboratory program as éeen bethe students.
A study of thewfésponSes to all the attitude statements

revealed tﬁat'the'expérimental program, in relation to the

control_pro;ram, was perceived- by students asﬁi(l) being

mar e effegtive in promoting understanding, (2) providing

‘more opportunity for ihdividual initiative,  (3) generatingA

- more interest, (4) having a more approp?iate level of

difficulty, (5) providing clearer instructions, and (6)

demanding an amount of time more ¢ommensurate with the

" benefit derived.-'_

5. Recbmmendations-

5.1 Achievement in the Laboratdry

Since the value of this study in part depends upon.

the relationShip beﬁwéen,attitude.toward'the laboratory
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aS~de£ermined byitﬁe attitude scale and aehievement in the
iaboratofy,_a more reliable and valid measufement:ofi
achievementvie reQuired to determine to:whet‘extent this
relationship dees-exist. This could perhaps be obtained.
through the development.of-a wfitten and practical exam
-whose.quesﬁions are constfueted in view of the objectivee»
of the laboratery program, with the assietance of Bloom's

Taxonomy.

5;2> Future Studies

The attitude scale developed ceuld be equaily
valid and applicable to the other'labofatory‘sciences at
levels of instructions ranging from junior secondary school
to university, if it was utilized in a manner similar to
the one reported. Thevpnly modification required for the
application of this scale to laboratory sciences other than
physicsﬂwould be the replacement of the Work "physics",
which appeare in some sﬁefements on the scaie, with the

name of the appropriate science.
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THE FORM OF THE ORIGINAL ATTITUDE STATEMENTS AND INSTRUCTIONS

FOR JUDGING THE STATEMENTS AS PRESENTED TO THE - JUDGES

1.

Name (if you wish)

Explanation and-Instructions

The follow1ng statements express various opinions

“about the Physics 120 laboratory. Some of them will

be used in making a scale to measure the attitude-
of students ‘toward the. laboratory.

As a first step in maklng this scale, it is necessary -
that a number of persons rate these statements by
a531gn1ng them to nine dlfferent classes..

These classes will be called'A, B, ¢, D, E, F,
G, H, and I, and you will find these letters directly

. to the left of each statement. If you find a statement

which you believe expresses the highest appreciation

of the- laboratory, circle the letter A. For a statement
which seems neutral circle E, while for those statements
which express strongest depreciation of the laboratory,
circle I. Other degrees of appreciation or depreciation
may be indicated by circling one of the other possible
letters to represent intermediate ratings. :

‘Note:

P(a)v You will find it easier to rate the statements

if you first read a few statements chosen at’
random before you begin to rate.

(b) - Do not attempt to get the same number of statements
. under each rating, as the statements are not
evenly distributed. '

(c) Your own . opinions about the laboratory are not
asked for, and should not enter into your ratlngs
of the statements given.

(@) It will probably take you about forty (40)
" minutes to rate the statements.
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- ABCDEFGHI

ABCDEFGHI

10.

11.

12.

13.

-14.

15.

le.
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I have found no value in the laboratory.

In most instances I feel the labs aid ‘e
in. my understandlng of physics.

Some experlments are all right, but most
have no value. :

I find the laboratory 1nstructor gives me
all the aid I requlre.

I have trouble with experiments'because their
theoretical basis. is 1nsuff1c1ently dlscussed,
in lectures. : )

I feel our laboratory is as good a way as
any to learn physics. :

-Even though' I obtain a passing mark on'most’

experiments, I really don't understand them.

I find I usually have ample time in the
- laboratory to complete the requlred (B)

exper iments.

I do not regard our laboratory as essential
to obtaining a true understanding of physics.

I feel my instructor is 1ncapable of giving
a551stance when requlred

To me the 1aboratory is more or less boring.

I like the stress the lab glves to the proper
use of 1nstruments.

I feel the mark I receive for an experiment
as a rule reflects my actual understanding
of the experiment.

My experience is that the experiments are
hopelessly above my comprehension level.

I think our lab raises thlS course to a
higher standard than it could achieve w1thout

- it.

I feel the laboratory is an adherent of true
physics because it stresses understanding.



" ABCDEFGHI

ABCDEFGHI

ABCDEFGHI

" ABCDEFGHT -

ABCDEFGHI

ABCDEFGHI

ABCDEFGHI

ABCDEFGHI

ABCDEFGHI

ABCDEFGHI
. ABCDEFGHI

ABCDEFGHI
ABCDEFGHI
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17.

18.

19.

20.

21.

22.

33.

T24.

25.

26.

27.

28.

~29.

30.

314
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“Experiments would be more effective if there

was not such a stress on calculations.

I enjoy the laboratory, but see no need for
it. o o

I am glad laboratory marks count as only
one-third of the final grade because I find

-the experiments difficult.

I feel the lack of common ground between

“lectures and labs leads to nothing but

confu51on and hours of unrewardlng work

:I find it dlsturblng that our experlments

requlre us to use formulae whose basis or_7
derivation we do not yet know.

I belleve the laboratory successful in
promotlng understanding. '

I feel our experlments tend to skim'topice
too shallowly.

I hate the laboratory.

The laboratory's good and bad p01nts balance
each other.

The laboratory's custom of giving extra

. marks for optional (C) experlments provides

me with added incentive.

OccaSLOnally I feel I have truly benefltted
from an experiment, but in most instances
I doubt it.

I find our laboratory most efficient in ..
developing an understanding of physics.

I believe the laboratory has value in that
it stlmulates my 1nterest in physics.

Quite often I believe the laboratory is a
fruitless chore.

I regard the laboratory instructor as fully
competent.
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32.
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I thlnk there are too many students in

- the laboratory.

33.

34.

35.

36.

37.

38.

39.

40.
41.
42.

43.

44.

45.

Some experiments are.too briefly explained.

The laboratory to me is synonymous w1th
frustratlon..

I feel the laboratory provides a very ,
- stimulating and well presented opportunlty
to learn. - :

The laboratory succeeds in providing an

understanding of the appllcatlon of modern

instruments.

I feel that the theoretical basis of
experiments is discussed sufficiently in
1ectures.

Quite often I find I do not have sufficient
time in the laboratory to complete the
required (B) experiments.

I believe our experiments are mere recipes
to follow rather than true investigations.

I feel the laboratory is essential for
learning physics.

Our laboratory is superior because it does
not waste time simply justlfylng material
covered in lectures.

I find that the instructor's time is in
such demand that I cannot obtaln ‘adequate
a851stance.

This laboratory has killed any desire I
might have had to take future physics
laboratories.

I find the experiments an organized
situation in which I can learn on my own.

The 1aboratory outline seems to explain any
ideas previously forelgn to me.
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ABCDEFGHI 46. I find the laboratory's stress on use of
- instruments has greatly advanced my under-
standing of them. :

ABCDEFGHI 47. I feel much-time is wasted because the
: - instructors do not provide enough aid.

ABCDEFGHI 48. Through lack of understanding, I believe
most things I do are by trial and error.

ABCDEFGHI 49. I find the marks I obtain appear to be
' based on understanding displayed, rather
than perfect numerical results.

ABCDEFGHI 50. My experience is that the experiments are
: at the right level of difficulty.

ABCDEFGHI 51. Due to lack of laboratory time, I find
I am seldom able to attempt an optional
(C) experiment.

ABCDEFGHI 52. I sometimes find equipment so complex
I do not understand what I am trying to
accomplish. .

ABCDEFGHI 53. I feel the lack of common ground between
laboratory and lectures is an efficient
way to learn more physics. ’

ABCDEFGHI 54. Many calculatlons‘have'llttle significance
to me since I do not understand the basis-
upon whlch the formulae were derived.

ABCDEFGHI 55. I regard the laboratory as an extremely -
benef1c1al act1v1ty

ABCDEFGHI 56. I like the laboratory because it offers.
. opportunity for individual initiative.

ABCDEFGHI 57. Although I conoede'the laboratory may .
- serve a useful purpose, I'hate it. -

ABCDEFGHI 58. The awardlng of extra marks for optional
(C) sectlons is unfair.

ABCDEFGHI 59. The amount of time demanded by the laboratory:
' ' is justlfled by the tremendous beneflt I
. receive from it.
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60.

6l.

62.

63.

64.

65.

66.

. 67.

68.
69.

70.

71.

72.
73.

74.

75,
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I find it a pleasure to work with such
fine equlpment

I think the course would be: improved if
the laboratory were scrapped.

I feel we are presented with apparatus
too far beyond our present level of
understanding.

Some experiments are good ‘but in others
I see no value.

A few experlments have doubtful value,
but most are excellent

‘I find that most experlments are toov

difficult for me.

I have found the laboratory presents me.wufﬂ

_w1th a reasonable challenge.-

I feel my lab 1nstructor 1s.1ncompetent.

I have found that any reference material;
I require is always readily available.

I find I seldom understand how to use the
equipment without the aid of the instructor.

7

I feel the experlments may be providing

- worthwhile experlences but they do not

interest me.

I believe that the 1n$tructlons provided
explain the experlments in sufficient
detall

Our laboratory-fails.in that it does not
relate to lecture material;

I regard the- laboratory as essential, but
I am disappointed in ours. .

My laboratory instructor appears’ able to. e
give good explanatlons when I requlre them.—**

I feel the need for a laboratory program,'
and am pleased with ours.
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- 76.

77.

78.

79.

80. -

81.

82.

83.

84.
85.
86.

87.

88.

89.

'90.
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‘I learn much from the experiments;‘but'

I feel they do not help some people.

The lab to me is prlmarlly a waste of.
tlme.v

The experiments in'general_are,quite
easy.

I like our laboratory because the experiments
demand we think, rather than prov1dlng
us with a step by step procedures.

Reference material I have obtained is

very readable and a great aid.

The. instructor seems to have sufficient:
time to help everyone.

I have found this laboratory. the most
interesting aspect of any. of my courses.

I usually find it necessary to just fumble
my way through experiments.

I find the experiments assume we know
more than we actually do.

The laboratory certainly stlmulates an
interest in physics. :

I think our instructor looks mainly for
correct numerical results when marking.

I think the laboratory is a hindrance to
true physics because one still must "cook
results". B

I like the experiments because the instructions
are general enough to provide an opportunity
for us to display our -own initiative.

Through lack of guidance I find most things
I do are by trial and error.-

Considering the time demanded by the
laboratory, I feel the laboratory mark
does not count enough toward the final
grade. v -
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94.

95.
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99.

100.

101.

102.
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I find no partlcular like or dlsllke toward
the laboratory

. I actually belleve the experiments have

taught me some basic ideas of physics far
better than books could.

Almost without exception I find I am able .
to obtain references on ldeas whlch I am
not famlllar w1th :

I regard the laboratory as a futile,
time-wasting activity, and as such it
should be deleted from the course.

To'adequately write up a report, I find
the time given us out51de the laboratory
is not sufficient.

I believe: our laboratory is a. powerful
agency for presenting an undlstorted plcture

"of what physics truly is.

I enjoy the experiments becauseAthey are -
fairly easy.

I feel our experiments attempt to cover
too many ideas in too short a time.

I.like the stress our experiments place,
on the 1mportance of ‘errors.

I think too much time is demanded by the
laboratory for the benefit that is being
derived.

I can seldom get any aid from the laboratory:
1nstructor. :

With reasonable effect, I regard the ideas
presented in the laboratory well within -
my reach.

I feel the laboratory would be more valuable
if it demonstrated ideas presented in the
lectures. : : :

I find the laboratory does far more for

- projecting knowledge of physics than lectures..
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105.

106.

107.
108.
109.

110.

111.
112.

113.

114.

115.

~116.

117.

118.

1109.

‘or not lectures and laboratories are
~on  common ideas.
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I find I can seldom obtaln out51de
references.

The experiments’ to me are merely a demonstratlon'
of something I already know. :

Without the aid of the instructor I would
be unable to set up most circuits.

I find working in the laboratory both
1nsp1r1ng and enjoyable. _

This laboratory has killed my interest in
physics.

Reference books I manage to obtain are,
as a rule, unreadable at my level, and of
little use. o '

I think of the laboratory as a necessary
evil. '

I find the time allotted toiprepare a
write-up for handing in is ample.

I think our lab is a valuable educational.
experience, even though physics is not
my major interest.

I find the instructions in the laboratory
manual confusing.

I feel the experiments are justified in
having us use formulae that we could not

.derive.

I believe it makes little difference whether

based

My experience is that the laboratory is
a hopeless turmoil of confusion.

I belleve some experiments attempt to cover
a topic too deeply at this level.

I find many problems I have are answered
by referring to the reference books found.
in the laboratory.
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ABCDEFGHI 120. I feel the laboratory would be more
' effective if I had more time to work on
one set of experiments.
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TABLE 5

ATTITUDE STATEMENTS, AND THE SCALE VALUE AND INTERQUARTILE

RANGE OF EACH STATEMENT.

Statement .

Q-

Response Categories

Scale _

No. Value Value A B C D E F G H I
1 7.7 1.1 0 0 O O 0 1 10 37 32
| o 0 0 0 0 1 11 48 80

2 213 1.2 7 29 37 6 1 0 0 0
7 36 73 79 80 80 80 80 80
3 6.50 1.6 0 1 1 .3 9 10 34 16 6
0O 1 2 5 14 24 58 74 80
4 2.46 2.8 7 27 15 8 11 4 5 '3 0
- 7 34 49 57 68 72. 77 80 80
5 4.28 3.6 8 10 12 7 15 10 11 5 2
- 8 18 30 37 52 62 73 78. 80
6 3.85 2.5 1 17 14 12 26 5 2 3 1
1 18 31 43 69 74 76 79 80
7 5.43 24 1 9 1.5 15 21 12 14 2
1 10 11 16 31 52 64 78 80
8 2.31  2.4°15 22 11 16 9 4 1 1.1
15 37 48 64 73 77 78 79 80
9 6.90 1.4 1 0 O 0O 6 9 27 27 10
1 1 1 1 .7 16 43 70 80
10 7.10 1.7 1.2 5 2 2 7 19 29 13
1 3 8 10 12 19 38 67 80
11 7.04 1.7 0 1 0 0 2 13 23 23 18
0O 1 1 1 '3 16 39 62 80
12 2.48 21 7 23 23 11 1 2 3 0 0
7 30 53 64 75 77 80 80 80

13 2.85° 3.1 -9 19 13 6 18 7 4 3

| 9 28 41 47 65 72 76 79 80
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(o}

Statement Scale Response Categories

No. - Value Value A B C b E F G H . I
14 6.79 221 1 0 2 4 7 12 18 26 10
1 1 3 7 14 26 44 70 80
15 2.05 1.4 10 30 29 6 5 0 -0 0 O
: ' 10 40 69 75 80 80 80 80 80

16 1.83 1.8 12 33 14 12 6 2 1 0
12 45 59 71 77 79 80 80 80
17 5.81 1.7 0 0 6 7 7 26 20 8 6
0 0 6 13 20 46 66 74 80
18 6.15° 2.6 0 0 0 7 21 10 16 13 13
0. 0 0 7 28 38 54 67 80
19 5.70 1.8 0 1 4 3 13 28 17 10 4
0 1 5 8 21 49 66 76 80
20 . 6.84 1.8 0 3 5 2 2 10 23 26 9
~ 0 3 8. 10 12 22 45 71. 80
21 5.12 4.0 8 -8 8 8 7 12 17 7 s
8 16 24 32 39 51 68 75 80
22 2.67 1.7 5 19 35 13 5 0 1 2 0O
5 24 59 72 77 77 78 80 .80
123 5.47 2.1 4 4 6 5 9 29 20 3 0
4 8 14 19 28 57 77 80 80
24 8.32° 0.8 0 0 O O 0 1 2 19 58
0o -0 0 0 0 1 3 22 80
25 4.47 0.9 0 4 9 7 43 7 9 1 o0
0O 4 13 20 63 70 79 80 80
26 2.51 2.1 11 21 20 17 3 2 4 1 1
11 32 52 69 72 74 78 79 80
27 5.32 2.4 0.3 5 12 13 25 19 3 O
' 0 3 33 58 77 80 80

20
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TABLE 5--Continued -

Statement' Scale QQ. . Response Categories
No. Value Value A B C D E F G
28 2.14 1.5 7 31 26 10 2 1 2
7 38 64 .74 76 77 79
29 2,00 1.3 7 33 29 6 4 1 0
7 40 69 75 79 80 80
30 7.09 1.5. 0 1 .0 2 2 8 26
| - 0 1 1 3 5 13 39
31 1.92 1.5 6 38 18 10 4 0 2
< 6 44 62 72 76 76 78
32 5.70 1.9 0 0 1. 5 21 19 .22
0O 0 1 6 27 46 68
33 5.44 2.5 2 9 4 7 7 27 22
' "2 11 15 22 29 56 78
34 '7.3¢ 1.2 0 0 0 3 1 3 20
| o 0 0 3 4 7 27
35 1.87 1.6 19 26 23 7 5 0 O
19 45 68 75 80 80 80
36 - 2.3 1.2 4 25 36 9 3 1. 0
| 4 29 65 74 77 78 78
37 296 2.2 1 10 32 14 7 4 7
. i -~ 1 11 43 57 64 68 75
38 6.00 1.6 0 -0 2 2 9 28 23
0 0 2 4 13 41 64
39 6.51 1.6 1 1 2 '2 2 18 29
- 1 2 4 6 8 26 55
40 1.70 . 1.3 17 34 23 4 1 o0 1
- © 17 51 74 78 79 79 80 .
41 2.21 1.9 12 25 22. 7 5 0 7
- 12 37 59 66 71 71 78
42 5.88 - 1.9 1 0 4- 6 11 20 23
1 5 11 22 44 67

1

39
66

80

11
78

14
80

80
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TABLE 5--Continued

Response Categories_

Statement Scale Q-

No. Value Value A B ¢ Db E ‘F G H I
43 8.19 1.2 0 O 0 1 O 2 8 25 44
' 0 0 0 1 1 3 11 36 80
44 2.17 1.4 4 33 .25 9 5 0 3 1 0
4 37 62 71 76 76 79 80 80
45 2.42 1.3 -2 24 33 14 1 4 1 1 -0
2 26 59 73 74 78 79 80 80
46 2.16 1.2 3 32 35 5 3 0 2 0 0
' 3 35 70 75 78 78 ‘80 80 80
47 6.42 1.4 0 O0 3 3 5 14 35 17. 3
| 0 0 3 6 11 25 60 77 80
48 6.45 1.7 0 1 2 3 6 15 30 17 6
- 0 1 3 .6 12 27 57 74 80
49 2.79 2.0 3 15 29 12 12 4 2 3. 0
. 3 18 47 59 71 75 77 80 80
50 2.72 1.8 3 23 21 21 9 3 O O O
3 26 47 68 77 80 80 80 80
51 5.67 1.9 0 1 2 5 17 26 16 11 2
0 1 3 8 25 51 67 78 80
52 6.38 220 1 2 5 3 7 13 26 18 5
B 13 8 11 18 31 57 75 80
53 2.74 2.3 2 17 25 14 8 3 5 6 O
2 19 44 58 66 69 74 80 80
54 6.38 1.4 0 2 5 2 5 13 36 11 6
.0 2 7 9 14 27 63 74 80

55 . 1.27 1.1 30 39 10 1 0 O o0 O
: 30 69 79 80 80 80 80 80 80

56 1.5 1.2 15 50 19 3 1 1 1 O
| 15 55 74 -77 78 79 80 80 80
57 7.50 20 0 1 2 2 9 4 10 26 26

. . . 0 ‘1 3 5 18

28

54

80.
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TABLE 5--Continued

Statement Scéle - | Response Categories

No. Value 'Value A, B C D E F G H 1
58 6.88 1.4 0 0 0 0 3 12 28 29 8
~ O 0 0 0 3 15 43 72 80
59 1.44 1.7 29 26 14 6 2 0 3 0 O
. 29 55 69 75 77 77 80 80 80
60 1.92 1.4 9 36 19 11 4 1 0 O ©
, 9 45 64 75 79 80 80 80 80
61 8.15 1.1 0 ©0 0 -0 1 1 5 26 47
- | O 0 0 0 1 .2 7 33 80
62 6.57 1.2 0 1 3 3 2 10 38 17 6
o O 1 4 7 9 19 57 74 80
63 5,40 1.8 1 1 2 5 23 22 19 7 0
1 2 4 9 32 54 73 80 80
64 2.52 1.5 5 20 30 220 4 0 0 0 O
» 5 25 55 76 80 80 80 80 80
65  6.14 1.5 0 0 1. 2 10 23 29 14 1
' ’ 0 0 1 3 13 36 65 79 80
66 2.57 1.0 2 14 ‘42 18 4 0 0 0 0
2 16 58 76 80 80 80 80 80
67 7.16 1.5 0 0 0 0 4 7-24 29 16
O 0 0 0 4 11 35 64 80
68 2.69 1.6 4 14 33 12 13 2 2 0 0
4 18 51 63 76 78 80 80 80

69 6.06 1.8 0 1 3 7 12 16 33 7
E .0 1 4 11 23 39 72 79 80
70 5.8 2.1 0 0 2 9 14 18 26 8 3
| 0O O 2 11 25 43 69 77 80
71 2.83 1.2° 1 7 40 22 6 1 2 1 ©
| 1 8 48 7076 77 79 80 80
72 6.19 1.4 1. 0 1 4 3 25 29 12 3
' 1 1 2 9 36 65 77 80
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‘TABLE 5——Continued" 

Statement

Scale o » Requpse Categories

No. Value Value A B C D E F G  H I
73 6.30 1.8 0. 0 2 5 10 14 30 16 3
0O 0 2 7 17 31 61 77 80
74 2.46 1.2 5 .18 37 14 4 2 0 0 O
5 23 60 74 78 80 80 80. 80
75 1.83 1.3 7 40 23 7 3 O 0 O O
: 7 47 70 77 80 80 80 80 80
76 3.36 1.9 1 9 23 21 19 5 1 1 0
1 10 33 54 73 78 79 80 80
77 7.54 1.1 0 O O ©0 1 1 17 38 23
- 0O 0 0 0 1. 2 19 57 80
.78 3.95 2.2 2 9 13 18 19 12 6 1 0
2 11 24 42 61 73 79 80 80
79 1.81 1.3 15 33 25 4 2 0 1 0 0
. 15 48 73 77 79 79 80 80 80
80 2.15 1.3 8 28 32 5 7.0 0 0 O
8 36 68 73 80 80 80 80 80
81 2.46 1.5 5 22 30 17° 6 0 0 0 'O
5 27 57 74 80 80 80 80 80
82 1.19 1.2 35 30 10 3 2 0- 0 0 0
. 35 65 75 78 80 80 80 80 80
83 6.54 1.4 0 O 1 1.2 18 33 19 6
' O 0 1 2 4 22 55 74 80

84 5.93 1.5 0O 2 4 2 8 25 28 9
.0 2 6 8 16 41 69 78 80

85 2.21 1.1 5 27 39 7 2 0 0 0
5 32 71 78 80 80 80 80 80
86 6.00 1.6 0 0 6 2 11 21 28 11 1
‘ 0 0O 6 8 19 40 68 79 80
87 6.82° 1.4 0 O 0 2 3. 9 33 23 10
. : 0O 0.0 2 5 14 47 70 80
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TABLE 5--Continued

Q-

Statement Scale Response Categories

No. Value  Value A- B € D E F G H I
88 2005, 1.4 10 29 31 6 1.3 0 0 0
| 100 39 70 76 77 80 80 80 80
89 6.52 1.0 0O 1 2 1 2 13 42 14 5.
| 0 1 3 4 6 19 61 75 80
90 5.3 2.8 1 8 -9 4 14 16 21 5 2
| 1 9 18 22 36 52 73 78 80
91. 4.57 0.7 0 0O O 4 66 6 4 0 O
' 0O 0 0 4 70 76 80 80 80
92 1.96 1.4 12 30 272 8 3 0 0 0 O
12 42 69 77 80 80 80 80 80
.93 2.72 1.9. 3 22 22 18 8 2 3 2 0
325 47 65 73 75 78 80 80
94 8.30 0.9 0 0. 0O 0 O O 4 18 58
: ' 0O 0 0O 0O O 0 4 22 80
95 6. 20 1.8 1 1 8 2 7 16 27 16 2
1 2 10 12 19 35 62 78 80
96 1.65 1.6 21 31 14 10 3 1 0 0 O
21 52 66 76 79 80 80 80 80
97 3.62 2.1 "0 5 19 27 10 12 5 1 1
. ‘0 5 24 51 61 .73 .78 79 80
98 5.0 1.3 0 2 .2 3 9 30 31 3 0
0 2 4 7 16 46 77 80 80

99 2.67 1.2 1 13 40 16 9 1 0 O
, - . .1 14 54 70 79 80 80 80 80
100 6.17 1.1 0 0 1 2 2 27 42 4 2
. 0 0 1 3 5 32 74 78 80
101 6.67 1.4 0 O 0 2 5 15 31 22 5
0 0 0 2 7 22 53 75 80
102 2.52 1.0 2 18 40 12 7 1 0 0 O
\ o 2 20 60 72 79 80 80 80 80
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TABLE 5--Continued

Response Categories-

Statemeht Scale o
No..  Value Value A B ¢ D E F G H I
103 5.13 2.5, 5 3 8 12 10 26 13. 3 0
5 8 16 28 38 64 77 80 80
104 2.14° 1.3 5 31 30 7 3 2 1 1.
5 36 66 73 76 78.79 80 80
105 5.95 1.4 0 0 0 4 8 30 28 5
0O 0 0 4 12 42 70 75 80
106 6.27 1.7 0 ©0 3 2 12 16 31 12 4.
0O 0 3 5 17 33 64 76 80
107 - 6.23 1.8 0 1 4 6 7 15 30 15 2
- 0 1 5 11 18 33 63 78 80
108 1.55 1.1 20 38 17 4 0 O 1 0 0
. 20 58 75 79 79 79 80 80 80
109 8.18 1.0 0 0. 0 O 0 1 4 27 48
0 0 0 0 0 1 5 32 80
110 6.82 1.6 0 1 1 O 5 15 23 30 5
0 1 2 2 7 22 45 75 80
111 6.86 2.1 1 0 0 3 8 13 17 26 12
1 1 1 4 12 25 42 68 80
112 3.24 1.6 2 10 23 26 14 4 0 1 O
N 2 12 35 61 .75 79 -79 80 80
113 2.39 . 1.2 7 19 37 14 3 0 0 0 0
7 26 63 77 80 80 80 80 80
114 6.11° 1.4 0 0 1 1 6 29 29 .13 1
0 0 1 2 '8 37 66 79 80
115 3.42 1.7 0 6 20 32 5 6 5 3
O 6.26 58 63 69 74 77 80
116 401 1.4 0 O 1119 34 8 6 2 0
) 30 64 72 78

11
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. TABLE 5--Continued

Response Categories

AStatement Scale d- ‘
No. . Value. Value A B.. C D E F G H I
117  7.67 1.5 0 ©0 0 0 O .3 19 28 30
o 0 0 0 0 3 22 50 80
118 6.05 1.4 0O O 3 6 7 21 38 4 1
- . 4 0O 0 3 9 16 37 75 79 80
119  3.01 1.5 0 12 28 26 8 5 1 0 0
0O 12 40 66 74 79 80 80 80
120 '5.21 2.1 2 5 6 10 11 31 13 1 1
2

7 13 23 34 65 78 79 80

2 For each item, the first line is the frequency distribution,

the second line is the cumulative frequency distribution.



APPENDIX B

THE PILOT STUDY
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THE THURSTONE SCALE DEVELOPED FOR THE PILOT STUDY

~ATTITUDE TOWARD THE LABORATORY

This is an experimental study of the distribution of attitude

toward your laboratory.. You will be asked to read a list '
of statements about your laboratory and endorse those that
express your own sentiment. Let your own experience with

the laboratory determine your endorsements.

1.

2.

Name *

High School Physics courses completed -

Physics 11
- Physics 12
Physics 91
Others (specify)

Indicate your future intentions with regard to physics.

a. To not continue in physics

b.  To continue in physics: Honors

Major
Undecided

c. Undecided

Write an X somewhere on the line below to indicate where

you think you belong.

Strongly favorable - Neutral Strongly egaiﬁet
to the laboratory , ~the laboratory

In form A and B that follow circle the numbers of the
statements that most closely express your sentiment
towards the laboratory. Interpret the statements in
accordance with your own experience.

* (optional)
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Form A

1. I have found no value in the laboratory

2. I think our lab raises this course to a hlgher standard
than it could achieve without it. -

- 3. The laboratory's good and bad points balance each'other.

4. Due to lack of laboratory time, I find I am seldom able
to attempt an optional (C) experiment.

5. The‘laboratory to me is synonymous with frustration.

6. I feel we are presented with apparatus too far beyond
our present level of understanding.

7. Some experiments are good, but in others I see no value.

8. I find that most experiments are too difficult for me.

9. . I'feel my lab instructor is incompetent.

10. I feel the need for a laboratory program, and am pleased
with ours.

11. I learn much from the experiments, but I feel they do
not help some people. :

12. 1 have found thls laboratory the most 1nterest1ng aspect .
of any of my courses._ : :

13. I thlnk the laboratory is a: hlndrance to true physics
because one still must “cook results“

14. 1 regard the laboratory as a futlle, time-wasting act1v1ty,
and as such it should be deleted from the course.

15. I think too much time is demanded by the laboratory for
- the benefit that is being derived.

16. With reasonable effect, I regard the ideas presented

- 'in the laboratory well within my reach

17. I flnd the time allotted to prepare a wrlte -up for

handing in is ample. :

I think our lab is a valuable educational experience,
even though physics is not my major interest. :
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, 19. I believe it makes little difference whether or not

© lectures and laboratories are based on common ideas.

20. My experience is that the laboratory is a hopeless
o turmoil of confusion.
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Form B
1. To me the laboratory is more or less boring.

2. Occasionally I feel I have truly benefitted from an
experiment, but in most instances I doubt it.

3. Qulte often I belleve the laboratory is a frultless
chore. . '

4. I feel the laboratory is essential for learningjphysics;

5. I find that the instructor's time is in such demand

that I cannot obtain adequate assistance.

6. This laboratory has killed any desire I might'have had
- to take future physics laboratories.

. 7. Although I concede the laboratory may serve a useful
.purpose, 1 hate it.

8. I think the course would beé 1mproved if the laboratory
were scrapped.

9. I have found the laboratory presents me with a reasonable
challenge.

10. I believe that the instructions provided explain the
experlments in suff1c1ent detail.

’

11. I regard the laboratory as essentlal but I am dlsapp01nted
1n ours. ,

12. The lab to me is primarily a waste of time.

13. I usually flnd it necessary to just fumble my way
through experiments.

14. I find the experiments assume. we know more than we
~actually do. '

15. The laboratory certalnly stimulates an 1nterest in
phy81cs. '

16. I find no particular like or dlsllke toward the
laboratory.

17. I enjoy the experiments_becanseathey are fairly_easy.A
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v18. I find the laboratory does ‘far more . for pro;ectlng
_knowledge of phys1cs than lectures.

19. I find working in the laboratory both 1nsp1r1ng and:-
enjoyable

20, I feel'thegexperiments,are justified in having-us
use. formulae that we could not derive.
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TABLE 6

THE SCORES OF THE PHYSICS 120 STUDENTS WHO PARTICIPATED IN
'THE PILOT STUDY, ACCOMPANIED BY THE STATISTICS REQUIRED IN

- THE CALCULATION OF A SPLIT-HALF CORRELATION_COEFFICIENT

USING THE GUTTMAN FORMULA

: Total
Student Scale Form A Form B S
No. Score Score Score - 2 2 P
A + B A B (A + B) A B

1 4.13 - 2.16 1.97 17.05 4.66 3.88
2 4.25 2.10 2.15 18.06 4.41 4.62
3 4.28 2.14 2.14 18.31 4.56 4.56
4 4.30 2.14 2.16 18.49 4.56  4.66
5 4.32 2.16 2.16 18.66 4.606 4.66
6 4.41 2.65 1.76 19.44 7.02  3.09
-7 4.43 . 1.87 2.56 19.62 3.50 .6.57
8 4.43 1.80 2.63 19.62 3.25 6.89
] 4.48 2.18 2.30 20.07 4.75 5.31
10 4.50 1.90 2.60 20.25 3.61 6.76 "
11 4.55 2.55 2.00 20.70 6.51  4.00
12 4.53 2.38 2.15 20.52 5.66 4.62
13 4.58 2.58 2.00 20.97 6.65 4.00
14 4.61 2.45 2.16 21.25 6.00 4.66
15 4.62 2.37 2.25 21.34 5.62 5.08
16 4.65 2.18 2.47 21.62 4,75 6.10
17 4.73 2.57 2.16 22.37 6.61 4.66
18 .4.78 2.68 2.10 22.84 7.18 4.41
19 4.78 2.46 2.32 22.84 ~6.05 5.38
20 4.80 2.40 2.40 23.04 5.76 5.76
21 4.83 2.53 2.30 23.32 6.40 | 5.29
22 4.88 2.45 2.43 23.81 6.00 5.90
23 4.87 2.55 2.32 23.71 6.51 5.39
24 4.88 1.85 3.03 23.81 3.43 9.20
25 4.96 2.40 2.56 24.60 . 5.76 ©.55
26 4.99 2.54 2.45 24.90 6.45 6.00.
27 5.05 3.05 2.00 25.50 9.30 4.00
28 -5.08 2.58 ©2.50 -25.80 6.65 6.25
29 5.12 2.56 2.56 26.21 6.55. 6.55
30 5.12 2.17 2.95. 26.21 4.71  '8.70
31 5.14 2.06 3.08 26.41 4.24 9.48
32 5.16 2.66 2.50 26.62 7.07 6.25
33 5.15 . 2.37 2.78 26.51" 5.62 7.72
34 5.26 2.94 2.32 . $27.66 8.64 5.38
35 2.72

5.25

2.53

27.56

7.39

6.40
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'TABLE 6--Continued

Total

Student’ Scale Form A  Form B
No. Score  Score Score - . 5 5 5
' A+ B A B " (A + B) A B
36 -5.35 2.95 2.40 . 28.62 8.70 5.76
37 5.39 2.53 2.86 29.05 6.41 8.17
38 5.42 2.55 2.87 29.37 . 6.51 8.24
39 5.44 2.82 2.62 29.59 7.95 6.86
40 5.51 3.35 . 2.16 30.36 11.22 4.66 -
41 5.54 = 3.88 2.16 30.69 11.42. . 4.66
.42 ' 5.54 3.08" 2.46 30.69 9.48 6.05
43 5.53 2.43 3.10 -30.58 5.91 9.61
44 5.55 2.95 2.60 30.80 8.70 - 6.76
45 5.57 3.27 2.30 31.02 10.69 5.29
46 5.61 3.05 2.56 31.47 9.30 6.55
47 5.71 . 2.95 2.76 32.60 8.70 7.61
48 5.70 - 2.74 2.96 32.49 7.50 8.76
49 5.73 2.95 2.78 32.83 . 8.70 . 7.72
50 5.88 2.85 3.03 34.57 8.12 9.18
51 5.90 3.30 2.60 34.81 10.89 . 6.76
52 5.99 3.33 2.66 - 35.88 11.08 7.07
53 6.00 2.86 3.14 36.00 8.18 9.85
54 6.03 3.10 - 2.93 36.36 9.61 8.58
55 6.10 3.22 2.88 37.21 10. 36 8.29
- 56 6.18 2.82 3.36 38.19 7.95 '11.28
57 6.20 3.45 - 2.75 38.44 11.90 7.56
58 - 6.20 . 3.00 3.20 38.44 - 9.00 10.24
59 6.22 3.10 3.12 '38.68 9.061  9.73
60 6.21 2.96 3.25 38.56 8.76 10.56
61 6.23 3.45 2.78 38.81 11.90 7.72
62 6.30 2.70 3.60 39.69 7.29 12.96
63 6.30 2.90 3.40 39.69 - 8.41 11.56
64 6.33 2.83 3.50 40.06 8.00 12.25
65 6.37 2.97 3.40 40.57 8.82 11.56
606 6.38 2.88 3.50 40.70 8.29 12.25
67 6.41 2.95 3.46 41.08 8.70 11.97
68 6.45 3.44 3.01 41.60 11.83 9.06
‘69_ 6.48 3.68 2.80 41.99 13.54 7.84
70 6.54 . 3.43 3.11 . 42.77 11.76 9.67
71 6.55 3.20 3.35 42.90 - -10.24 . 11.22
72 6.61 2.75 3.86 43.69 7.56. 14.89
73 6.63 3.40 3.23 -43.95 11.56 10.43
74 . 6.63 3.33 3.30 43.95 ~11.08 10.89
75 6.73 2.73 4.00 45. 29 7.45  16.00
76 3.77 2.98 45.56 14.21

6.75 .

8.88
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TABLE 6--Continued

Total ,
Student Scale Form A - Form B
No. - Score Score Score . 2 5 2
T A+ B A B (A + BT A B
77 6.75 2.75 - 4.00 45.56 7.56 16.00
78 6.82 4.02 2.80 46.51 16.16 7.84
79 6.82 3.30 3.52 46.51 10.89 12.39
80 6.87 3.47 3.40 47.19 12.04 11.56
81 6.95 3.33 - 3.62 .48.30. 11.08 13.10
82 '6.97 3.20 3.77 48.58. 10.24 14.21
83 7.04 3.84 3.20 49.56 14.74 10.24
84 7.03 - 3.27 3.76 49.42 10.96 14.13
85 7.08 3.85 3.23 50.12 14.82 10.43
86 . 7.08 3.38 . 3.70 50.12 11.42 13.69
87 7.09 3.21 3.88 50. 26 10.30 15.05
88 7.16  4.23 2.93 51.26 17.89 8.58
89 7.18 3.00 4.18 51.55. 9.00 17.47
90 - 7.21 3.85 - 3.36 ‘51.98 14.82 11.28
91 7.22 3.46 3.76 52.12 011.97 14.13
92 7.24 3.44 3.80 _ 52.41 11.83 14.44
93 7.25 3.70 3.55 52.56 13.69 12.60
- 94 7.26 3.55 3.71 52.70 12.60 13.76
95 7.31 3.60 3.71 53.43 12.96 13.76
96 7.32 3.10 4,22 53.58 9.61 17.80
97 . 7.37 4.14 3.23 ~54.31 17.13 10.43
98 7.38. 3.52 3.86 54.46 12.39 °14.89
.99 7.46 3.80 3.66 55.65 14.44 13.39
100 7.49 3.93 3.56 56.10 15.44 12.67
101 " 7.49 3.47 4.02 56.10 12.04 1le6.16
102 7.49 3.41 4.08 56.10 11.62 16.64
103 7.63 ‘4,33 3.30 58.21 18.74 10.89
104 7.60 4.00 3.60 57.76 16.00 12.96
105 7.61 3.94 3.67 57.91 15.52 13.46
106 7.65 - 3.63 4.02 58.52 13.17 16.16
107 7.72 3.80 3.92 59.59 14.44 15.36
108 7.72 3.76 3.96 59.59 14.13 15.68
109 7.98 - 3.52 4.46 - 63.68 12.39 19.89
110 7.97 3.86 4.11 63.52 14.89 16.89
111 7.98 3.98 4.00. 63.68 ~15.84 16.00
112 7.98 3.54 4.44 63.68 12.53 19.71
113 8.04 4.30 3.74 64.64  18.49 13.98
114 8.09 3.92 - 4.17 "65.44 15.36 17.38-
115 8.12 - 3.47 4.65 - 65.93 ©12.04 21.62
1le6 8.21 3.36 4.85 67.40 11.28 23.52
117 3.60 4.82 - 70.89 23.23

8.42

12.96
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"TABLEv6-—Continued

Total

10.88 .

5.40

118:37

. Student'  Scale- Form A - Form B ‘
No. Score Score Score : o 5 > 2
A+ B. A ‘B~ (A+B)“ A B
118 . - 8.43 4.57 3.86 - 71.06 - 20.88 14.89
119 8.44 4.36 4.08 71.23 19.00 16.64
120 8.47 "3.90- . - 4.57 71.74 15.21 20.88
121 8.50 4.00 4.50 72.25  16.00 20.25
122 8.51 4.35 4.16" 72.42 18.92 17.30
123 8.55 4.20 4,35 73.10 17.64 18.92
124 8.57 4.27 - 4.30 73.44 18.23 18.49
125 8.60 4.00 4.60 73.96 . 16.00 21.16
126 8.63 3.97 4.64 74.47 - 15.76  21.25
127 8.69 4.66 4.03 75.51 21.71 16.24
128 8.72 4.12 4.60 76.03 16.97 21.16
129 8.71 4.20 4.51 75.86 17.64 -20.34 .
130 . 8.75 - - 4.40 4,35 76.56 119.36 18.92
131 8.90 . 4,20 4.70 79.21 17.64 22.09
132 8.96 4.15 4.81 -80.28 17.22 23.13
133 9.00 4.05 4,95 . . 81.00 16.40 24.50
134 9.03 4.46 - 4.57 81.54 . 19.89 20.88
135 . 9.10 4.80 4,30 . 82.81 23.04 18.49
136 9.16 4.60 4.56 83.90 21.16 20.79
137 9.18 4.38 4.80 84.27 19.18 23.04
138 9.19 3.93 5.26 84.45 15.44 27.66
139 9.27 4.20 5.07" 85.93 17.64 25.70
140. 9.38 4.58 4.80 87.98 20.97 23.04
141 9.40 4.10 5.30 -88.36 16.81 28.09
142 19,42 5.52 3.90 88.73 .. 30.47 15.21
143 9.45 4.85 4.60 89.30 23.52 21.16
144 9.48 5.04 4.44 89.87 25.40 19.71
145 9.62 = 4.82 4.80 92.54 23.23° 23.04
146 9.63 4.73 4.90 92.73 22.37 24.01
147 9.92 4.41 5.51 98.40 19.44 30.30
148 10.05 4.70 - 5.35 . 101.00 22.09 28.62
149 10.09 ~5.17 4.92 101.80 26.72 24.20
150 10.18 4.23 ©5.95° 103.63 17.89 35.40
151 10.20 5.02 5.18 . 104.04 25.20 26.83
152 . 10.28 4.90 . 5.38 . 105.67 24.01 28.94
153 . 10.37 5.01 5.36 . 107.53 1 25.10 '28.72
154 10.37 4.65 5.72 107.53 21.62 32.71
155 -10.40 - 5.80 4.60 108. 16 33.64 21.16
156 10.58 4.68 . 5.90 111.93 21.90  34.81
157 10.66 4.83 5.83 113.63 23.32 33.98
158 - 5.48 - .29.16

30.03
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TABLE 6--Continued

Total -

© . Student. Scale Form A ~ Form B
No.. Score Score Score 2 . 2 2
o A+ B A B (A + B) A B
- 159 10.88 5.33 5.55 118.37 28.40 30.80
160 10.89 5.62 . 5.62  118.59 - 31.58 27.77
lel 10.95 5.50 5.45  119.90 30.25 . 29.70
162 10.97 4.82 6.15 120.34 23.23 37.82
163 11.10 5.80 5.30 123.21 33.64 28.09
164 11.09 5.08 6.01 122.98 . 25.80 36.12
165 11.16 =~ 4.93 6.23 124.54 24.30 38.81
166 11.25 5.25 5.90 126.56 28.62 34.81
167 11.30 -5.30 6.00 127.69 - 28.09 36.00
168 11.37 6.12 5.25 129.27 37.45 25.56
169 11.44 5.81 '5.63 - 130.87 33.75 31.69
170 11.49- 5.67 5.82 132.02 32.14 33.87
171 11.80 - 6.08 5.72 139.24  36.96 32.71-
172 11.88 5.96 5.92 141.13 35.52 35.04
173 12.04 5.56 . 6.48  144.93 - 30.91 41.99
174 12.12 5.80 6.-32-  146.89 33.64  39.94
175 12.32 6.10 6.22 151.78 37.21 38.68
176 12.59 6.07 6.52 158.50 36.84 42.51
177 12.83 6.60 6.23 164.60 43.56 38.81
178 + 14.00 6.55 7.45 196.00 42.90 55.50
179 14.22 7.02 7.20 202.20 = 49.28 51.84
180 15.80 7.80 8.00 . 249.64 60.84 64.00
Totals  1367.10 673.68

693.24 11360.72 2741.90 2971.78
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Fig. 4.ffCal¢ulation of the Reliability Coefficient

Variance of scores on Form A

& -4a% - g2 =1.22
| =

N

Variance of scores on Form B

&y = #8° - (#B)% = 1.67
N_

N

N

Variance of the total scores

650 = f@am)? - (fa1m)? = 5.32
N

N

The Guttman correlation coefficient for the scale is

’

T 2(1 - aa%id8%)
A+B

A+B) (A+B)

= .912
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ANALYSIS OF STATEMENTS FOR THEIR
- DISCRIMINATING POWER
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-THE LIKERT SCALE DEVELOPED TO DETERMINE THE.DISCRIMINATING-
POWER OF THOSE 68 OF THE ORIGINAL 120 STATEMENTS WITH
LOWEST Q VALUE

ATTITUDE'TOWARD THE LABORATORY

This is an experimental study of the distribution -
of attltude toward your laboratory.  You are asked to read .
each statement in the following list, and place an X in
one of the six response categories prov1ded for. each statement.
Your choice of category for a statement is to be based on
the degree of agreement or disagreement you find with the
statement. The six categories are clearly labelled.

Name: *
[:V) ) Q
O VU v ] Qv o
[ Lo _ V] - ] -
~ o & Y] [ ] ~ B T :
80 [TR- i} [0 U «© [V} 60 Qo « [}
< o ® T < [V o) < 4 w )
. o0 - 1Y) ’ a0 A Y [ Y
>y < A @O >80 > < A U >80 > < A U >0
— v ~d — . Vv ~© — . U e~
80 o TR Y] 80w &0 o S ¥ bown 80 >Ny M a0wm
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10.

11.

12.

13' X
14.
15.

16.

17.

18.
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- I have found no value in the laboratory.

~In most instances I feel the labs aid me in my under—_
standing of physics.

I do not regard our laboratory as essentlal to obtalnlng

~a true understanding of phy51cs.

‘I feel my 1nstructor ls 1ncapable of giving a551stance

when required.
To me the laboratory is'more or less boring.

I think our lab raises this course to a hlgher standard
than 1t could achieve without it.

I hate the laboratory

The laboratory's good and bad points balance each

other.

‘Occasionally I feel T have truly benefitted from an

experiment, but in most instances I doubt it.

I find our laboratory most efficient in developing
an understanding of physics.

,I believe the laboratory has value in that it stimulates

my 1nterest in physics.

7

Quite often I belleve the laboratory 1s -a frultless
chore. : . . :

The.laboratory to me is synonymous with frustration.

The laboratory succeeds in providing an understanding .
of the application of modern instruments.

I feel the laboratory is essential for learning physics.

I find that the instructor's time is in such demand
that I cannot obtain adequate assistance.

This iaboratory has killed any desire I might have
had to take future physics laboratorles.

I flnd the experlments an organlzed 51tuatlon in. whlch
I can. learn on my own.



19.

20.
21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.
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The laboratory outline seems ‘to explaln any 1deas '

'prev1ously forelgn to me.

I feel much time is wasted because the instructors.
do not provide enough aid.. '

.Due to lack of laboratory time, I find I am seldom

able to attempt an optional (C) experiment.

Many calculations have little significance to me since
I do not understand the bas15 upon- which the formulae
were derived. :

I regard the laboratory as an extremely benef1c1al
act1v1ty :

"I like the laboratory because it offers opportunity
-for individual initiative. :

Although I concede the laboratory may serve a useful
purpose, I ‘hate it. o

The awardlng of extra marks for optlonal (C) sectlons
is unfair.

I find it a pleasure to work with such fine equipment.

I think the course would be improved if the laboratory
were scrapped

I feel we are presented with apparatus too far beyond
our present level of under standing.

Some experlments are good, but in others I see no
value.

I find that mostvexperimentspare too difficult for -
me.

I have found the laboratory presents me w1th a reasonable
challenge.

I feel my lab instructor is incompetent.

I believe that the 1nstructlons provided explaln the
experlments in sufficient detall.v

Our laboratory. fails in that 1t does not relate to

lecture material.



36.

37.

38.

39.

40.

41.
42.
43.
44,
45,
46.
47.
48.

49.

50.

51.
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I regard the laboratory as essentlal but I am dlsapp01nted

in ours. .

My laboratory instructor appears able to glve good
explanatlons when I requlre them.

I feel the need for a laboratory program, and am . -
pleased with ours.

I 1earn ‘much from the experlments, but I feel they
do not help some people.

The lab to me is prlmarlly'a waste of time.

The experiments in general are quite easy.

I like our laboratory because the experiments demand
we think, rather than prov1d1ng us with a step by

step procedure.

I have found this laboratory the most interesting
aspect of any of my courses.

I usually find it necessary to just fumble my way through
experlments.

I flnd‘the exper iments assume we know more than we
actuallyrdo.

The laboratory certainly stlmulates an interest in
physics.

I think the laboratory is a hindrance to true physics
because one still must "cook results".

Through lack of guldance I flnd most thlngs I do are
by trial and error.

"I find no particular like or dislike toward the

laboratory.

I actually believe the experiments have taught me
some basic ideas of physics far better than books
could.

I regard the laboratory as a futile, time-wasting
activity, and as such it should be deleted from the

- gourse.



52.

- 53.
54.

55.

56.

57.
58.

59.

60.

6l.

62.
63.

64.

65.

66.

67.

68.
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I enjoy the eXperiments becauSe»they are fairly easy.

I feel our experlments attempt to cover too many 1deas
in too short ‘a time.

I like the stress our experlments place on the 1mportance
of errors. i

I think too much time is demanded by the 1aboratory
for the benefit that is being derived.

I can seldom get any aid'from the laboratory instructor.

With reasonable effort, I regard the ideas presented
in the laboratory well within my reach.

I find the laboratory does far more for projecting

-knowledge of phy31cs than lectures.

I flnd I can seldom obtain outs1de references.

. I find working in the laboratory both 1nsp1r1ng and -

enjoyable.
This laboratory has killed my interest in physics.

I find the time allotted to prepare a write—up for
handing in is ample.

I think our lab is a valuable educatioﬁal’experience,.
even though physics is not my major interest.

I find the instructions in the laboratory manual confusing. .

" I feel the experiments are justified in having us use
- formulae that we. could not derive.

I believe it makes little difference whether or not
lectures and laboratories are based on common ideas.

My experience is that the. laboratory is a hopeless
turmoil  of confus1on »

I belleve some experlments attempt to cover a. tOplC
too deeply at this level.
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TABLE. 7

' THE FREQUENCY DISTRIBUTION OF RESPONSE TO EACH OF THE 68
STATEMENTS ON THE LIKERT SCALE BY THE oW SCORING AND HIGH

SCORING GROUPS OF - STUDENTS

No.

-' No.

No. |L.G. H.G. . H.G. L.G H. No.| L.G. H.G
1.1 o 4 2.1 2 .3 3.] o 71 4] 1 6
0 15 0 24 - 2 22 1 8
0 20 1 15 2 19 5 4.
3 15°€ 15 19 12 10 5 15
40 17 V) 14 33 12 28 29
30 4 10 0 26 4 34 13
5.1 1 5 6.1 2 12 7.1 0 11 8.l 5 11
3 22 || 3 26 1 13 22 20
2 18 4 21 2 21 0 30
8 11 .18 15 3 12 12 11
32 14 35 "9 23 16 28 3
26 5 11 1 45 2 4 0
9. | 3 14 || 10.] 3 14 | 11.] 1 131 12.] o 9
6 40 3 34 : 2 31 3 38
10 13 18 15 5 11 3 11
13 4 25 12 15 15 13 11
36 3 22 0 38 4 39 5
6 0 , 4 0 14 0 16 1
13.] 1 12 || 14.] 2 6 || 15.] o. 10l 16,4 1 5
3 20 3 - 22 3 18 4 10
7 20 4 10 7 14 6 19 -
‘10 12 19 21 17 12 6 8"
37 9 37 14 29 .12 1 42 25
15 1 9 2 18 8. 16 8
17. | 2 6 || 18.] 4 14 || 19.| o 114 20.] o 5
1 8 ‘ 9 22 4 24 0 9
4  -16 8 25 7 16 6 21
3 19 14 12 38 12 11 13
39 19 34 1 24 11 a4 25
25 5 5 1 2 1 12 2
21. | 21 - 34 || 22.] 2 19-|| 23.] o 16 || 24.) 2 11
' 18 15 6 29 || 2 31 3 26
15 17 16 18 4 10 7 22
5 5 12 6 .25 13 25 12
9 3 30 5 31 2 31 4
4. 1 8 0. 12 2 6
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TABLE 7--Continued

- No.

Al mo.

L.G.-

0

L.G. H.G. || No. .G. || No. H.G.
25. 0 7 || 26. 14 || 27. 28. 0O 5
0 13 16 0- 9
2 27 15 3 15
9 13 9 -3 27
35 13 11 28 14
26 1 2 41 5
29. 0 o || 30. 13 || 31. S 32. 0 7
1 9 36 1 11
5 16 18 1 9
5 18 3 18 27
41 17 4 41 20
23 14 1 11 0
33.1 0 6 || 34. 17 || 35. 36. 1 20
1 3 14 2 12
4 9 -15 5 21
4 18 16 16 13
33 27 12 42 8
33 “10 1 7 0
- 37. 0 "2 38. 13 39. 40. 2 14
2 11 27 0 13-
2 9 20 0 26
13 14 13 5 14
40 29 2 38 6
17 10 0- 30 1
41. 2 8 || 42. 15 || 43. 44. 0 8
11 19 14 : 4 25
20 20 27 3 20
19 11 15 16 12
16 12 1 37 9
4 4 0 12 1
45. 0 - 6 || 46. 14: || 47. 48. 0 2
9 30 24 : 3 13
18 25 19 6 24
17 "7 13 12 16
28 6 5 45 19
3 9 21
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- No.

L.G. H.G.||No.|L.G. H.G.|f No.|L.G. H.G.|| No.{L.G. H:.G

49. { 7 11 [} 50.| © 12 || 51.f 1 6 || 52.] 3 13
34 26 4 27 1 6 18 33

17 16 6 18 2 20 17 . 21

8 16 24 15 3 24 22 5

8 4 26 3 20 17 - 10 2

1 2 12 0 43 2 1 1

53. 1 1 11 }| 54. 4 11 || 55. 1 20 || 56. 0. 5
2 15 . 12 27 || 3 19 0 4

19 16 16 13 5 18 3 7

13 16 19 16 12 7 2 20

25 11 15 7 41 4 35 28

6 2 5 1 7 1 32 11

57. 0 0 }{58. 1 13 |t 59. o© 7 || 60. 1 18
3 10 12 31 8 11 2 32

3 13 17 18 12 19 12 15

- 10 34 24 - 7 18 15 25 6

44 18 13 2 27 17 - 29 1

13 "0 5 4 4 5 14 1

61. 1 O 7 ||62.] 2 31 | 3. 1 12 || 64.] © 10
0 8 22 18 7 18 1 17

4 20 17 8 9 14 13 18

3 20 . 7 10 11 21 14 20

35 15 18 7 35 9 37 7

30 5 2 1 9 1 7 2

65. | 2 29 || 66.| 16 29 || 67.[ © 51 68.] 3 5
14 19 29 19 : 2 11 0 19
14 19 14 19 1 29 13 21

24 4 5 4 2 20 12 11

31 3 8 3 39 8 37 15

0 1 3 0 30 2 10 4

a The responses for each statement are quoted such that the
first number in the column corresponds .to the response
weight. 5, and the last number corresponds to the response
weight 0. In terms of response categories, responses are
listed in the order "strongly disagree" through "strongly
agree" - for items- whose Thurstone scale values are 0 to
5.00, and "strongly agree" through "strongly dlsagree
for 1tems w1th scale values 5.00 to 9.
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TABLE 7--Continued .

",.G." is the low group of students-on the tbtal_ecereif7f

and "H.G." is the high group of students. These groups
were defined respectlvely by taklng the bottom and top
27% of the scores.

The lines drawn between two response categorles for a
glven item dichotomize the response categorles by
minimizing the sum of the number of subjects in the
low group above the line and the number of subjects
in the high group below the line.
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TABLE 8 |
. DICHOTOMIZED RESPONSE DISTRIBUTION OF THE HIGH SCORING AND LOW
| SCORING GROUPS ON THE LIKERT SCALE®

No. [L.G. H.G. || No. |[L.G. H.G.|| No. |[L.G. H.G.{| No. |[L.H. H.G.

1. 3 54 || 2.118 61| 3.] 4 as8]|] 4.]40 62
70 21 54 14 71 26 34 13

s.114 56 || 6.l 9 s0f 7.1 6 57| 827 . e1
60 19 lea 25 68 18 44 14

9. | 19 67 || 10.| 6 a8 || 11.] s 55 || 12.1 6 58
55 7 69 27 66 19 68 17

13, | 21 64 |l 14. | 28 59 || 15.] 10 42 || 16.4 17 42
52 10 46 16 64 32 58 33

17. {10 -~ 4° 18. | 21 61l 19. 11 = 51 20.| 17 48
- | 64 33 ‘| 64 24 53 14 || 64 24

21. | 21 34 |l 22.1 24 66 || 23.1 6 57 || 24.1 12 59
51 41 50 11 68 17 62 16

25. | 11 60 26. | 23 45 27.1. 7 33 28. 6 56
61 14 35 22 65 42 69 19

29. 11 a3 |[30.]| 20 49 | 31.] 12 52 || 32.] 20 54
64 31 52 26 61 22 52 20

33.] 9 36 ||34.1 18 46 || 35.| s as || 36.| 8 53
66 37 53 29 70 30 |5 21

37. | 17 36 38.| 6 60 39.] 11 57 40. 7 67
57 39 66 15 62 17 68 . 7

41. | 13 27 |j42.] 22 58 || 43.] 20 63 || 44.| 7 53
59 49 51 16 54 12 65 22

45.127 - 61 {[46.| 12 57 || 47.] 22 63 |[ 48.| 21 55
48 13 63 18 || 51 12 54 20

49. 7 11 50. 1 12 57 51. 7 .56 52.| 38 67
68 64 63 18 || 63 19 33 8
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TABLE 8--Continued

No. IL.G. ' H.G. || No. |L.6. H.c.||No.|r.c. H.G.|| No. |L.G. H.G.
53. | 35 58 lls4.]16 38| s5.] 9 57| s6.| 5 36
N A3 13 155 37| 60 12 1 67 39
57. |16 57 ||58.] 30 62 | 59.] 20 37 | 60.{ 15 65
57 18 42 13 49 37 ) 58 8

61.| 7 55 ||62.] 7 31 || 63.] 28 65 || 64.| 28 65
65 20 66 44 43 10 44 - 9

65. 20 67 |le6.| 16 20| 67.1 5 65| 68.| 28 56
55 8 59 45 {69 10 47 19

a These dichotomized scores were obtained by grouping the
responses above and below the line in the response -
distributions .in Table 6. Consequently, for an arbitrary
statement whose response categories are of the form

ab

c d thep.

: cb - ad .
Jla+Db)(b +4d)(a+c)lc+a)

14

T

where r¢ is the phi coeffiéient.
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TABLE 9

PHI COEFFICIENTS FOR THE 68 STATEMENTS ON THE LIKERT SCALE.

No. rg No. ry No. . ?ﬁ No. r’é .
1. | .70 || 18. | .54 35. | .57 || sz, | .30
2. | .57 19. | .53 3. | .62 || 53. | .31

3. | 62 20. ».41_ 37. ;26' : 54. | .29

 4, .31 21. | .18 38, | .72 || s5. | .70
5. | .60 - 22. | .58 39. | .62 56. | .46
6. | .56 23, 70 || 40. | o1 57. | .54
7. | .69 24, | .63 41, | .20 | s58. | .42
8. | .47 5. | .77 | 42, | .1 || so. 32i
9. | .66 26. | .30 43. | .59 60. | .69

10. | .33 27. | .38 44. | .63 61. | .65

11. | .64 "28. | .e8 Coas: | a7 | e2. | .36

12. .} .70 - 29. | .45 46. | .60 63. | .49

13. | .58 30, | .33 47. | .54 64. | .51

14. | .41 31. | .55 || ‘48;  .45 65. | .61

15. | .as || 32, | a5 | a0 | .08 66. | .20

16. | .33 | 33. | .41 50. | .62 67. f84

17. | .55 34. | .40 | 51. .65 - 68. | .39




APPENDIX D

- THE. STATEMENTS JUDGED FOR THEIR

VALIDITY
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THE 35 STATEMENTS SELECTED ON THE BASIS OF HIGH PHI COEFFICIENT .
AS PRESENTED TO FOUR FACULTY MEMBERS TO BE JUDGED FOR THEIR .
VALIDITY AS POSSIBLE CANDIDATES FOR THE FINAL SCALE |

These statements have been chosen from the original
120 in the light of the objectives of the study, as the most
- desirable possibilities for the final draft of the ‘scale.
From these, 25 to 30 must be selected. Numbers 28 - 35 have
Ca low'r¢ value (to be expected since many have a central -
scale-value), but are included because they relate to
_important aspects of. the laboratory '

Q Scale-
Value Value r

g
1. 0.70 6.11 .51 I find the instructions in the laboratory
manual confusing..

2. 0.55 1.55 .69 I find working in the laboratory both
: . inspiring and enjoyable.

3. 0.55 1.27 .70 I regard the laboratory as an extremely
beneficial activity.

4. 0.40 8.32 .69 I hate the laboratory.

5. 0.60. 1.19 ,.59 I have found this laboratory the most
interesting aspect of any of my courses.

6. 0.60 1.65 .63 I like the laboratory because it offers
: opportunity for individual initiative.

7. 0.60 2.13 .57 In most instances I feel the labs aid
me in my understanding of physics.

8. 0.70 6.19_>.57 Our laboratory fails in that it does
not relate to lecture material.

9. 0.55 ~7.54 .81 The lab to me is primarily a waste -
’ of time.

10. 0.70 2.17 .54 I find the experiments an organized
' situation in which I -can learn on my
own. : :

11. 0.60 7.34 .58 The laboratory to me is synonymous
' - with frustration. : : ,



12.

13.

14.
15.

16.

17.

18.
19.

20.
21.
22.

23.

24.

25.

Q

Value

0.75

- 0.50

0.50

1.20

0.65

Scale
vValue

" 6.14

6.54

12.00

.55
.63

.62
.54
.65
.54

.70
.60

~.70

.66

.61

.64

.70

.84
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I find that most experiments are too
difficult for me.

I usually find it necessary to Just
fumble my way through experiments.

'I actually belleve the experlments
‘have taught me some basic ideas of

physics far better than books .could.

-I think the laboratory is a hindrance

to true physics because one still
must "cook results".

This laboratory has killed my 1nterest
in phy51cs.’ v

With reasonable effort, I regard the
ideas presented in the laboratory .
well with my reach. -

Quite often I believe the laboratory
is a fruitless chore.

To me the laboratory is more or less .
boring. .

I think too much time is demanded
by the laboratory for the benefit
that is being derived.

Occasionally I feel I have truly
benefitted from an experiment, but
in most instances I doubt it.

I feel the experiments are justified
in having us use formulae that we could
not derive.

I believe the laboratory has value

“in that it stimulates my interest

in physics.
I have found no value in the laboratory.

My experience is that the laborétory
is a hopeless turmoil of confusion. .



" 26.
- 27.

28.

29. -

30.

31.

32..

33.

34.

35.

Q

Value

0.65

0.65

0.65

Scale
Value

1.83

1 2.42

.72

.53

.49

.49

.47

.47

.45

.45

.36

.08
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I feel the need for a laboratory -
program, and am pleased with ours.

The laboratory outline seems to explaln
any ideas prev1ously forelgn to me.

I think our. lab is a valuable educatlonal

experlence even though phy51cs is not

my major 1nterest

I 1ike our  laboratory because the
experiments demand we think, rather
than providing us w1th a step by

‘step procedure.

I find the experiments assume we know

- more than we actually do.

The laboratory's good and bad points
balance each other.

I feel we are presented with apparatus
-too far beyond our present level of

understanding.

I feel the laboratory is essential
for learning physics.

I find the time allotted to prepare -
a write-up for handing in is ample.

I find no particular like or dislike

‘toward the laboratory.



APPENDIX E

- THE FINAL ATTITUDE SCALE
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ATTITUDE'TOWARD THE PHYSICS LABORATORY

This scale represents a controlled study to determine -
the success of the laboratory program as the student sees
it. The statements on the scale represent opinions put forth
by prev1ous physics students.:

_ You are presented with 5 response categorles for

each statement: (1) strongly agree, (2) agree, (3) neutral
(4) disagree, and (5) strongly" disagree. The. numbers (1)

to (5) correspond to the numbers of the columns found on the
accompanying answer sheet. Choose the response category -
which best expresses your degree of agreement .or dlsagreement
with each statement.

Your responses to the statements will undergo a
programmed statistical analysis, and the results will be-
used to aid in redesigning the present laboratory.

NOTE: Statistical analysis by computor requlres that every
statement be responded to.

1. In most instances I feel the labs. aid me in my understanding
of physics.

2. I find that most experiments are too difficult.

3. The lab to me is primarily a waste of time.

4. I regard the laboratory as an extremely benef1c1al
activity.

5. I find the instructions in the laboratory manual confusing.

6. I usually find it necessary to just fumble my way through
: experiments. , ,

7. I feel the laboratory is essential for learning physics. .
8. This laboratOry has killed my interest in physics.

9. I think too much time is demanded by the laboratory
for the benefit that is being derived.

10. I find the experlments assume we know more than we
actually do.
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11. I llke the laboratory because it offers opportunlty '
- for 1nd1v1dual initiative. :

- 12. . The laboratory outllne seems to- explaln ideas prev1ously
' forelgn to me.

13. AThe laboratory s good and bad points balance each
' other. _ : :

14. I feel the need for a laboratory program, and am pleased
© with ours. : ‘

15. I hate the laboratory.
16. I have found no value in the laboratory.
17. The laboratory to mevis'synonymous with fruStration.

18. I have found this laboratory the most 1nterest1ng aspect
of any of my courses. :

19. . 1 flnd the time allotted to prepare a write-up for handing
: 1n is ample.

20. I actually believe the experiments have taught me some
basic ideas of physics far better than books could.

21. I feel we are presented with apparatus too far beyond
our present level of understanding.

22. I like our laboratory»because the experiments-demandl
‘we think, rather than providing us with a step by step
procedure. ' ) ' . ' :

23. I believe the laboratory has value in that it stimulates
my interest in physics.

24. My experience is that the laboratory is a hopeless
turmoil of confusion.

25. With reasonable effort' I regard the ideas presented
in the laboratory well within my reach.

26. To me the laboratory 1s more or less borlng
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TABLE 10

STATEMENTS ON THE FINAL ATTITUDE SCALE

26

Q-

Séale-

- No. Scale- | Ty ' ~ No. Q- ry
value | Value : value value 4

1. 2.13 | .60 .57 2.| 6.14 | .75 | .55
3. 7.4 | .55 .81 4. 1.27 | .55 | .70
5. 6.11 [ .70 | .51 6. 6.5 | .70 | .63
7. 1.70 .65 a5 8. 8.18 .50 .65
9. 6.17 .55 - .70 ~10.| -5.93 | .75 .47
11. 1.65 | .60 .63 12. 2.42 | .65 | .53
13. | 4.47 | .45 .47 14 1.83 | .65 | .72
1. -8.32 | .20 | .60 16.| 7.78 | .55 | .70
17.| 7.34 | .60 .58 18 1.19 | .60 | .59
190 3.24 4 .80 .36 20| 1.96 | .70 | .62

21.| 6.75 | .60 .45 22.| 1.81 | .65 | .49
23.| 2.00 | .65 | .64 24.| 7.67 | .75 | .84

25.| 2.52 | .50 | .54 26.| 7.04 | .85

‘60




APPENDIX F

DATA REQUIRED FOR THE RELIABILITY STUDY

ON THE FINAL ATTITUDE SCALE
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TABLE 11
THE ATTITUDE SCORES OF THE EXPERIMENTAL GROUP IN DECEMBER

THAT WERE.REQUIRED‘IN THE CALCULATION OF GUTTMAN'S INTERNAL'
CONSISTENCY RELIABILITY COEFFICIENT ’

—_—

Likert Score 'Scale Products Score

Student } 3 :
- No. odd -~ Even Total odd Even Total

0071670 2.154 3.077 3.115  13.046 12.454 12.750
0081662 3.846  4.231 4.038 18.192 19.317  18.755

0081671 2.077 2.154 2.115 9.036 9.742 1 9.389
0119671 4.385 3.846 4.115 - 20.686 16.687 18.687
0324673 2.154 2.462 2.308 8.962 9.093 9.028

0396670 2.692 2.538 = 2.615 11.106 9.371 10.238
0405671 2.769 2.385 2.577 11.817 9.948 10.882
0409670 . 1.769  2.692 2.231 .~ 7.357 10.678 9.017
0416672 3.462 3.615 3.538 ° 15.643 16.195 15.919

0432671 2.923  2.923° 2.923 12.844 12.656. 12:750

0566672 2.538 2.615 2.577 10.465 10.766 = 10.615
0763672 4.462 4.308 4.385 20.108 '19.068 19.588
0765670 1.692 1.769 1.731" 6.710 6.918 - 6.814
0768672 2.538 2.615 2.577 12.167 11.019 11.593

0794671 2.692 2.846 2.769 11.968 11.882 11.925
0795672 2.077 2.462 2.269 9.658 10.535 10.097
0819673 +2.462 | 2.769 2.615 10.715 11.067 10.891
0834678 - 3.615 4.000 3.808 . 16.503 17.032 16.767
0843674 4.077 3.846 - 3.962 19.419 18.186 18.803
0871671 2.692 3.154 = 2.923 12.407 14.492 13.449
0880671 3.385 3.538 3.462 14.759 ~ 14.798- 14.778
0913671 2.538 2.538 = 2.538  10.962 10.119 10.540
0918674 2.923 3.308 3.115 12.906 14.907 13.907

”T{j092067l 2.615 2.769 2.692 - 11.157 11.441 11.299

©0921672 2.538 -2.923 2.731 . 12.292 13.842 13.067

- 0944671 2.846 2.615 2.731 12.692 9.115 10.904
0974672 3.231 3.231 3.231 - 14.278 13.874 14.076
0988673 2.692 3.308  3.000 12.727 - 13.488 - 13.107
0995671 2.615 2.692 - 2.654 11.565 10.962 11. 264
1001676 3.308 2.846 3.077 15.205 12.552 13.879
1030672 3.538 3.692 3.615  15.352 15.554 15.453
1043673 2.385 2.308 2.346 10.445 9.268 9.857
1047671 = 2.923  .2846° 2.885 = 13.498 12.992  13.245

1058673 2.154 2.385. 2.269 - 9.582 ©9.948 9.765
1074670 1.923 2.000. 1.962 8.549 - 7.798 @ -8.174
1075672 1.923 1.846 1.885 8.197 7.296 7.747

1081672 3.385 3.462  3.423 16.166 15.319 15.743
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TABLE 11l--Continued .

Likert Score

Scale Pfoducts Score

1896675

2.846

2.808

10.825

Student : :
No. odd Even Total odd Even Total
1103674 2.846 3.308 3.077  11.734  13.830 . 12.782
1112673 2.154 2.462 2.308 " 9,239 10.362 9.801
. 1147673 2.308 2.385 2.346 9.698 -~ 9.178 ©9.438
1149671 1.846 - 1.769 1.808 8.737 7.973 8.355
1164671 2.769 2.769 2.769 12.632 11.213 11.923
1171672 2.692 2.769 2.731 . 12.465 10.%969 11.717
1253672 4.077 3.923 4.000 18.895 18.486 18.690
1302662  2.385 2.231 2.308 10.562 - 10.015 10.288
1322670 2.154  2.385 2.269 7.866 8.956 8.411 ..
1358672 3.000 3.000 3.000 12.670 12.345 12.507
1358675 2.308 2.615 .2462 = 10.287 10.812 . 10.549
1373671 2.308 2.385 2.346 '10.621 10.830 10.725
1389671 ©2.385 2.692 2.538 11.607 10.652 11.130
1397678 2.846 2.846 2.846 - 12.166 12.528 12.347
1405670 2.385 2.231- 2.308 10.625 10.351 10.488
1424672 2.154 1.923 2.038 9.766 8.411 9.088
1465673 2.385 2.538 2.462 10.072 10.418 10. 245
1466674 3.077 2.615  2.846 - 13.421 9.730 11.575
1492671 . 2.769 2.923 2.846 ©13.399 13.372 13.386
1492673 -2.154 2.231 2.192 9.602 9. 345 9.473
1537673 1.846 1.692 1.769 7.926 5.915 6.920
1558673 2.538 2.385 2.462 11.421 9.194 - 10.307
1567672 2.000'.’1.692 1.846 8.765 7.324 8.045
1573673 2.846 2.615 2.731 13.178 = 9.813 11.496
. 1575670 1.538 1.846  1.692 6.978 - 7.146 7.062
1579660 . 4.000 4.462 4.231 19.408 21.619 20.514
- 1580676 1.769 1.462 1.615 7.377 - 6.099 6.738
1584671 2.692 2.692 2.692 11.388 9.935 10.662
1604671 2.692 3.154 2.923 - 12.579 13.810. 13.195
1613671 2.923 .2.923 2.923 . 13.522 13.358  13.440
1719670 2.769 3.385 3.077 12.652 14.980 - 13.816
1719671 2.462  2.615 2.538" 10. 265 11.139 10.702
1727670 2.077 2.385 2.231 9.782 .- 10.792 10.287
1765671 2.615 3.308 2.962 10.789 . 13.461 12.125
1786671 2.846 .3.077 2.962 13.082  '12.671 12.877
© 1789671 3.000 2.769 2.885 15.010 12.015 13.512
1802671 2.077 - 1.923 2.000 8.861 7.654 8.257
1806672 2.231 2.077 2.154 10.049 8.700 - 9.375
1808674 " 2.769 2.231 2.500 10.925 8.928 9.927
1812661 2.385 2.385 2.385" 10.703 8.772 9.737
1812672 3.385 2..846 3.115 14.931 11.887 13.409
1844671 2.923 2.769 2.846 11.661 11.597 11.629
2.769 . 12.085

11.455
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TABLE 11--Continued

Likert Score'

9.928

8.389

Scale Products Score
Student - . ‘
No. - 0dd Even Total odd Even Total
. A | ( ,

- .1896676 2.385 2.615 - 2.500 10.123 10.548: 10.335
1901673 " 2.923 3.308 '3.1115 12.299 13.520 12.910
1929671 1.692 1.692 1.692 8.293 - 8.235 8.264
1954672 2.385 2.769 '2.577 - 10.338 ° 11.955 11.147
1954673 2.769 . 2.923 . 2.846 12.616 13.678 . 13.147
1966670 2.000 2.000 2.000 ° . 8.984 9.060 9.022
2073671 2.385 < 2.462 2.423 10.035 8.671 9.353
2114672 1.615. 2.154 1.885 6.710 9.664 - 8.187
2333672 3.077 3.308 3.192 14.036 14.297  14.167
2361671 2.769 2.615 = 2.692 12.180 10.092 11.136
2390671 2.692 2.385 2.538 11.247 7.875 9.561
2390673 3.308 3.385 3.346 '15.102 15.387 15. 244
2391672 - 2.308 2.000 - 2.154 -8.827 7.378 . 8.103
2392672 2.000 2.538 2.269 . 7.856 '10.089 . 8.973
2586671 2.692 2.769. 2.731 11.525 11.233 11.379
2586672 2.231 2.308 2.269 9.699 10.289 9.994
2587672 3.231 3.154 3.192 14.782 14.273 14.528
2734672 3.077 3.000 3.038- 13.706 13.272 13.489
2734673 2.231° 2.462 2.346 9.972 10.368 10.170
2738672 2.308 2.615 2.462 9.602 10.182. 9.892
2738673 3.385 3.923 3.654 16.374 17.773 . 17.073
2754671 2.615 2.692 2.654 11.070 10.610° 10.840
2776674  2.538 ' 2.769 2.654 9.898 11.225 10.561
2826673 3.692 3.769 3.731 17.554 16.926 17.240
2844670 2.000 2.077 2.038 8.476 ~7.886 8.181
2855675 2.538 2.231 2.385 11.438 9.691 10.565
2858674 2.462 2.538 2.500 9.382 10.962 10.172
2894671 3.090 2.769 2.885 12.648 10.528 '11.588"
2905661 3.462 3.769 3.615 15.862 - 16.829 16. 346
2908671 2.692 | 3.231 2.962 12.274 . 12.930 12.602
2937672 2.462 2.615. 2.538. 11.054 . 10.738 .10.896
2937675 3.154 3.385 3.269 15.797 15.126 15.462
2937677 . 3.000 -3.308 . 3.154 13.772 . 13.783 13.778 -
2937678 2.154 2.000 - 2.077 9.242 '8.128 8.685
3023671 2.538 2.308 . 2.423 11. 205 9.242 10.223
3027672 . 3.462 3.231 3.346 14.992 13.635 14.313
3042675 2.231. 2.077 2.154 9.611 8.338 -8.974
3043672 2.154 2.231 2.192 9.982 9.528 9.755
3136672 3.769 3.385 3.577 “17.005 14.908 15.957
3146670 1.846 2.154 2.000 7.550 7.588 7.569
13201671 2.769 - 2.538. 2.654 13.330 10.096 - 11.713
3201672 2.538 2.923 2.731 11.398 13.259 112;329'
3209673 2.462 2.077 2.269 9.159



163

TABLE 1ll--Continued

Studént

15.594

13.038"

‘Likert Score Scale Products Score
No. odd Even Total odd Even . Total
. 3210678 1.769 2.462 2.115 7.995 10.437 9Q216
13285671 1.769 1.692 1.731 8.287 6.923 7.605
3315673 2.154  2.538 2.346 8.860 10.590 9.725
3385671 $2.385 . 2.615 - 2.500 10.611 10.958 10.784
- 3409660 2.692 3.308 3.000 ©  12.901 ° 14.409 - 13.655 -
- 3409674 2.462 2.692  2.577 12.071 »l3.075'jf12§573
3432670 2.615 3.000 2.808 11.210 11.154 11.182
. 3438670 2.615 2.769 2.692 11.556 12.030- 11.793
3442673 2.923 2.538 2.731 12.734 10.092 - 11.413
3445670 3.154 - 3.385 3.269 14,392 13.147 - 13.769
- 3477672 2.769  2.615 2.692 ~12.507 11.025 11.766
3498672 2.923 2.923 2.923 - 13.761 12.904 13.332
3545671 .2.923 3.231 2.077. 13.179. - 14.300 13.740
- 3552671 - 2.154 2.231 2.192 ©9.413 - 9.097 9. 255
. 3567670 2.077 2.231 2.154 9.155 - 8.789 8.972
3568670 . -3.615 3.923 3.769 16.327 16.115 16.221
3573671 2.538 2.462 2.500 12.198 10.487 11.342
3672671 . 2.385  2.385 2.385 .10.446 10.378 10.412
3731673 3.077 2.692 2.885 13.376 10.998 12.187
- 3734670 3.23. 3.308 3.269 14. 368 14.840 14.554
.. 3744673 2.462 2.615 2.538 11.821 10.829 11.325
3765670 3.308 ° 3.462 3.385 15.560 16.297 15.928
3843673 2.154 2.615 . 2.385 9.425 '10.706 10.066
3845672 3.385 3.462 3.423 15.053 15.822 15.438
3849670 2.692 3.000° 2.846 "11.615 ° 12.028 11.821
4144670 - 2.385 2.154 2.269 11.090 8.893 - 9.992
4569672 3.231  3.769 3.500 13.999 16.476 15.238
" 4575669 3.308 3.154 3.231 15.010 13.233 14.122
4575672 2.846  2.846 2.846 12.180 11.735 - 11.957
4576678 2.846 2.000 1.923 8.742 8.385 8.563
4671671 2.692 . 2.846 2.769 11.851 11.575 11.713
4673670 2.846 2.231 - 2.538 ~13.092 9.236 11.164
4694670 '2.077 2.615 2.346 8.077 11.032  9.555
4694671 - 3.385 2.769 3.077 17.112. 13.092 15.102
- 4713672 2.462 - 2.538 2.500 . 10.677 11.657 . 11.167
4741672 2.538 2.538 2.538 . 11.041 10.765 10.903
4815670 2.692 2.615 2.654 12. 246 11.218 11.732
4831671 "~ 2.846 = 2.692 2.769 “13.116 12.455 12.786
4839670 2.692 2.615 2.654 12.008- 10.201 11.105
4852670 2.846 2.846 2.846 13.069 12.478 - 12.773
4866671 2.231 2.308 - 2.269 .10.839 9.825 @ 10.332
4875670 -.3.462 3.077 . 3.269 14.316
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TABLE 1l--Continued

Likert Score

7036673

9.372

Scale Products Score
Student . :
No. odd Even Total odd Even . . Total.
4884670 2.769 - - 2.538 2.654 11.583 11.095 11.339
. 4888674 2.231 ° 2.462 2.346" 9.224 10.268 9.746
. 4891672 1.923 2.077 2.000 - 8.207 8.258 8.232
4897670 1.846 2.000 1.923 8.259 7.898 8.079
4899672 1.615 2.077 1.846 '6.468 7.589 - 7.028 :
4925672 2.077 2.231 2.154 8.858 - 9.179 - 9.018
4932670 '2.538 2.154 2.346 11.311 8.929  10.120
4960672 2.462 @ 2.692 . 2.577 11.115 11.506 - 11.311
4964670 2.538 2.538 -2.538 10.638 11.128  10.883
~..4983671 2.000 2.154 2.077 8.215  8.638 8.427
4983672 3.000 3.077 3.038 13.923 13.342 13.633
4984670 . 1.923 2.231 2.077 - 8.260 9.151 = 8.705
4999672 2.538 2.462 2.500 11.442 9.933 10.688
5016670 1.769 _2.000 -1.885 8.392 8.572 8.482
5021670 2.615 2.231 2.423 11.222 9.518 10.370
5035675 ~ 2.769 3.077 2.923 12.082 12.615 12.349
5042674 2.692 2.923 2.808 12.458 12.533 12.496
5116673 - 4.000 4.231 4.115 18.678  18.632 18.655
5151672 2.385 2.923 2.654 11.022  12.265 11.644
5187671 3.154 2.308 2.731 13.918 10.095 12.006
5192676 2.538 2.769 2.654 10.951 12.366 11.658
5304673 2.308  2.154 2.231 10.497 9.430 9.963
5326622. 2.615 2.462 2.538 11.065 10.227 10.646
5337673 . 2.385 . 2.462 2.423 11.252 11.265 11.258
5406674 2.462 2.462  2.462 10.425 10.053 10.239 :
5425677 2.154 2.231 2.192 8.748 8.634 8.691 -
5438671 2.538 2.769 2.654 - 12.514 11.690 12.102
5449670 -  2.385. 2.154 2.269 - 11.008 = 8.966 9.987 -
5469674 - 2.077  2.385 2.231 ©9.929 . 10.768 10.348
5585674 3.538 - 3.385 3.462 16.419 - 14.045 15.232
. 5622670 3.077 3.231 3.154 14.020 13.415 13.718
5662671 2.462 2.308 2.385 ©11.583 9.162 10.373
5835670 2 2.769 2.923 2.846 13.309 12.965 13.137
5897670 2.692 3.692. 3.192 12.339 16.785 14.562
6019670 4.077 4,000 4,038 - 18.010° 17.318 17.664
6041676 ‘3.462 . 3.769 3.615 16.374 . 16.949  16.662
- 6215670 1.462 '~ 1.615. 1.538 - 6.295 . 7.407 6.851
6507670 2.615  2.923 2.769 - 11.337 13.248 12.292
6901675 - 1.692 1.692. 1.692 7.525 7.285  7.405
6985676 2.692 . 2.615. 2.654 12.126 12.010 = 12.068
1.538  .1.538 1.538  6.730 7.035 6.883
7082674 . 2.385  2.923 2.654 -11.801  10.728 11.264
7189670 - 2.231 2.154 - 2,192 9.699 9.536
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. TABLE ll--Continued

‘Student — y.leert Score .Scale-Products Score
No. 0dd Even Total - 0dd Even Total

7198672 2.615  2.538 ©2.577 11.387 . 10.103 10.745
.7400675 2.846  3.000 2.923  13.168 - 14.285 13.727

. 7522672 1.769 1.769 1.769 6.903 '6.188 = 6.545
7535674 3.000 . 3.154 3.077 13.217  12.735 12.976
7549670  2.000 - 2.231 2.115 . 9,006 . 8.851 8.928

. 7555675 '3.077 - 3.000 3.038° 13.441 ~-12.585 13.013°

- 7593671 . 2.000 2.154  2.077- - 8.482 - 8.120 8.301

7695675 2.231 - 2.154 -2.192 = 10.468 .10.246 - 10.357
7704674 2.538  2.308 2.423 11.099 9.708 10.404
771670 3.769 4.000 3.885 17.580 18.043 17.812
. 7742672 2.077 2.308 2.192 9.045 8.472 8.759
7783672 2.231 2.154 2.192 - 10.148 - 9.492 8.820
7807671 2.538 2.615 2.577  11.548 10.014 10.781

7813673 2.308 2.462  2.385 9.015  9.118 - 9.067
7827678 2.462 2.615 2.538  10.788 10.688  10.738
7924676 2.385 2.615 2.500 9.965 10.988 10.477
7927672 -3.231 3.308 3.269 12.852 13.517 13.184
8040671 . 2.154 2.538 2.346 = 9.814 10.372 10.093
8041671 3.769 3.692 3.731 16.730 15.710 16.220
8186672 1.846 1.923 1.885 9.018 8.452 . 8.735
8321673 2.231 2.308  2.269 10.027 9.749 . .9.888
8390675 2.385 2.615 2.500 11.018 12.040 11.529
9227679 1.846 ° 1.769 1.808 8.208 - 7.138 7.673

9287670 3.385 3.538 3.462 13.778 13.488 13.633
9303674 2.538  3.846 3.692 11.042 12.828 11.935
9430671 2.846 3.231 3.038 13.707 15.505 14.606
9465672 ~3.538 3.143 3.346 . 15.713 14.324 15.018
9513673 | 2.162 2.385  2.423 10.598 9.022 9.810
- 9513674 2.385 2.077 2.231 11.016 7.002 - 9.009
9513676 2.308 . 2.769 2.538  11.632 11.233 11.433
9526675 2.615 2.538 2.577 12.164 10.392 11.278
9716672 2.231 2.462 2.346 9.892  10.204 10.048 .
9725672  3.231 3.462 3.346 13.521 14.634  14.077
9912673 2.385 2.000 - 2.192 10.479 7.874 9.177

a The'termsfodd, even, and total, for either SCoring

technique, refer respectively to the average score on
the 13 odd numbered statements, the average score on -
13 even numbered statements, and the average score on.
the entire 26 statements. ‘
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" TABLE 12

'THE ATTITUDE SCORES OF THE CONTROL GROUP IN DECEMBER THAT
" WERE REQUIRED IN THE CALCULATION OF GUTTMAN'S INTERNAL
CONSISTENCY RELIABILITY COEFFICIENT

Studeént

Likert Score

Scale Products Score

3.846

17.495

No. odd Even - Total® odd Even Total
0363671 2.538 2.231 2.385 10.472 9.708 10.090
0403673 2.385 2.615 2.500 10.311 10.910 - 10.610
0437671 3.077 3.538 3.308 13.433 15.199 :-14.316
0812670 2.077 2.385 " 2.231 - 8.312 . 9.163 8.737
0813672 1.692 1.462 1.577 7.090 6.120 6.605
0898671 3.231 3.077 3.154 12.884 11.439 12.162
‘0966676 2.846 2.769 2.808 12.608 12.222 12.415
0982670 2.000 2.000 2.000 9.052 "8.751 8.901
1047673 "3.846  3.769 3.808 17.784 15.698 16.741
1127672 2.231 2.308 2.269 9.099 - 9.565 9.332
1241671 2.308 2.538 2.423 . 9.880 10.186 10.033
1376676 . 2.462 2.231 2.346 11.39%  9.390 @ 10.393
1387662 . 3.154 3.154 3.154 14.144 13.391 13.767
1407673 2.462 2.462 2.462 10.238 9.232 9.735
1459671 2.692° 2.692 2.692 11.483 10.598 11.040
1496672 2.538 2.154° 2.346 10.339 9.080 9.710
1534662 2.846 . 2.462 2.654 - 12.248 10.764 11.506
1536672 2.462 2.615 2.538°  10.930 10.897 10.913
1762672 2.462 2.538 2.500  11.04s6 10.492 10.769
1838675 = 2.308 2.615 - 2.462 . 10.237 11.465 10.851
1839660 . 2.692 - 2.923  2.808 11.824 11.415 11.619
1843672 2.615 2.692 2.654 11.360 11.101 11.230
2109663 1.538 1.538 1.538 6.857 6.253 6.555
2127674 2.154 2.231 2.192 8.161 8.135 8.148
2191670 2.154 2.308 2.231 9.593 10.355 9.974
2854673 2.154. 2.692  2.423 8. 965 :11.051 -.10.008
2889674 3.385 2.615 3.000 15.965 11.598 . 13.782
2905671 3.308 3.462 3.385 '14.558°  14.518 14.538
2921677 2.154 2.154 2.154 .9.178 8.591 8.885
3081670 3.615 2.692 2.654 17.002 = 17.608 . 17.305
3127670 - 2.077 2.692 2.385 9.512 11.719 10.615
3289672 2.692 3.077 2.885 - 12.495 13.653 13.074
3391671 - 2.923 2.846 2.885 - 12.082  11.168 11.625 -
3460651 3.077 -3.538 3.308 12.839 15.795 - 14.317
3475673 1.923 l1.846 1.885 7.553 7.318. 7.435
3615672 2.385 - 2.462 2.423 9.476 9.437. 9.457
3698672 ©3.923  3.885 ©18.807 ..

18.151
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TABLE 1l2--Continued

Student

Likert Score .

Scale Products Score '

2.308

2.231

10.767 .

9.522-

No. -0dd - Even Total 0dd Even . Total
3720672 3.692 3.462 . 3.577 16.631 14.455 15.543
3793670 . 3.462 3.538  3.500 15.203  15.344 = 15.273
3817673 2.462 2.385 2.423 10.557 = 8.876 9.717

- .3841670 1.769 1.846 - 1.808 7.035. 6.491 6.763
- 4049670 3.308 3.000 3.154 14.938  13.475 14.207
4412670 2.615 2.769 2.692 11.775  ;0.712 ~11.243
4616670 2.000 ° 2.000 2.000 7.825 - 6.675 . 7.250
4671676 .3.077 2.769 2.923 14.795 11.957 - 13.376 -
4739672 2.538 . 2.308 2.423 10.698 9.902 . 10.300
5009670 1.769  1.692 1.731 7.306 7.315 7.310
5121670 - 3.077 2.615 2.846 13.816 11.566 12.691
- 5122663 3.462 3.154 3.308 16.692 14.200  15.446
5148670 - - 1.846  2.308 2.077 8.268 8.832 - 8.550
5148672  2.692. 2.385  2.538 12.570 10.655 - 11.613
5192673 2,308 2.308 2.308 9.848 9.456 - 9.652
5206670 3.615 3.538 3.577  15.395 15.052° 15.223
5207670 1.692 2.077 1:885 - 7.438 8.155 ~ 7.797
- 5211670 2.846 2.385 2.615 - - 14.727 .11.282  13.005
5215672 3.462 3.462 3.462 - 14.692 14.952. 14.822
5250675 3.462 3.154° 3.308  15.600 12.697 14.148
5304675 3.154 3.308  3.231 14.755 14.358 14.557
5314670 2.769 2.846 2.808 12.780 12.630 12.705
5338672 3.462 7 3.308 3.385_ 14.752 14.648  14.700
5402670 2.077 2.231 2.154 8.098 . 8.597 8.348
5417674 3.000 2.692 2.846 11.445° 10.552 10.998
5417677 2.077  2.462 = 2.269 8.957 10.798 9.877
542;679 2.923 . 2.769 2.846 13.314 11.787 12.550
5422671 3.462 3.615 3.538 16.149 - 15.545 15.847
5422674 2.231 2.000 2.115 9.758 8.483 9.121
5423674 2.769 3.308  3.038 12.992 - 14.495 13.744
5423675 2.538 2.615 2.577 10.628 10.766 10.697
5424679 3.077- 3.000 3.038 '13.378  12.411  12.895
. 5428674 2.615 2.846 2.731 ~ 11.968_  12.603 ~ 12.286
. 5445672. 3.615  3.308  3.462 16.885  13.618  15.252
5459673 2.923 2.538 2.731 12.375 .10.842 11.608
5467675 4.077 4.077 4.077 016.387 - 17.258  16.823
5468672 3.231 3.231 3,231 . 14.659 13.081 13.870
5470672 2.462 2.692  2.577 - 10.445 11.235 10.840
5480673 2.385 2.846 2.615  10.350 11.697 11.023
5486671 . 2.615 2.615 = 2.615 12.065 11.554 11.809
5499670 2.462 2.923 2.692 10.255 12.461 = 11.358
5505673 3.923 3.615 3.769 . 17.218 14.511 15.865
5514672 . 12.269

10.145
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TABLE 12--Continued

Likert Score

Scale Products Score

6885670

9.663.

8.616

Student -

No. odd Even Total odd - Even Total
5517673 3.000 2.846 2.923 13..006  12.265 12.636 .
5567641 2.692 . 2.538° 2.615 12.424 - 9.654 . 11.039
5567672 2.308 2.308 2.308 10.236  -9.675 @ 9.955
5567674 3.154 3.000 3.077 14.635 13.477 14.056

- 5584650 2.846 2.769 2.808 12.048° 11.263 11.655
5584670 1.692 2.077 .1.885 7.387 7.706 7.547
5605670 3.000 - 2.846 2.923 12.813 11.853° 12.333
5606670 2.231 2.538 2.385 8.675 - 10.443 9.559
5607672 3.462 3.231 3.346 15.917 - 12.599 14.258
5608657 2.692. . 2.846 2.769 11.985 12.815 12.400
5616673 1.846 1.615 1.731 7.645 6.371 7.008 -
5618671 1.923 1.769 1.846 -  8.493 7.021 7.757
5619672 2.308 2.615 2.462 10.442 -11.085 10.764
5619673 2.923  2.231 2.577 13.055 . 9.098 11.077
5633670 2.154 2.385 2.269 9.315 9.795° 9.555
5637670 .. 2.692 3.154 2.923 12.755 . 15.519 14.137
5642671 2.385 3.000 2.692 10.174 13.142 11.658
5679674 3.692 3.538 3.615 17.475 16.264  16.870

- 5705670 2.692 2.538 2.615 12.965 10.764 11.865
5712672 2.231 2.462 2.346 9.010 9.352 - 9.181
5734671 2.077 1.923 2.000 8.610 8.225  8.417
5739673 3.769 4.000 - 3.885 '16.865 17.339 . 17.102
5753676 2.385 , 2.231 2.308 10.877 10.064 10.470
5779670 3.923  3.308 3.615 18.195 13.292 15.744
5833673 3.308 3.615 3.462 15.782. 15.946  15.864
5836670 2.077 2.077 . 2.077 8.837 9.335 9.086
5842670 2.462 3.077 2.769 10.604 12.174 11.389

5887671 2.538 3.000 2.769 10.765 = 12.122 11.444
5890670 2.538 2.462 2.500 ~11.316 10.995 -11.156
5928672 2.538 2.538 2.538 11.308 10.624 10.966
5964670 3.231 3.385 3.308 14.144° 13.804 13.974
5975671 2.000 2.462 2.231 8.529 9.242 8.886
5982670 '2.538 2.923 2.731 10.770 11.796 11.283
6008670 2.462 3.000 2.731 ©11.063 12.838 11.951
6041672 2.385 2.846 2.615 10.305 11.496 10.901
6065671 2.846 2.846 . 2.846 - 12.219..°.12.145- 12.182
6085670 2.769 - 3.000 2.885 .7 12.420-12.443 12.432
6159670 2.308°  2.462 ~2.385 __plO;413{1”10.573 10.493
6180671 3.077 3.154 ° 3.115  14.831. 13.358 14.095
6240673 3.462 3.077 ° 3.269 15.072 . 13.116 14.094
6528671 . 2.000 2.154 ~ 2.077 - 8.715 - 8.124 8.420

- 6665670 2.923 © 2.923 2.923 12.404 12.974 12.689

- 2.231 2.154 - 2.192

9.140
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TABLE 1l2--Continued

Scale Products Score

16.013

Student ﬂLikert Score
No. odd Even Total odd Even Total
6897674 2.308 2.385 2.346 10.750 10.951 - 10.850
6905673 3.308 3.154 3.231 13.948 13.006 13.477
- . 6930671 2.769 2.846 .2.808 11.195 12.347  11.771
6932673 2.538 - 2.769 2.654 10.853 11.096 10.975
6934671 3.615. 3.538 3.577 " 16.427 15.863 16.145
6934673 3.077 ~ 3.154 -3.115 13.802 13.867  13.834°
6950672 2.538 2.615  2.577 - 11.065 11.323 11.194
6977672 - 2.923 2.769 2.846 12.895 . 11.887 12.391
6996671 1.651 1.231 1.423 6.334° 5.712 6.023
7005670 2.231 2.615 2.423 9.989 11.819. 10.904
7024676 3.154 3.615. 3.385  14.205 16.438  15.322
- 7026660 . 2.692 3.077 2.885 ©11.907 13.512 12.710
. 7026673 2.769 2.923 2.846 11.995 - 12.264 12.130
7062672 2.000 1.846 .1.923- 9.402 - 8.528 8.965
7082672 1.692 2.077 1.885 6.522 . 9.191 7.857
7104650 2.385 2.615 2.500 10.321 10.505 10.413
7104670 -2.385 2.308 2.346 10.131 9.220 9.675
7104674 2.077 2.000 2.038 9.058 8.553 8.805
7121670 3.462 3.231  3.346 15.328 13.176 14.252
7139670 1.769 1.923 1.846 8.068 8.321 8.195
7149673 2.846 2.692 2.769 12.983 10.625 11.804
7176670  3.000 3.000 3.000 14.342 13.989 14.165
7177672 2.615 2.846 2.731 11.177 12.326 11.752
7194673 2.308 2.538 2.423 10.006 10.615 10.310
7300671 2.077 2.000 2.038 9.015 8.244 - '8.629
7324670 2.231 2.692  2.462  10.664 11.356 11.010
7347672 2.692 - 2.538 2.615 . 12.320 9.770 11.045
7347675 3.538 4.231 3.885 17.420 18.522 17.971
7347676 3.231 2.154 3.192 14.001 . 13.333 - 13.667
- 7399673 2.385 2.077 2.231 10.909 8.890 9.900
7441675 2.846 2.692 2.769 12.165 © 11.079 11.622
7467663 2.154 2.308 2.231 9.900 . 9.623 9.762
7491670 ' 3.846 3.769 3.808 17.176. 15.362  16.269
7544672 3.154 3.077 3.115 14.318 13.360 13.839
7555673 2.462 2.538 2.500 10.999 10.391 10.695
. 7576672 3.385 - 3.846 3.615 13.775 16.747 15.261
7619650 2.385 2.692 2.538. 10.788 13.750 12.269
6788673 - 2.000 2.154 2.077 9.042 8.924 8.983
7691672 3.000 2.923 2.962 -13.192 - 12.666 - 12.930
7697678 4.231 3.923 4.077 19.688 17.232 18.460
7701671 2.538 2.462 2.500 . 9.989 - 9.451.  9.720.
- 7701676 3.000 2.077 3.038 . 13.026 : 11.699 12.363
7707672 3.538 3.308 -3.423 ‘16.822 16.418
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- TABLE 12--Continued

Scale Products Score

‘8432670

398.

Student .Likert Score _
No. 0odd - Even Total odd " Even Total
7713671 - 2.692 2.538 - 2.615 12.894 10.711 . 11.802
7713674 3.154 3.615 3.385 15.078 16.135  15.607
7713675 2.154  2.231 2.192 . 8.332- . 8.825 8.579
© 7715674 - 2.692°  3.077 2.885 12.208. 12.763 12.486
7716671 2.615 2.615 2.615° 12.641  12.213  12.427
7733676 3.077 3.231 3.154 - 13.556 13.595 13.576. .
7801670 3.000 - 2.615 2.808 13.439 9.505 - 11.472
.7807673 1.462 1.462 1.462 6.536 - 6.295 . 6.416
7824670 2.538 2.769 2.654 11.165 11.046 11.105
7868672 2.462 - 2.077 2.269 10.587 9.252 9.920
7918650 3.462 3.077 3.269 15.656 13.322 - 14.489
7918671 2.462 2.308 2.385 10.203 9.910 10.057
7961671 2.769 2.923  2.84¢6 11.935 12.130 . 12.032
7980673 2.923 2.846 2.885 12.804 11.864 12.334
7990676 2.846 2.769 . 2.808 13.162 11.619 - 12.390
7994674 3.385 3.231 3.308 15.115 14.584 - 14.849
7997670 . 2.231 2.385 2.308 9.617 10. 245 9.931
8020671 2.308 2.231 =~ 2.269 10.104 9.755 9.929
8050670 3.231 2.769 3.000 - 13.902 11.952 12.927
8117672 - 3.308 3.231  3.269 15.216 14.522 14.869°
8121671 2.077 2.308 2.192 8.528 9.218 8.873
8124673 2.231 2.077  2.154 9.587 8.286 8.937
8125672 2.308. 2.462 2.385 9. 255 10.064 9.659
8127660 3.538 3.615 - 3.577 15.520  15.691 15.605
8151674 3.077 3.154 3.115 14.596 12.849 13.723
8160671 2.615 2.692 2.654 11.257 12.458 11.857
8161673 2.000 1.923 1.962 7.976 8.058 8.017
8189670 2.538 © 2.923 2.731 11.313 13.488 12.401.
8219671 3.615 3.308 3.462 15.698 14.788  15.243
8220673 2.923 2.923 2.923 12.571 11.741 12.156
8232674 1.385 - 1.308 1.346 6.050 5.208 5.629
8238672 2.308  2.615 2.462 10.385 10.997  10.691
8286672 - 3.462 3.462 3.462 15.594 15.292 . 15.443
8315671 - 2.077 2.154 2.115 9.692 8.816 9.254
8316670 2.231 2.077 2.154 9.343 10.472 9.907
8321674 . 2.615 . 2.846 2.731 12.018 = .13.514 12.766
8348672 2.615 2.462  2.538 11.221 9.858 10.539 .
8367671 2.692 . :2.923 '2.808 12.148 13.483 12.815
8373674 2.154 - 2,308 2.231 - 9.107 8.494 8.800 -
8415674 - 2.462 2.615 2.538 10.980 11.816 11.
8423670 2.846 3.308 3.077. 12.282 - 13.147 12.715
8427671 2.846 2.769 2.808 -13.298  11.938 12.618°
2.231 2.154  2.192 9.905 8.756  -9.330.
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TABLE 12--Continued

‘ Likert Score Scale Products Score
- Student . , .
. No. -0dd “Even Total - 0dd - Even . = Total

8432671 3.538 3.538 . 3.538 15.689 14.868 15.279
8532671 - 2.769 3.154 2.962 11.809 12.281 = 12.045
8563672 3.000 3.154 3.077 '12.818 - 13.371  13.095
8568670 3.000 2.923 2.962 14.108 14.267 = 14.188

8947671 1.462 1.692 1.577  5.952 - 5.962 5.957
8957670 =~ 1.615 2.154 1.885 " 7.048. 8.417 - 7.733
9010672 ~ 1.769 2.000 1.885 7.674 7.888 . 7.781
19166670 2.615 = 2.538 2.577 12.213 11.000 - 11.607
9179671 2.000 - 2.000 2.000 - 8.998 - . 8.112 8.555

9235676 2.769 2.769 2.769 0 12.162 - 11.290  11.726
9274670 2.692 2.769 2.731 10.525 10.791 10.658
9303672 . 2.385 2.154° 2.269 - 10.862  8.990 9.926
9379673 - 2.385 2.769 © 2.577 - 10.475 - 12.034 11.254
9452670 -~ 3.154 3.538 3.346 14.062. 14.980 14.521
. 9457671 2.692 2.615 2.654  11.842 10.601 11.222
9464672 2.615 3.077 . 2.846 11.036 12.487 11.762
19481672 2.923 2.846 - 2.885 . '13.032 12.486 -~ 12.759°
-9512674- 3.615 3.923 3.769 16.268 '~ 17.345 16.807
9513672 - 3.077 3.231 3.154 14.208 14.460 - 14.334
9513677 2.154 2.231 2.192 10.272 9.968 10.120
9515676 2.846  2.923 . 2.885 13.461 12.118 12.790
9554671 2.538 2.385 2.462  11.630 10.062 10.846
9627670 3.000 " 3.077 3.038 13.227 12.602 12,914

9700672 1.692 1.769 1.731 7.586 7.891 7.738
9718650 3.615 3.538 3.577 16.500 15.940 16.220
9749675 - 2.615 2.615 2.615 10.942 '10.082 10.512

9774673 . 2.462 2.154 2.308 10.537 8.946 - 9.742
-9796672 - 3.000 3.615  3.308 12.738 14.493° .13.615
9810670 . 2.231 2.077 2.154 9.666 9.493 9.580

2 The terms odd, even, and total, for either scoring technique,

refer respectively to the average score on the 13 odd

numbered statements, the average score on the 13 even

numbered statements, and the average score on the entire
' 26 statements. o I
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- TABLE 13

THE ATTITUDE SCORES OF THE EXPERIMENTAL GROUP IN MARCH THAT

WERE REQUIRED.IN THE CALCULATION OF GUTTMAN'S INTERNAL

CONSISTENCY RELIABILITY COEFFICIENT

" Likert Score.

Scale Products Score

0566672

21.188

Student
" No. odad Even Total® odd ' Even Total
0071670 2.231 2.077 2.154 9.307 8. 754 9.030
0081662 4.231 4.308 4.269  19.660 19.729  19.695
. 0081671 1.923 1.846  1.885 9.034  8.949  8.992
0119671 2.385 2.692°. 2.538 10.752  11.592 © 11.172
0324673 1.923  2.231 2.077 8.032  7.904 7.968
0396670 4.077 4.077 4.077 18.697  18.488  18.593
0405671 2.923  2.923 2.923  -13.037° 12.214 12.625
0409670 2.154 2.769 - 2.462 9.657 11.260 10.458
0416672 2.231 2.385 2.308 - 10.208 10.123 10.165
0432671  '2.385 2.308- 2.346 10.924 9.668 10.296
. 2.462 2.154 2.308 11.840 10.111 . 10.975
0763672 4.231 4.462 4.346 . 19.895 - 18.980  19.437
0765670 1.923  1.692 1.808- 7.688 6.413 7.050
0768672 3.000 3.385 3.192 13.450 14.115 13.783
0794671 3.000 3.000 - - 3.000 13.825 13.791 13.808
0795672 2.077 2.077  2.077 9.561 8.767 9.164
0819673 - 2.308  2.308 2.308 9.127 10.542 ... 9.835
0834678 . 4.000 4.231 4.115 18.392 18.522 .18.457
0843674 4.462 4.077 4.269  21.158 20.430 20.794
0871671 1.923 2.154 2.038 8.143  9.655 8.899
0880671 2.692 2.846 2.769 12.767 12.302 12.534
0913671 2.077 2.000 - 2.038 9.521 8.555 9.038
0918674 1.923 - 1.846 1.885 8.478 7.897  8.187
0920671 2.462 2.538 2.500 10.682  10.408  10.545
0921672 2.385 . 2.231 2.308  10.921 10.926 10.923
0944671 1.769 1.692 1.731  7.345  6.218 6.782
0974672  3.615 3.692 3.654  16.644 16.182  16.413"
0988673 2.538 2.308 2.423 11.597.. 9.582  10.590
0995671 1.846 1.769  1.808 8.012 7.044 7.528
1001676 1.615 1.692 1.654 7.404 - 7.795 7.600
1030672 1.923 °1.538 1.731 . 8.065 6.674 7.369
1043673 2.308 2.231 2.269-  10.233 9.565 . 9.894
1047671  2.154. 1.846 2.000  10.511 8.587 - 9.549
1058673  2.000 2.077 2.038 8.974 8.748 8.861
1074670 .  2.231  2.077 2.154 9.946 8.793 9.370
1075672 2.077  1.846  1.962 9.371 7.620 8.495
1081672 3.462 . 3.615 = 3.538  16.692 16.413 16.552
1103674 4.308 4.538 4.423 19.850 20.519
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TABLE 13--Continued

Likert Score

- 1.885

Student Scale Products Score
No. odd Even  Total odd Even Total
1112673 2.077. 2.308 2.192 8.129 8.862 8.496
1147673 '1.846 1.462 1.654 8.146 = 5.718. = 6.932
1149671 2.154 2.231 . 2.1%92 - 10.017 - 9.944 - 9.980
1164671 2.769 2.538 2.654: 12.422 10.688 11.555
1171672 2.077 1.769 1.923 9.522 7.376 . 8.449
1253672 3.769 . .3.769 + 3.769 ©17.724- . 16.445 17.085
1302662 2.308 2.308  2.308 10.079 - 10.472 10.275
1322670 2.385 ‘2.615 2.500 10.289 10.339 10.314
1358672 2.615 2.692 2.654 11.322° 11.335 11.328
1358675 2.462  2.692 2.577 10.830 11.438 11.134
1365679 2.308 3.538 3.423 14.236 17.426 15.831
1373671 2.000 2.077 2.038 10.095 -10.078 ~ 10.086.
-1389671 2.615 2.769 2.692 12.298 - 11.851 @ 12.074
1397678 3.615 3.769 3.692  17.193  17.348 17.271
1405670 - . 2.385 2.231  2.308 10.257 10.148.. 10.202
1424672 - 2.077 1.923  2.000 - 9.452 . 8.595 - 9.024
1465673 -+ 2.308 2.538 2.423 10.309° 10.138. 10.224
- 1466674 2.154 2.385 2.269 9.064 9.812° 9.438
‘1492671 2.615 2.692 2.654 13.429 13.386 13.408
1492673 1.846 1.692 1.769 7.952 7.443 7.697
1537673 1.769 1.846 1.808 8.078 7.221 7.650
1558673 2.308. 2.538 2.423 10.982 11.865 11.423
1567672 1.615 , 1.308 1.462 8.059 . 6.184 7.122
1573673 - 2.769 2.769 2.769 11.762 11.188 . 11.475
1575670 1.462 1.923 1.692 6.776 8.188 7.482
1579660 2.923 2.846 2.885 14.770 11.238 13.004
1580676 1.538 1.385 1.462 6.710 6.262  6.486
1582671 . 2.462 2.769 2.615 .10.883 10.465 10.674
1604671 2.615 . 3.154 2.885 13.232 14.658 13.945
1613671 l1.615 1.846 1.731 7.381 8.821 8.101"
1719670 - 2.231 2.538 2.385 10.277 10.818 10.547
1719671 2.923 3.154 3.038 13.018 13.682 13.350
.- 1727670 2.385 2.308 2.346 10.426 " 9.615 10.021
‘“,.1765671 - 2.154 2.692 2.423 9.259 " 10.744 10.002
1786671 2.308 2.308 © 2.308 . 9.942 10.092 10.017
- 1789671 3.154 | 3.231 3.192 14.439 14.125 14.282
11802671 2.846 3.000 2.923 13.486 12.938 13.212
1806672 2.077 1.846 1.962 8.925 7.700 8.313
1808674 1.308 .1.462 1.385 . 6,277 6.445 - 6.361
1812661 1.846 1.462 1.654 8.404 7.038 7.721
1812672 3.231 3.077 3.154 - 14.542 13.135 13.838
1844671 .2.308 2.385  2.346 10.455 10.616 10.536
1896675 2.077 - 1.692 - 8.685 6.537 .

7.611
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'TABLE 13--Continued

.Sfudent

Likert Scope

Scale Products Score .

2.038

8.731

No. odd Even  Total odd ‘Even Total
1896676 2.385 < 2.692°  2.538 10.234 10.998 10.616
1901673 .2.231 2.231  2.231 9.040 - 9.465 - 9.252
1929671 1.923  2.000 1.962 - 9.246 8.369 8.808
‘1954672 2.385  2.462  2.423 . 10.967 10.047  10.507
1954673 ~ 4.077 4.000 4.038 18.664  19.052 18.858
1966670 = 2.000 ~2.462 - 2.231. . 9.585.. .- 9,798 9.692
2073671 2.231  2.692  2.462 - 10.454 - 11.122 - 10.788
2114672 1.692° . 1.769  1.731 7.499  7.211 . 7.355
2333672 2.615 2.846  2.731 12.413. - 12.982 12.698
2361671 2.000 2.000 2.000 9.649  8.648 9.148

- 2390672 1.923 1.923 1.923 8.799 .:8.288 8.544
2390673 2.923 3.231 - 3.077 14.367 = 14.342 14.354
2391672 2.154 2.077 2.115 8.958 . 8.568 8.763
2392672 2.692 3.231 2.962 - 11.119 .12.950 12.035
2586671 1.769 1.923 1.846 7.067 7.741 7.404
2586672 3.231 3.769  3.500 15.480 17.935 16.707
2587672 2.538 2.692  2.615 11.489 12.683 12.086
2734672 2.538 2.692 2.615 11.285  11.102 11.193
2734673 2.077 2.154 2.115" 9.351 10.842 10.096
2738672 $3.231 3.000 3.115 14.824 12.665 13.745
2738673 2.769  2.769 2.769 12.101 12.095 12.098
2754671 2.308 2.538 2.423 10.113 11.029 10.571
2776674 1.538 |, 1.462 1.500 6.436 6.429 6.433
- 2826673 .- 2.385 2.462 2.423 9.996 - 10.410 10.203
2844670 2.231 2.154 2.192 8.592 8.563 8.578:
2855675 . 3.231 3.154 3.192 14.757 14.030 14.393
2858674 2.308 2.923 2.615 10.836 12.862. 11.849
12894671 2.385 2.308 2.346 11.119 . 9.425 10.272.
2905661 2.615 3.077 2.846 11.534 12.578 12.056
2908671 2.000 1.769 1.885 9.797 8.574 9.185
2937672 2.692 2.846 2.769 11.254 11.775 11.514
2937675 3.385 3.615° 3.500 16.081 15.968 16.025 -
2937677 2.538 2.846 2.692 11.042 12.490 11.766 .
2937678 - 1.923 2.077 2.000 8.553-- 8.807 . 8.680
3023671 3.231 3.385 ° 3.308 15.359 14.561 14.960 -

- 3027672 2.077 2.231  2.154 . 9.174 9.438 9.306
13042675 2,923 2.154 = 2.538 - 12.734 - 8.735 10.734
3043672 1.769  2.154" . 1.962 8.360.11.205 9.783
3136672 2.077 © 2.462 2,269 . 9.308.. 7 7.998  8.653
3146670 "1.846 ~ 1.846. - 1.846 7.552  7.642 ~ 7.597
3201671 02.231 2.846° 2.538 © . 9.826 10.815 - 10.321
3201672  2.538 = 2.462 2.500  11.596 10.051 10.823
3209673 1.923 = 2.154 9.041 @ 8.886
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TABLE 13--Continued

Student

Likert Score

Scale Products Score

- 2.538

110.672

No. odd -Even  Total odd Even . Total
3210678 2.385 -~ 2.692 . 2.538. 11.409 11.469 11.439
3285671 1.769 1.615 1.692 . -7.748- 6.412 . 7.080
3315673 l1.615 1.769 1.692 7.065 " 7.522 7.293
3385671  2.538 2.615 2.577 11.374 11.712  11.543
3409660 3.615 3.077 3.346 16.849 = 14.141 - 15.495
- 34090674 2.308 2.462 2.385 11.272 - 11.359 . 11.315
3432670 3.308 3.000 3.154 16.272 12.684 14.478 .
3438670 2.692 2.769 2.731 13.442. 11.816 12.629
3442673 2.154 2.462 2.308 8.868  10.212 9.540
3445670 - 2.154 2.308 2.231 9.418 9.673 9.545 .
3477672 2.308 - 2.154 2.231 10.640 10.047 ° 10.343
3498672 2.385 2.692 2.538 11.135 l1l.644  11.389
3545671 1.846 1.923 1.885 7.819 ... 8.058 7.938
3552671 2.692 2.846 2.769 11.466 11.767 11.617 .
- .3567670 2.000 2.231 2.115 9.302 - 9.718 9.510
. 3568670 2.077 2.231 2.154 9.400 9.277 9.338
3573671 2.000 1.769 1.885 9.280 8.044 - 8.662 -
3672671 . 2.231 2.538 2.385 9.577 10.605 - 10.091
3731673 2.077 2.231 2.154 9.348 . .9.475 9.411
3734670 2.692 3.308 - 3.000 - 12.272  14.946 - 13.609
3744673 2.231 2.846 - 2.538 9.972 11.681 10.827
3765670 2.538 2.462 - 2.500 10.993 10.528 10.761
3843673 2.308 + 2.385 2.346. 10.592 10.809 10.701
3845672 2.615 2.385 2.500 -11.824 9.713 10.768
- 3849670 3.231 3.077  3.154 14.977 14.462 14.720
4144670 2.308 2.308 2.308 10.405 10.390 . 10.397
4569672 = 3.462  3.615 3.538 18.09%96 18.112° 18.104
4575669 - 1.846 1.846 .. 1.846 8.099 7.364  7.732
- 4575672 1.769 1.923 1.846 7.935  7.654  7.795
4576678 1.846" 1.846 1.846 ':78.405v“ 7.802 .8.103
4671671 2.923 3.000 2.962 13.291° 12.803 . -13.047
4672670 2.154 1.923 2.038 9.895 8.122 °  9.008
4694670 1.846 2.000 1.923 8.258 8.052 -8.155 |
. 4694671 2.846  2.538 2.692 12.911 11.835 12.373
- 74713672 1.231 1.154 1.192 5.985 5.690 - 5.837
. 4741672 2.308 2.231 2.269 . . 10.103 9.524 9.813

4815670 2.462 2.692 2.577 11.477 = 12.547 12.012

- 4821671 2.692 2.538 2.615 13.605 12.091 . 12.848
4839670 2.000 2.231 2.115 8.918 9.569 - 9.244
4852670 2.385 2.615 2.500 10.448 10.828 10.638
4866671 2.000 2.077 2.038 " 9.491 8.662 9.077

- 4875670 2.154 2.000 2.077 - 9.172 . 9.039 9.106
4884670 .2.231 2.385 . 9.989 10.330
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TABLE 13--Continued .

Likert Score

13

'14.870°

fStudent Scale Products Score '
' No. odd Even Total ‘0dd - Even Total
4888674 2.231  2.615 ° 2.423 = 9.816 11.015 10.415
.. 4891672 1.846 1.846 1.846 . 8.208  7.175 7.691.
.4897670 2.769 2.538 | 2.654 12.898  10.656 11.777 - -
4899672 1.846  1.923 1.885 - 6.972 - 6.736: © 6.854 " ..
4925672 2.231 2.308 2.269 9.467 . 9.316 9.392
4932670 2.538  3.077 2.808 = 12.129 12.691 12.410
4960672 2.923 3.154 3.038 . 12.665 12.634 12.644
4964670 2.462 2.769 2.615 11.010 11.917 = 11.463
4983671 -2.000 1.769 1.885 8.492 7.129 7.811
4983672 2.846 3.000 2.923 13.208 13.295 13.252
4984670 2.615 2.615 2.615 13.045. 10.632 11.838
4999672 2.462 '2.308 2.385 ©10.875 10.563 10.719
5016670 2.000 2.077 2.038 9.590 1 9.408  9.499
5021670 2.308 2.231 .2.269- 11.282  9.252 10.267
5035675 2.385 2.692 .2.,538 '10.312 10.323 10.317
5042674 2.538 2.923 . 2.731 - 11.758  12.693 12.226
5116673 2.000 1.846  1.923  8.742 7.985 8.364
~-.5151672 1.923 = 2.000 1.962- 8.577 7.719 $ 8.148
5187671 2.462 2.462 2.462 -10.591 11.128 10.860
5192676 2.923 2.846  2.885 12.952 12.375 12.663
5304673 - 2.385 2.231 2.308 11.012 9.518 10.265
5326622 2.385 2.308 2.346 10.436 9.661 -10.048
5337673 . 2.615 ~ 2.923 2.769 13.001 14.124 13.562 .
5406674 2.231  2.154 2.192 . 10.640 - 9.788 10.214
5425677 2.077 2.538 2.308 - 8.831 10.601 9.716
5438671 1.846 1.615 1.731 9.576 . 7.359 ' 8.468
5449670  2.154 2.846 2.500 10.398 12.385 11.392
5468674 2.538 2.385 2.462 12.143 11.248 11.696
5585674 2.923 2.462 2.692 12.477 9.949 11.213
5622670 2.385 . 2.308 2.346 11.108 10.390 . 10.749
5662671 1.846 1.769 1.808 7.613 @ 6.574 7.093
5825670 2.538 2.462 2.500 @ '11.678 .11.352 11.515 -
5897670 .2.846 4.000 3.423 13.946. 18.925 l6.435
6019670 4.538 4.385 4.462 20.842 19.023 . 19.932
6215670 1.615 1.846 1.731 -7.668 8.015 ~ 7.841 -
6507670 . 3.923 ~ 4.538 4.231 18.240 20.472 19.356
6901675 1.923 1.692 1.808: 8.782 6.870 - 7.826
6985676 2.692 2.462 2.577 12.413 10.907 11.660
7036673 2.077  1.769 1.923 ~9.051 7.683  8.367
7082674 2.154 3.077 . ..2615 - 10.832  14.658 12.745
7189670 2.615 .2.846 2.731 12.571 .13.156 12.863
7198672 2.231 2.077  2.154 . 9.820 9.238 9.529
7400675 - 2.769 = 3.231° -3.000 .288

'14.079
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TABLE 13--Continued

Student Likert Score . Scale ProductsAScore

No. 0odd . Even Total . 0dd - Even - Total
7522672 1.308 1.615 1.462 5.633 '5.914 5.773
7525674  2.538  2.692  2.615 - 11.769 10.831 11.300
7549670 2.000 2.385 2.192 9.462 10.431 9.947
7555675 = 2.923 2.923 2.923 13.461 12.442 12.952
7593671 1.923 2.462 - 2.192 7.748 - 9,101 8.424

7695675 - 2.231 2.385 2.308  10.288 10.434 10.361
7704674 . 2.538 3.000 2.769 10.981 12.421 11.701
7710670 2.846 3.077 2.962  13.555  13.094 13.324
7742672  2.385 2.769 2.577 -10.867 - 10.818 10.842"
7783672 2.385 2.385 2.385 11.252 °  10.345 10.798
7807671 1.692 1.923 1.808 7.602 7.016 ©7.309
7813673 2.538 2.538 2.538  11.532 | 10.550 11.041
7827678 . 3.000 2.923 2.962 13.750 © 13.262  13.506
7924676 = 2.769 3.154 2.962 12.233 13.556 12.895
7927672 1.923 2.077 2.000 7.762 = 8.101 7.932
- 8040671 2.308 2.769 2.538 11.167 12.282 11.725
8041671 2.538 © 2.538 2.538 11.699 10.764 11.232.
8186672 = 1.385 1.692 1.538 6.934 - 7.861 7.397

8321673 2.231 2.154 2.192 9.729 8.612 9.171

8390675 2.231 2.231 2.231 -11.102 10.426 10.764
9227679 1.923 2.000 1.962 8.572 8.060 8.316
9287670 = 2.923 3.231 2.077 12.558 13.086 12.822
9303674 2.231 . 2.231 2.231  10.699 10.263 10.481

9430671 = 1.923 2.385 2.154 9.270 = 10.570 9.920
9465672 2.154 2.154 2.154 10.100 - 8.212 9.156
9513673 2.615 2.846 2.731 - 11.548 12.095 11.822

9513674 2.231 2.077 2.154 9.572 8.866 9.219
‘9513676 = 1.846 1.692 1.769 8.862 8.962 .  8.912
9536675 2.154 1.615 1.885 9.580 7.577 8.578
9716672 @ 2.692 3.154 2.923 13.108 13.800 13.454

9725672 2.692 2.769 2.731 - 12.762 12.412  12.587

The terms odd, even, and total for elther scoring
technique, refer respectively to the average score on
the 13 odd numbered statements, the average score on
the 13 even numbered statements, and the average score
on the entire 26 statements. ' ' '
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TABLE 14

- THE ATTITUDE SCORES ON THE CONTROL GROUP IN MARCH THAT WERE
REQUIRED IN THE CALCULATION OF GUTTMAN'S INTERNAL CONSISTENCY
RELIABILITY COEFFICIENT | '

, Likert Score ' Scale Products Score
Student a2 : =
No. - 0dd ‘Even  Total - 0dd - Even Total

0363671 . 2.462 2.615 2.538 10.428 ° 11.295 10.862
0403673 2.385 2.385 2.385 10.555 - 9.805 10.180
0437671 -~ 2.923 3.231 3.077 13.348 13.662 13.505
0812670 1.692  1.923 1.808 6.278: 27.364 6.821
0813672 2.308 1.923 2.115 - 10.809  8.104 9.457
0898671 2.846 2.615 2.731 11.829 10.418 11.123
0966676  3.462  3.000 3.231 16.379 12.779° 14.579

0982670 2.231 '2.385 2.308 9.949 10.255 10.102
1047672.  2.846 2.462 2.654 14.198 10.993- - 12.596
1241671 2.231 2.538 . 2.385 9.432 - 10.127 9.779

1376676 2.385 2.538 2.462 10.889 10.397 10.643
1387662 = 3.077 3.308 3.192 © "13.632 13.307  13.470
1407673 2.692 2.769 2.731 11.075 11.306 11.191
1459671 2.385 2.462 2.423 10.288 9.452 9.870
1496672 2.462 2.538 2.500 10.213 10.377 10.295
1534662 2.615 - 2.615 2.615 11.827 11.715 11.771
1536672 2.615 , 2.615 2.615 11.536  10.105 10.816
1762672 2.692 3.077 - 2.885 12.022 12.825 12.423
1838675 1.923 2.077 2.000 ~ 8.075 . 7.944 8.010
1839660 3.538 3.923 3.731 . 15.960° 18.390 17.175
1843672 - 3.462 3.538 3.500  16.366° 15.308 15.837

2109663 1.692 1.385 1.538 7.224 5.897 6.560
- 2127674 2.231 2.308 2.269 9.025 9.538 9.282
2191670 2.154 2.154 2.154 9.808 - 9.758 9.783
2854673 3.000 2.154 2.077 - . 13.399 14.122 13.760
2889674 2.077 2.231 2.154 ©9.292 . 10.091 - 9.691

2905671 = 3.000 3.000 3.000 13.825 13.791 13.808
2921677 2.308 2.615 2.462 - 10.252 10.378 10.315
3081670 1 2.692 3.000 2.846 12.222 .°712.437 12.329
3127670 2.692 2.462 2.577 11.653 - 11.066 11.360
3289672 2.615 2.692 2.654 . 12.190 - 12.099 12.145
3391671 2.923 3.538 3.231-° . 12.609° 14.629  13.619
3460651 3.692  3.846 3.769. 16.932 16.472 16.702

3475673 - 2.154 = 2.000 2.077 -8.582 8.035 8.308
-~ 3615672 - 3.385 3.077 3.231 14.633 13.346 13.990
13698672 . 2.462 2.692 2.577 9.057 11.470 = 10.263 .

3720672 3.923 3.846 3.885 18.090 17.489 17.790
3793670°  3.462 3.462 3.462 15.583 15.366 15.475
3817673 2.692 2.692 2.692 ©12.128 - 11.055 - 11.591

14
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"TABLE 14--Continued

Likert Score

Scale Products Score

5567674,

111.802

11

.386

- Student
: No. " 0dd Even . Total 0odda Even - Total
3841670 1.769 2.077 1.923 8.364 8.705 -8.534
. 40498670 2.846 2.846 - 2.846 12.096 13.105 12.601
4412670 2.462 2.308 2.385 10. 348 9.055 . 9.702
4616670 2.385 3.385° 2.885 10.392 12.380 11.386
4671676 2.923 3.000 2.962° 13.075 13.237 13.156
4739672 - 2.462 2.462 2.462 10.790 - 9.462 10.126
5009670 1.692 1.769 1.731 7.179 7.508 7.343
5121670 3.154 2.923 3.038 14.238 12.766 13.502
5122663 3.000 2.769 2.885 14. 245 12.310 13.278
. 5148670 2.538 3.308 2.923 10.983 13.418 12.200
5148672 2.769 2.923 2.846 13.175 12.376 12.775
5192673 2.538 2.231 2.385 11.034 8.994 10.014
5206670 2.846 . 3.154 3.000 12.054 14.128 13.091
5207670 1.692 2.462 2.077 7.247 ~11.062 9.155
5211670 - 2.769 2.692 2.731 12.713 11.136 11.925
5215672 2.615 2.538 2.577 "12.451 10.114 11.282
5250675 2.846 3.231 3.038 -12.745 14.737 13.741
5304675 2.923  3.231 3.077 13.882 13.623 ..13-.753
- 5314670 2.462 2.231 . 2.346 . 12.163 10.262 11.212
5338672 2.692 2.538 2.615 11.988 10.350 11.169
. 5423674 3.077 3.231° 3.154 14.003 14.042 14.022
5402670 2.154 2.308 2.231 - 8.837 9.022 8.929
5417674 3.615° 4.077 3.846 16.878 17.218 17.048
5417677 2.846 2.846 2.846 11.816 11.438 11.627
. 5421679 2.538 2.462 2.500 11.755 10.587 11.171
- 5422671 3.154 ° 3.077 3.115 14.912 12.517 13.714
5422674 3.308 2.846 3.077 14.637 12.007 13.322
. 5423675 2.538 2.462 2.500 1C.982 10.162 10.572
5424679 3.308 3.385 3.346 14.688 14.459 14.573
- 5428674 - 2.923 2.769 2.846 13.494 11.754 12.624
5445672 2.692 2.692 2.962 12.106 10.318 11.212
5459673 3.538 3.462 3.500 15.159 14.558 14.858
5467675 " 3.231 3.846 3.538 15.115 15.723 . 15.419
5468672 3.692 4.308 4.000 ©17.845 - 19.398 18.622
5470672 2.846 2.692 2.769 11.962 11.943 11.952
5480673 2.231  -1.615 1.923 9.995 6.388 8.192
5499670 2.923 2.846 2.885 11.952 11.378 11.665
5505673 4.000 3.462 .3.731 17.367 13.811 15.589
5514672 2.385 2.385  2.385 10.714 10.664  10.689
- 5517673 3.538 . 3.385 3.462 16.707 15.081  15.894
- 5567641 2.692° 2.923 2.808 . 12.938 11.960 12.449
5567672 2.462 . 2.000 2.231 11.052 9.021 10.037°
- 2.692 2.846 - 2.769

11.594
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TABLE 14--Continued

- Likert Score

'Scale Products Score

6934671

3.308

3.154

- 14.720

13.506 .

Student v - v
No. odd Even Total odd " Even ~ Total-
5584650 - 2.615 2.769 2.692 +12.148 11.643 11.895
5584670. 1.846 1.846. 1.846 8.414 - 7.552 7.983
5605670 3.077 2.923 "3.000 15.049° 12.357 13.703
5606670 2.769 2.846  2.808 11.698 11.324 11.511
5607672 3.923 '3.923 3.923 17.737 18.532 18.135 .
5608657 . . 2.923 3.077 3.000 13.629 13.762 13.695
5616673 1.615  1.846 1.731 7.122 . 6.807 6.964 .
5618671 2.692 2.462 2.577 12.635 - 11.614 12.125
5619672 2.231 2.385  2.308 - 9.847 10.749 10.298
5619673 2.308 2.769 2.538 9.532 11.915 10.724
5633670 2.692 2.000 2.346 11.369 8.751 10.060
5637670 3.077 3.308 3.192 14.490 @ 15.580 15.035
5642671 2.769 2.538 2.654 12.126 10.528 11.327
5679674 2.615 2.923 2.769 11.518 . 12.632 12.075
5705670 2.615 2.385 2.500 12.073 10.109 11.091
- 5712672 3.231 3.308  3.269 14.722 12.789 13.755
5739673 4.000 4.615 4.308 18.795 . 20.522  19.658
5753676 2.462 2.077 2.269 11.167 9.254 10.210
5779670 .2.615 3.000 2.808 11.455 - 11.818 11.637
5833673 "3.000 3.154 3.077 13.580 13.922 13.751
5836670 2.385 2.769 2.577 10.127 10.558 10.342
5842670 2.692  2.538 2.615 12.128 9.219 10.673
5887671 2.923 3.385 3.154 13.728 14.858 14. 293
5890670 2.462 2.538 2.500 10.587 10.759 10.673
5928672 2.692 3.077 2.885 12.493 12.779 13.636
5964670 3.308 3.462 3.385 14.132 14.273 14,203
5975671 2.000 2.154 2.077 8.562 8.062 8.312
5982670 2.308 2.692 2.500 9.461 10.048 9.755
6008670 2.615 2.846 2.731 12.123 12.838 - 12.481
6041672 2.385 2.615 2.500 '11.037 11.210 11.123
6065671 2.923 2.769 2.846 12.572 11.873 12.223
6085670 2.462 2.615 2.538 10.135 10. 266 10.201
6159670 3.077 3.538 3.308 13.933 14.878 14.406
6180671 2.846 2.769 2.808 13.114 11.428 12.271
6240673 3.154 2.846 3.000 13.588° 13.894 13.741
6528671 2.308 2.462 2.385 10.222 . 10-.444 10.333
6665670 "3.000 3.615 3.308 13.134 . - 15.757 14.445
6885670 . 2.692 2.692 2.692 12.575 11.185 11.880
- 6897674 . 2.154 2.000 -.2.077 11.142 10.050 ~ 10.59%6
6905673 3.923 = 3.846 3.885 18.270 - 17.571 17.920
6930671 3.231 3.538 3.385 14.178 15.690 14.934
6932673 2.538 2.308 2.423 10.682 9.537 ° 10.110 -
:3.231: 14.113
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TABLE 14--Continued

Student

Likert Score

Scale Products Score

No. odd Even  Total 0dd - Even- Total
6934673 2.385 2.769 2.577 10.545 12.605 11.575.
6950672 . 3.462 3.615 3.538 15.148 16.336 15.742
6977672 2.308. 2.692 2.500 10.660 - 11.368 11.014
6996671 2.154 2.231 2.192 8.105 9.054 ~.8.580
7005670 2.462 1.846 2.154 11.222 . 7.233 9.227
7024676 3.308 4.000 3.654 15,783 20.077 17.930
7026660 -3.000 3.385 3.192 +12.565 14.588 13.576
7026673 2.769 3.154 2.962 12.247 = 14.023 13.135
7062672 1.769 1.692 1.731 7.943 7.562 7.753
17082672 2.077 2.154 2.115 8.958 - 8.382 8.670
7104650 2.231 2.077 2.154 9.315 8.706 9.011
7104670 2.692 2.538 2.615 11.998 10.542 11.270
7104674 2.538 2.462  2.500 11.572 10.602 11.087
7121670 3.923 3.692 3.808 17.915 - 16.914  17.414
7139670 2.462 2.538 2.500 11.273 - 11.955 11.614
7149673 4.462 4.385 4.423 20.643 20.051 20.347

. ~7176670 2.923 3.462° 3.192 13.475 14.690 14.083
7177672 2.615 2.462  2.538 11.406 10.270 10.838
7194673 .3.385 3.385 @ 3.385 16.255 15.055 15.655
7300671 2.923 2.923 2.923 13.152 11.768 12.460
7324670 2.462 2.538 2.500 10.608 10.186 10.397
7347672 2.692 2.385 2.538 12.228 ©9.465 10.847
7347675 2.462. 3.077 3.769 '10:.171 = :12.393 11.282
7347676 2.615 2.538 °2.577 ° 11.745 . '10.579 11.162
7399673 2.231 2.154 2.192 - 10.290 .© 9.789 10.040
7441675 2.846 3.000 2.923 113.170 12.798 12.984
7467663 1.923 2.077 2.000 . 8.166 7.661 7.913
7491670 3.692 3.923 3.808 16.874 17.158 17.016
7544672 3.231 3.077 3.154 0 14.141 13.389 13.765.-
7555673 3.308 3.538 3.423° 14.625  13.682 . 14.153

- 7576672 2.923 2.615 2.769 - 11.814  10.110 10.962
. 7619650 3.385 3.615 3.500 15.732 - 16.855 16.293
7688673 2.462 2.538 2.500 10.725 10.123  10.424
7691672 3.538 3.615 3.577 16.930 15.786  '16.358
7697678 - 4.385 4.692 4.538 20.277 . 21.954 21.090

- 7701671 3.000 3.077 3.038 14.468 13.287 13.878
7701676 73.077 3.077 3.077 +13.135 12.090  12.613
7707672 3.923 3.846  3.885. 19.208 18.170 18.689
7713671 3.308 3.231 3.269 14.771 13.522  14.146
7713674 3.000 3.385 3.192 ° 13.992 14.757 14.374
7713675 3.000 2.923 2.962 - 12.307 11.794 . 12.500
7715674 - .3.000 3.615 - 3.308 12.915 15.785 14.350
7716671 - 3.769 3.692 3.731 17.448 17.562 17.505
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' TABLE l4--Continued

Likert Score

Scale Products Score

8947671

1.731

Student -

No. odd Even Total . odd Even "Total
7733676 2.077 2.154  2.115 - .9.769 8.656 9.213
7801670 3.308 3.769 3.538 13.578 15.988 14.783
7807673 1.462 1.923.  1.692 6.181 8.162 7.172
7824670 2.615 2.615 2.615 12.019 11.538 11.779
7868672 2.462 2.308 2.385 10.605 9.651 10.128
7918650 3.846 4.000 3.923 17.668- 17.998 17.833
7918671  2.615 2.385 2.500 -11.967 10.809 11.388
7961671 3.000 - 3.154 3.077 ©12.919 12.931 12.925
7980673 2.538 2.231 2.385 10.388 . 8.843 9.615
7990676 '2.846 3.077 2.962 13.878 14.247 14.063
7994674 3.538 3.923 3.731 16.552 16.882 16.717
7997670 2.923 2.462 2.692 13.462 10.117 11.789
8020671 2.769  3.077 2.923 12.538 13.677 13.108

- 8050670 3.231 3..154 3.192 15.802 13.835 14.818
8117672 13.462 3.462 3.462 15.846 15.712 15.779
8121671 3.000 2.385 3.692 13.658 10.960 12.309
8124673 2.769 3.000 2.885 -13.509 13.498 .  13.504

- 8125672 2.923 2.923 2.923 12.864 12.588 12.726
... 8127660 3.385 3.385 3.385 14.548  14.150 14.349
< 8151674 2.846 3.077 2.962 12.326. 13.726 13.026.

. 8160671 2.385 2.692 2.538 10.945 11.205 11.075
8161673 2.769 2.077 © 1.923 7.525 8.064 7.794
8189670 ' 3.000 - 3.385 3.192 13.308 14.692 14.000
8219671 3.000 2.769 2.885 14.871 12.907 13.889
8220673 3.538 3.154 3.346 16.250 13.782 15.016
8232674 2.077 2.308 2.192 8.453 8.822 8.637
8238672 2.615 2.615 2.615 12.105 11.714. 11.910
8286672 3.077 3.308 3.192 14,022 14.634 14.328 .
8315671 2.000 2.231 2.115 © - 8.495 9.609 9.052
8316670 2.231 2.846 2.538 10.435 12.907 11.671
8321674 2.308 2.285 2.346 10.538 10.364 10.451
8348672 2.462 2.385 .2.423 11.521 10.505 11.013 .
8367671 2.769 2.538 - 2.654 12.436 11.946  12.191
8373674 2.077 2.077 2.077 " 8.996 8.253 8.625
8415674 2.692 2.538 2.615 12.412 . 11.908 12.160
8423670 2.231 2.692 2.462 . 9.812. 9.997 . 9.904
8427671 2.538 2.923 2.731 '10.962 12.581 . 11.772
8432670 1.923 2.000 - 1.962 . 8.458 8.646 8.552
8432671 2.385. 2.769 2.577- 10:649 -11.335 . 10.992-

- 8532671 3.231 2.846 3.038 14,722 11.659 ~--13.190
8563672 3.308 3.615 3.462 -16.088 16.004 16.046
8568670 3.077 = . 3.385 3.231 14,035 15.623. 14.829 -

1.692 1.769 7.272 6.418

6.845
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TABLE l4--Continued

Student

Likert Score-

Scale Products Score

The terms odd,

even,

and total, for either scoring
technique, refer respectively to the average score
on the 13 odd numbered statements,
on the 13 even numbered statements,
score on the entire 26 statements.

the average score
and the average

No.. odd Even Total odad Even Total
8957670 - 2.231 1.923 2.077 10.138 - 8.142 9.140
9010672 = 2.077 © 2.308 2.192 1 8.748 -9.165 8.956
9166670 1.923 1.769  1.846 8.725 7.433 8.079
9179671 . 2.308 2.615 . 2.462 9.768 10.776 - 10.272
9235676 - 3.000 2.769 .2.885 13.675  10.99%6 12.335°

9274670 3.846 3.769 | 3.808 17.199 . 15.231 16.215
9303672 2.846 3.000 2.923 13.949  13.594 13.772
9379673 3.462 3.308 3.385 16.927 = 14.430 15.678
9452670 3.231 3.231 3.231 14.866 = 13.341 14.103
9457671 2.692 2.923  2.808 12.388  12.404 12.396
9464672 3.231 3.615 3.423 13.475 14.539 14.007
9481672 2.615 3.154 2.885 11.902 13.368 12.635
9512674 +3.077  3.154 3.115 13.357 14.703 - 14.030
9513672 2.538 - 2.538 2.538 11.973 11.173 . 11.573
9513677 2.308 2.538 2.423 10.446. 10.472 - 10.459
9515676 2.231 2.538 2.385 9.920 10.445 10.182
9554671 2.231 1.923 2.077 . 9.595. 7.508 8.552
9627670 1.923 2.231 2.077 8.331 8.724  8.527
9700672 2.077 1.923 2.000 9.273 8.209 -8.741
9718650 3.231 3.077 3.154 15.235 13.505 14.370
9749675 3.154 3.231 3.192 -13.758 13.145 13.452
9774673 2.538 2.231 2.385 11.079 9.118 10.099
9796672 2.462 ., 2.846 2.654 10.532 11.532 11.032
9810670 2.308 2.154 2.231 10.483 8.732 9.608
a
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TABLE 15

STATISTICS REQUIRED FOR THE CALCULATION OF A GUTTMAN INTERNAL .
" CONSISTENCY RELIABILITY COEFFICIENT

- Statistics of Scores Obtained by the Likert Technique

. "2 | T2 2a b

Date Group . So' : "Se' : st ‘?
December ‘Control .3192 .3091 .2970 .942
1967 Experimental .3136. | .3294 | .3025 .937
March Control | .3003 | .3576 | .3102 | .937
1968 Exper imental .3352 .4032 | .3516 .950

Statistics of Scores Obtained by the Scale Products Techniqué

o% the average scores on the 13 odd,

13 even,

and the-

2 2 ~ 2 '
Date Group SQ - Sq - 8¢ r
December Control 7.529 | 6.912 | 6.760 | .932
1967 Experimental 7.530 7.947 7.241 . 932
March Control 7.447 | 8.486 | 7.469 | .933
1968 . Experimental | 8.082 9.229 | 8.288 | .956
a 2 2 2 L . . .
Se +» and Sy  are respectively the sample variances

entire 26 statements about their respectlve mean values for
a given sample of students. T

calculated from

X

5
4S¢

r is Guttman s internal con51stency rellablllty coeff1c1ent

For each appllcatlon there were 238 students in the control
group, and 242 in the experimental group.



'APPENDIX G

DATA REQUIRED IN THE VALIDITY STUDIES

ON THE FINAL ATTITUDE SCALE -

/
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TABLE 16 =

ATTITUDE SCORES AND DERIVED,DATA PERTAINING TO STUDENTS WHO

ELECTED NO PHYSICS COURSES IN THEIR SECOND YEAR

N

£x% - (42 = .2463
N .

No.| X x* | wo.| x ¥ | No.| x x?
1.{ 2.769 | 7.667 | 17.| 3.077| 9.467 || 33.| 2.885| -8.323
2.1 3.115| 9.703 | 18.| 4.038| 16.305 | 34.| 3.346] 11.195
3.| 4.077 | 16.056 || 19.| 2.500| 6.250 || 35.| 2.346| 5.503
4.| 2.923| 8.543 || 20.| 3.654| 13.351 36.| 2.231| 4.977
- 5.| 2.846 | 8.099 || 21.| 3.769 | 14.205 || 37.| 2.731| 7.458
6.| 2.538 | 6.441 || 22.| 3.808| 14.500 || 38.| 2.769| 7.667
7.1 3.692 |.13.690 || 23.| 2.423| s5.870 | 39.| 3.077| 9.467
8.] 3.231|10.439 || 24.| 3.038| 14.103 || 40.| 2.538| 6.441
9.0 3.077 | 9.042 | 25.| 2.962| 8.773 || 41.]| 2.192| 4.804
10.| 3.308 | 10.942 || 26.| 1.885| 3.553 | 42.| 2.500| 6.250
11.| 2.154 | 9.947 || 27.| 2.308| 5.326 | 43.| 3.231} 10.439
12.| 3.885 | 15.093 | 28.] 3.885 | 15.093 | 44.| 3.000| 9.000
13.] 3.038 | 9.229 || 29.| 2.392| 7.246 || 45.| 3.654 | 13.351
14.| 2.038 | 4.153 || 30.| 3.885 | 15.093 || 46.[ 2.846 | 8.099
15.1 2.769 | 7.669 || 31.] 2.423| 5.870 || 47.| 2.808| 7.884
16.| 2.846 | 8.099 || 32.| 3.538 ] 12.517 " 48.| 2.615 | 11.093
4X = 143.969 % = 2.9999 £x° = 443.638
-
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“TABLE 17
 ATTITUDE SCORES AND DERIVED DATA PERTAINING TO STUDENTS WHO
' ELECTED PURE PHYSICS COURSES IN THEIR SECOND YEAR

No. X X2 vNo:_. x | x° No.| X | X

1.| 3.769| 14.205 || 14.| 2.423| s5.870 27.| 3.385| 11.458
2.| 2.692| 7.246| 15.| 3.000| 9.000| 28.| 3.077| 9.467
3.| 2.000| 4.000| 16.| 2.769| 7.667| 29.| 2.846| 8.099
4.| 2.846| 8.099|| 17.| 2.500| 6.250| 30.| 2.308| 5.326
5.| 2.615| 6.838| 18.[ 2.077| 4.313| 31.| 3.231| 10.439
6.| 4.115| 16.933 | 19.| 3.231| 10.439| 32.| 2.115| 4.473
7.] '3.269| 10.689 | 20.| 2.346| 5.503 | 33.| 2.423| 5.870
8.| 3.385| 11.458| 21.| 2.308| 5.326| 34.| 2.654| 7.043
9.| 3.038| 9.229| 22.| 2.769| 7.667 35.| 2.192| 4.804
10.| 2.731| 7.458) 23.| 3.808| 14.500| 36.| 2.038| 4.153
11.| 2.423| s5.870 | 24.| 2.577| 6.620 | 37.| 3.154| 9.947

12.] 2.615 6.838 25.1 3.000 9.000 || 38.| 3.231| 10.439

13.] 2.577 6.538|l 26.| 2.885| 8.322

£X = 106.422 % = 2.8005 $x% = 307.327

8% = £x% - ($x)2 = .2443"
N

N
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TABLE 18

ATTITUDE SCORES AND DERIVEDVDATA PERTAINING TO STUDENTS WHO
ELECTED APPLIED PHYSICS COURSES IN THEIR SECOND YEAR

N .

No.| x X2 No. X X2 No. X x>
1.| 3.269| 10.686 13. 2.654| 7.043 25.| 2.654| 7.043
2.| 2.654| 7.043| 14.| 3.077| 9.467| 26.| 2.962| 8.773
3. 2.846| 8.099| 15.| 3.115| 9.703| 27.| 3.269| 10.686
4.| 2.538| 6.441| 16.| 2.962| 8.773|| 28.] 2.346| 5.503
5.] 2.154 4.639| 17.] 2.115| 4.473|| 29.| 2.000| 4.000
6.| 2.192| 4.804| 18.| 2.885| 8.323 30. 2.192| 8.902

7. 1.885| 3.553| 19.| 2.500| 6.250| 31.| 3.077| 9.467
8.| 8.385| 11.458 | 20.{ 2.308| 5.326 | 32.| 3.269] 10.686
9.1 2.192| 4.804| 21.| 3.231{ 10.439 || 33.| 2.615| 6.838
10.| 3.346| 11.195 | 22.| 3.038| 9.229|f 34.| 3.115| 9.703
11.| 3.423 ‘11.716 || 23.| 2.462] 6.061| 35.| 2.462| 6.061
12.| 2.115| 4.473| 24. 3.462| 11.985 || 36.| 1.615| 2.608

£x = 97.381 "% = 2.7050 - #x% = 272.155
2 = £x2 —‘i%glz = .2426
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Fig. 6.--The Significance of Differences Existing in the
Mean Attitude-Scores Toward the Physics 110 Laboratory of
Past Physics 110 Students Electing Applled Phys1cs, Pure

Phy51cs, or No Phy31cs in Their Second Year.
A,.'Applied Physics (2) Versus No Physics (1)

t = Xl— X2
J(Nl - 1)S34 + (N - 1)S,% (1 + 1
Ny + Np - 2 JN1 N2
= ‘ 2.9999 - 2.7050

J(47)(.2463) + (35) (.2426) J;_,+ 1
’ 82 48

2.748

t = 2.748 is significant at the .005 level

At 005,00 = 2-576)

B. Pure Physics (2) Versus No Physics (1)'

£ = 2.9999 - 2.8005

J(47)(.2463) + (37) (.2442) J;__+ ;;;
| 84 . 48 38

= 1.854

t = 1.854 is significant atvthe .05 level

(t o5 co = 1.645)
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Fig. 7 .--The Form Given to the Teaching Assistants Asklng

Them to~Judge Their Students' Attltudes Toward the Laboratory

T0: ____GROUP: ______- FROM: G. PAGE

We are presenting you with the rather subjective
and perhaps difficult task of judging your students’
attitudes toward the laboratory. This attitude (pos1t1ve
or negative feeling) can be thought of as a composite
~of the student's interest, motivation, etc., as indicated
by his behaviour exhibited in the laboratory.

Please list the students' names below alphabetically,
and using responses of (l) very good, (2) good, (3) indifferent,
(4) poor, and (5) very poor, indicate the corresponding
number of the response which best expresses their attitude
toward the lab this term (perhaps this task could best
be accomplished during this group's lab period).

No. '~ Name . No. Name
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TABLE 19

'STUDENTS' ATTITUDE SCORES ON THE ATTITUDE SCALE AND THE
ATTITUDE SCORES GIVEN THEM BY THEIR TEACHING ASSISTANTS

Student a S " Student

No. ' X Y : No. X Y
0081662 2 4.3 0081671 -3 1.9
0119671 3 2.5 0416672 3 2.3
0432671 - 1 2.3 0463672 4 4.3
0768672 4 3.2 0794671 3 3.0
0834678 2 4.1 0871671 -2 2.0
0880671 2 2.8 0920671 1 2.5
0944671 3 1.7 0995671 2 1.8
1001676 3 1.7 1030672 2 1.7
1043673 - 2 2.3 1058673 1 2.0
1074670 2 2.1 1075672 1 2.0
1081672 2 3.5 1103674 3. 4.4
1112673 3 2.2 - 1147673 1 1.6
1149671 1 2.2 lle64671 2 2.7
1253672 4 3.8 1302662 2 2.3
1322670 2 2.5 1358672 3 2.7
1397678 3 3.7 1465673 3 2.4
1492671 3 2.7 1492673 3 1.8
1573673 2 2.8 1613671 . 1 1.7
1719670 2 2.4 171971 = 2 3.0
1727670 - 2 2.3 1765671 ~ -2 2.4
1789671 2 3.2 1802671 1 2.9
1808674 2 1.4 1812661 3 1.7
1812672 3 - 3.2 1844671 3 2.3
1896675 2 1.9 1929671 2 2.0
1954672 1 2.4 1954673 3 4.0
2073671 1 2.5 2114672 2 1.7
2361671 2 2.0 2391672 1 2.1
2392672 1 3.0 2586672 2 3.5
2734672 2 2.6 2734673 = 1 2.1
2738672 3 3.1 2754671 2. 2.4
2776674 2 1.5 2858674 2 2.6
2905661 3 2.8 2908671 3 1.9
2937672 2 2.8 2937677 2 2.7
2937678 2 2.0 3043672 ‘1 2.0
3201671 . 3 . 2.5 3285671 1 1.7
3315673 2 1.7 3385671 3 2.6
3409660 3 3.3 3432670 2 C3.1
3438670 3 2.7 3445670 1 2.3
3477672 1 2.2 + 3567670 o2 2.1



TABLE 19--Continued

-Student

5424679

‘ Student
.No. X Y . No.. X Y
- 3573671 3 1.9 - 3731673 3. 2.2
3843673 2 2.3 3845672 2 2.5
3849670 2 3.2 4671671 2 3.0
4694670 1 1.9 4713672 .2 1.2
4852670 1 2.5 4866671 1 - 2.0
4891672 1 1.8 4932670 2 2.8
4960672 2 3.0 4984670 2 2.6
4999672 3 2.4 - 5021670 2 2.3
5042674 3 2.7 5116673 3 1.9
5151672 3 1.9 5326622 2 2.3
5406674 3 2.2 5585674 -3 2.7
5622670 3 2.3 5662671 2 1.8
5835670 1 - 2.5 6019670 2 . 4.5
6215670 3 1.7 6901675 -3 1.8 -
7082674 2 2.6 7189670 . -3 2.7
7522672 3 1.5 7549670 2 . 2.2
7593671 1 2.2 7695675 -3 2.3
7704674 3 2.8 - 7710670 3 3.0
7742672 -3 2.6 ~ 7783672 1 2.4
7807671 3 1.8 7827678 1 3.0
7927672 2 2.0 8186672 1 1.5
9227679 1 2.0 9465672 2 C 2.2
9513673 3 2.7 9513676 2. 1.8
9536675 2 1.9 9912673 3 3.3
0363671 2 2.5 0813672 1 2.1
0898671 2 2.7 . 0966676 3 3.2
0982670 2 2.3 1241671 3 2.4
1376676 1 2.5 1387662 - 3 3.2
1407673 - 3 2.7 1534662 3 2.6
1536672 . 2 2.6 2109663 2 1.5
2191670 2 2.2 2889674 1 2.2
2905671 2 3.0 2921677 1 2.5
3081670 2 2.8 - 3127670 - 3 2.6
3289672 "3 2.7 3391671 3 3.2
3460651 3 3.7 3475673 o1 2.0
3698672 2 2.6 3793670 .2 3.5
3817673 2 2.7 4049670 -2 2.8
4412670 2 2.4 4671676 2 3.0
5009670 3 1.7 '5121670 1 3.0
5122663 ~ 3 2.9 5148670 3 2.9
5211670 2 2.7 5250675 3 . 3.0
5417677 2 2.8 - 5421679 3 2.5
. 5422674 S 2 3.0 5423675 -3 - 2.5
2- 3.3 5445672 2 2.7
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TABLE 19--Continued

Student ’ - Student ,
No. X Y ' No. X Y
5459673 2 3.5 5470672 - 1 2.8
5480673 1 1.9 5499670 3 2.9
5514672 . 2 2.4 - 5517673 3 3.5
5567672 '3 2.2 "- 5567674 4 2.8
5607672 3 3.9 5616673 2 1.7
5618671 3. 2.6 5619673 3 2.5
5633670 2 2.4 5637670 2 3.2
5642671 3 2.6 5739673 2 4.3
5753676 1 2.3 5779670 2 2.8
5833673 2 3.0 5887671 3 3.2
5890670 4 2.5 5964670 1 3.4
6008670 2 2.7 T 6065671 3 2.9
6159670 3 3.3 6528671 2 2.4
6665670 2 3.3 6905673 3 3.9
6930671 2 3.4 6932673 - 3. 2.4
6950672 2 3.5 6977672 3 2.5
6996671 3 2.2 7005670 1. 2.2
7024676 2 3.7 7026660 . - 4. 3.2
7026673 2 3.0 - 7062672 . . 3 1.7
7082672 4 2.1 7104670 3 2.6
7104674 2 2.5 7139670 2 2.5
7149673 3 4.4 7176670 2 3.2
7177672 2 2.5 7324670 2 2.5
7347672 2 , 2.5 7347676 1 2.6
7467663 3 2.0 7491670 1 3.8
7555673 2 3.4 7619650 2 3.5
7713671 "2 3.3 . 7713674 2 3.2
7713675 1 3.0 7715674 1 3.3
7716671 - 2 3.7 | 7733674 2 2.1
7807673 1 1.7 7824670 3 . 2.6
7918650 4 3.9 7918671 2 2.5
7961671 2. 3.0 7980673 2 2.4
18020671 3 2.9 I 8121671 3 2.7
8125672 2 3.0 8127660 3 3.4
8160671 2 2.5 8161673 2 1.9
8189670 2 3.2 8219671 3 2.9
8232674 1 2.2 8315671 1 2.1
8321674 3 2.3 8348672 . 3 2.4
8367671 3 2.6 8415674 = 2 2.6
8423670 . . 2 2.4 8947671 4 1.7
8957670 2 2.0 9179671 1 2.5
9235676 2 2.9 9464672 3 3.4
9481672 2 2.9 9515676 3 2.4
9554671 2 2.0 9700672 1 - 2.0
£ 9718650 3 3.2 9774673. - 3 2.4

9796672 1 2.7 9810670 - 2 2.2
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TABLE 19--Continued

a "X" is the~students' attitude score given by .the: teaching
assistant, and "Y" is the score achieved on the attitude
scale. ’ : '
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Fig. 8.--The Correlation of Students' Attitude Scores on the
Attitude Scale With the Attltude Scores leen Them By Their

Teachlng Assistants. -
Y - Aﬁtitude Score obtained on Attitude Scale

X - Attitude Score given by Teaching Assistant

583 | #x% = 14713 £xy

£xX = = = 1521.8
£y = 670.6 = £v? = 1834.5 " N = 257
Ty = £XY - (£X)Ng£Y)

j(£x2 - (#x) 9 (£Y% - (£0)9)
N N

(1521.8) - (583)(670.6)
257

1(1473 = (583)2) (1834.5 - (670.6)2)
257 257

- 0.032



TABLE 20 .-
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THE DATA UTILIZED IN THE VALIDITY STUDY RELATING STUDENT
ATTITUDE AND ACHIEVEMENT"

1397678

86

24 -

Student _ .

No. Y X X, X, X, X
0081671 1.885 .70 46 115 103 23
0119671 2.538 57 36 93 100 20
0416672 2.308 80 33 113 100 24
0432671 2.346 73 30 103 110. 26
0324673 2.077 80 53" 113 100 25
0566672 2.308 55 24 79 97 22
0768672 3.192 43 35 78 .74 19
0794671 3.000 73 47 120 88 21
0795672 2.077 47 25 75 8l 20
0834678 - 3.115 .64 - 16 .85 - . 78 21
0843674 4,269 39 4 - - 43. .. 68 16
0871671 2.038 - 79 45- " 124 118 28
0880671 2.769 66 29 95 93 24
0913671 2.038 43 11 54 97 21
0918674 1.885 70 31 101 77 21
0921672 2.308 59 26" 85 80 18
0944671 1.731 51 52 103 97 21
0974672 3.654 72 32 104 103 24

- 0988673 2.423 64 26 90 - 95 22
- 0995671 1.808 75 31 106 115 27
1001676 1.654 84 51 135 100 25
1030672 1.731 -84 48 132 114 26
1043673 2.269 71 51 122 100 24
1047671 2.000 63 42 105 91 20
1058673 2.038 67 45 112 102 25
1074670 2.154 6l 36 97 82 19
1075672 ~1.962 63 31 94 108 26
1081672 3.538 70 33 103 102 23
1103674 4.423 53 18 71 © 96 22
1112673 2.192 54 40 94 100 23
1149671 2.192 72 38 110 92 23
1164671 2.654 48 21 69 -89 20
1171672 1.923 72 32 104 102 24
1302662 2.308 61 32 93 95 21
1322670 2.500 73 25 - 98 98
1358672 3.000 63 8 71 26 21
1373671 2.038 68 32 100 - 87 22
1389671 - 2.393 69 40 109 90 . 21
. 3.692 43 129 107 26
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"TABLE 20--Continued

Student o
No. Y X, X, X5 X, X
1405670 2.308 75 38. 113 112 25
1424672 2.000 65 32 98 88 20°
1465673 2.423 64 41 111 80 21
1466674 2.269 74 50 124 93 24
1492671 2.654 71 26 97 - 110 24
- 1492673 - 1.769 80 57 137 110 27
1537673 1.808 50 29 79 89 22
1567672 1.462 79 47 126 - 91 23
1573673 2.769 75 40 115 102 25
1575670 1.692 63 33 96 107 20
1579660 2.885 72 39 111 94 21
1580676 1.462 72 19 94 107 25
1584671 2.615 62 24 86 .. 78 21
1604671 2.885 67 38 105 - 102 23
1613671 1.731 97 ‘55 152 142 32
1719670 2.384 74 . 50 126 91 23
1719671 3.038 61 . 25 86 92 23
1727670 2.346 53 26 79 84 21
1765671 2.432 55 10 65 79 21
1786671 2.308 73 36 109 85 20
1789671 3.192 83 47 120 107 26
1802671 2.923 73 34 107 108 25
1808674 1.385 56 10 66 123 24
1812672 3.154 60 28 88 82 19
1844671 2.346 66 33 99 107 24
1896676 2.538 69 30 99 . 109 27
1901673 2.231 79 50 ... .- 129 108 25
1929671 1.962 68 25 93 108 26
1954672 2.423 53 22 75 84 22
1954673 4.038 73 31 104 82 21
1966670 2.231 57 33 90 .94 20
2073671 2.462 84 47 131 110 28
2114672 1.732 52 29 81 102 22
2333672 2.731 67 50 117 86 21
2390672 1.923 80 51 131 125 27
2390673 3.077 64 43 107 90 23
2391672 2.115 69 39 108 109 - 26 -
2392672 2.962 37 23 60 77 19
2586671 1.846 65 32 98 95 20°
2586672 3.500 70 38 108 93 .22
2587672 2.615 70" 40 110 85 22
2734672 - 2.615 65 37 102 105 - 23
2734673 . 2.115 76 43 119. 100

24
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TABLE 20--~Continued.

26

25

Student - .

No. Y Xl X2 'X3 AX4 X5
2738672 3.115 55 34 89 92 .22
2738673 2.769 60 27 87 84 21
2754671 2.423 71 30 101 104 25
2776674 1.500 57 41 98 97 22.
2826673 2.423 35 20 55- .84 - 17
2844670 2.192 59 20 79 85 20
2855675 3.192 75 49 124 79 21
2858674 2.615 57 20 . 77 93 23
2894671 2.346 59 . 18 77 102 22
2905661 2.846 64 48 112 79 20
2908671 1.885 68 37 94 o111 25
2937672 2.769 67 31 98 - 95 23
2937675 3.500 - 51 - 23 89 . 111 24
2937678 2.000 . 57 25 82 .. 106 22
3023671 3.308 "62 - 38  ..100 97 25
3027672 2.154 55 - -33 .87 Q9 22
3042675 2.538 58. 32 90 97 21
3136672 2.269 76 47 123 112 24
3146670 1.846 54 57 148 112 27
3201671 2.538 62 31 93 97 22
3201672 2.500 67 39 106 92 21
3209673 2.038 55 29 84 104 23
3210678 2.538 56 18 74 99 23
3285671 -1.692 66 46 <112 .97 23
3315673 1.692 - 58 32 90 111 24
3385671 2.577 67 27 94 ‘98 23
3409660 3.346 61 32 93 77 20
3438670 2.731 78 52 130 104
3445670 2.231 92 51 143 135 30
3477672 2.231 74 29 103 140 30
3498672 2.538 48 37 85 88 18
3545671 1.885 63 40 103 109 - 24
3552671 2.769 68 33 101 87 19
3567670 2.115 42 - 33 96 93 21

" 3568670 2.154 63 - B3 132 -110 24
. 3573671 1.885 71 45 116 112 23
3672671 2.385 71 47 118 102 22
3731673 2.154 64 40 104 96 23
3734670 -~ 3.000 62 30 92 84 19
3744673 2.538 - .73 40 113 . 105
3765670 2.500 73 31 104 101 22
3843673 - 2.346 - 69 34 ‘ 103 106 22
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TABLE 20--Continued

5835670

Student : _
No. Y Xl X2 X3 _X4 ) X5
3845672 - 2.500 68 36 - 104 104 23
3849670 3.154 68 33 92 92 21
4144670 2.308 81 50 131 97 24
4569672 - 3.538 71 - 34 105 105 22
4575669 1.846 53 22 75 106 22
4575672 1.846 66 40 106 117 24
4671671 2.962 63 29 - 92 88 22
4673670 . 2.038 71 36 -107 94 21
4694670 ~1.923 49 37 86 103 22
4694671 2.692 54 25 79 - 92 20
4713672 1.192 68 38 . 106 106 24
4741672 2.269 .62 31 93 102 22
4815670 2.577 65 32 98 109 23
4831671 2.615 56 .20 . .80 90 21
4839670 2,115 67 38 105 107 24
4852670 2.500 71 37 108 110 25
14866671 2.038 6l 37 98 119 25
4875670 2.077 ‘53 17 70 102 21
4888674 2.423 56 39 95 83 21
4891672 1.846 78 37 115 107 25
4897670 2.654 78 52 140 93 24
4899672 1.885 69 . 40 109 96 22
4925672 2.269 51 14 .65 102 23
4932670 2.808 65 36 101 97 22
4960672 3.038 . 68 42 110 90. 24
4999672 2.385 48 23 71 .86 19
5016670 2.038 . 55 24 79 91 22
5021670 2.269 73 42 115 123 27
5116673 1.923 59 16 - 75 94 21
5151672 - 1.962 67 39 106 101 22
5187671 2.462 70 48 118 98 24
5192676 2.885 - 63 22 85 88 20
5304673 2.308 84 34 118 107 26
5326622. 2.346 58 34 92 114 26
5337673 2.769 47 - 30 77 -, 85 20
5406674 2.192 55 32 87: 102 22
5449670 2.500 84 58 142 97 21
5468674 2.462 74 31 105 103 19
5585674 2.692 46 30 - 76 . 108 23
5622670 2.346 54 25 79 105 23
5662671 1.808 - 87 55 142 111 26
2.500 45 14 59 99 22
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TABLE 20--Continued

Student
No. , Y Xl'f X2 - X3 .. ‘X4 X5
6019670 4.462 . 72 31 -103 94 23
6215670 . 1.731 41 = 14 55 98 20
6507670 - 4.231 43 29 72 79 21
6901675 =~ 1.808 ~° 50 8 60 81 19
6985676 . 2.577 42 18 60" 93 21
7082674 - 2.615 68 = 36 104 92 .23
7189670 2.731 53 - 33 86 . 85 20
7198672 . 2.154 80 80 51 92 22
7522672 l1.462 6l 27 ~ 88 98 21
7549670 2.192 57 . 27 . 84 : 79 19
7555675 - 2.923 . 58 44 102 89 19
7593671 - 2.192 76 - 42 117 105 25
7695675 2.308 58 30 88 . 97 23
7704674 2.769 43 24 67 87 21
7710670 2.962 62 38 100 99 22
7742672 2.577 62 - 13 75 = 87 21
7813673 2.538 79 42 121 93 22
7827678 2.962 - 65 13 78 105 " 25
7927672 - 2.000 - 89 55 144 117 26
8040671 2.538 52 24 - 76 80 20
8041671 2.538 61 35 96 106 24
8186672 1.538 61 35 . 96 - 96 22
8321673 2.192 59 22 82 103 23
8390675 2.231 49 4 .53 104 23
9227679 - 1.962 . 87 47 134 - 109 25
9287670 3.077 65 - 23 .88 71 19
9303674 2.231 73 43 116 98 24
9430671 2.154 69 46 115 104 25
9465672 2.154 75 48 123 103 - 23
9513676 1.769 65 34 99 102 21
9536675 - = 1.885 56 22 78 104 23
9716672 2.923 66 20 86 108 25
9725672 2.731 69 .35 . 104 = 104 24
. 9912673 - 3.346 73 44 - 114 93 24
a

'Y is the student's score on the final application of
the attitude scale, and X; through Xg are respectively
the course mark prior to the final exam, the final
exam mark, the final course mark, the lab mark in the
second term, and the total lab mark. ‘ ' '



APPENDIX H

THE DATA USED IN THE ANALYSIS OF

THE ATTITUDINAL STUDY



202

TABLE

22

THE FINAL ATTITUDE SCORE FOR EACH STUDENT IN THE CONTROL
. GROUP, TOGETHER WITH THOSE FACTORS UPON WHICH THIS SCORE

MAY DEPEND
Student .

No. Y xl x2 x3 X, xs X x7 X3 X
0348673 - 2.346 89 43 46 3 1 3 0o -
0363671 2.538 2.385 63 29 -34 2 1 3 1 60
-0403673 2.385 2.500 96 49 47 2 1 2 2 73
0437671 3.077 3.308° 80 34 46 3 1 3 1 51
0591670 - ~2.615 58 22 36 4 2 3 0 -
0768670 - 1.962 86 . 36 ‘50 .3 1 3 o -
0802660 - - 2.923 79 37 42 5 1 4 2 -
0812670 1.808 - 2.231 - - - 3 1 - 2 -
0813672 2.115 ©1.577 77 33 44 4 2 4 2 74
0898671 2.731 3.154 . 99 51 48 2. 2 1 1 73
0926673" - 2.923 87 40 47 1 1 2 1 -

- 0966676 3.231 2.808 82 33 49 3 2 3 1 75
0982670 2.308 2.000 97 - 49 48 3 2 2 1 73
1032672 - 3.538 87 42 45 2 2 2 1 -
1047673 ~4.000 3.808 77 32 45 3 2 31 81
1127672 " 2.654 2.269 64 35 29 3 1 4 1 60
1241671 2.385 2.423 86 40 46 2 2 1 2 83
1363675 - 2.269 77 31 46 4 2 2 1 -
1376676 © - 2.462 - 2.346 93 - 46 47 1- 2 1 1 84
1387662 3.192 3.154 75. 38 37 -3 -1 3 3 20°
1407673 2.731 2.462 80 43 37 5 1 3 1 56
1459671 2.423 2.692 .82 36 46 3 2 3 1 55
1496672 2.500 2.346 75 32 43 3 -2 3 1 66
1534662 - 2.615 2.654 67 31 36 5 1 4 2 45
1536672 2.615 2.538 72 31 41 5 2 4 1 54
1580677 - 3.154 80 37 43 6 2 3 1 -
1653670 - 2.692 93 44 - 49 5 2 2 1 =
1762672 2.885 2.500 73 37 36 2. 2 2 1 81
1838675 2.000 - 2.462 77 38-.39 .3 2 3 1 56
1839660 - 2.731. 2.808 - - =3 1 3 1 52
1843672 3.500 2.654 ° 81 35 46 2 1 3 0 63
1860670 - 3.000 75 38 37 5 -1 4 1 -
1931672 - 2.731 77 32 45 4 2 3 2 -
2109663 1.538 1.538 80 40 40 - 1 - 2 -
2127674 ©2.269 2.192 86 44 42 - 2 1 2 1 72

12191670 2.154 2.231 82 38 44 2 2 1 1 84
2358672 - - 2.808 93 48 45 4 1 2.0 -
2527660 - '+ 2.538 - - - - - - - =
2788670 - 3.538 101 55 46 3 1 3 1 -
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203

-+ 5192673

2.308 .

Student : - _ .

No. Y 'Xl_ X, X X4"X5 X, X, X3 Xy
2854673 3.077 2.423 79 31 48 3 2 3 1l 79
2855672 - 2.769 75 33 42 3 2 4 1 -
2889672 - 2.077 .8 38 47 2 2 3 1 -
2889674 2.154 3.000 92 46 46 4 2 3 1 69
2905671 +3.000 . 3.385> 70 31 39 4 2 3 1 57
2921677 2.462 2.154 89 42 47 1 .1 1 2 82
2935661 - 4.269 8 40 46 1 2 2 0 -

~ 3081670 2.846 3.654 - 57 24 33 5 2 4 1 59
3127670 2.577 2.385 77 41 36 2 1 2 1 54
3289672 2.654 2.885 77 36 41 3 2 3 1 62
3391671 3.231 - 2.885 72 39 40 - 1 1 1 65
3460651 3.769 . 3.308 - - - .6 1 '3 2 -
3475673 2.077  1.885 85 44 41 1 1 3 1 48
3515674 - 2.500 77 .34 43 - - - - -
3615672 3.231 2.423 65 26 39 2 1 3 1 47
3676671 - 3.577 83 44 39 4 2 4 2 -
3698672 2.577 3.885 89 44 45 4 1 3 2 60
3720672 £ 3.885 03.977 73 33 40 2 1 2 2 81
3744660 - 2.231 98 50 48 - - - - -
3793670 3.462 3.500 97 51 46 3 1 3 1 65
3817673 2.692 2.423. 78 31 47 - - - - -
3841670 1.923 1.808 83 37 46 4 2 3 1 o4
4049670 2.846 3.154 76 35 41 3 1 2 2 63
4412670 2.385 2.692 78 31 47 4 2 4 2 62
4545671 - 1.769 74 30 44 4 2 3 2 -
4616670 $2.885 2.000 - - - -1 - 2 -
4671672 - 2.462 73 36 37 3 1 3 1 -
4671676 $2.962 2.923 71 32 39 2 l 4 1 58
4739672 2.462 2.423 94 50 44 - - - - -
4825660 - ©3.615 77 38 39 4 1 6 0 .~
4889671 - - 3.000 76 32 44 - 3 1 2 1 -
5011672 - 2.808 99 54 45 - - - - -
5009670 1.731 1.731 63 26 37 4 1 2 1 67
5019660 - ~2.654 102 53 49 2 1 2 2 -
5074670 - 2.500 69 36 33 2 1 2 1 -
5121670 3.038 2.846° 91 45 46 3 2 4 1 56
5122663 2.885 - 3.308 75 38 37 2 1 2 2 49
5123670 - 3.231 71 34 37 4 2 4 1 -
5140672 - 3.769 87 42 45 4 1 2 1l -
5148670 - 2.923 2.077 94 48 46 4 2 3 1 64
15148672 - 2.846 2.538 90 - 41 49 3 1 2 1 59
5149673 - ©2.923 75 37 38 2 1 3 1 -
5158670 - 2.038 78 40 38 2 2 2 1 -
5190671 S - , 2.73. - - - - - - - -

2.385 86 38 48 3 2 3 -1 67
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TABLE 22--Continued

“Student

3.654 ;

30

42

52 .

56

No. Y Xl szv X3 X4 st‘Xé X.7 Xg X
5206670 3.000 - 3.577 75 31 44 3 2 2 1
5207670 2.077 1.885 83 41 42 -5 1 2 2 35
5211670 2.731. 2.615 - 61 260 35 4 1 4 1 61
5215672 2.577 3.462 82 36. 46 - - - - -

+ 5232670 - . 2.462 87. 40 47 4 1 4 1 -
- 5250675 2.028 2.208 80. 35 45 3 1 2 2 70
- 5254670 - 1.962 84 34 50 3 2 2 1 -
5304675 2.077 3.231 71 30 41 3 1 3 1 55
- 5314670 $2.346 2.808 63 23 40 5 2 4 1 59
5338672 2.615 -~ 3.385 95 46 49 1 2.1 1 85
5359671 - 2.962 88 45 43 2 1 4 = 2 -
5402670 2.231 2.154° 90 42 48 2 2 2 1 87
5415673 - .2.577 67 31 36 5 2 4 1 -
5417674 2.846 2.846 - - - - - - - -
5417677 2.846 - 2.269 87 41 46 1 1 2 2 75
5419672 - ‘ 3.769 84 39 45 3 2 2 2 -
- 5421679 2.500 2.846 63 37 26 3 1 3 0 58
5422671 3.115 -~ 3.538 96 52 44 4 1 3 1 69
5422673 - " 3.923 20 48 42 4 1 4 o0 -
5422674 3.077 - 2.115 82 37 45 2 2 3 1 62
5422678 - 2.192 91 41 50 2 2.1 1 -
5423674 3.154 3.038 97 52 45 = - - - -
5423675 2.500 2.577 73 32 41 5 1 3 1 72
5423678 - 2.231 90. 43 47. 3 2 3 2 -
5424679 3.346 3.038 92 48 44 4 1 2 2 54
5428674 - 2.846 2.731 78 35 43 1 1 1 1 85
5430670 - 2.885 72 36 36 3 1 2 1l -
5445672 - 2.692 3.462 71 30 41. 3 1 3 2 63
5459673 3.500 2.731 103 53 50 1 1 1 0 86
5467675 - 3.538 - 4.077 81 39 42 2 2 3 1 72
5468672 4.000 3.231 107 57 50 1 2 1 2 91
5470672 - 2.769 2.577 87 46 41 4 2 3 1 73
5480673 1.923 2.615 90 42 48 - - - - - -
5486671 - 2.615 - - - . - 0 4 1 -
5499670 2.885 2.692 77 37 40 - 4 2 3 2 58
5505673 3.731 '3.659 - 96 49 47 4 2 3. 2 74
. 5514672 2.385 2.269 93 48 45 4 1 3 1
5517673 3.462 2.923 83 36 47 - - - - -
5535670 - 2.462 75 34 41 2 2 3 1 -
5548662 - 2.615 - - - 4 1 4 1 -
5567641 2.808 2.615 74 . 31 43 3 1. 3 1 70
5567672 2.231 2.308 98 52 46 4 2 3 1 57
- 5567674 2.769 3.077 = 85 43 42 2 1 2 2 51
5570676 L= ‘ 3.500 80 36 44 2 2 3 1 -
. 5583671 - 72 21 3.0 -
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6085670

Student
No. Y Xl X2 X3 _X4 st X6 X7> X8 X
5584650 2.692 2.808 - - - 4 1 2 2 -
5584670 1.846 - 1.885 - - - 2. 2 3 1 -
5595673 - . 1.346 88 41 47 4 2 3 2 -
5600679 - 3.192 - - - - 4 2 3 1 -
5605670 3.000 2.923 89 47 42 3 2 3 1 56
5606670 2.808 2.385 89 40 49 3 2 2 1 80
5607672 3.923 3.346- 73 32 41 4 2 3 1l 73
5608657 3.000 2.769 63 37 26 - - - - -
- 5608670 - 3.115 102 55 47 4 1 3 1 -
5616673 1.731 1.731 68 30 38 4 2 4 1 51
5618671 2.577 1.846 86 - 41 45. 2 2 2 1 76
5619672 2.308 2.362 o7 26 41 3 2 4 2 67
5619673 2.538 2.577 91 45 46 3 2 2 2 75
5620672 o= 2.423 86 49 37 1 1 3 1 -
5626592 - 3.654 77 ,44'f33 -4 1 4 1 -
5629674. = 3.308 82 43 39 3 2 3 2 -
5633670 2.346 2.269 74 33 41 4 2 4 2 61
5637670 3.192 2.923 75 30 45 4 1 4 0 34
5639674 - 2.692 65 23 42 3 1 3 1 =
5642671 2.654 2.962 - - - - - - - -
5648670 - - 2.577 92 46 46 1 1 2 1 -
5679674 2.769 3.615 90 42 48 3 2 1 1 68
5705670 2.500 2.615. 105 55 590 2 2 1 1 86
5712672 3.269 2.346 26 54 42 3 2 3 2 70
5734671 -7 2.000 100 50 50 1 1 1 1 -
5739671 - 1.731 83 38 45 4 2 31 -
5739673 4.308 - 3.885. . 99 55 44 2 1l 3 -2 74
5752660 - 3.385 87 38 49 - 4 1 3 2 -
5753676 - 2.269 2.308 66 32 34 4 2 4. 1l 63
5767670 - 2.154 52 12 40 4 1 4 2 -
5779670 2.808 3.615 78 37 41 2 2 2 1 84
5833673 3.077 3.462 78 41 37 3 1 3 1 61
5836670 . 2.577 2.077 78 31 47 2 2 ‘3 1 66
5842670 2.615 2.76°9 88 39 49 3 2 3 0 64
5887671 3.154 2.769 97 52 45 - - - - -
5890670 2.500 2.500 87 40 47 3 1 2 2 55
5928672 2.885 2.538 . 84 38 46 2 1 2 1 65
5964670 3.385 3.308 86 40 46 3 1 3 1l 68
5975671 2.077 2.231 77 . 31 46 2 2 2 1 78
5982670 2.500 . 2.731 74 30 44 3 1 2 2 175
6008670 - 2.731 2.731 72 28 44 - - - - -
6041672 2.500 2.615 - 76 35 41 3 1 3 1l 73
6065671 2.846. 2.846. 85 39 46 3 1 2 0 45
6078670 - - 96 58 38 -5 2 4 1 -
2.538 2.885 88 39 49 2 2 3 1l 55
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" TABLE 22--Continued

7300671

2.923.

Student : o .
No. Y X, X, X5 X X X X, X X
6115671 - 3.000 98 50 48 1 1 2 1 -~
6159670 . 3.308 .  2.385 97 49 48 - 4 2 2 1l 66
5180671 - 2.808 3.115 87 45 42 2 2 3 1 63
6240673 3.000 3.269 89. 43 406 2 1 2 1 79
6493672 .- 1.962 94 48 46 2 1 2 2 -
6511674 - 2.346 - - - = 0 4 1l -
6528671 2.385 - 2.077 70 32 38 4 2 3 1l 65
6665670 3.308 - 2.923 86 45 41 4 2 3 1 65
6717661 - = 3.462 81 37 44 4 1 4 1 -
6882672 - 2.885 83 - 35 48 1 2 2 2 -
6885670 2.692 2.192 45 9 36 1 1 2 1l 85
- 6897674 2.077 3.346 82 49 © 33 3 1 4 2 72
6905671 . - 2.885 100 50 50 1 1 1l 2 -
6905673 3.885 . 3.231 - - - - - - - -
6924677 - 2.385 68 34 34 2 1 2 2 -
6926672 A - _ 2.615 85" 47 38 4 2 3 2 -
6930671 3.385 . 2.808 96 47 49 2 1 2 1 73
6932673 2.423 2.654 81 38 43 3. .1 2 0 63
6934671 3.231 3.577 103 55 48 1 1 2 2 62
6934673 2.577 3.115 66 29 37 4 2 3 .2 66
6950672 3.538" 2.577 63 25 38 3 1 2 1l 54
6965661 - - 3.115 103 56 47 - 1 - 0 -
6972671 - 2.615 68 40 28 . 3 2 3 1 -
6977672 2.500 2.846 69. 31 38 . 5 1 3 2 52
6996671 2.192 - -1.423 70 38 32 3 1 3 1l 54
7005670 2.154 2.423 81 42 39 4 2 4 2 63
7024676 - 3.654 3.385. 84 39 45 1 1 2 1 48
7026660 0 3.192 - 2.885 74 31 43 3 1 3 2 52
7026673 . 2.962 2.846 87 43 44 4 2 4 1 71
7062672 1.731 1.923 38 19 19 - 1 - 2 -
7082672 2.115 1.885 72 29 43 3 0O 3 2. 55
- 7085671 - 2.385 85 40 45 3 2 2 1 -
- 7104650 2.154 2.500 86 41 46 3 1 4 1 62
7104670 2.615 2.346 66 29 37 3 2 3 1l 66
7104674 2.500 2.038 59 22 37 ‘4 1 4 1 47
7121670 2.808 - 3.346 85 ~ 35 50 3 1 2 1 78
7139670 2.500 1.846 95 45 50 1 1 1 2 89
7139673 - - 3.654 88 51 37 5 2 4 2 -
7149673 4.423 2.769 83 43 40 2 1 2 1l 50
7176670 3.192 3.000 104 55 49 2 1 2 1 74
7177672 2.538 2.731 100 53 47 4 1 3 1l 54
7183673 - 2.423 92 43 49 2 1 4 1l -
7194673 3.385 2.423. 86 40 46 - - - - -
.2.038 76 29 47 11 1 1 63
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TABLE 22--Continued

Student

~2.500"

No. Y X} X X3 X X X X, X X
7324670 2.500 . 2.462 81 37 44 2 2.2 1 72
7332673 - 2.346 93 53:40 3 2 2 1 -

7347672 2.538 2.615 78 43 35 2 1 2 2 178
7347675 2.769 3.885 91 46 45 4 2 3 0 53
7347676 2.577 3192 8 43 43 3 2 2 1 79
7366676 - 3.923 53 22 31 4 1 4 1 -
7399673 2.192 2.231 77 39 38 4 2 4 1 65
7441675 . 2.923 2.769 89 50 39 4 2 4 1 54
7442673 - 12,269 92 49 43 1 1 1 1 -
7467663 1 2.000 2.231 72 32 40 2 1 3 -0 48
7489671 - 3.192 89 43 46 3 2 3 1 -
7491670 3.808 3.808 95 50 45 1 1 2 2 68
7544672 3.154 3.115 81 32 49 3 2 3 1 75
7555673 3.423 2.500 92 45 47 3 2 3 .2 70
7576672 ' 2.769 3.615 81 39 42 2 1 2 2 174
7593672 - 3.769 81 36 45 3. 2 3 1 -~
7619650 3.500 2.538 78 39 39 2 1 2 3 60

© 7659670 - 1.654 90 42 48 1 1 2 1 -
7688673 2.500 2.077 96 47 49 1 2 1 1 80
7691672 3.577 2.962 81 41 40 3 1 2 1 51
7694671 . - - 46 16 30 - - - 1 -
7697678 4.538 4.077 78 43 35 2 2 3 2 73
7700677 - 2.962 81 37 44 2 1 3 1 -
7701671 3.038  2.500 83 35°48 3 2 3 1 74
7701676 3.077  3.038 77 37 40 2 2 3 1 58
7707672 3.885 3.423 .85 39 46 2 1 2 2 58

7710672 - 2.192 83 34 49 2 2 2 1 -
7713671 '3.269 2.615 77 32 45 3 2 3 1 67
7713674 3.192 3.385. 73 41 32 3 1 3 2 56
7713675 2.962 2.192 103 55 48 1 1 1 1 81
7715674 3.308 2.885 80 40 40 4 1 4 1 . 64
7716671 3.731 2.615 61 14 47 2 1 2 1 69
7733674 - 3.115 92 46 46 4 2 4 1 -
7733676 2.115 3.154 77 35 42 4 2 3 1
7767631 - 2,731 75 36 39 - 0 2.1 =
7767671 - 2.692 108 58 50 3 2 2 2 -
7801670 3.538 3.808 8 40 46 3 1 2 2 88
7807673 1.692 1.462 76 29 47 3 -2 3 1 68
7824670 2.615 2.654 62 23 39 2 1 3 2 72
7842670 - 2.538 84 43 41 3 2 3 2 -
7868672 2.385 2.269 102 58 44 - - - - -
7900670 - - - - - 1 1 2 o0 -
7918650 3.923 3.269 - - - 3 1 3 4 -
7918671 2.385 83 34 49 3 2 3 1 61
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TABLE 22——Continued

Student

8532671

- 3.038

2.962

No. Y X, X, X3 X X5 X, X, X5 X
7961671 3.077 2.846 101 54 47 1 1 2 2 81
7980673 ©2.385 2.885 92 49 43 3 2 3 1 .79
7983671 - 2.385 92 50 42 - - - - =
7988671 - .~ 2.308 . 77 32 45 - - - - -
7989672 - -2.346 82 34 48 3 1 3 1 -
7990660 ©2.962 0 3.269 97 54 43 - 1. - 0 56

- 7990676 .-, . 2.808 89 . 41-48+:2 2 3 1 -
7994674 - -3.731 . 3.308. 90 40502~ 1 2 1 92
7997670 2.692 2.308 - - .- i1 - 1 -
8009672 - .. 2.769 91 45 46.74 2 3 1 -
8020671 ©2.923 °  2.29% 84 34 50 2 2 3 1 74
8050670 3.192 3.000 76 27 49 2 1 2 2 81
8109661 - 2.423 82 46 36 6 2 3 3 -
8117672 3.462 3.269 8 39 47 3 1 2 1 170
8121671 2.692 2.192 71 23 48 3 1 3 .2 57
8125672 2.885 2.154 69 24 45 3 1 2 1 71
8125672 2.923 2.385 102 52 49 2 2 1 1 77
8127660 3.385 3.577 - - - 4 1 3 1 -
8151674 2.962 3.115 82 42 40 4 2 4 1 34
8160671 2.538 2.654 100 52 48 2 1 2 2 69
8161673 1.923 1.962 98 50 48 3 2 3 1 61
8189670 3.192 2.731 78 42 36 3 1 4 3 58
8219671 2.885 3.462 82 43 39 4 2 3 1 74
8220673 3.346 2,923 92 53 39 3 1 3 2 59
8232674 '2.192 1.346 94 47 47 20 1 3 2 58
8238672 2.615 2.462 88 48 40 2 1 2 2 53
8286672 3.192 3.462 68 27 41 4 2 3 1 55
8315671 2,115 2,115 67 28 39 - - - - -
8316670 2.538 2.154 42 11 31 - ‘- - - -
8321674 2.346 2.731 84 40 44 4 1 3 1 62
8348672 2.432 '2.538 61 29 32 3 1 2 2 80
8367671 2.654 2.808 85 37 48 4 1 3 1 56
8368673 - 2,692 - - - 2 2 2 1 -
8373674 2.077 2.231 83 36 47 3 2 3 1 44
8415674 2.615 2.538 78 38 40 3 1 3 1 57
8423670 2.462 3.077 90 42 48 2 1 1 1 170
8427671 2.731 2.808 72 29 43 4 1 2 2.59
8432670 1.962 2,192 93 44 49 1 1 3 1 62
8432671 2.577 3.538 89 42 47 3 -2 2 1 85
8437670 - 3.154 95 46 49 4 2 2 -1 -
8498671 - 2.923 72 24 48 3 2 2 1 -
8508672 - 1.692 102 54 48 4 1 3 1 -
8528662 0 2.308 83 42 41 2 1 3 2 -
- - - 1 1 1 2 -
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TABLE 22--Continued

9750671

29

Student , _

»No. Y X X, X3 X, X5 X X, Xg X
8540678 = 2.231 83 39 44 2 2 2 1 -
8563672 3.462 3.077 103 53 50 2 2 .3 1 75
8568670 3.231  2.962 92 47 45 5 1 '3 0 48

- 8568672 - - '2.808 81 34 47 2 2 2 1 -
8571670 - 2.423 86 44 42 4 1 3 1 -
- 8582671 - 2.692 88 44 44 3 1 3 1 -
- 8947671 . -1.731  1.577 - - - 3 2 3 1 -
8957670 - 2.077 1.885 82 38 44 5 0 4 2 de
8959672 - 2.769 - - - =703 02 41 -
9010672 2.192 1.885 84 39 45: 2 2 2 -1 69
9044670 - 2.923 82 40 42 3 1 2 2 -
9082670 - 2.115 - - - - - - - -
9166670 '1.846 2.557 75 29 46 3 2 3 1 75
9179671 2.462 - 2.000 79 30 49 4 2 3 1 67
9215674 - 1.808 98 52 46 - 1 2 2 -
9235676 2.885 2.769 100 51 49 .1 1 1 1 78
9242671 - 2.462 81 37 44 3 2 3 2 -
9273671 3.808 1.808 95 46 49 3 2 1 1 79
9274670 - $2.731 94 46 48 1 1 2 2 -
9293671 - 2.692 90 43 47 4 2 3 1 -
9303672 2.923 2.269 92 46 46 2 1 2 2 74
9304678 - 2.462 84 39 45 4 2 4 1 -
9368670 - 2.846 93 47 46 7 1 3 2 -
9379673 3.385 2.577 88 40 48 2 1 1 1 86
9452670 3.231 3.346 90 41 49 3 1 - 0 -
9457671 ©2.808 2.654 91 53 38 4 2 3 1 68
9457673 - 2.577 88 39 .49 4 2 3 1 -
9464672 ©3.423 2.846 83 41 42 5 1 3 1 63
9481672 2.885 2.885° 73 35 38 5 1 4 2 45
9512674 3.115 ©3.769 75 31 44 3 1 2 1 61
9513671 -  1.500 8 40 45 4 1 4 1 -
9513672 2.538 3.154 83 39 44 2 1 2 0 62
9513677 2.423 2.192 71 25 46 3 2 2 1 70
9515676 2.385 2.885 72 27 45 2 2. 2 0 44
9515678 - 2.308 64 23 41 4 2 3 2 -
9533672 . - 1.923- 98 57 41 4 2 3 1 -
9554671 2.077 2.462 83 38 45 4 2 3 1 69
9570670 - 21769 88 42 46 2 1 2 2 -
9627670 2.077 - 3.038 72 35 37 1 1 2 0 56
9696672 - 2.154 89 41 48 1 2 1 1 -
9700672 2.000 S1.731 - 0 - - 3 2 3 0 73
9718650 3.154 3.577 79 25 44 - 0 - 1 55
9749675 3.192 2.615 91 44 47 2 1 2 2 68
- 3.231 72 43 3 1 2 2 -
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TABLE 22--Continued

Student . .

No. R 4 Xl X2 X3 _X4 X5 X6 _X7 X8 X9
9774673 2.385 - 2.308 78 35 43 4 1. 4 1 56
9796672 2.654 3.308 80 39 41 3 2 2 1 73
9810670 2.231 - 2.154 80 43 47 - 1 - 1 :57

a

Y is the student's score on the flnal application of the
attitude scale, and Xj, through Xg are respectively his
score on the initial application of the attitude scale,
his total, verbal and quantitative scores on the School
and College Ability Tests, the mark obtained in his last
high school physics course, the number of high school
physics courses taken, his high school graduating average,
the number of laboratory sciences taken concurrently with
Physics 110, and his Physics 110 mark at the time of

writing the final application of the scale.

The high school phy31cs mark and high school graduatlng
average were coded in the following manner: A (86% -

100%) was given the value 1, B (72% - 85%) the value 2, .
C+ (65% - 71%) the value 3, C (57% - 64%) the value 4,

C- (50% - 56%) the value 5, and D (40% - 49%) the value 6.
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TABLE 23

THE FINAL ATTITUDE SCORE FOR EACH STUDENT IN THE EXPERIMENTAL
GROUP, TOGETHER WITH THOSE FACTORS UPON WHICH THIS SCORE MAY

DEPEND
Student SR a
No._ ‘ Y : Xl X2 X3 X4 X5 X6 .X7 X8 X9
0071670 2.154 3.115 77 31 46 5 2 3 2 69
0071671 : - 3.077 .68 27 41 4 2 3 1L -
0081662 4.269 4,038 - - - - 1 3 4 -
0081671 1.885 2.115 98 52 46 3 1 2 2. 70
0119671 . 2.538 4.115 71 33 38 .2 2 3 -1 57
0324673 2.077 2.308 90 41 49 1 2 1 1 80
0393672 _ - " 3.692 95 52 43 2 1 3 2 49
0396670 4.077 2.615 101 52 49 - - - - -
0400673 - 1.923 88 47 41 3 1 2 1l -
0405671 2.923 2.577° 87 45 42 - - - - -
0409670 2.462 2.231 90 47 43 - - - - -
0416672 2.308 - 3.538 73 35 38 3 2 3 1 80
0432671 2.346 2.923 90 47 43 4 2 3 1 73
0519674 - 2.269 87 39 48 - - - - - -
0566672 . 2.308 2.577 - 80 42 38 5 1 4 2 55
0623660 - 2.423 93 46 47 3 1 3 2 -
0713670 - 2.538 86 40 46 1 1 2 1. -
0713671 - - 2.346 75 35 40 3. 2 3 1 -
0763672 4.346 .4.385 83 45 38 - - - - -
0765670 1.808 - 1.731 85 49 36 . - - - - -
0768672 3.192 2.577 75 37 .38 5 1 2 2 43
0794671 3.000 2.769 - 87 41 46 4. 2 2 1l 73
0795672 2.077 2.269 77 33 44 5 0 3 1 47
0819673 . 2.308 2.615 - 77 35 42 - - - - -
0819675 - 3.115 80 41 39 2 1 3 1 -
0823672 - 2.808 73 31 42 3 2 3 1 -
0834678 4.115 - 3.808 98 - 52 46 3 2 4 1l 64
0843674 4.269 3.962 96 51 45 6 0 4 1 39
0871671 2.038 2.923 78 33 45 2 1l 2 1 79
0880671 2.769 .  3.462 77 30 47 2 1 3 1 66
0913671 2.038 2.538 85 38 47 4 2 3 1l 43
0913673 T _ -2.231 - - - . 2 2 2 1 -
0918674 = ~ 1.885 3.115 80 34 46 4 2 4 2 70
0920671 2.500 2.692 90 44 46 - - - - -
0921672 2.308 2.731 53 21 32. 4 1l 3 2 59
0944671 1.731 2.731 83 44 39 2 1 2 1l 51
0962664 - ©3.346 79 40 39 2 1 2 2 -
0974672 3.654 0 2.231 70 26 44 2 1 2 0 72
4 2 3 0o -

0975673 | - . 3.231 67 33 34
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TABLE 23——Continued.

1424672

2.038

Student L o B :

No- Y K B K X X X Xg X
0988673 2.423 ©3.000 89 41 48 3 1 3 -2 64
0995671 1.808 2.654 78 33 45 3 2 2 0 75
1001676 1.654 3.077 88 42 46 -2 2 2 2 84
1030672 1.731 3.615 74 30 44 - 0 2 2 84
1034673 - 3.615 65 32 33 3 1 3 1 -
1039672 - 2.308 82 39 43 4 2. 2 1 -
1043673 - 2.269 2.346 94 46 48 2 2 2 1 71
1047671 . 2.000 2.885 9 49 47 5 1 3 1 63
1058673 2.038 2.269 99 51 48 1 1 2 1 67
1072677 - 1.185 64 36 38 5 2 4 1 -
1074670 2.154 1.962 74 26 48 5. 2 4 1 6l
1075672 1.962 1.885 80 35 45 3 2 3 1 63
1081672 3.538 ©3.423 72 30 42 3 2 3 1 70
1088670 - 2.500° 76 42 34 3 1 3 1 -
1092671 - 2.538 81 43 38 3 2 3 1 -
1103674 4.423 3.077 55 21 34 3. 1 3 1 53

- 1112673 2.192 2.308 72° 36 36 5 1 4 0 54
© 1132673 - 2.538 88 42. 46 3 2 3 1 -
1147673 1.654 2.346 - - - 2 1 2 2 -
1149671 2.192 1.808 75 33 42 3 2 3 1 72
1164671 2.654 2.769 77 30 47 4 2 4 0 48
1171672 1.923 2.731 74 33 41 2 2 2 1 72
1253662 3.769 3.346 - - - 5 1 3 2 -
1253672 - 4.000 79 46 33 - - - - -
1264675 - 2.346 88 51 37 4 2 2 1 -
1283670 - 2.462 - 8 41 45 2 2 2 1 -
1286673 - 2.346 77 34 43 4 2 4 1 -
1300670 - 2.154 92 47 45 1 2 1 1 -
1302662 2.308 2.308 84 44 40 4 2 3 1 6l
1302673 . - '3.692 89 45 44 2 2 2 2 -
1322670 2.500 2.269 87 40 47 2 2 2 1 73
1358672 2.654  3.000 67 30.37. 4 2 3 0 63
1358675 2.577 © 2.462 - . - - 02 2 2 1 -
1365674 - ©..3.000 . 97 :48:49° -1 1 1 2 -
1365679 3.423 = 407 7 33 .- - 2 1 -
1368672 - 3.577 91 49 420 2 2 2 2 -
1373671 2.038 2.346 93 49 44 3 1 2 2 68
1384673 - 2.308 81 41 40 3 1 3 1 -
1387673 - 2.885 76 33 43 4 1 4 1 -
1389671 2.692 2.538 65 22 43 4 2 4 1 69
1397671 - 3.769 - - - - - - - -
1397678 3.692 2.846 75 31 44 3 2 2 2 86
1397679 - 0 2.423 60 24-36 5 1 3 2 -
1405670 2.308 2.308 55 15 40 5 2 3 1 75
2.000 85 42 43 4 1 5 2 65
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TABLE 23-~Continued

1966670

Student , T .

No. Y Xl X, X3 Xy X5 X X, X5 Xy
1449671 - 2.615 82 38 44 3 1 3 1 -
1453673 - 3.038 9% 51 45 2 2 2 2 -
1465661 . - - 75 36 39 5 1 3 1 -
1465673 2.423 2.462 73 . 36 37 3 1 2 1 64
1466674 2.269 2.846 98 51 47 3 2 2 2 74
1469673 - 3.269 86 39 47 3 1 2 2 -
1492671 2.654 2.846 92 47 45 2 1 1 0 71
1492673 . 1.769 2.192 92 46 46 1 2 1 1 80
1537673 - 1.808 1.769 100 52 48 3 2 2 2 50
1558673 2.423 2.462 - - - 3 2 3 1 -
1567672 1.462 1.846° 86 38 48 1 2 2 2 79
1573673 2.769 2.731 89 39 50 3 2 2 1 75
1575670 1.692 1.692 86 48 38 2 2 2 1 63
1579660 2.885 4.231 88 . 43 45 2 1 1 3 72
1580676 1.462 1.615 88 - 42 46 .3 2 3 1 72
1584671 2.615 2.692 71 30 41 2- 1 2 1 62
1604671 2.885 2.923 89 45 44 4 2 4 1 67

- 1613671 1.731 2.923 98 - 52 46 1 1 1 3 97
1624674 - 1.962 86 43 43 2 1 2 1 -
1652672 - 2.731 72 34 38 .3 2 3 1 -
1719670 2.385 3.077 76 43 33 4 1 4 2 74
1719671 3.038 2.538 80 35 45 - 0 3 1 61
1727670 2.346 2.231 57 26 31 3 1 4 1 53
1765671 2.423 2.962 80 34 46 4 2 4 1 55
1786671 2.308 2.962. © 89 53 36 372 3 l 73.
1789671 3.192 2.885 79 32 47 2 1 2 1 83
1802671 2.923 2.000 97 47 50 4 2 3 1 73
1806672 1.962 2.154 77 32 45 - - - - -
1808674 1.385 2.500 68 33 35 5 2 4 2 56
1812661 1.654 2.385 - - - 4 1 4 3 -
1812672 3.154 3.115 64 30 34 3 2 3 2 60
1820671 - 2.269 81 38 43 3 2 4 1 -
1841670 - 2.115 67 33 34 4 2 4 o -
1844671 2.346 2.846 85 46 39 3 2 3 2 66
1896675 1.885 2.808 - - - -2 2 3 2 -
1896676 2.538 2.500 100 51 49 3 2 2 2 69
1901673 2.231 3.115- 106 58 48 1 2 1 2 78
1901675 - 4.346 67 27 40 4 1 3 1 -
1910675 - 2.231 86 43 43 3 1 4 1 -
1925673 - 3.731 77 35 42 4 2 2 1 -
.1929671 1.962 - 1.692 83 37 46 1 1 2. 1 e8
1940670 - 3.615 - 53 22 31 3 2 4 1 =
1954672 2.423 2.577 96 55 41 3 1 3 2 53
11954673 4.038 2.846 77 - 31 46 3 1 3 1 73

2.231 2.000 86 45 41 4 0 4 2 57
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TABLE 23--Continued

3146670

91

67

Student o ‘

No. Y Xl _X2_ X3 X4 .XS : XG X7 X8 X9
2073671 2.462 2.423 98 © 54 44 2 2 2 1 84
2114672 1.732 1.885 93 54 39 3 1 2 1 52
2333672 2.731 3.192 - 98 56 42 1 2 2 1
2361671 2.000 2.692° 71 29 42 - - - - -

. 2387671 - 2.885 99 .50 49 1 1 2 1l -
2390671 - 12.538 86 40 46~ 2 .2 2 1 -
2390672 1.923 2.308 91 44 47 .2 2 1 2 80
2390673 3.077 3.346 74 27 47 3 2. 2 2 64
2391672 . 2.115 2.154 91 44 47 2 1 2 1 69
2392672 2.962 2.269 66 32 34 4 1 3 .2 37
2586671 1.846 2.731 82 34. 48 4 2 2 1 65
2586672 3.500 2.269 83 41 42 2 1 2 2 70
2587672 2.615 3.192 86 40 46 2 2 2 2 70
2649671 C- 1.846 76 34 42 2 2 3 1 -
2734672 2.615 - 3.038 76 33 43 . 2 1 2 2. 65
2734673 2.115 2.346 85 42 43 3 .2 2 1 76
2738672 3.115 2.462 89 41 48 3 2 3 1 55
2738673 2.769 3.654 91 46 45 2 1 3 1 60

© 2754671 2.423 2.654 103 57 46 2 1 1 3 71.
2768671 - 2.231 76 36 40 2 1 1 1 -
2776674 © " 1.500 2.654 74 42 32 - 4 1 3 2 57
2788678 C- 1.962 84 41 43 1 1 1 2 -
2816673 - 3.192 69 28 41 3 1 3 1 -
2826673 - 2.423 - 3.731 89 55 34 4 1 4 2 35
2836674 - , 2.346 69 37 32 2 1 2 1 -
2844670 2.192 2.038 70 33 37 4 1 3 0 '59
2855675 3.192 2.385 97 50 - 47 2 1 2 2 75
2858674 . 2.615 2.500- 75 34 41 3- 2 .3 1 57
2892673 - 3.192 57 31 26 3 - 3 2 -
12894671 2.346 - 2.885 68 34 34 3 1 3 1 59
2905661 2.846 3.615 94 49 45 3 2 2 4 64
2908671 1.885 " 2.962 83 39 44 3 1 2 2 68
12922671 L= 2.462 78 31 47 - - - - -

~ 2937672 2.769 2.538 77 39 38 4. 2 3 1 67
2937675 3.500 3.269 70 45 45 4 2 2 2 51
2937677 2.692 3.154 - 83 37 46 - - . - - - =
2937678 2.000 2.077 87 43 44 - 3 2 3 0 57
3012672 - - 2.192. 86 42 44 1 2 1 1 -
3023671 3.308 ° 2.423 89 . 46 43 2 1 3 1 62
3027672 - 2.154 3.346 73 41 32 4 2 4 2 55
3042675 2.538 . 2.154 63 24 39 5 1 4 2 58
3043672 1.962 0 2.192 66 24 42 - - - - =
3103671 - 2.808 80 41 39 2 1 2 0 -
3136672 2.269 3.577 86 43 44 4 2 4 0. 76

1.846. - 2.000 43 48 2 2 1 1 54



215

. TABLE 23--Continued

ofd o

3733673

85

Student . ; o |
No. Y X X, X3 X Xy X, Xg Xy
3160670 - 3.000 77 34 43 4 1 2 2 -
3160671 - 0 2.923 67 37 30 4 1 4 2 -
3192671 - 2.500 100 52 48 2 1 1 1 -
3201671 2.538 2.654 76 41 35 4 2 4 1 .62
3201672 2.500 .2.731 84 35 49 3 1. 3 1 67
3209673 2.038 2.269 74 38 36 5 2 - 4 1 55
. 3210678 2.538 2.115 78 40 38 4 2 4 2 56
3220672 - 3.500 91 46 45 4 1 4 1 -
3260673 - 2.269 71 26 45 5 2 3 1 -
3285671 1.692 1.731 81 34 47 3 2 2 .1 66
320672 - 1.885 85 38 47 1 2 2 1 -
3315673 1.692 2.346 88 49. 39 3 1 2 1 58
3378670 - 2.462 ~ 88 39 49 . 4 1 31 -
3385671 2.577 2.500 92 ' 47 45 3 2 3 1 67
3409660 3.346 3.000 70 31 39 3 1 3 1 61
3409672 -~ 2.423 68 27 41 6 . 2 4 1 -
3409674 2.385 2.577 - - - 4 .1 4 1 -
73410670 - - 3.115 90 52 48 1 1 1 1 -
3432670 3.154 - 2.808 76 30 46 - - - - =
3438670 2.731 . 2.692 99 52 47 2 .2 2117
3442673 2.308 2.731 - - - -4 1 4 -2 =
3445670 2.231 3.269 92 47 45 2 1. 2" 1 92
3458670 - 2.808 94 53 41 - - - - -
3475671 - 3.615 82 46 36 4 2 3 1 -
3477672 2.231 2.692 73 32 41 3 2 3 1 74
3482676 - 3.115 - - - - - - - -
3498672 2.538 2.923 81 43 38 3 2 4 2 48
3522670 L - 3.231 65 17 48 -3 2 31 -
3522672 - 1.923 95 46 49 1 -1 1 2 -
3530650 - 3.500 70 32 38 2 1 - 2 -
3545671 1.885 3.077 76 35 41 3 2 2 1 63
3552671 2.769 2.192 73 34 39 4 2 2 1 68
3556671 - 2.423 - - - - 2 4 0 -
3567670 2.115 2.154 83 36 47 3 2 3 1-42
3568670 2.154 3.769 81 33 48 1 1 1 2 63
3573671 1.885 2.500 88 43 45 - .0 3 1 71
3581676 - 3.231 94 49 45 1 2 1 1 -
3615673 - 2.846 74 32 42 2 1 3 1 -
3616671 - 3.462 77 33 44 3 1 3 0o -
3672671 2.385 2.385 80 ~ 35 45 3 2 3 2 71
3674672 - '~ 3.500° 95 47 48 3 2 3 1 -
3679671 - 2.231° 95 48 47 2 1 1 1 -
3726671 - 3.615 - - - 5 2 5 2 -
3731673 2.154 2.885 74 32 42 4 1 2 1 64
- 2.308 ' 37. 48 3 2 3 2 -
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49

50

Student , , R
No. Y Xl‘ X2 X3,.X4, Xs X% _X7 X8j X

3734670 3.000 3.269 .55 -~ 24 31 .2 1 -3 0 62
3739670 . - - 2.192 48 14 34 1 1 2 1 -
3744673 2.538 2.538 66 26 40 - 2 1 2 0 73
3765670 . 2.500 3.385 80 39 41 -3 2 3 1 73
3843673 2.346 2.385- 85 46 39 4 2 4 1 69
. 3845672 2.500 . 2.423 81 - 38 43 3 2 2. 1 68
3849670 - 2.154 2.846° 82 33 49 1 1 2 1l 68
4144670 .2.308 2.269 77 .32 45 4 2 3 1 81
4569672 3.538 3.500 79 3940 3 2 3 1 71
4575669 1.846 3.231 - 75+ 35 40 " 2 1 2 3 53
4575672 - 1.846 2.846. 93 45 48 @ 2 1 2 2 66

. 4575678 ' - 3.000 93. 43 50 3 2 2 1 -
4576678 - 1.846 1.923 53 24 29 - 1 - o -
4580671 - - 2.308 91 44 47 2 1 2 2 -
4626671 - 3.000 . 73 35 38 -3 1 3 1 -
4671671 2.962 - 2.769 85 40 45 .3- 1 3 1 63
4673670 - 2.038 '2.538 70 29 41 3 2 2.1 71
4694670 - 1.923 2.346 71 24 47 3 1 3 2 49
4694671 - 2.692 3.077 85 40 45 6 2 3 2 54
4713672 1.192 2.500 84 42 42 4 2 4 1 68
4726670 : - 3.731 88 43 45 4 1 3 1 -
4741672 2.269 2.538 85 39 46 4 1 2 l. 62
4815670 2.577 2.654 83 41 42 4. 1 3 2 65
4831671 2.615 2.769 87 40 47 3 2 3 1
4839670 2.115 2.654 75 33 42~ 1 2 2 .1 67
4847670 . - 2.885 78 37 41 2 1 3 1 -
4852670 2.500 - 2.846 80 43 37 1 1 2 2 71
4866671 2.038 2.269 95 53 42 2 _ 1 2 2 61
4866672 ' - 2.846 83 44 39 4.2 2 2 -

. 4875670 2.077. 3.269 - 86 43 43 3 2 4 1 53
4884670 2.385 2.654 92 43 49 2 2 2 1 57
4888674 . 2.423 2.346 92 48 44 @ 2 1 3 2 56
4891672 1.846 2.000 76 36 40 - 4 . 2 2 2 78
4897670 2.654. 1.923 104 55 49 1. 1 1 2 78
4897674 - - 2.115 80 " 36 44 3 2 2.1 -~
4899672 1.846 1.846 80 '35 45 2. 2 2 1 69
492-67- - - 2.615 74 31 43 3 2 3 2 -
4925672 . 2.269 . 2.154 63 27 36 5 0 3 0 51
4932670 2.808 2.346 . 66. .25 41 4 2 2 1 65
4933672 - 3.077 - - - - 0 3 2 -
4960672 3.038 2.577 86 40 46 3 2 2 1l 68
4964670 2.615 2.538° 83 37 46 - 2 1 2 1 76

14983671 -1.885 2.077 - - - 31 3 2 -
4983672 2.923 - 3.038 70 27 43 - - - - = -
4984670 2.615 2.077 99 - - - - -
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2.192

- 40

Student -

No. Y X, X, X3 X, X X X, X5 X
4986670 - - 56 24 32 4 2 4. o -
4999672 . 2.385 . 2.500 83 36 47 4 2 4 1 48
5004670 - 2.385 76 29 47 4 2. 3 1 -
5016670 2.038 1.885 76 27 49 3 2 3 1 55

5021670 2.269 ' 2.423 89 41 48 2 1 2 2 73
5035675 2.538 2.923 - - - 2 1 2 1 -
5042671 2.731 2.538 87 42 45 3 1 -3 1 20
5042674 - 2.808 87 47 40 4 2 2 1 -
5116673 1.923 4.115 . 92 49 43 2 2 2 0 59
5151672 1.962 2.654 90 44 46 4 2 3 0 67
5187671 2.462 1 2.731 69 37 32 1 2 3 1 70
5192676 2.885 2.654 78 37 41 -3 . 2 2 1l 63
5292671 S 3.077 83 41 42 5 2 4 1 -
5304673 2.308 2.231 107 57 50 .1 1 1 1 84
‘5321676 - ) 2.346 ‘94 47 47 1 1 1 1 -
5326622 2.346 2.538 87 40 47 3 1 4 3 58
5329673 - 3.385 78 30 48 3 1 3 2 -
5337673 2.769 2.423 76 28 48 4 .1 4 1 47
5406674 2.192 2.462 91 48 45 3 1 3 1 55
5425677 2.308 2.192 - - - 2 1 3 2 -
5438671 - 1.731 2.654 - - - 2 2 2 1 -
5449670 2.500 2.269 95 47 48 2 1 1 I 84
5468674 2.462 2.231 68 25 43 2 1 . 2 1l 74
5585674 - 2.692 3.462 91 47 44 2 1 2 1 4de6
5599671 - - 2.731 84 40 44 5 1 4 2 -
5622670 2.346 3.154 85 39 46 5 2 4 1 54
5662671 1.808 2.385 76 34 42 2 2 2 1 87
5835670 2.500 2.846 74 31 43 4 1 4 1l 45
5896670 - 2.692 84 45 39 2 1 3 1 -
5897670 3.423 3.192 84 33 51 - - - -
6019670 4.462 4.438 81 37 44 2 1 2 1 72
6041676 - 3.615 55 19 36.. 4 2. 4 1 -
6215670 1.731 1.538 81 42‘,39‘ 4 2 3 1 41
6264671 - 2.538 71 . 28 43 4 1 3 1l -
6507670 4,231 . 2.769 . 75 .34 41 3 2 2 1 43
6542670 - . 2.962 80 34 46 3 1 3 2 -
6707672 - 2.500 90 42 48 2 2 2 2 -
6901671 , - 2.923 83 39 44 3 2 2 2 -
6901675 1.808 1.692 74 33 41 3 1 4 1 50
6981674 - 3.769 91.. 43 48 3 1 2 2 -
6985676 2.577 2.654. 74 . 34 40 5 2 4 1 42
7036673 1.923 1.538 91 44 47 3 1 4 2 45
- 7082674 2.615 2.654 94 45 49 - 3 2. 3 1 68
7150673 - 1.500. .88 43 45 4 - 2 3 1 -~
- 7189670 2.731 - 69 29 4 1 3 2 53
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TABLE 23——Continued‘

Stﬁdent

19912673

2.192

No. Y X X X3 X, X X, X; Xg X
7198672 2.154 2.577 82 35 47 3 2 2 .1 80
- 7400675 3.000 2.933 74 31 43 3° 1 4 1 36
17522672 1.462 1.769 68 33 35 4 2 3 2. 61
7535674 2.615 3.077 88 41 47 3 2 4 - 2. 65
7549670 2.192 2.115 85 38 47 4 2 3 1 57
7555675 2.923 3.038¢ 88 45 43 3 2 2 2 58
7593671 -~ 2.192 2.077 72 28 44 3 2 2 1 76
7695675 2.308 2.192 60 28 32 4 2 3 1 58
7696679 - 3.000 84 38 46 4 2 3 1 -
7704674 2.769 2.423 86 47 39 3 2 3 1 43
7709676 .- 2.500 104 54 50 - - .- . - -
7710670 2.962 . 3.88 71 29 42 2 2 3 1 862
7742672 2.577 - °2.192 85 42 43 3 2 4 1 62
7783672 2.385 2.192 68 32 36 4 2 3 1 60
7807671 1.808 2.577 59. 23 36 - - - - -
7813673 2.538 2.385 75 35 40 2 2 3 1 79
7827678 2.962 2.538 86 43 43 2 2 2 1 65
7924676 2.962 2.500 - - - - - - - -
7927672 2.000 3.269 91 53 38 1 1 2 1 89
8040671 2.538 2.346 76, - 33 43 4 1 4 1 52
8041671 . 2.538 3.731 80 38 42 .2 1 2 1 661
8145670 - 3.308 84 41 43 - 1 3 1 -
8170673 - 2.768 96 49 47 - - - - -
8186672 -1.538 1.885° 73 32 41 3. 2 3 1 61
8290672 - - 73 35 38 3° 2 3 2 -
8321673 2.192 2.269 79 39 40 5 2 3 1 59
8390675 2.231 2.500 82 37 45 2 1 3 1 49
8499674 - 3.192 70 32 38 2 1 4 1 -
8501673 - - 98 50 48 2 2 1 -1 -
9220675 - 3.192° 90 45 45 4 2 3 1 -
9227679 1.962 1.808 90 43 47 1 2 2 1 87
9287670 3.077 3.462 79 30 49 3 1 3 1 65
9303674 2.231 2.692 8 40 45 3 2 3 1 73
9430671 2.154 '3.038 92 46 46 2 2 2 1 69
9467672 2.154 3.346 77 35 42 1 1 1 1 75
9513673 2.731 2.423 74 29 45 2 2 2 2 63
9513674 2.154 2.231 89 40 49 - - - - -
9513676 1.769 2.538 80 34 46 4 2 3 1 65
9515671 - 3.385 88 43 45 4 1 4 1 -
9536675 1.885 - 2.577 80 37 43 4 2 .3 2 56
9566671 - 3.038 84 9242 3 1 3 -2 -
9700670 - 2.269 75 33 42 1 2 2 1 -
9716672 2.923 2.340 53 14 39 3 2 3 1 66
9725672 2.731 -+ 3.346 66 .20 46 3 2 3 1 69
9774660 - $3.269 89 39 50 3 1 2 - -
3.346 8L 33 48 4 2 3.1

70
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'TABLE 23-~Continued

a

.Y.is the student's score on the final ‘application of the.
attitude scale, and Xj] through Xg are respectively his
score on the initial application of the attitude scale,
his total, verbal and quantitative scores on the School
‘and College Ability Tests, the mark obtained in his last
high school physics course, the number of high school .
physics courses taken, his high school graduating average,
the number of laboratory sciences taken concurrently with
Physics 110, and his Physics 110 mark at the time of
writing the final application of the scale.

The high school physics mark and high school graduating
average were coded in the following manner: A (86% -
100%) was given the value 1, B (72% - 85%) the value 2,
C+ (65% - 71%) the value 3, C (57% - 64%) the value 4,

C- (50% - 56%) the value 5, and D (40% - 49%)  the value 6.
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TABLE 26

THE FREQUENCY DISTRIBUTION OF RESPONSE TO EACH STATEMENT BY
THE CONTROL AND EXPERIMENTAL GROUPS ON THE INITIAL
APPLICATION OF THE ATTITUDE SCALE®

Statement Response Categoty

No. 1 2 3 ) y) 5
1 24 115 59 37 3
: 32 . 122 51 28 9
2 5 23 74 123 13
6 29 71 122 14
3 6 28 49 110 45
: 13 17 43 118 51
4 9 74 83 63 9
' 18 - 77 81 54 12
5 12 44 69 93 20
16 45 62 99 20
6 9 34 51 117 27
: 9 32 49 127 25
7 ‘26 101 44 55 12
50 86 42 49 15
8 3 14 51 93 77
5 13 44 99 81
9 24 59 47 83 25
25 44 57 97 19
10 18 67 65 76 12
: 19 - 78 51 81 13
11 9 50 83 74 22
12 56 86 74 14
12 1 76 83 68 10
9 79 86 62 6
13 6 70 93 60 9

: 5 79 52

96

10
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-Continued

TABLE 26-
Statement Response Category

No. 1 2 ~ 3 2
14 9 69 82 . 58 20
8 78 78 57 21
15 5 17 47 94 75
13 9 41 98 81
16 3 20. 34 136 45
7 14 30 139 52
17 7 44 66 88 33
| 16 37 65 93 31
18 12 21 54 99 " 52
- 5 26 50 114 47
19 - 10 49 26 95 58
' 12 62 29 63 76
20 14 91 70 53 10
14 99 59 58 12
21 0 9 34 148 47
3 9 34 152 44
22 - 8 70 - 102 . 46 12
3 77 94 53 15
23 11 70 77 71 9
- 14 79 89 51 9
24 3 18 52 131" 34
7 17 47 132 39
25 25 149 48 15 1

33 167 30 11
26 5 26 73 106 28
7 24 53 113 45

? For each statement “the first llne is the frequency .
distribution of the experimental group, the second

- line the frequency distribution of the control group.
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TABLE 27

THE FREQUENCY DISTRIBUTION OF RESPONSE‘TO'EACH STATEMENT BY

THE CONTROL AND EXPERIMENTAL GROUPS. ON THE FINAL APPLICATION

OF THE ATTITUDE SCALE®

| Statement

Response Catégory

No. 1 2 3 7 5
1 37 142 37 21 5

20 110. 72 25
2 7 18 59 132 26
1 25 78 120 12
3 8 21 29 120 64
14 31 61 97 33
4 25 94 72 41 10
9 57 81 70 19
5" 18 53 71 . 86 14
8 59 77 84 8
6 9 27 50 132 24
13 45 49 106 23
7 47 91 52 38 14
: 31 75 55 64 11
8 5 10 24 122 81
10 14 69 95 48
9 20 40 50 111 21
18 66 48 94 10
10 13 66 57 93 13
12 70 67 78 9
11 26 71 95 36 14
6 43 93 69 25
12 15 92 74 56 5
: 2 70 82 70 12
13 5 67 101 61 8
6 65 91 '8

66
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TABLE 27--Continued

,,Statehent RéSponée_Category

' No. 1 2 3 ’ 4 5
14 28 103 75 27 9
6 62 83 68 17

15 9. 11 30 97 95
14 30 53 - 81 58

16 5 14 22 129 72
8 18 38 139 33

17 10 18 53 132 29
7 41 64 95 29

18 12 49 61 88 32
4 32 55 20 55

19 79 128 23 5 7
11 68 41 72 44

20 38 102 60 34

15 92 59 57 13

21 5 15 51 133 38
6 20 50 1125 35

22 19 114 76 26 7
2 49 107 60 18

23 20 99 84 24 15
4 58 %96 64 .14

24 8 16 38 132 48
7 19 57 120 33

25 51 148 31 11

| 37 137 44 17 1

26 14 27 36 122 43
16 39 64 97 20

2 For each statement, the first line is the frequency
- distribution of the experimental group, the second
" line the frequency distribution of the control group.
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Fig. 10.--The Response Distribution to Statement 14 By the
Experimental Group on the Initial'Application-df the Attitude
Scale. | o
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Fig. 11l.--The Response Distribution to Statement 14 By the
Control Group on the Initial Application of the Attitude Scale.
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Fig. 12.--The Response Distribution to Stateméht 14 By the
Experimental Group on the Final Application. of the Attitude
Scale. | ' -
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~ Fig. 13.--The Response Distribution to Statement 14 By the
Control Group on the Final Application of the Attitude Scale.
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