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CHAPTER I
INTRODUCTION

Physicsvin fecent'years has-experiencéd a'decrease in enrollment
(14) and a loss of some.of:the prestige that shoﬁld be’assogiated with a
science most basic to the study of man. ‘Ernest.C} Pollard.(BZ) alludes
to the growing alienation between science and society énd suggests that
many of thebstudents are in physics classeS’only‘bécausé; in some‘way,
Deans and others iﬁ curriculum planning groups feel ﬁhét-a;physics re~
quirement is commensurate with a liberal educationf; The phyéiCs;prOf
fession mustsurely share ihe“blame for not having c?eated coﬁrseS
viewedvby:students and othér memberé‘ofvthe ahademic and nonacademic’

community as relevant to college education.
Background forftﬁé'Study

‘This study had as iﬁs goal tﬁe development of an approach to the
teaching of introduétory physics, for thg student who is a nonﬁhysicsv
major and -in most cases a nonscience major.

~In the introduction to "The Prpceedings of .the Boulder Conferengé
on Physics for Nonscience Majors," (10); It was poihued out:thatvintrq-
ductory courses tended to go to one of two extremes. First were the
courses in which the instructors insist that the topics and-teghniques
which prove suitable for science majors are the Best for the entire

student body, and arguing- that if some individuals were not prepared



mathematically and psychblqgically‘for thesrigors.of'the course, that-
-this;was the student's problem. 'An the other extreme .are many physicists:
who feel that it is unrealigticito expect nonscience majors to cope with
the-basic’cqncepts of'physics, and‘offer them a diluted science surVey'
instead. Neithér;approachAappears suitable for the»nonscience sﬁudent,v
A compromise between these two extremes {is assuredly.called‘for, |

Perhaps even more than a compromise :is évailable if,'in'attempting tqnj
solve the problem of better physics';eaching and 1eafning,'oné brings
into play information on-teaching and learning garnered by.reséarchersu
in educational psychology. | |

| The study of physics involves‘many,baéic concepts‘which'are readily
introduced, studied, and confirmed through observation and;manipulation:
of objects andAsyétems; as well as throughvreading'andblecturefpresentaén
tion."Thesé bésiq;ideas do not have té bewapproached~at a highly sophis-
ticated mathematical'level,nor in a watered»dnwnvfashion if pace andg‘

teaching format are matched to the.StudentstcépaCity for learning.

Jerome Bfuner (6)‘in ThgﬁP;ggess 2£ Edncation, represents. the problem
as. two-fold: First, how to have the basic.subjects rewritten and their
teaching materials revamped ‘in such a way-that the pervading and power-
ful. ideas and,atﬁitudesicontained-therein are given a central role;
second, 'how to match the levels of the materials to the: capacities of .
students of different abilities at different grades in school.

| In the 1963 Report of‘the-CommiSSidnzon Collége Physics (9), ‘the
suggestion is made that one must proceed in teaching as he.does.in ex~
perimental .physics; measuring instruments must-be .developed ccllatefally
with the study of the learning process. This necessitates cooperation

between the physical scientists and educational psychologists..



In this study.a cYbernetic;model‘of‘The'Behaving and Learning»Cfcle~
developed by Asahel D. Woodruff (40) an educational péycﬁologis;; will
be used to describe the learning process within fhe student, This also
specifies the conditions to be met by a model of instruction which in

turn will be used in one section of an introductory physics course.

Conceptqai'ggys%cs (2) was selected as a textbook for Descriptive
Physics because it was a new text ‘designed for a ‘one semester course in
introductory physics. Too, it had‘asfqne{of its statednaims the pre-~
sehtation of phyéiQS»principles on a conceptual rather than a mathe~-
matical . level. Tﬁis is‘consiétept with Bruner'svsﬁggestionkfhat the .
material match the.capacity of the student,fWhich in,introductory,physiCS- .

does not include mathematical sophistication,
Statement of the Problem

The ﬁajor goal was to develop an approacﬁ ;6 the teaching of .intro-
ductorybphysics base& on a.cybernetic model of ThelBéhaving and'iearning
Cycle, To determine its effectiveness it will be necessary to measure
the influence of .this .approach on the student's gain invknoﬁledge
{cognitive effecf), his final attitudes towafd’tﬁe course (affective
fesponse), and to determine any relationship between his educatjonal

background and his success in the course. .
Significance of the~StUdyr'

E. Leonard Jossem (26), Chairman of the Commission on College
Physics, in the 1968 %éport,of the Commission, suggested during a dis-
cussion of curriculum change and improvement, that apparently successful

answers to curriculum problems were often localized and temperary in



their applications, and that each new generation seemed .té require new
answers in ‘its own. terms. He stdted, "We suffer from having no coherent
theory of instruction to invoke, and -as’'a result in all too many cases\‘
. we do not know whether .what we are doing is effective."

John Fowler (20), Director of .the Commission on College Physics, in
an-address given at.a national conference urged -that:

We approach our teaching as we do a research problem, = .

In research, if our investigations are experimental, they are

based on existing theory; or if theoretical, on existing data. -

We decide on an objective, and usually try for an easily mea-

sured yes~no effect; there is polarization or there is none;

there is 'a resonance or there is not.one. We make estimates: <.

of the size of the effect we are looking for and choose our

techniques accordingly. We try to isolate the effects we

are looking for and change conditions to average out other-

possible contributions. . We require the latest 'and best in

methods ‘and instrumentation, we worry over precision, estimate-

our errors and state the uncertainty in our'results., We try

each step of the way to know what we want to do and to deter-

mine whether we are doing it. ‘

Teaching and instruetion in physics is admittedly more

complex and less easy to quantify than research, But it is

as much a part of our profession.  And we should approach it

as physicists.

The current study was based on a theoretical model of a Behaving
and Learning Cycle and the constraints this offers when developing a
model :for teaching behavior. . Such models can furnish a source of .
hypotheses, through which relevant ‘data'can be ordered, and which can be .
subjected to empirical test.

A study of this type may.offer a modest beginning in the attempt.
to apply research methods which have beén successful in physics, to -
problems associated with physics teaching., - It may shed light on better:
approaches. to teaching introductory physics in a large-lecture non-

laboratory setting and should be of value to the institutions:involved.

Finally, data agquired from the first trial of the model ‘may provide:



information for refinement or chénge.in the model, and thus allow con-

tinued testing of the approach.
Limitations of the Study

This étudy was carried out during a onezsemeéterztime period -and
limited to students in Descriptive Physics 1014 at Oklahoma State Uni-
versity. Both experimental and»confrol sections exhibited somewhat lower
enrollments than ﬁrevious semesters thus ‘reducing the size of the sample.
Further, since different instructors were in .charge.of the two sections,

the possibility of instructor bias exists.
Clarification of Terms .
Student

Members of the Oklahoma State University student body enrolled in
Descriptive Physics 1014 during the Spring semester of the 1969-1970

term, are the students.

Knowledge

Knowledge is evideﬁced by an acquaintance,familiarity and under-
standing of the laws, relationships, and information associated with
physics. In the case of this study, knowledge, in measured form, would .
be limited to the recognition of physies informatidn, laws and relation=-’
ships as determined by the pre-test and post-test questions on- the ex-
amination administered to both¢se¢tions.of‘the Descriptive-Physics

course.



Cognition
The process of knowing or perceiving is cognition.

Cognitive Process

The process: involved in the act of gaining knowledge, is the

cognitive process.
“Attitude

Attitudes are feelings or opinions rather than knowlédge, and in.
this study were gauged by responses made .to questions or .comments given
the students in an attitude questionnaire administered at ‘the end of the

semester.

Affective Domain

The affective domain relates:to feelings and emotions.. This is-
related to and essentially synonymous with attitude as it is used in

this study.

Favorable Response

Eéch statement on.the Attitude Measure (see Appen&ix)'was listed
as either posifive or negative with respect .to the goals of -the course,
A favorable response was one that had a score greater than three oﬁ a,.
positive question or one which had a score less than three on.a megative.

question or statement. .

Unfavorable Response

A response. to a positive statement on the Attitude Measure of less



than -three was considered an unfavorable response. Likewise a response
of greater than three on a.negative statement would. indicate an unfavor-

able response with respect to the goals of the course. .

Cybernetic System

Cyberneticsiis a science- that compares complex electronic calcula-
tors with the human nervous system. In this study the Behaving and -
Learning Cycle is treated as a group of interacting systems analogous

to an electronic system.
Feedback

In an electronic system feedback isthe return of information.to
elements earlier in the chain of sub-systems for modification of the
on going operation. "In an'ideél“learning{sitﬁation{feédbéékffn0m$thel
students continually influences the teaching process, both feedback to

the teacher and to the student.

Referential Input

Information gained directly from the enviromment, frequently non-

verbal, is considered referential input.

Percegt

A recognizable sensation or impression received by the mind through

the senses is a percept. These are the predecessors of concepts.

Perceptual Meaning

Meanings gained through:the senses as opposed to verbal trans- :



mission of symbols and ideas aré‘percéptual meanings.

-Concggts

An idea or generalization formed via the process of perceptual

observation and verbal communication is a concept.
Referents

The objects referred to by words.br phrases“rathef_than;the words

or phrases themselves, are referents.

LD.Groug

The students in the section taught through lectures and demon-
strations but with little .expectation of active student responée, con-

stitute the LD (Lecture, Demonétration) Group,

PDI Groug'

Students in the experimental section in which presentation and’
demonstration were both carried out in such a manner that questions
would be raisedfand'ahswers sought.from the students, constitute the

PDI-(Presentation,'Discussion,'Interaction) Group .,

Attitqd§ Measure

This term refers to a questionnaire prepared by the researcher-
to ascertain the attitude of.the students toward the course. ' This was

administered at the end of the semester to-both groups.



Outside Help.

This term refers to an-invitation -extended to’all students to visit.
with one of the instructors about reading materials, problem work, or

other difficulties experienced in Descriptive Physics.
Basic Assumptions

This study assumes. that a pre-test postr-test examination constitutes.
an adequate ﬁeasure of knowledge gained by.the spudentfduring the semes-
ter. | |

It aisq éssumes that the attitude of each student toward thé course
may. be measuréd by the use‘of a sét»of statements .gbout the:coursé; some
of which shoﬁld»elicit common . responses sindeﬂthey are not“related-tq
the approach used, Whilg others should elicit}differing responses de-

.pending upon. the teaching approach, |
- The study.assumes thaﬁ either approach (#D, or PDI) can be applied

consistently during the entire semester.



CHAPTER IT
REVIEW OF  SELECTED LITERATURE
Introduction ,

John Fowler (20) in speaking of evaluatian of‘pfofessipnal courses
in physics, observes that "We evaluatevit,'énd we try to improve it al-
mdst totally in terms of content." Thié studyvinvolﬁedvcbnﬁentvbut‘the
approach to providing content in physiqs'was based on ‘information on the

teaching-learning process avallable from psychology.
The - two sectlons of the review of selected llterature will deal
first with the teaching-learning.pro¢e5s,and then ' course development in

physiecs.
' Teaching aﬁd.Learnin8:

The»edugational-psychology.viewpoint on teaéhing and-learnihg is .
represenﬁed by‘the'work of such men as Jerome S. Bruner, Garl R, Rogers,
Asahel D. Woodruff, and Robert M. Gagne. |

Carl R. Rogers (35) describes learning.thaﬁ is éxperimental; mean~
ingful, ofﬁsignificant iﬁ ﬁerms of the following elements:

(1) It has a quality of personal involvement (feelings as well as
cognitive aspects).

(2) TIt'is self-initiated. Even when the 1mpetus comes from with~-
out ‘the will to carry through comes from. w1th1n. :

(3) It is pervasive. Tt makes a difference in the behavior,
attitudes and perhaps-even the personality of the learner.

10



(4)

(5)

11

It is evaluated by the learner. He can say to himself "it
isn't quite what I want," etc.

It's essence is meaning. When such learning takes place, the
element .of meaning to the learmer is built into the whole ex-
perience,

Of two bossible aims of education, the transmission of stored know-

ledge and learning how- to learn, only the second is . suitable to modern..

man who must place'his'confidence, his basic trust, in the process by

which new knowledge ‘is acﬁuired.'

He goeseon to-describe two sets of assumptionsHin’edueation:;

Assumptions from current education based on‘what teachers do, not
what they say they wish to -do.

fo'

The student can't.be trusted to pursue his own learning.
Presentation equals . learning.

The aim of educatlon is to accumulate brick upon -brick of
factual- knowledge.

The truth is known.

- Constructive and creative citizens develop from passive

learners.

Evaluation is education and education is evaluation,

Rogers predicts a revolution in education in' the next few decades

that will challenge the foregoing assumptions. The question for the

newer approach is "How can the;incorporation of the process of learning

and .changing be made the deepest purpose of the educational experience?"

He then presents assumptions that ‘will replace the:previous set. .

Assumptions Relevant to Significant.Experimental Learning:

A

b.

Human.beings have a natural potentiality for learning.
Significant learning takes place when the subject matter ‘is.
perceived by the student as having relevance for his own
purposes,

Much 'significant learning is acquired through doing.
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d, Learning is facilitated wﬁén;the'student participates responsi-
bly in the learning process.

es; Self-initiated -learning, involving ‘the whole person of the .
learner,——feelings as well as intellect--is most’ perva81ve
and lasting.

f. Creativity in.learning is best facilitated when self=-criticism
and self-evaluation are primary, and evaluatlon by others is of
secondary importance.

g. The most socially useful learnhing in the modern.world is the
learning of the process of learning, a continuing openness
to experience, an incorporation into oneself of the.process
of change.

To -optimize the chance that this second set .of -assumptions will be
adopted and acted -upon by the teacher and learner, Rogers describes what -
he calls "attitudinal sets' necessary or to be hoped-for in the teacher.
These are."..,realness or genuineness; an acceptance of the student; and
empathic understanding.' ' The teacher .or facilitator must be a real per-.
son, be himself, show his feelings (enthusiasm, boredom, anger, etc.)
and allow the student to do the same. He cannot be seen only in the
"teaching role." He must give evidence that he prizes the student's .
opinions, feelings and individuality. A teacher must have a '"...sensi-
tive awareness of how the process of education and learning appears to
the student," to improve. the likelihood' of personally meaningful learning
occurring. Rogers cites research that tends to confirm that when these
characteristics are present.in psychotherapy, learning is facilitated,
and suggests that they should be’appropriate‘in education.

Asahel D, Woodruff (40) in "Cognitive Models of Learning and In-
struction' suggests.that formulation of instructional programs in.theé
past has suffered from the absence. of underlying concepts of human be-

havior and learning.

Recent developments have improved the possibility of formulating
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useful models of instruction (41), These are: the undérstanding of the
role of value in human behavior, the recognition'of.¢onCeptsvas mediating
variables in behavior, and in thé field of communication, the differen-
tiation of the verbal process from the cognitive process, Hoban (25)
says that it is a fundamental error to assume that "communication is
the transmission of meanirg.'" Meaningful sets of symbols may.be trans-
mitted, meaning can not. Woodruff cites PSSC Physics indirectly as an
example of the process of making visible to the student, with experi~
ments on physical objects, the phenomena from which knowledge finders
derive verbal statements about these phenomena. The student can then
experience his owpn.perceptions and form'his‘own.gonceptualizatiéns.

This provides a link between knowledge.and behavior, often missing‘in
the paSti

Woodruff goes on to offer "Assumptions Relevant to Behavior and

Learning." His models rest on these assumptions:

1. Human behavior is characterized by the qualities of a cybernetic
system, .

There is referential input (input from real objects and
progesses, not. from ‘symbols which represent them); storage and
internal manipulation of the input; the possibility of response.
during the manipulation to a communication input which has the
sole possibility of guiding the attention of the subjeet; pur-
posive output; and feedback from the output action into the
perceptual channels.. '

2. The réferential input is the sole source of percepts which be~-
come.concepts. Referential input consists of literal sense
perception of real objects and processes. Communications input.
can not perform this same task since it is only a verbal
description of these sense perceptions. Lecture and discussion
are communication inputs.,

Referential input becomes dominant when ever a person is
placed in a new enviromment for which he has no existing cogni-

tive background, Referential input need occurs over and ovér
again in school, even in graduate school.
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‘Verbal input can lead to congept maturation only when the

'essentlal bits of perceptual meaning are. present. . When they.

are not, referential input is necessary regardless of school..
level.

The internal manipulation and storage process has some dimen~
sions:

a. It may be either subconscious or recognized in various de-
grees,

b. It varies from vagueness of first impressions to the
clarity of mature coneepts.. »

c, It varies from subjectivity to objectivity.
d. It varies from no verbalization to complete verbalization,

e, It ‘ranges from concreteness to constructness ’ that is,
from mental images of concrete referents to extensive
mental constructs in three directions; categorization v
based on recognition of similarities of structure. (general-
ization); integration based on.recognition of processes
and consequences (principles); and the discovery of quali-
ties of either structure or. processes, whlch are then ab-
stracted and treated as reals. :

f. Principles may.be-used.by»meanS‘of‘tfanéfer,/to'solve-‘
problems in unfamiliar situations. .

g. It varies in degree of inventiveness and also in the quan-
~ tity and quality of artistie originality. .

Recognition of the instrumental value of process, structural -
referents, and qualities is part of the. internalwmanipulation
process,

Through feedback from vicarious or actual trial of a-
person's concepts 'above ways of béhaving, the empirically
substantiated value becomes part of the .concept and gives
rise to motives. Feelings are the intermal responses to.the
satisfying or amnoying dimensions of the trial phase of be-~
havior, - This part of the response is the source of value
Judgement.

Symbolization, or verbalization of meanings; is part of the
internal-manipulation process, and verbal-communication is the -
external manifestation of the symbolization.

What has come to be known as the teacher-pupil interaction
process is a special use of verbal communication to stimulate
validity, maturity and verbalization of - .concepts, discovery.
of .principles, and orginality in the internal-manipulation
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process of the student.

6. BehaViorboutput is mediated by conéepﬁs iﬁ ways which are pur--
posive to the reduction of stimuli, the satisfaction of under—
lying needs, and the attainment of goals.

The operation of the behavior is 1ndependent of conscious
awareness of what ‘is g01ng on. , That -is ‘how perceptual meaning .
is acquired, concepts are formed, and .decisions are .made with -
and without awareness. Awareness does not.change the basie’
process, but permits  the intrusion of" objectivity through. the .
use of learned criteria and safeguards.

The model presentedvbelow and utilized in the experimental study
rests on.these assumptions., The model (see Figure l)vin-tufn furnishes
a sourge of hypotheses againstfwhich existing relevént data can be,laidg 
and which can be subjected to empirical ‘test. |

Stimulation is the first stage (sensory ;intake):of this -¢ycle.
Careful disﬁinctién must belmade,between symbolic stimuli which are
primarily verbal in nature, and are.triggering-deyices,fbr stimulating
recall of percepts'or concepts already -stored, and referential stimuli .~
that arise from objécts or. events and are,inputs-for_cognitive»meaning,»
" Teaching often requires parallel application of ‘both kinds of stimuli.
if cognitive meanings are not already present. .

Storage 1s associated with stage three and'iﬁvolves,the storage
and manipulation of both’syﬁbOls and,conceétsﬁ Teaching involves using
symbolic and verbal processes . of interaction with studénts, These
achieve guidance of the internal-manipulation of conﬁeptual‘process,
decision.making, t;ial-ofvlearned congepts in realistic»situation55»and'
interprétation of feedback from those trials. ' This in turn. cultivates
higher forms of‘thought‘and'gseful originality.

Original behavior emergesas another important.face of storage
and manipulation. Two elements contribute to.original behavior. One is

imagination (5). The other is composed of various.concepts of technical
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processes and structures which must be used to give effective expression
to original ideas or’imagination,: Diverse examples_of4aneas_that.dev
pend on technical processes would be ‘harmony, arﬁiStic,comPOSition, high
energy physics, and painting (6).

One dimension of  the behavinghlearning_cycle (18) -most.often neg-
lected in.teaching is concept validation or shaping up. Wbodruff"sﬁates:r

Concepts that -are formed without empirical trial take on.
satisfactory meaning to the person solely.on-the basis of the
discussion of percepts acquired visually or orally. This
discussion process, typical of classroom. talk, can.yield a
concept which will satisfy an- achievement tést question, but
which may not enable him to carry out an adjustmental act in
a real situation.’

The student knows but .cannot act. School learning frequently ‘
lacks the trial-stage.of the learning cycle.

Woodruff suggests that without the doing or-action stage, or motive
formation stage; feeling will not occur. He goes on‘tQ state: |

The perception of the positive -or -negative instrumental’
value of an object or process, whether that perception is in-
tuitive or.clearly conscious, furnishes an. .input which becomes
part of the concept of the object. or process. This is the
origin of value, both positive and negative, Instrumehtal
value is the foundation of motive in all of its forms: inter-
est, sentiment, wish, major value, ideal, goal of any degree -
of -immediacy or remoteness.

Feeling reaction, being rooted in adjustmental acts,
does ‘not occur when no adjustmental states are involved. They:
occur most regularly.and most vividly -at the trial- stage of the
learning-behaving cycle since that is basic.stage of adjust-
mental action. Once established through empirical experience,
feelings can be reactivated when a.particular concept is re- -
called, and reenacted emotional reaction often occurs when an
emotlonally loaded concept is being discussed.

Emotions ‘can play a part‘in;academicldiscussions,‘but they are the re-
sult of previous empirical experience rather than generated as a part of
the discussion. Woodruff adds, "There is nothing so noticeable as the

neutrality -of feeling or in other words plain apathy, which students
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feel for subject matter when their total experience consists of class. -

presentation and class discussion (the storage and manipulation stage

alone).”

students learn about selected aspects of their world. This is accom-
plished under a teacher's guidance by encouraging concept formgtion

which leads to objective behaviors.

In accordance with these ideas Woodruff makes three assumptions
about instructions

1. Behav1or and learning are approx1mate1y as described héreto-
fore, and the formal lnstructlonal process must take its
shape from the contours of foreg01ng models. It must, in
effect .be the counterpart .or: .complement of the process of
learnlng and behav1ng :

2. Instluctlon sarves two ends. First, it produces changes in

_tnemgd&u tmental behavior of the learner, largely by helping
hif acqv Yé" ¢oncepts. Second, it makes the student think

and learn independently. It should be noted that all be-
havior is regarded as adjustmental, that is it is aroused
by need and is an attempt to meet the need.

3. The instructor is present for the purpose of guiding and
facilitating the learning process toward the achievement of
certain defined goals of the educative system. The broad
goals are generally set up in the form of behavicrs to be
attained, and curriculum content is chosen tg produce the
concepts which will in turn produce the desired behaviors.

In deseribing the act of iastruction Woodruff made the following
important comment:
Subject matter consists of the real world 'out there'
not of books, bodies of information, lectures, or any of-
the other verbal and symbolic materials that have in the

past dominated the school. Information can be memorized,
but it does not lead to concepts and understandings.

In this study the major use of much of this material was to describe
the constraints imposed upon the teaching and learning of introductory

physics assuming that the student is an idiosyncratic system,
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whose 'learning -and behaving‘characteristics*arefdesdribed_by-this model
and with the realization thatbsucgessful efforts iﬁuthe teaching and’
learning of physiCS‘depend ﬁpon a careful match to the student's system.

Cognitive theorists place great weight on the need ‘to enhance and
capitalize on individual differences within. the student group. Ericksen
(15) suggests that the most powerful effect can-bé expected - from those
instructional changes that release andrgiVe;éreater freedom to:dndivid- -
ual - difference variables, such as a student's.motiﬁation,'his memory, -
and the degree of meaningfullness he can attach to informational stimuli -
given by lectures, books, films, slides, demonstrations and the like.

Gagne (23) likewise gives the learner an independent place.in the
teaching - learning cycle. He describes instruction as the institution
aﬁd arrangemernt -of -external conditions. of learning in ways which will
optimally interact with the internél'capabilities.of,gbe learner, so as:
to bring about a change in ﬁhese_capabilities. He'goéﬁ‘on to suggest
that there aré varieties of change cailéd learning andffhat-each,

variety in turn calls for a di%ferent variety of instruction,
Introductory Physics and Course Development

In a large university it is often expedient for feasons of time;
finances, manpower, and facilities to offer large lecture sections 'of
introductory courses. This.was true of Descriptive Physics 1014 which
had approximately one hundred fifty students per section,’and was - the
course involved in this study.

If the major goal of such a course is tp transfer knowledge or
facts about pﬁysics to the student, research findihgs reported in

McKeachie's (29) article on "Research on Teaching at.the College and
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University Level', tend to support the use'of -such sections. Of eleven
studies that-tried to detect differences in'knowledge gained between.
lecture and lecture—discussion,,no advantage was shown for the lecture-
discussion group. Informatioﬁ transfer was equally effective in large.
and small groups.

If, however, attitude and emotional éhanges constituted part of
the goals of a, course, McKeachie reports.that more positive results

were gained by lecture-discussion. This study had'as.a'majér goal*’

effecting more than just cognitive growth, so perhaps discussion and
other types of student response should‘play an integral part.

Dubin and Tareggia (13) looked at forty years of -research regarding
comparative studies of methods of.teaching at the college level and-
offered this observationt

' In the foregoing paragraphs we hévevreported.the;results

of a reanalysis of the data from 91 comparative studies of

college teaching technologies conducted -between 1924 and 1965,

These data demonstrate clearly and unequivocally that -there

is no measurable difference among truly distinctive methods

of college instruction when evaluated by student performance

on final examinations,

It may very well be that the mest. pervasive commenality
among teaching methods.is the employment of and -dependencge

on. textbooks and other reading materials. Perhaps the "o

difference'" results of comparing teaching methods can be.

attributed largely to the powerful impact of textbooks

which cannot be washed out by any known methods of instruc-

tion,

McKeachie (29) discussed motives within-the student ﬁhat~aqted to
reduce differenices between groups exposed to different .teaching methods.
Among these are interest, parental_expectation? peer .group acceptance,
and'grades, Grades may well be one of the strongest motives, leading

the student toward learning whatever is required to get a good grade:

McKeachie  (29) does offer hope when he says that in spite of -the
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many findings of novsignificantvdifference inueffééfiﬁenessubetween
lecture and'discussiCn,.those“studiés'which have found differences make"
surprisingly~good‘sense;”:inaoniy"two studies, was one;method~superiqr
to the other on a measurement of;knowledge of subject matter; both
studies favored the lecture method, However, six other experiments
finding significant differences,in:favgr of discussion over lecture,
the measurement was made with instruments other than final examinations.
A survey madé_by this researcher of thé;reporté of new courses

and course development programs reported in the American Journal of

Physies during a twenty year period from 1949 through 1969, produced
the following results, During the first ten year.period there were
fourteen reports of new or at least innovative course ideas.  Each’
article provided a fairly careful description of. the course which din=- -
‘cluded the topics offered, the amount of :laboratory, the frequency of
class meetings, methodsrof teaching, character>6f.the testing program,
and the advantages to the student and the\physics cgmmunity of  that-
particular approach. o

In only two cases were formal cqurse évaluatiOns reported. Typical
of the work'reported during this period are the following examples:
Formal EE;El{ (19) in 1949 offered a description of a ;wo-Yeaf cOurse
in Basic Elementary.Physics that had evol&ed over»a%ten year beriod."
He made no mention of any»formalyevaluation-of~the cbufse,' C, C.
Clark (8) described a.course in College Physical Science that'he had

taught for fﬁ@een years and had offered to several thousand students

et 1 1!

N s

bﬁgféummarizéd his results by saying, "I think that wehave - achieved at-
least two results; students no longer. think that science is miraculous,

and - in their daily 1lives, in\business_and-citizenship they most :likely
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use a measure of ratiomal théught?and“impartial thinking,»rafhervthan
loﬁg hunches, -a long-shot chances, guesses and Eiaséd‘opinion,"- Fitz-
simmons (18) in his description of avLaboratory Course for Seniors in
Physics offered the opinion that the course was needed and did Inspire
dr_maintainnhigh student interest.

During this-same pgriod,there were- two -courses reported with a-
discussion of -evaluations. Peck and Haisley (30) described A One-Semes~-.
ter Physics Course for LiBeral'ArtS'Students; their évaluative procedures
included: ' objective evidence of student's performance,isubjective'imr
pressions of the progress of the course, and student coﬁments volun=.

" teered in.response fo questionnaires .distributed during three differén;
years. This information was used to modify the course fo: later offer-
ing. J. K. Major (28) in-describing a phySigs offering in Yale's
Directed Studiés Program, - did suggest“an_and of the year evalﬁétion by
survey.to be used to modify the course so that it might serve majbrs

in science as well as others,

During the second ten 'year 'period- (1960 to 1970) the scorg;im-
proves. Of the twelve course descriptions offered, seven.make.a defin-
ite reference to testing or course results, and one’even~goqs~so‘§ar as
to comment on national applicability-of-the approach. .

Caughlan and Towe (11) in an article’titled."Laboratory Performance
Testing," describe the development of a short laboratory experiment
similar to the experiments completed in the regular labératory program,
that could be used to;testustudents"knowledge‘and laboratory skills. -
The results of these tests were.used to grade students and modify the

course called Contemporary Physics I and -II; in which Scien;ific Ameri-

can. Off-Prints were used as texts., They offered personal opinions as
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to the success of the course, suggested changesfthat would be made, and
indicated that it had become a permanent part of -the curriculum after:
only one year's use. None of these conclusions, however, was based on-
a formal testing program, -

Alan PorﬁiS/(BB) offered the fitst real reference to careful test=-.
ing of a ﬁollége physics:course'in.his description of the Berkeley
Physics Laboratory. After'an-initial trial of thé-Berkeley‘PhysiCS'
materials with two groups ofuféfty students,'if ﬁas turned over to pro-
fessors who had had no part. in developiﬁg'thé-gourse materials; to offer
it to thirty~five groups of thgty,students each, Féedback‘from‘thisA
trial Was‘used¢tovmédify the materials and approach,’and the course ﬁas
then offered as a nationally applicable approach to pﬁysics;laboratory4
work, Alan Portis even suggested‘”natioﬁal,applitability" as the reason”
for these steps, as well as a fear that earlier“tfialS'also included
the "Hawthorne Effect.”

H, R. Crane (11) offered oneé of ‘the livelieét‘repdrts on introduc~
tory physics in an article he titled "Experiments in'Teaching Captives.'": -
His goal was not to modify the subject matter nor:the method of presen-
tation but to change the ground rules by which the student approaqhedv
learning. His general boundary conditions were that faculty time not.
be increased, and rigor not be sacrificed. The new features tried
were: |

1. Substitution of open-office sessions for one half of the-
class meetings.

2, Establishment of a student self~help room, designed to allow
students to help one another.

3, Production of a weekly handout indicating the schedule, pro-
blem work, points of difficulty and occasional humorous com~
ments. .
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Professor Crane felt (again without formal testins) that "...finite
progress was made," and ih.particulaf a‘iargervfraction of .the students
developed a lively interest in the subject;than had been the .case pre-
viously. He,did state, also,vthét no attempt was made to compare the:
amount of .learning gained By this method-as opposéd to the;"old method,"
because learning was 'a very complicated quantity, not déﬁinable in meas-
urable terms.

His parting shot -included a plea for more,experiméntation in. the .
strategies of runnihg big courses, - Little has béén_reporged in this
area in comparisoh to that which has been published‘on:the tactics of -
subject matter presentatiom, or ‘topies chosen, etc.

Fryshman (22) in describing a laboratory course for.n§nscience
majors, suggested that quantitative comparison of”the‘QQCOmplishments of
students in the two different“approaches~heﬁusedeés unfeasible. bHe‘was
willing to use such indicators as interest, enthusiasm, and véluntarj
outside reacting as_evidence.that~students‘géiﬁed ﬁqfe'from the new
sequence,

Two other examples of .course evaluation_wére,giVen,ieadh‘for courses
offered only once. - Donald Snyder.(38) developed an experiment-oriented .
general physics course and gave it to eight'étudents out of a sixty-five
student group and evaluated'the-EOurse via a Questionnairesthree and -
one-half years later, He suggested that evaluation in the first year
would have been premature as students would have had no chance to find
out if the course suited their needs.:On the basis of the mailed ques-
tionnaire, he did:feel the qourse should be offered -again in the future,

Bertman'gg{gl. (3) offered an elementary physics course iﬁ which

the students attended only one lecture per week then spent the remainder
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of their class time in the laboratory doing experiments of their owm
choice. The claim was that this semi-tutorial approach freed the well-
prepared students and allowed the others to get extra help. Again, as
in the Snyder course, no formal studies of the results ef the course
were offered; some indications of student enthusiasm and interest were
given, but the course had been offered for only one semester.

A well planned approach reported during the second decade of this
survey was one offered by K. L. Warsch (39) in which oceanography was
chosen as a way of presenting a physical science course in a context
more interesting to the students. The other modification made was a
reversal of the order of presentation of the discussion of each princi-
ple. Normally in physical science the basic law is presented first,
followed by some general discussion, and:then concluded with a discus-
sion of practical applications. Warsch reversed this procedure. He
presented observable phenomena, described these in great detail, dis-
cussed the extent and importance of the phenomena and only as a last
step introduced the basic principle behind the phenomena.

His appraisal of 'the results, made by comparing the experimental
section with the standard sections, included:

1. Test evidence: the experimental group made a better response.

2. Anonymous evaluation forms: there was a unanimous urging on ‘the
part of the students that this course be offered again.

3. Other physical evidence of success: the students-were reading
outside articles on oceanography, and doing so with ease,
enjoyment, and comprehension, as indicated by their asking
perceptive questions. There was also reduced student antago-
nism toward physical science.

One of the newest efforts in introductory science is the course

Physical Science for Nonscientists (PSNS) (34) which was an outgrowth of

the 1963-1964 conference on physical science for nonscience majors
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sponsored by the Commission on College Physics and the Advisory Council
for College Chemistry, 'One‘offthe groups for which this course was
designed was elementary teachers, élthough it was:hoped,that it Would
be used more widely. Experiments were an integral'part:bf-the textbook -
and were of three kinds; take—home'exﬁeriments, Chair—arm”experiments, E
and some to be done in a regular laboratory setting. The important
point is that, to succeed in learning the_sciénce,.the.students must.AO
these experiments. The answers or results are not.provided in the text-
book and later work depends upon them.  This approach seems to. be Welli‘
matched to the Woodruff model of the Behaving and Learning Cycle although
no mention of this occurred in the article. The teaqhér-canvprovide,
verbal guidance at all levels as the experiments progress, but_thé;
student is actively involved om his—own,behaving learningncycle.

In the review of the ;iterature on physics coufse development,
this reseafcher,was unable'td find any referencé to a.theoreticél model
being used as the basis for the development of aﬁtéaching or course
strategy.

Hearn et al. (24) iﬁ a private communication report onvaﬁ effort
to match curreﬁt views in :cognition and,learning:especially those of
Jean Piaget concerning invariance, with a method of presentation of
materials and topics in physiecs for the nonscientist. Preliminary ef-
forts ipvplved a committee of faculty members from*the,Depantments of
Computer Science, Physics and Psychology. According“to.a}letter-acé
companying the report, this approach has been.tried with very small -
groups (10 or less) and has been conducted on a nearly individual basis.
No assessment‘of;the results was included in the report.

A closing comment:is to be found in an article by John.Fowler and
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Richard West (ll)
"It may well be that the nonscience.major is the ‘most
difficult challenge that physics educators face, Is it an
important one? As physlclsts, we have to believe thdt it:

is. For, if present trends continue, our discipline will
slip further outside the mainstream of liberal education.

It is .evident from the literatyre searéh'thatuthere have been no
reported efforts. to design;an=intrdduct§ry‘physics QOurse using .a be-.
having and learning model as a basis for choosing teaching strategies;

The following chaptér. describes the‘prdcedures-ﬁé.be“usedﬁbased‘én
the»Behaving»and‘Learning Cyclexaﬁd>the'hypothéses to be tested -upon-

application of these procedures.



CHAPTER TIT
DESIGN ‘AND METHODOLOGY

DescriptiVe:Phyéics 1014, was ﬁhe'course-involvedbin this-study; is$

a one semester-nonlabbratory, four.creditﬂhour‘introductory course, It
is offered -for the nonscience major in as much as it cannot be used as

a basis for additional course work in physics. . The enrollmentris ap~
proximately six hundred stﬁdents”per year,.divided,intg;éections'off
generally one hundred fifty., The method of instruction has been lecture
demonstrétion involving‘liberal use'of_ﬁpparatus.and-audio'visual mate~
rials, Grades are:determinéd througﬁimonthiy exaﬁinatiOnS‘and*thevpre—

sentation is nonquantitative. - ' : e
| Déscription of the;Sample

The:chafaéteristics:of a paréllel student group were obtained by a
voluntary questionnaire.(seé Appendix . B) distributedvto a one huﬁdfed
Sixty*éight student section of Physics 1014 in the Fall of 1969. - The
information requested was: a) the college in which the.ékudéntAwas-enr 
rolled; b) his or»her class in school; c) science‘and mathematics courses
completed in high school and in college; d) reasons for taking ﬁhe pourse

énd e) who.was finally responsible for the decision to enroll in' the .

course, |
The'students-weré almost evenly divided between the Colleges of .

Arts and Sciences (40%) and Agriculture (50%). There were a few from

Educétion,>Business and Home Eceonpomics, but this group constituted less

28
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E than 10% of-the pdpulation, Thelir distribution'by‘Class:' 107 Freshmén;
357% Sophomores, 36% Juniors, and,i?%fSeniors.

Ninety percent of the students listed~the'dourse>as‘being-iequired~
inctheif degree program while 10% indicated that they fook.the~COuf9e
as an elective. The- advisor had recommended the course to 39% bf~£he
students, while 50% included themselves as:parfially or tatally reépqn~
sible for the decision to take the course.: Approximately 8% listed
other.persons as #hegmajor factof in their choi¢e while_3% indicatéd
the influence of a high schoolbteaqhefa, This question was-rather lbose~ﬁ 
ly phrased to the group so that these results must;beftaken és only a
roygh indication of the studen;'s reasons‘for taking -Physics 1014,»>

The academic background of the students cag‘bevindicatéd;by the
coufse work taken prior to enrollment in Physicsa Their high ‘scheel:
backgfounds.(measuréd>by the stuaent‘repponses.to a Quegtionnaire, not
transcripts) show that 100%'have“had Algeﬁra ;, 80% Algebra II,?75%
some Geometry, 33Z Trigonometfy, 60%rChemiStry;'and 78Z_Genera1 Science,
but only ZZ;Physiés._ Their college work sheowed (not a transcript re-
sponse) that 50% had téken College Algebra, lZ'Geometry, 17 Trigonométry,
3% some Calculus, and 38% General Chemistry, Thesé people ﬁere indeed

beginning physics students,
Design of the Study

The general stqdies physics course shQuldibe*challenging,"inter-w

,ésting, nondiluted, and couched:.at ‘a level.commensurate with the skills,
background and needs of the students involved. Tt should qauée the o
students to feel that,physics is a valuable;introductor¥ﬂscience:course

that could be chosen as readily as other offerings,at the same -level, as
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part of their general education.

S. E. Ericﬁsen’(lS) characterizes the major obligation of a.univer-
sity aé "teaching‘a student how to tﬁink;":by helping him acquire ab-
stract relationships fundamental to a particular discipline through.
thinking‘rathgr than memorization. The learner must be free to abstratt .
by establishing his own ideogxﬁciatié’pattegn7Qi\sﬁbjébtive'associations;

This means studying only a limited number of topics or ideas, and
allowing the student as suggested by.Ardnsl(i).a chance to suggest=a1~‘_
ternative ideas and to test them at.least in thought and argumenﬁ, if
not in experiment, before rushing him‘to the,right“answer-and to the;
end results. H, R. Crane (11) suggests other advantages of‘reducédu
coverage. It gives .mediocre, K students a bettgr change of catching on
béfqre the next topic commences, more time can be épent on systems
rather than components, aﬁdvthings'caﬁ be inter¢onngcted rather than
léft as discrete bits of information. Singéicreativity involves the
habit of always looking for many ways, including unqonventionél ways,
of applying each new principle or fact learned, time must be available
to the student if this is to ocgur.

Introductory physics can fulfill Erichsen's, Aron's, and Crane's
suggestions only through limited coverage;-becausé abstraqtion By the
student requires more time than teaching or lecturing by the professor.

The gBaIS'listed:above were the same for boﬁh:sections,of”Descrip-
tive Physics. The difference lay in the approach used in presenting
the material and in working with the students.,

This study involved two teaching strategies, dne-group was taught
by:a method to be reférred to as Lecture—Demonstratiqn,‘the other was

taught by a method referred to.as Presentation-Discussion~Interaction,
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A description of the two approaches follows:

1. Lecture~Demonstration Group.(LD).

Physics concepts were preseﬁ;ed byvlehturé‘with the usé»of'appro—
priate demonstrations and apparatus,’ These were developed carefully
and ah'attempt made (relying on the experience of the teacher involved)
to anticipate student difficulties and queStioﬁs,énd\to angwer these.in
the original presentation. However, spontaneous questions were. courte-
ously received and answered carefuliy[ Convergent questioning (toward
the lecture topic) was encouraged.

When a concept could be presented using demonstration apparatusy
the presentation was carried through to its conclusion and all details,
measurements, and observations clearly shown.

Problem and reading assignments were suggested and, as before,
carefully discussed in class trying to anticipatelstudent'difficultiés
and questions. No»homewdrk Wés collected for grading and no direct
check made to see that it Qas being done.

Help was available to the students wishing it at designated times
and places, and. they were.encouraged -to consult either instructor.

Four examinations were given and used to determine the\gradé fér
the course.

The information sheet given to the students at the beginning of
the semester, exﬁlaining many of these course characteristics; is shown
in Appendix A. |

2. Presentation-Discussion-Interaction Group (PDI).

Physics concepts Were.briefly:presented»using appropriate demon-
stration apparafus when possible,‘.Questions ffom students were en- !

couraged at.all points in the presentation.
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Following the brieflpresentatibn, variations of thé_topic.weré used
to raise questions which would force student response (frequently by
vote). The student forced to make a decision was involved in the action
phase of the Behaving and Learning Cycle, and feelings could then become.
a part of the process. When the qUestién was.finally answered both the
stﬁdent,and.the instructor had an indication of the level of understand-
ing of that topic.

As an example, after the instructor had discussedaNewton’s,Laws,of
Motion, an air track was set up and a glidér caused to travel its length
at a constant speed. The question then asked was: "Is there an un-
balanced force acting on the glider to keep it movipg?" The students
were asked to vote on the possible answers. Some argued that there was
an unbalanced force, some, correctly~maintained-that'there was. not.

Regardléss'of-whethef the student wasvin'the‘greup that was right '
or wrong, his willingness to enter into an adjustive act (making the -
choice between the possible answers on.the basis of‘his understanding
of Newton's Laws) allowed feelings fq'becometassociatedvwith the law,
'Had’this same information been part of a leéture (Verbal input only, no
request for action on the .part bf the student) his abilify to and wish
to remember it may have been at a lo@er level. The trial state (shaping
up) of learning would have been bypassed‘inuﬁaVor of a final answer,

The adjustmental act allows cempletion of theistudent's Behaving and
Learning Cycle. |

Questions of both a divergent and a convergent nétuxe were en-
couraged. The students were allowed to raise questions that in turn
guided the presentation, whereas in the LD group the same question may

have been anticipated and.answered before students could raise -it.
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Because student learning is ideosyncratic and there are a large
number of these students facing a single teachér, ericouraging some of"
the students-to raise questions hopefully guaranteed that these questions:
were truly representative of the students, and'did not,depend:solely on:
the teacher's guess, albeit an intelligent one, as to the real ‘problems "
facing the students. This is ‘a questionable assumption and will not be
tested. However, it could be an important influence. "’

Problem work and reading assignments were given but not collected
for grading. These were carefully discussed .in class in response. to
student questions.

Feedback was an important‘ingredienthin'the Interaction process and’
included teacher's requests for votes on raised questions and responses .
on»bi—weekly handouts.,

The LD students had four major examinations totaling four hundred
points. The only exaﬁination common  to both groups was the final exam-
ination, worth 100 points. The remainder of fhe'points gained. by -the
PDI Group came from handouts. Sample-handout questions are given .in
Appendix F. The handouts consisted of two or three questions to be an- .
swered in sentence.or paragraph‘form. This complemenféd thé inferactibn.
process or trial stage of learning in that an almost correct response .
could be given partial credit (therefore_encouragement),whereas an. in-
correct multiple choice response would gain the individual no credit.
Exampleé of the types of questiqns asked on these handouts are shown in
Appendix F. ‘

The use of this approach gave the teacher access to the.student's
Behaving and .Learning Cycle and allowed guidance of this process on a

fairly regular basis apart from class interaction.
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The points. gained by -the LD Group on.the three exams and the points
gained by the-PDI Group on'handouté’were'not used in this study'swéam‘z
parison of the two groups.

Outside help was available -and the students were encouraged.to visit
with the instructors involved with either section. Only one 'major ex=-
amination was given the PDI Group. This, the final,examinétioﬁ,_was
given in both sections ‘and had-equal influence on.the semester grades in
each section.

Copies of the General Information Sheets giveﬁ to students may be

found in Appendix A.
Hypotheses

The hypotheses ‘tested in this study were:

1. There is no significant ‘difference. (0.05 level 'of -confidence)
in the knowledge gained by students in the LD Group and those in the PDI
Group, as measured By a pre-test .and ﬁost—test administered to both
groups.

2. There is no-sigﬁificantﬂdifferenCe,(0.05 level‘of~cénfidence)in
the knowledge gained by the LD and PDI students enrolled in the:various
colleges.

3. There is no significant difference (0.05 level of .confidence in
the knowledge gained by the LD and PDI students of different‘claSS“levels.-.

4. There is no significant difference (0.05 level .of -confidence)-
in the knowledge acquired by LD and PDL gtudents,having signiﬁicantlyi
different high school mathematics and science preparation.ﬁ

5.  There is no significant difference .(0.05 level oflgonfidence)

in the knowledge gained by the LD and PDI students. with different back-
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grounds in collegé.algebré and chemistry,

6. There is no SigﬁifiCant‘differencé.(0.0S level of1c6nfidence)
in the attitudes toward the course expressed by those students in the LD
Grouﬁ and those in the?PDi Group, as measured by an attitude question-
ﬁaire-administered to both groups at the end of the semester.

7. There is no significant difference (0.05 level of confidence)
in the knowledge gained by male’and‘femalevstgdents'in the LD and PDI

Groups,.
Independent Variables -

Many -variables were common t¢ the two approaches. . The textbook

Concgptual_Physics:(Z) was used in both sections, the same topics were

presented, essentially pa:allel.homework,assignmenﬁs and'thé same pre-
test and final examination were .used.. The:same‘lecture demonstration .
materials were &éed in both sections although thevmethods diffefed,'
Both ‘sections met in the same lecture hall 12 30 PM, MWF and 1:30 PM
Tu., while the ‘'PDI Group met. at 2:30 PM, MIWTh.

Coqrdination between. the two sections was insured"by_almost‘daiiy
meetings between‘the instrﬁctors., Too, the instruCﬁor,of the PDI Group
frequently attending the LD celass sessions. .

The major difference lay in the'teaching'sﬁfategies\adOPted for .
each group, which was thg basis for this study. Thisvlead tq,theieffort.
to detect differences in outcome with the tests and measures to be
described later.

A second significant'difference:aroseIfrom the use of separate
instructors . for the ﬁwo sections. ' Efforts were made during the semes-

ter to minimize the difference by having each section taught by the.



other, instructor a number of times.so that’thg students came to know
both.. With.this effort and daily'meetingSTBetween the .two instructors:
on .pace, presentatiop, and choice of topics, ghe difference due to iﬁ?
structors may'have been greatly reduced. ,Né;effpftlto measure the in-
fluence of separate instructors waS'made;‘

A third difference.involved. the instfuctor'sl methods 6f;allbwiﬁg
the student to keeﬁ track of his or her own c¢ourse progress., InAthé LD
Group tentative grade scales wereHassociated’with each of- the threé:
exams when they were returned to the students, In the PDI Grqup:bi—
monthly total point distribution curves were shoﬁﬁ to the class with
tentative grade dividions shown.

There were a group of diffgfennes which were detectable and pre-
sumed controlled by virtue of random distribution between .the LD and PDI
Groups. Verification of this was made with chi-square (XZ) test for'
random distribution. Thesé_variableé were: sex, college in which the .
student was enrolled, the student;s class ‘level, . the size aof his:ﬁigth .
school graduation class, the reason for his enrollment (required or
elective), who recommended the course,:whq:made.the:final decision to
take the course, high school science and mathematics course background,
and finally the college science and mathematics course background.
Information on.these variables was obtained via.a questionnaire distri-
buted :at the'beginning-of»the course. A copy of the questionnaire is

provided in Appendix B.
Instruments Used .

The knowledge of physics that a student brings into the class would.:

certainly seem to be a major factor in his cognitive grdwth. " To.detect
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this a pre-test was prepared using questions relating to topies and
concepts in physics that would be introduced during the course, The .
test consisted of thirty items in a multiple choice format. A copy of
the pre-test is provided in Appendix C. The test was administered on
the second day of class aﬁd.presented to the students as a diagnostic
tool to be used to detect the student's knowledge of physics and as‘a
guide to the level of presentation. The students were to;dﬁit would
have no influence on their grade and neither the.results nor the exam
were available to the students after it was administered.

The knowledge of physies that a student possessed after‘compieting
the céurse was measured by administering a final examination covering
the material assogiated with the semestér's work. The final examination
consisted of fifty questions in'a multiple choice format, Thirt&.of:
these questions were the pre-test questions. Comparison of the knowledge
gained by studénts in the two sections of Descriptive Physics was made
using the pre-test gnd post-test ‘scores.

Another factor which may well influence knowledge and attitude is
educational. set. . Siegel and Siegel (16) postulated the existence of
and created a test to measure educationa;'sét. Their ¢laim is- that,
"educational-Set comprises a continuum défined at the poles by predig-
positions to learn factual content on the one hand and conceptual con-
tent on the other.” Iﬁ a feport,of the use of the Educational.Set Scale
(ESS), it was found that-in a course emphagizing intrinsic learner.con-.
ditions rather than extrinsic environmental conditions,'conéeptﬁally set
students performed better than factually set students (P < .05).

The Behaving and Learning Cycle is an intrinsic'pheﬁomenon (within

the individual) and this study investigates an approach to teaching
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which, theoretically, more closely matcﬁes this internal cycle.. Under.
the Siegel and Siegel.hypotheses a conceptually setlindividual should
réspond to this approach more sucgéssfully fhan a factually set individ-
ual, -

The - Educational . Set Scéle was administered to all students on the
first day of class. The test is -a forced-choice, objectively scored,.
groupfinventory for assessing educational set, . The‘student‘isgpreSénted
with groups of three -topilics all related to somé coursé such as:- Govern~
ment, Social Studies, Natural SCi@hce‘or~others. He is’then asked~tol
rank the topics in each set'of;three:indicating the -extent to Wh;ch'egch
interests the student, The rankings are most!‘in;ermédiate; least. A
copy of the ESS is provided in Appendix D.

The: reliagbility of the set scale was established using the split-
test (odd-even) technique.which yielded a value of .,94, . Test and re~-
test reliability QSing a 66 student group was..92-with‘the time inteyrval
between test administration ranging from 1 to 5-days}

The factors measured by the Educational Set Scaie are relatively
independent of the factors assessed by the American College Testing . Pro-
gram.Composit;Scofe and‘certain1of«the Guilford creativity tests (16).
The student's ESS score was used in conjunction with pre;test.postftest
analysis of knowledge gained; as one of the covariates, |

A measurement of the attitudes of the;students,in‘each”groﬁp was
made using a locally produced Attitude Measure (see.Appendix E). - This
measure consisted-of 21 statementsvrelatiﬁg»to the DescriptiVezPhysics
course. The students were asked to indicate their level of agreement,
or disaéreement with each statement on a five point\scale. The state- -

ments were selected,in terms of the goals of the course and predicted
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outcome attitude differences in theitwo groups suggested by the teaching-
1earnihg modél; used,

Approximately half of the statements 'fweré considered negative state-
ments with respect to.the goals of the course the -other half were posi~..
tive statements. If there was high agreement with .the positive state-
ments and low agreement with the negative statements the student was
said to have a positive attitude toward the course, ,If there was low
agreement or'disagreeﬁentuwith the positive statements. and high agree-
‘ment with the negative gtatements the student waspconsidéred to have a
negative attitude toward the course.

Scoring of the individual statements depended on whether it .was.
considered a positive or.a negative statement. If it was a positive
statement, the weight used was 5, 4, 3, 2, 1 as shéwn on the statement
form, - A high value indicate a high positive feeling, a.low value, a

negative feeling toward the course. If the statement was a negative

[

statement, the weighting of the-respOnsqs‘was=reversed, 5 1, 4= 2,
3=3, 2=4and 1=25, In this ménner a low response to-a negative.
statement generated what was in effect a positive response. The resul;
of this scoring scheme was a range of final scores for thevindividuél-
which could begin.at' 21 and ‘would indicate the most megative responée
to.a score of 105 which would be the highest positive score, This whole
procedure is called the method of summatednratings,.and ischedited to
Likert (27). |
Edwards (17) warns that one may not in general-makg'an,interpreta—
tien of an attitude scqre.oﬁ a summedrrating-séale independently ofkthe
distribution of scores of some defined,group, The neutral -point on a.

summed-rating score is not the midpoint of the possible range of scores.
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The -absence of such a poinﬁ is not a handicap if two large grqupé.are'
being compared. It.is é‘haﬁdicap in attempting td pasé'jgdgementfoﬁ the
score of a single individual. Iﬁ-this stuﬂy.onlyvcoﬁpafisén ijmééﬁj
scores?of-reasonably lérge groups will be c&nsidered; &ithltheésﬁallest
group. being Fén,

The-Attitude-Measufe<was"admiﬁiétered‘f6110wiﬁgkthe-final eiaﬁihaf
tion. The students were told that it would not be looked;gt by the;in%
structor ﬁntil aftef the grades ‘had Been sﬁbmiitéd~tovfhe>6f£ice of thé
Registfar°

Anonymity was. assured by there Béing no;réquésf.for the sfudentFS'm
name or class roll number‘o Thé only information requeétéd aéaftAféoﬁ»
the stude;t's respénée,tb each'statemgnt was his college, cléss, and

gender.
Statistical Procedures

There are a number.of‘factorS'that'may have inflﬁénﬁéd tﬁe cogni-.
tive~gain or the attitude of the students in the course. These factors
were not measured but were‘effectively » controlled if they were ran-
domly distributed throﬁghout the two groups.

The following factors wére checked for randomness of their distri-
bution. These were, sex, the college,in which the student was.enrolled,
students level in college, the sizévof his»high.school\graduétingjéiass,
his reason for taking the:coufse, who recommeﬁded-the'course,'who made
the final decision to takg the course, his high school course background
and his college course science and mathematics background. Randomness
was inveétigated‘using a,chi-square 0(2) test.

The first hypotheses dealt with cognitive gain and a comparison of
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~the cognitive gain of the .LD and PDI-Groups was made, -

The  statistical procedure used washanalysis.of covariance. The-
variate was ‘the post-test score of each student, while the covariates‘
were the pre—test score and the ESS score., Covariance comparison of the
two gtroups resulted in adjusted mean post—test scores which yielded an.
F ratio test’of-thé adjusﬁed treatment ﬁeanuquare?dividéd by the error

mean square to be tested for significance‘atuthé 0.05 level,

Additional comparisons of adjusted means wére made by sub.diviaing~f“

the LD and PDI-Groups by the College in which the student is enroiled
and by class in school. These are hypotheses 2 and 3.

The influence of high school and,college'sciénée'and mathemétiCS.

N

courses (hypotheses 4 and 5) was studied by dividing each of the sections

into groups who had or had not taken various.combinations of these back~ -

ground courses. The-adjusﬁed mean post-test scores were thén-compared,
by returning to analysis of -covariance as the statistical procedufre.

For the college courses the groupings chosen.wefeé »(l)'stqaéﬁfé
who had taken college chemistry; (2) students who.had taken c¢college
algebra; (3) students who had taken both chemistry .and algebra; and. (4)
those students who had taken neither algebra nor chemistry.

In the case of the high.school course background a different;schemé
was employed., A majority of the Students indicated tlhat they had taken

algebra in high school se this was ignered. There remained geometry,

trigonometry, general science, chemistry, and physics, to be considered. .

The divisions then chosen were; (1) those students who had taken one of
these courses; (2) two courses; . (3) three courses;.(4) four courses;
(5) five courses; (6) none of these five courses,

The sixth hypotheéses involved the attitudes of .the respective
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 groups. The firsf.comparison'was an aﬁéiysié'of Variance cdm#arisoﬁ of
‘mean attltude scores. for the two groups whlch prov1ded an F ratio to be
tested for 31gn1f1cance at the O. 05 probablllty level |

Further division of the two groups by cgllege.and by clgsS'éiloWéd
additional analysis of variance compariéoﬁ of mean attit&de s¢ores.! if(
significance was détecfed at iﬁe 0.05 level of c0nfidéncé, i tests -were
used to compare partlcular sets of means.

A comparison. of group.responses to each of the 21 questlons was
carried out using t tests, This allowed‘determinatipn of the source of
the real differences in attitude between the LD and the PDI Groufs,

Thevseventﬁ hy?othesislrequired a comparison.of the adjugted mean
post-test scores of the males and females in the two groups. An anélyé
sis -of covariance comparison was made.

The statistical tests were carried out with the Oklahoma.State
University IBM System/360. The-aﬁalysis of variance.and analysis of
covariance were in library programs, taken from the U, C. L. A, Biqmedi—»
cal Programs; Program BMDOIV Anélysis of Variance for One-Way Design- .
Version of June 15, 1966 and BMDO4V Program of-Aﬁalysis of Covariance=-

Multiple Covariate-Revised October 31, 1968,



CHAPTER IV
RESULTS OF THE STUDY
Introduction

The goals of this study were to compare tﬁe knowiedge gained by
the students in the two sections of DescriptivefPhysics,.their aftitudes
toward .the courséiat the end of the semester, and to detect any relation-
ship between their success in the course as measqfed by post-test écores;
and their background in science and mathematics. The results of the .

study are presented in this chapter.
Population Distribution

The distribution of the students by group (LD and PDI), College,
and class is shown in Table I. This table indicates that the.course
served. students from the colleges of Agriculture, Arts and Sciences, and -
to a lesser extent Business, Education,'and Home Economics.

A chi-square test of the two populations was carried out to see if
the groups differed with respect to any of the factors gained through
the Questionnaire or with respect to their ESS Scores. A~summary of the
results can be found in Table II and the individual chi-square tables may
be found in Tables III through.XII.

Table II shows that the only characteristics not~raﬁdomly‘distrf%i
buted were, '""College in which the student is enrélléd," and "Who recom-

mended the course." A close examination of the chi-square tables for
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TABLE I

- POPULATION DISTRIBUTION BY COLLEGE AND CLASS

_ College . Freshdian Sophomore . - . Junior . Senior Graduate Sub-Total , Percentage
LD. Group
Agriculture. . 10 16 .24 8 - 58 50.9
Arts and Sciences 14 , 16 12 4 - 46 40.4
Business =~ 2 R | . - 1 -— 4 3.5
Education : 1 : 1. - ] 2 —_— 4 3.5
Engineering - - » .- - - ' - | L m—
Home Economics - 1 o -1 - - 2. 1.7
Technical Institute - - - —-—— - - R I
Unclassified - - = - ; - - e
Sub~Total . _ 27(23.7%) 35(30.7%) 37(32.5%) -15(13.1%) C e ' 114 100%
PDI“GroﬁR R V D S ) B ' ' ' R ' !
Agriculture 5 4 - 13 1 - 23 24,7
Arts and Sciences 15 28 8 : 3 - 54 58.1
~Business . 1 ' 2. R | ‘ —— ‘ - 4 4.3
.Education _ 1 3 , 4 , 2 - - 10 . 10.7
“Engineering - — T N, R - ——
Home Economics e 1 e= L e 1 2 2.2
Technical Institute - - - ' —- . o - -— : ———
Unclassified S - - —_— - T -—=
Sub-Total . 22(23.7%) 38(40.9%)  26(28%) - .76(6.47) . 1(1%) . .93 100
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TABLE II

SUMMARY OFTHE CHI-SQUARE TESTS OF-RANDOM
DISTRIBUTION OF VARIOUS FACTORS BETWEEN
THE LD AND THE PDI GROUPS

ESS

.V X 2 o |
, Degrees of " Tabular Tabular

Factor Freedom Calculated 0.05 0,01 Distribution
Gender 1 .~ 0.0002 3.84 Random"
Class 3 3.37- 7.81 Random
College 4 16,37 9,49  13.28 Not random

' High School - o _ ' ‘

Graduating 5 12,47 11.07 15,09 - Random. (p- > 0.01)-
Class Size : : .
Required- v :

or 1 - 1.96 3.84 ~ Random
Elective ' - E
Who o _ L ‘
Recommended 2 10.47 5.99 9.21  Not random
Final _ :
Decision 2 7.7 5.99 9.21 Random. (p > 0.01)-
High School ' _ _
Courses 6 3.62: 12,59 Random
College » : ‘
Courses 7.82 11.07 Random

1 1,11 3.84.: . Random

Rl



CHI-SQUARE ‘TEST OF DISTRIBUTION BY GENDER®

TABLE III

46

Gtoup . Male » Female. -~
D .. (80.96) (66.04) -
' 81 66
. (33.06) . (26.96)
PDI 33 27
Column o
Subtotal - 114 93

. Row
Subtotal

147 -

60

207 Total

% - _
Expected frequencies in parentheses

2
X
2 .

X0.05

L0002 df =

1

The males and females are randomly. distributed between the LD and

PDI Groups.-v
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TABLE IV

CHI-SQUARE TEST OF DISTRIBUTION BY CLASS* -

- Group R
, - ‘ o . Row

Class LD _ DT -~ Subtotals

| ‘_  :' | (26;99) ) o (ZZ.OI) ) R

27 22

Sophomore . . | 35’(40._20)» -

Freshman 49

38;§32;80)21 23

(34.70) (28.30) |
37 2% ]
Co(12.12) | (9.88)
15 oo

Junior 63

Senior™® 22

Column.

Subtotals 114 . _ B 93.

J

207 Total

* : _
Expected value in parentheses.

k% . o '
The PDI senior group includes the .one graduate student enrolled,

x? = 3.37. df =3
2 '
0,05 |
The'students-are»randomly distributed by class, between the LD and
PDI Groups. .

= 7.8



. 48

TASLE &

CHI—SQUARE TEST OF DISTRIBUTION BY COLLEGE

‘éfoup -
. o v : Row
qulege.' L LD. T BDI~’ © . Bubtotals’

] ey | ke
23 ‘ 58

Agxiculture 81?

Arts & Sciences :54 (44.93) i'  ' 46 (55‘07);;
e

NGO R BR RPN

100
Business |

Education 14

Home Economics 1 2 : v 2 E B E 4

. Column | | | ‘ T | = . . v
Subtotal . 193 o 1.114" : 1 207 Total -

* : : X : v
"Expected frequencies in ‘parentheses, -
x? = 16.37 d.f, = 4

20 aa ,
Xg,01. = 13:28

The students are not.randomly distributed by the college in which
they are enrolled. More than half of ‘the xz ‘value arises due to the
dmbalance of Agrlculture students. :
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TABLE VI

© %0 iy CHI-SQUARE TEST OF DISTRIBUTION BY.SIZE . -
OF HIGH SCHOOL GRADUATING CLASS™ |

High School Gradua- R _ ~ Row .
tion Class Size LD B PDI -~ ~  Subtotals

g5t #2070 15 %

0-50 4; . o 53
50-100 o ' 2 (18.65) . y 12 (15.35) . : %

100-200 » ‘ 11 (11-52) : R “ 10 (9.48) N | : 21
200-300- L, Gzee2) 038 4y
300-500 g (AL52) ?12»69.48)f ! a1

g (26381 54

| T
500+ g9 (29467

e

Column Subtotal 113 - 93l ] 206 Total

. :
Expected frequencies in parentheses,

x? = 12,4733  dif. =5

2 2
X0.05 - X0,01

L]

11.070 = 15,086

There is random distribution between the LD and PDI Groups With re-
spect to high school graduating class size if the 0,0l level is chosen.
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TABLE VII-

CHI-SQUARE TEST OF DISTRIBUTION BY -REASON FOR TAKING THE GOURSE®

‘Gfoupl
v o - Row ‘
Reagson for Taking -Course - . LD .- PDI S Subtotals .

oeance — ——

tequired 06.38) | 73,(?8.62)‘;
17.62) | . (14.38) |
- 14 : 18 -

ElgctiVe‘ 32

Column Subtotals . SR jli4'w - "l.93"‘ R 207 Total

N , _ ,
"Expected frequencies in parentheses.
x% = 1.96 difs =1

2 . 2 3.84
X0.05 © 3i84

The: reason for taking the course is randemly distributed between
the groups.



TABLE VITI
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CHI-SQUARE TEST OF:DISTRIBUTION BY WHO  RECOMMENDED THE COURSE

- Group-

Recommender . . LD -

PDI-

wa‘

bsubtotalsi

Advisor 77 (66.09)

4323370 |

Students 1 (15,42)

(12,58) |

Self ) (32:49)

2 2650 |

Column -

Subtotals O T L S

- 207 Total -

120
28

£ o
Expected frequencies in parentheses.
¥2 = 10,47  d.f, = 2

2 s = 5.99

Sl

There is not a random dlStrlbuthH of ‘students when classed by
Ywho recommended ‘the course". The imbalance lies in the distrlbution of
Agriculture majors between the LD and PDI Groups. o
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TABLE IX

'CHI-SQUARE TEST OF DISTRIBUTION BY "WHO MADE THE
FINAL CHOICE THAT YOU WOULD TAKE THE COURSE?'""

~ Group

Final ) . a : ~ Row
Decision LD PDI~ = Subtotals
e | Ge® C 402) | | ,
Adviser 9 ‘ 0 9.
Self o }66 (69,73) . 60'(56!27) g 126
Column Subtotals 114 - | oga** = 206 Total

% : :
"Expected frequencies in parentheses,
One student did not respond:to the question.
x“ = 7.71 duf. =2
2. 2" =
X0.05 = 397 Xgop T 22

There is random distrlbution of the students classified by who
made the final:choice ‘that: you would take the course at the 0,01 level
of probability.
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‘TABLE X

CHI-SQUARE TEST OF DISTRIBUTION OF :
HIGH ,SCHOOL COURSE :BACKGROUND*

| B G T
‘High ‘Sehool .. ... .. SR » Row
LEourses | o D . ppr - Subtotals"

r————

e —————
Pa—

N
B

- e
¥ -

Algebra I }11(106;29) ; 89(93,302_; a0

Algebra II D ‘v‘70<74fl5) . j_‘ 69(64'84} R 139

Geometry - : 85§8§’42)_ B I 77(7$¢§7} ? 162

Trigonometry = .f( 32<37;34)' R ' '38(3216;)fIl 70

Gener_al Science ! 76(74«»69) » 64(__65'.31‘)'_ :

140

Chemistry : 65(60-28) | "48<52°72) : 113 .

Physics | 42

Column Subtotals - _ ;462 N . ‘7u 464ﬁm “w>j _ 866 Total .

. | _. | ‘ v
Expected frequencies in parentheses.

x2 = 3,62 d.f. =6

2' L
0.05 | | . o

The students are randdmly-distributed,betweénhthg two groups when.-
high school 'scierice and mathematics courses are considered, -

X = 12.59



TABLE XI
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CHI-SQUARE TEST OF DISTRIBUTION BY COLLEGE COURSE BAGKGROUND”

Group

College g . Row ‘
Courses LD o PDI _ Subtotals
Algebra (g9 (73-44) 61(56:36) | 130
. Geometry ,ﬁo<l-13) 2(0!87) 2
Trigonometry f14<l6'95) .l6(l3‘05?" 30
" Calculus 11(9‘60>'  v ‘6<7‘39) 17
Advanpced Calculus ,,1(0'56) 0(0’44) . 1
General Chemistry. '53(46’32>' 29(35'68). 82
Column Subtotals |48 114- 262 Total

* : Co '
Expected frequency in parentheses.

2 = 7.82

2
X0,05

= 11,07

dlfl '_= 5

The students are randomly. distributed between the two groups when
‘callege course background in mathematics and séience.is considered.



TABLE XII-

CHI-SQUARE TEST QF DISTRIBUTION ‘BY-ESS SCQRE

55

Group

Educational. Row
- Set LD PDI Subtotals
Congéptual - 899197 78(73:03) 167
Factual | 25(22.03) 15(17.,97') ‘ 40
Column Sub- ’ :
totals 114 93 ~ 207 Total
w2 = 1.11  d.f. =1
x2
0"05 3084

The students are.randomly distributed between the two groups when
considering ESS scores.
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each of fﬁese'characteristiﬁs'indicated thétvthg non. randomness of . dis--
-ﬁribution arose'inaboth,instaﬁces from'én'imbalance in the number of
Agricultﬁreustudents.in ;He-twb\gfoups. Agricgiture studénﬁs indicated-
that-their advisor was the major recommender oflthe courgesiin greater -
‘proportion than Arts and Sciences or the.other stu&ents.. In-£ﬁe LD
. Group.84% of the Agriculture students indicatéd1;heir advisor-és recom- ..
o mender;*ﬁhile by contrast only 54% of the Artsg and-Scienceégstudents
indicated their advisor as recommender, In the PDI Grqupithe Qaluea
weres Agriculture 70%, andvArts‘and Sciences 41%; |

| It is. the conclusion_of the investigator.that'these stﬁdentS‘wgre 
randomly diétfibuted with réspect.to-the_majority”of thése,faétors‘and
that statistical techniques which depend‘uﬁon randdm,diétributioﬁ mayf

be used.
Knowledge Comparisons

Comparisons were made of the5anw1edge_acqqired By thevtwo groﬁps
andvvafioﬁs sub—groups ﬁsing a postvtest pre-test tethnique, The pre-
test réliability was detérmined using a kuder.Richardsdn‘Reliability
Test and the coefficient 'was found to be 0,89, |

Analysis of covariance was used fo ﬁrovide adjus;ed;meéﬁ postftest‘
scores for tésting of hypotKé§és_numbers 1, 2, 3, 4, 5 and.7. Thg-'
variate.was the post-test score,while'the covariates*we:e'the pre-test
scoreiand‘ESS 5c§re. The  ESS ;Qoresfwere randomly distributed between.
the two sections and therefore'shopldlprdvidejno bias in the final re~
‘sults, Suggestions for future use of théiESS‘data wiil be made in
Chapter V. |

A more complete set of data for each covariance:program is provided
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in Appendix I. The information includes the covariance-table, the list
of means, adjusted means, adjusted standard errors for each, and a.table

of coefficients, standard errors, and computed t values.

The: covariance results for H 1 may be seen in Table -XIII,

TABLE XIII

COMPARISON~OF'LD'VS PDI ADJUSTED MEAN POST-TEST SCORES

Analysisrof Covariance. ,
Degrees of

Sum of" Mean F
Source Freedom. Squares © Square Ratio
Difference® 1 5,32 5.32 0.502
Error 203 2151.14 10.60.

Difference for testing adjusted treatment means.

The null hypothesis was:

Hb 1:  There is no significant difference (0.05 level of confidence)

in the knowledge gained by students in the LD Group and.those in thé PDI
Group, as measured by a pre-test. and post-test administered to both
groups.

The=computed}F(l,203)7= .50 when compared with a tabulated

FO 05(l,200)~= 3.89 clearly indicates acceptance of the null hypgﬁﬁésisQ*

Additional comparisons of mean adjusted post-—test scores were made
when the two groups (LD .and PDI) were separated by college and then by,

class.  The- covariance results gre shown in.Table XIV -for separation By

college.



TABLE XIV

COMPARISON OF LD VS PDI ADJUSTED MEAN POST-
TEST -SCORES WHEN DIVIDED BY COLLEGE -

Analy§i3“§£;vaariénce“

‘ Degrees'of Sum of. ‘Mean o F
.Source Freedom .~ . Squares. ' . . "Square Ratio
Difference - o5 183,10 - 36.17 "3.69
Error - 199 o 1973.37 9,92

‘Difference for testing adjusted treatment means

The separation by college F wvalue of F(5,199)'= 3,70 compared wiﬁh
a tabulated F value of F .(5,200) = 2,26 shows that there is a signifi-
cant difference in‘acvljfust‘ed_ ‘;meariipost‘-,test:'scoreé.,_ ;

A t-comparison.of pairs of mean‘adjuatedvpogﬁwtesq sgores,'hOWever,
revealed.significanﬁ differences,only,betweéﬁvﬁhe Agridulture, Arts and
Sciences, aﬁd'OtheriGroups within the PDI section but not{between the -

LD and PDI-Groups, The mean adjusted posf—test scores aré,sthn in

Table -XV.
TABLE XV
TABLE OF ADJUSTED MEANS AND STANDARD ERRORS
Treatment. .v- Adjusted -
Group , College. Mean. o -Mean SE' Adjusted
LD Agriculture 17.48 17.84 0,42
Arts & Sciences 18,41 18,63 0.47
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TABLE XV. (Continued)’

Treatment . Adjusted
Group College Mean ; " Mean SE Adjusted
PDI Agriculture . L 16.35 : 16.73 .0.66
Arts & Sciences 19.67 18.89 - C.45 -

Other 20.56 20.63 0.79

% .
Other includes Business, Education, Home  Economics

The second hypothesis was:

HOZ: There is no significant difference (0.05 level of confidence)
in the knowledge gained by the LD and PDI students enrolled in the
various colleges. This hypothesis will be accepted on. the basis of in-

formation in Tables XIV and XV.

The third hypothesis involved separation by class and the covariance

results are shown in Table XVI.

TABLE XVI

COMPARISON OF LD VS PDI ADJUSTED MEAN POST-
TEST SCORES WHEN DIVIDED BY CLASS

Analysis of Covariance.

Degrees of Stm of - Mean® F
Source Freedom Squares ~ Square Ratio

x ' ' o f
Difference . 7 ) 158.64 22.66 2.24

Error ‘ 197 1997.83 .. 10.14

* . ' R
Difference for testing adjusted treatment means.
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The: separation by class F value f0rjthe{two-grqups4F(7;l97)'# 2.23
when compared with an F tabulated value of.Fooos(7’,200)-¥’= 2,05 shows a
minimal significant difference between the adjusted mean post-test
scores. However, the number of persons in some of the classes is so
small that no attempt will be made to claim a géneral pattern of sig-
nificance,

The third hypothesis was:

I

Hb 3: There is no significant difference (0.0ﬁllevel of cOnfi&ence)
in the knowledge gained by the LD and PDI students of different class .
levels.

This hypothesis was accepted although data collected over.a number
of semesters might yield some general pattern as the number of peoﬁle
in each groUp>became great eﬁbugh to allow more adequate comparisons.

The fourth and fifth hypotheses deal with the influence of high
school and college mathematiés and science courses on the étudeﬁts'
learning as indicated by their mean post-test scores.

| Ho 4: There is no significant differenge (0.05 level of confidence)
in the knowledge acquired by LD and PDI studéntsThaving significantly
different'high-échbol”mathematics and science prepératinnl

The courses involved in testing the hypotheéis were geometr&,
trigonometry, geﬁeral’science;’chemistry and'physicsa The'student.
divisions were based on whether the student had'had none, one, two,
three, four cor all five of these courses. 'The«éovariancé resulfs aré.

shown in Table XVII.
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TABLE XVII

COMPARISON OF LD VS PDI ADJUSTED MEAN POST-TEST
SCORES -WHEN, DIVIDED BY ‘HIGH SCHOOL SCIENCE
AND MATHEMATICS COURSE BACKGROUND

Analysis of Govariance

Degrees of - Sum of- ‘ Mean F.
~ Source’ Freedom ' Squares . Square Ratio
Differencet oo 155,17 1411 1 1.36
Error. 193 2001,30 . 10,37

Difference for teésting adjusted treatment means.

The calculated F ratio of F(11,193) = 1.36 is much smaller than

the tabulated F(11,200) = 1,83. Thereﬁbre,‘Hd 4 is accepted: High

school  course background is.Qf_littlé influence invDescﬁiptive'Physiqs,
in terms of student test performance.

The hypothesis relating to college course background was:
H 5:
[o}

There is no significant ‘difference (0.05 level of confidence)

in the knowledge gained by the LD and PDI students’wi;h‘diffefent back=-
ground in college, algebra and chemistry.

The covariance analysis dealing with this hypotheses is given in.
Table XVIII, -
TABLE ‘XVIIEL

COMPARISON OF LD VS PDI ADJUSTED MEAN POST-TEST SCORES WHEN
DIVIDED BY COLLEGE MATHEMTAICS AND SCIENCE BACKGROUND

Analysis of Covariance
Degrees of . Sum of Mean F
" Source. = Freedom . Squares Square - Ratio
Difference® 197 2096.92 ©10.65.

0.80 -
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TABLE XVIII (Continued)

Analysis bf Covariance
Degrees. of ‘Sum of © Mean F.
Source Freedom Squares . Square Ratio

—

—

Error. g | 59.55. 8,51

* - : ’ :
Difference for testing adjusted treatment means.

A tabulated F value of F(7,200) = 2,05 compared with a calculated
F ratio.of F(7,197) = 0.80 shows thétythére is no difference in the mean:
adjusﬁed;postvtest scores for persons‘ﬁith’differing.coliege‘algebra and ..
chemistry course backgrounds, H0 5 1s accepted. Again the ﬁourse:

offered no advantage to students with these courses in their-background.
Attitude Comparisons,.

Analysis of variance was used to compare the méan'attitudé scores
of the two -Groups, The hypothesis_té be tested‘wasﬁ’

Ho 6: There'is no significant'differeﬁceu(O;OS‘1evel‘of‘cénfidénce) .
in the attitudes toward the course expressed by those students in the
LD Group.and those.in the PDI Group, as meaSured;by‘an atti;ude-ques;,
tionnaire administered to both groups at the end of -the semester,

The AOV summary is shown in Table XIX, The F ratio value of 26.85

as compared with F tabulated value of 6.67 indicated a major dif-

0.05 }
ference 'in the mean Attitude Measure Scores of the two Groups and caused

rejection of,the hypothesis Hd 2,
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TABLE XIX

ATTITUDE SCORE TOTAL GROUP;COMPARISON AOV TABLE

— .

Degrees of Sum of | Mean F. F

| » 0.01
‘Source Freedom . = Squares Square ~ Ratio- (1,200)
Treatments 1 3790.51  3790.51 26,85  6.76

Error 207 29228.25 141,20

When these two groups were further dividedlb§ qollege'and by class,
statisticall§ significant differences in mean'attiﬁude<scores were ob-
served. Sée Table‘XX_fof division byscdllege‘and'TablngXI for divisibn
by class. The division by;college’F_ratio was 5,96 and exceeded a tabu-

lated value of F (5,200) = 2.26. Thq diVisiqn by class F ratio was"

0.05° _
2,35 and exceeded a tabulated value of F

22,150) = 1.61.

0.05(

TABLE XX .

ATTITUDE SCORE DIVISION BY COLLEGE AOV TABLE

Degrees of‘v ‘Sum ofﬂ‘v "'Meanh F‘

F
, 0.05
Source Freedom Squares Square . - Ratio (5;200).
Treatment 5 4226,92  845.38 5.96 2,26

Error 203 28792.00 141.83
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TABLE XXI -

ATTITUDE SCORE-DIVISION‘BY CLASS AOV TABLE

Degrees of ~ Sum of- - Mean F : FO;OS

"Source Freedom Squares Square . Ratio (22,150) -
Treatment 22 . 7202,13  327.37 2.35 . 1.61

Error. 186 . 25816.85 - 138.80

Hypotheses were not. originally proposed for division by college'ahd
by class. The significant differences in Mean Attitudé scores, howevér,'
warrant a more deﬁailed inspection.

This more detailed inspection.of student attitude differences was
carried out by using a t comparison of the mean attitude scores of each
group on-each question. The results are shown in Table XXII.

Statistically significént differences (0.05 level of confidence)
are indicate& with an asteérisk by the t value. The F ratio indicated in
this table is the F test of homogeneity of variance and valuesiless than
FO.OS(lOO’loo) = 1.39 allow the use of pooled ygriance t tests for com—'
parison of means. Thié value is exceeded -in sikfcases'namely.in&quesé
tions 6, 8, 10, 12, 17 and 20. Thé differences in mean scores in
étatements‘é, 10, 12 and‘207are so‘great that there is no difficulty
with non homogeneity .of variance, The F value inﬁl7‘stilliindicates
homogeneity of variance at the 0.01 level-of confidence which leaves
-only number 8 unresolved, This investigatdr‘believes:'that~the general
Homogeneity of variance among the majority of questions will .allow t°
comparison.of the mean responses to question 8. The discussion of the .
implication of these differences on the study will be given in.Chapter
. .

Figure 2 will provide a more graphic comparison of the mean scores
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TABLE XXII

T COMPARISON OF MEAN ATTITUDE‘SCORES OF'THEvLD>VS PDI-GROUPS

Meaﬁ' Standard’ F DegreeS'of.v. t

Question Type  Group  Score  Deviation. Ratio . Freedom. Score
1 s LD 2.3l lib4 o -
PDI 2.85 - 1.48 1.05- 209 2.65%
2 + LD 3.20 1.29 .
- PDI- 4,11 1,11 1,39 210 5. 46%
3 - LD.  3.09 ~  1.33 o
PDI 3,43 1.16 1.3 210, 1.93
4 - LD 3.85 1.24
PDI - 3,88 1.24 1,00 208 ' 0,77
5 + LD  3.18 1.34 |
PDI = 3,47 1.26 1,15 210. 1,64
6 - LD 3,74 1.32
’ PDI 4,37 1.04  1.61 209 3,75#
7 + LD 3,93 1.14 - -
PDI 4.32 1,02 1.25 209 2.60% -
8 - LD 4,22 1,04 |
PDI 4,55 0,80 1.69 210 2.52%
9 - LD 4«25 1.05 .
PDI 4. 47 - 0.97 1,17 210 1.63
10 . - LD 3.01 1,31 | :
PDI 4,20 - 1,10 1.43- 210, 7.Q6*;
11 - LD 3.92 1.19 _ .
PDI- 4.19_ 1.07 - 1.26 210 1.71%
12 + LD 2.97 1.38
PDI- = 3.83 1.15 1.43 _ 209 4,76%
13 + - LD 4,04 1.19 -
PDI 4,23 1.16 1.05 - 210 1.13
14 - LD, 4.31 1.01
PDI - 4,30 1.08 1,15 ‘ 210 0.07
15 - LD 3.78 1.34

PDI 3.94 1.23 1.18 210~ 0.86 -
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TABLE XXII (Continued)

. o Mean  Standard  F Degrees of - t
Question = Type Group Score ' Deviation - Ratio Freedom Score

16 - 1p 3.63  1.29

L2l . 209 2,48+
17 + LD 3.6l .20
. PDI- 3,92 0.99 1,47 208 2,05% -
18 + 1D 4,06,  0.99 - -
- PDI 4,02 1,06 1,16 208 0.27
19 - b 3.9 1.33 PR S
PDI - 3.24° 1,22 1.19 210 0.24-

20 - LD 3.57 ' : o
21 + 1D 3,78 117
| - CPDI . 4,30 0,84 - 1,19 210 3.67%

. o ‘ o o SRR g
Indicates a significant difference at the 0.05 level.of confidence.



Figure 2. Attitude Statements

Lecture Demonstration Group Mean Re-
— sponse,

Presentation, Discussion, Interac-
F———1  tion Group Mean Response.

& Indicates a statistically significant .
difference in response of the LD and
PDI Group.

+,~  Indicates a positive or a negative
statement,



STATEMENT
TYPE DISAGREE
1.0

1. Had the course not been required, I would have*
signed up anyway : +

2. I would recommend this course to friends as. a*
general education requirement. +

3. In comparison with other general studies re-
quirements, physics is much more difficult. -

4. Homework was of no relevance to the course. -

5. 1 expect that the study of physics will help me
in other courses later in my career. , _ +

6. I came into the course expecting little, and*
was not disappointed.

7. Even though I am reluctant to admit it, the®:

course has been interesting,

8. This course could be understood only by the*

brightest student.

9. I have seen no value in this subject. -

" NEUTRAL

2.0 3.0 4.0




10.
11.
12.
13.
14
15,

16.

’ 170

18.

19.

I believe that more than 60% of the students®
disliked the subject.

STATEMENT
TYPE -

If this course were not required, there would*.

be no enrollment,

I believe this course would benefit all®
college students.

Ignoring my own scores, I believe the testing
program was fair.

This course involved more rote memorlzatlon
than thinking.

A good knowledge of mathematics was needed
to follow most of the physics taught.

e " Lk
It was obvious that well prepared science
students were in the mind of the persons-

" designing this course.

Doing my homework heiped greatly in my under-~*

‘standing the material.

This was a good textbook.

More questions and problems should have been
assigned and discussed.

DISAGREE
1.0

" NEUTRAL

2.0 3.0 4.0

AGREE

o~



STATEMENT
TYPE DISAGREE ’ NEUTRAL AGREE
1.0 2.0 3.0 4.0 5.0

g
20, Critical thinking was encouraged in the” +
classroom.

I
21. This course forced me to think.#* : + .
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associated with each‘of the questiOns. oThe'mean sdores have been trans-
lated into 1évels of agreement and disagreement keeping in mind whether
the ‘question was a positive one or a negative one, ~ Two examples would
be.question l:and’question 6,

Question lis a pos1tive question 1ndicat1ng that a favorable re-
sponse. would conform to'one. of the’ goals of the course. Seores»ofwg,slvgm
for the D Greupuand'Z.BS for the PDI‘Group'1ndleate;disa8reement:vith
-thls pos1t1ve statement, Subtractingvtheseuscores-fron 3, which uould
v be a. neutral response, ylelds the level of disagreement for each group._
’Ideally both groups, had the .pourse Dot been one’ Just required for
: the1r degree, would" have 1ndicated a w111ingness to sign up anyway.; In
thlS case -the PDI Group dlsagreed to a lesser extent than the 1D Group
: Whlch in-a dev1ous fashion is’ an advantage in- terms of the study.,_;

- In. question 6 which.is a negative questlon a great deal of d1s~
agreement»by«both groups_ls shown.r Agreement‘with thiquuestlon would"
have been undes1rable for either group, ‘Again the PDI Groupvdisagrees
more strongly 1ndicat1ng an, advantage for the- PDI Group in the attitude
comparison. | | | /v

In summary, the‘r.e ,were’ ﬁwelve'statisti»eelly significant differenees‘
in_responsefto'theftwenty one attitude'questionsvor statements;t In-eaoh'
case*the'differenCe in response:favored.the=PDI Group. vThere were a
»number of questlons such as- quallty of textbook relevance of homework,
value of thlS subJect, etc., for Which there was. no statistical differ-
ence in response. These questions were generally ones whiqh did not
depend on the teaching approach used;anddshould not.have‘elicited‘dif;ﬂ
fering responses. | |

There is a very strong’ advantage shown An the attitude of the PDI
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Group toward.the course,

not.only statistically significant as shown.

by analysis of .variance and t comparisons but by virtue of careful
reading of the individual questions.

The 1ast‘hypothesis,representé an attempt to detect any relation-
ship between the gender of the persons in the two groups and their post-

test scores. Analysis of covariance was. again used and the results are
shown in Table XXIII.

The F ratio of 2.42 is less than the tabulated value of F
= 2,65.

0.05(3’200)
This lead to the acceptance of Ho;6.
H - 6: There is no statistically significant difference in .the

adjusted mean post-test scores of the LD vs PDI Group when divided into
males and females.

TABLE XXIII -

COMPARISON OF LD VS PSI ADJUSTED MEAN POST-TEST
SCORES WHEN DIVIDED BY MALE AND FEMALE -

Analysis of Covariance

S " Degrees of " Sum of. Mean . F

Source Freedom Squares Square Ratio
Difference* 3 75.28 25.09 2,42
Error 201 ~.2081.19 10.35

Difference for testing adjusted treatment means.

A final comparison of the LD vs PDI Groups can be made in terms of
outside help sought. - No hypothesis.was formulated with respect to this
factor, but a comparison can be given, A tally of the number of stu-

dents visiting the two instructors was kept. The results were 47 visits
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by members of the LD Group'énd 82'visits~by members'of the somewhét

smaller PDI Group.
[

The original scores used in the analysis of covariance comparison

of post-test scorgé are given in Appendix G. The original data used in.
R ! ' i

the analysis of variance of attitude scores are provided in Appendix H.



CHAPTER V
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
. Summary

The obgectlve of this study was to develop an approach to teachlng
an 1ntroductory phy51cs cOurse by seeklng the guidance of edupational
psych6108Y'and'lts understandlng of;the'tgachlng—learnlng procoss.;s

- The model.chosen was the A, D. Woodruff.(40);¢y5erﬂetic mOdel*of
the Behaving -and Learnlng Cycle.v Teaehing, according o Woodruff 1n—
volves galning access to the Behaving and Learnlng Cycle using symbollc
and verbal processes of 1nteractlon with the student. Thevcy0le’exlsts;'
VWlthln the student and is a closed 1oop. If the-teacﬁer can,gain.access
throughfsymbol;c andvverbal'processes; hefcansguioe}the intsrnal;maﬁipu—'
lation'oftconqapfsal p;ocesses, help.ﬁhe studect’in,dscision;making,
,vaid the studeot‘invtriai Ofbiearned'cpncéptsvin;realistic situations,
apd[assist in ﬁhevinterprétation;og,fésdback'frqm.tbose trials.“:

Of_thase maay.processé35'Woodruff Suggescédgthatathe‘doing,o:fagt—
ing stage‘(also called Qalidation or shaping;up)lwassmOSt;often missiog:
from inét;uction,vand'that'this is‘@hére”feelingsfbeqome:associassd with 
obgects, processes, or .concepts.”

The teachlng approach the cﬁosan for Descrlption Physies  involved,
providing regular opportunit;es forvthe¢shap1ng up or. validation pracess
to occUr.; This was accomplished by briefly pfeseﬁting'thg topic ot .

concept, providing some discussion or response to student'questions,

74



75

and then raising a question to which the student must respond on the
basis of his current understaﬁdiﬁgs'offthe_concepts involved. Where
possible such questiOnsAwere‘bosed'using demonstration éPParatus, This
request to the student required an adjustive act on his part. He migh£
look at the apparatus again, reinterpret.his own ideas,_reeﬁaluéte
-cléss discussion but finally he had td commit himself to a'pr0poééd
: sélutiqn bﬁ-vote; Feeling reactions are aésociated with this:t:ial :
stage of léarning. P

. This model using the suggestion of John Fowler (20)"shou1d? since
vit is based'op existiﬁg:theory, éllpw deterﬁination:gf hypotheses ﬁé be
‘tesﬁe& for‘a.simple yes-no effect., The major hypotheses in‘this»s#udy
' weré'concerned with the possibi;ity of detecting differénceé in;knowl—:
edge,gainéd”between the LD and‘PDI'Grbuﬁs'éndvdiffgrences in‘attitUdeé._b .

toward the course.
- Conclusions -

Differences in knowledge gainedbwere not -detectéd bﬁt‘differences,
in:attitude'were present,‘when.gomparing the LD‘and'PDi_GrOups.
McKeachie (40), Dubin and Tareggia (13), in their surveys of studies
involving comparison of teaching methods, predicted the knowledge’gain'i
null result for the reasons presented in Chapter IT, . Dubin and
Tarreggia in the conclusion of their survey made the following observa-
tion;

We can no longer be satisfied thét there are pedagogical»
theories that confirm and predict the advantage of one teach-

ing method over another, We:are now convinced ‘that 'the proper
- conceptuyalization of the problem ,.. is to build a model or
models of the learning-teaching.process in which pedogogy.is

only.one input into the process, although admittedly a complex
one, '
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In spite of the null result in knowledge gqined between the LD and
PDI Groups, other aﬁtempts were made to detect differences by sub~
dividing the two major groups by college, and by class. No significant
differences.were detected, One reason for this,: not confirmable from
the design nor the data of this study, may have been the use of a
multiple choice format for the pre-test and post—~test. = The LD Groﬁp
had'regular‘multiple choice examinations ﬁhroughout“the éemester while
‘the PDI Group had handouts with general qﬁestions to be answered in
. sentence form for most of their testing program. . This may have left
the PDI students unprepared for the final examination in the:form used.

There were statistically significant differenceé (0.05 leVel_bf
confidence) in knowledge gained within the PDI Group when mean adjuéted
post-test scores weré compared. ~The Agriculﬁdfe‘sﬁudents' mean sdore
was 16.7, the Arts and Scienceé students' me#n score was 18.9 and the
Other stﬁdents' mean score was 20.6. A'claim_ﬁhét each group responds
differéntly to the PDI aﬁproach could be madé, and if:the goal of the
study had_béen to detect differences among students énrolled in the
‘ various célleges, then the Business, Education, and Homé‘Economics
students out performed the others. The number of students in the three
groups were: Agricﬁlture, 233 Arts and Sciences, 54; and Other, 16.
Final judgement on this question should be made only after ﬁultiple
applicationsvof the‘PDI teaching approach; This representé a point for
further study. . |

A forﬁal attempt to engender,attitudé and feeling responseé was a
major feature of the PDI teaching strategy; The -measurement of the
attitudes of the students toward the coﬁrse at the end of the semester

showed a marked difference between the two groups, vThe AOV comparison
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- of the total group attitude scores had an F ratio of 26.85 compared with

a tabulated F value of F (1,200_ = 6.76., The AOV comparison of the.

0.01 ‘
two groups divided into colleges had an F ratio of 5.96 compared with

a tabulated F (5,200) = 3.11. Division by class after division by

0,01
group and then college showed statistically‘significant differences in
means but ﬁhe humbervof students in some of the clésses was too’small

to allow any:thing but speculation about such differences.

The mosf meaningful information about attitgde différenéeé comes
from the studeﬁt's response to the 21 statements. These were phrased
in such a way as to reflect thevstudent's feeling toward thefvarious
facéts of the course. |

The statements (see Figure 2, Chapter IV) are identified as being
pOsitive or negative. ' If student's attitudes toward the course are
positive then:éll + statements should be accompanied by levels of agree-
ment and all ~ statements by 1eveis of diségreemént.

Of the iO positive statements 8 showed levels of‘agréement. One,
involving signing up had the course not-beén required (No. 1) showed
levels of diségreemént for both groups, with 1eSser diéagreement exhibit—-
ed by the PDI Groups. The remaining statement, dealing ﬁith a feeling
that the course would be of benefit to all college students (No. 12),
showed disagreement on the part of the LD Groﬁp'but agreemeﬁt”By the
PDi Group.,.. Thié is an interesting paradox. Neithér group:would‘really.
be willing to sign upuifbthe course were not required but the PDI Group
did feel that the course would be of benefit to all college stﬁdents
’whereas the LD Group did not. Each would recommend the course to
friends (No. 2), but the PDI students. were much'more positive in this

response.



78

0f the 11 negatiVe statementsvall‘elicited disagreement, The
strongest disagreements were associated with the statement suggesting
that this course could be understood by only the brightest studeht
(No, 8), and the statement "I have seen no valuevin this subject." (No,
9). The‘statement, "I camejinto the course expecting little and was.
not disappointed," (No.‘6)_eiicited a much stronger disagreement from
the PDI Group than the LD Grouwp.  The negative statement reflecting the
greatest difference in response between the LD and PDI.Groups was "I
believe that more than 60% of the students dislike ‘the- subJect " (No.‘ﬁf
10). The PDI students disagreed while the LD studernts were neutral

There were a number of the statements for which the two groups
showed no.statistically significant difference in response. These
statements dealt with the diffieulty of‘the course compared”with"otheri
general studies requirements. (Na. 3), homework (No. 4); expected con—'
tribution of physics in other courses (No. 5), value of the subjeot
(No, ), fairness of the testing program (No. l3),Iquaiitybof textbook
(No, 18), etc. .These questions for the most‘part'related to factots not
associated with the different teaching brocedures and had not been exr
pected to yield disagreement between the two groups.,

| In summary, both groups exhibited positive attitudes toward De-

scriptive Physics. The LD Group had a mean attitude score of 75.29,
the PDI Group 83.87. On a scale ranging from 21, which would be a
totaily negative response, to 105 Which'would be aacompletely positive.
response, both values are above the theoretical midpoint value of 63,
Edwards (17) warns against assuming that the arithmetic¢ midpoint is in
fact the'midpoint on the attitude continuum, but both values are suffic~

iently above 63 to be considered positive responses,
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The folloﬁing conclusions result from this study:
1. Thére werebno detectable differences'in knowledge gained when
comparing the LD and PDI Groups.

2. There was a strong statistically significant (0,01 level of -
confidencej difference in the attitude of the students toward Descrip-
tive Ph&sics, with the PDI exhibiting a more positive fesponse.

 The theoretical model chosen as a guide for the teaching procedures
“allowed the prediction that there should be greater feeling and_mdre.
active attitude development in the experimental group and this'appafently
occurred, |

. 3. There was no detectable difference in mean,adjusted-pﬁst-test'
scoreé of students with differing backgrounds in collegé-and high‘school
mathematics ahd science, | |

In the General Information for Physics 1014 sheet;lgiveﬁ eaéh'stu—
dent at the beginning of‘fhe semester,'the’suggeStion_WaS'made that
"Students are specifically assured that.failure“tdienrdll in advanéed
‘sciences or mathematics at the high schooi level does not represent any
parficular obstacle. to successful completion of the course." _Résults
of the study validaté ‘this assurance.

4, In a like manner; this study has shown that there is no advan-~
tage ylelded to either males or females, by either approach used. Com_
parison of mean adjusted postwteStvscores‘showedvﬁo statistiCall§ sig—

nificant differences.
Recommendations

1. This same approach should be used over a number of Semesters'

to gain large enough population in some of the categories (Education,
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Business, Seniors, Home Economics) to provide better statistical com-
pariéon of both knowledge and attitude mean scores.

2, Multiple use of this same approach would allow development of
teaching or questioning apparatus and allow refinement of the model -
for the teaching of introductory physics.

3. Statistical procedures such as multiple covariance, may again.
be used with the addition of more covariates such as ACT Scores, to
allow greater sensitivity in the measurement of knowledge differences.

4. In this study much demographic information was gathered from
the students, as well as pre-test, and post-test and E.S.S. The use of
factorial analysis would enable the researcher to look for interaction.
between some of thesé variables. This level of analysis may be required
to detect significant differences in cognitive gains?

5. The achievement of an improved attitude toward introductory
physics in a group of students, most of whom. are required to take the
course, is an important step. |

The results of this study;wbuld indicate the advantage of trying
this approach to others who have responsibility for introductory physics
courses, although it is recognized that the approach requires much

planning and cannot be undertaken lightly.
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APPENDIX A
GENERAL INFORMATION SHEETS

Dr. D. L. Rutledge, Office B~-14 (A551sted by John Lay-
man, Office B~57)

Ballif & Dibble, Conceptual Physics. This, we believe,
will prove to be an excellent text. The selection-and
ordering of topics covered matches the instructors' in-
terests closely and it is written with an appropriate.
scientific vocabulary and mathematical content. This is
the only reading material to be assigned in the course
and the student s first responsibility is to study it

dlllgentlz.

OQur objectives in Physics 1014 are essentially the same
as those of the authors as set forth in the preface. We
refer the student to this material as a first reading
assignment. '

There are no prerequisites to the course other than a
genuine interest in the subject matter. Students are
specifically assured that failure to enroll in advanced

. sciences or mathematics at the high school level does

not represent any particular obstacle to successful
completion of the course.

Mathematics has long been the shorthand of the physical
sciences and is rapidly becoming more important in both

‘the social & biological sciences. The mathematics of

this course will consist of the basic principles and
operations of high school algebra. One of our aobjec=-
tives will be to help the student reacquire any lost
competence in this area. We will, however, make every
attempt. in the classroom and during testing to -distin-
guish between an understanding of the basic .principles
of physies and their expression in mathematical form.

We assume that the student will study the textbook dili-
gently and therefore much of the class time will be
devoted to illustrating and giving detailed applications
of the principles set forth in the text. Since many of
the illustrations which we provide will not. .be available
in the text, the importance of a good set of ‘classnotes
cannot ‘be overemphasized, :
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Homew 'rk, in the form of questions and simple problems,
will be assigned regularly. Due to the size of the
class and the limited grading help available these will
not, in.general, be collected for grading. They will,
however, serve to illustrate basic concepts, to provide
experience in the application of these concepts, and to
ung¢over areas where further discussion and study are
required. Students are urged to complete each assign-
ment promptly, to keep a complete written record of such
work, and to raise questions immediately when any assign-
ment cannot be completed. The hourly examinations will
draw heavily on these assignmments and it is possible
that class notes and problem work will be available for
the student's use during the exam period.

Attendance will not be used as a factor in determining
-grades but class attendance is considered essential to.

proper assimilation of the subject matter and will be
checked regularly. Students missing class unnecessarily
should not expect individual instruction over the work
missed. To facilitate checking roll, a seating chart.
will ‘be prepared and students are requested to occupy
the assigned seat throughout the semester.

Four one-hour exams will be used to establishe the.cburse
grade. Content and format. of each exam will be announced
well ahead of time. The letter grade for each student
will be determined on each exam using standard statisti-
cal procedures. However, it is our hope that no student
who attends conscientiously and works industriously will
receive an unsatisfactory grade in the course. A com-
prehensive examination will be given during finals week.

NOTE: - No Make-Up exams will be scheduled. If a student misses one of
the regular exams due to circumstances beyond his control, the compre-
hensive final will be assigned double weight in arriving at the course

grade.

Office Hours:

Physics cannot, in general, be learned in isolation.

Full understanding comes only after considerable communi-
cation and argument between student and teacher. You
are encouraged ‘to raise questions in class, to take ex-
ception to statements made in the text or by instructors,
to request further clarification, and to stop by after
class for additional conversation., To faeilitate such
an interplay we are setting aside approximately two hours
each day .in which one of the instructors will be avail-
able to help you in any way we can. The hours have pur-
posely been set in the afternoon when many students are
free of classes. Homework assignments are designed to
help you:.learn physics. Frequently the best way to do
this is to arrive at tentative answers or solutions and



MWTh F 1:30 to 2:30
MTWTh 3:30 to 4:30

You are alspo free to consult us at any other mutually
convenient time.
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GENERAL INFORMATION FOR PHYSICS 1014.2°

John Layman, Office B-57 (A331sted by D. L. Rutledge,
Office B-14)

Ballif & Dibble, Conceptual Physics. This, we believe,
will prove to be‘'an excellent text. The selection and
ordering of topics covered matches the instructors' in-
terests closely and it is written with an appropriate
scientific vocabulary and mathematical content. This is
the -only reading material to be assigned in the course
and the. studentfs first respons1b111ty 1s to study it

dlllgentlz.

Our objectives in Physics 1014 are essentially the same
as those of the authors as set forth in the preface. We
refer the student to this material as ‘a first reading
assignment.

There are .no prerequisites to the course other than a.
genuine interest in the subject matter. ‘Students are-
specifically assured that failure to enroll in advanced
sciences or mathematlcs at the high school’ 1evel does’
not represent any particuylar obstacle to successful com- .
pletion of the course.

Mathematics has long been the shorthand of the physical
sciences and is rapidly becoming more important in both
the social and biological sciences. The mathematics of
this course will consist of the basic principles and @
operations of high 'school algebra. One of our objectives
will be to help the student reacquire any lost competence
in this area. We will, however, make every attempt:in

‘the classroom and during testing to distinguish between.

an- understandlng of the basic prlnclples of physics and
their expression in, mathematlcal form..

We assume that the student will study the textbook dili-
gently and therefore: much of the class time will be de-
voted to illustrating and giving detailed applications

of the principles set forth in the text. Since many of
the illustrations which we prov1de will not 'be available
in the text, the importance of a good set of classnotes
cannot . .be overemphasized.

HomeWork;-in the form of questions and simple problems,
will be assigned regularly, These assignments will serve
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to illustrate basic concepts, provide experience in their.

application, and uncover areas where further discussion

and study are required.. Students are urged to complete’
each assignment promptly, to .keep a complete written-
record of such work, and to raise questions immediately
when any assignment cannot be completed, . Pace of the
course and the direction taken by the instructor will
depend significantly on students' response: to such items.
Thus it ‘is important that you. tackle an assignment on
time :in order that you can affect subsequent instruetion,
Homework will, on occasion, be g¢ollectéd for grading.,

No regular examinations will be given.-in the course. In-

‘stead the grade will be established on the basis of a

series of 30 to 40 homework papers and in-class quizes,
These will be -evaluated on a point basis with each stu-
dent expected to keep track of his cumulative point
record during the term. The point distribution for the
entire class will be posted weekly with tentative letter.
grade markers so that each individual can determine his
or her standing in the class. No provision will be made-
to make up missed homework or quizzes. It -is assumed
that class attendance will be consistent and the number:
of papers will be such that one or two absences should
not affect the grade. Special consideration will be
made for students who have prolonged absences due to
serious illness provided that the circumstances are madeit
clear to us promptly at the time of the absences.

“A comprehensive examination will be given during finals

week and will count one~fourth in the determination of
the course grade.

Physics cannot, in general, be learned in isolation,
Full understanding comes only after considerable com~
munication and argument between student and teacher.

You are encouraged to raise questions in .class, to take
exception to statements made in the text or: by instruc-
tors, to request further clarification, and to stop by
after class for additional conversation. To facilitate
such an interplay we are setting aside approximately two
hours each day in which one of the instructors will be
available - to help you in any way we can. The hours have
purposely been set in the afternoon when many students
are free of classes. Homework assignments are designed.
to help you learn physics. Frequently the best way to
do this is to arrive at tentative answers or solutions
and then to "try them out' on your.instructor, We
recommend such ‘an-approach and will be available in Room
B-57 (directly below the lecture hall) accordlng to the
following schedule:
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then to "try them out" on your instructor. We recommend
such 'an approach and will be available in Room B-57
(directly below the lecture hall) according to the
following schedule: ' ‘

MWThF 1:30 to 2:30
M'T W Th © 3:30 to 4:30

You: are .also free to consult us at any_other mutually
convenient time.
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(18) College Algebra (19) Solid Geometry (20). Trigonometry
(21) Calculus (22) Advanced Calculus (2357Gegeral-Chemistry

90

QUESTIONNAIRE
Name _ 7 _ Student No. __ 1,2;3 (1) Male 4
Last First °~  Middle o S ~(2) Female-

To Respond - Circ1e_the'correqt‘answer |

Class (1) Fr, (2) So. (3) Jr. (4) Sr. 5

College (1) Agriculture. (2) Arts and Sciences (3) Business (4) Edu- 6
cation (5) Engineering (6) Home Economics (7) Technical
Institute (8) Unclassified

" Size of your high échool_graduating class?v _ 7

(1) 0-50 (2) 50-100 (3) 100-200 (4) 200-300 (5) 300~500
(6) 500+ :

Why are you taking this course? 8
(1) It is required (2) As an elective

Who recommended this course? 9
(1) Your college advisor (2) Other students  (3) High
School teacher - (4) Parents (5) Self ’

Who madé the final decision?.. 10
(1) Advisor (2) Self (3) Self and:Advisor -

Which of these high school courses have‘you\takén? ‘ 11-17
(11) First year Algebra (12) Second year Algebra
(13) Geometry (l4) Trigonometry (15) General Science .
(16) Chemistry (17) Physics '

Which of these .college courses have ybu taken? 18-23 .



APPENDIX C
PRE-TEST

1. Combine and simplify the:followingvfraction; %- + %- - %- =

~12
(3) = (4)

wlro
o~

3 L
@ 7 @ ) I3
2. Given 3n+ 4 = 16, Solve for n,
(L 4 (2 %9 (3) %ﬁ (%) '% (5) None of. the dbove values
3, Given 5( - 2) = 40. Solve for x.
(1)'-§§ (2) 5 (3) 10 (4).-6 (5) None of the above.
4, Write the number 0.25 in power of 10 notation.

2

(1) 25 x 10° (2) 2.5 x 107 (3) 2.5 x 108 ) 2.5 x 103

(5) None of the -above

PN The area under the curve
‘ between 0 and 3 seconds
R is: '
| e .
Spedd /5 //‘ : (1) 45
R (3) 15 ft,
B i v
(4) 5 ft.
¢ 4R 3 % 5 6 7 g v e (5) None of the above

time (5@0)
6. Newton's first law of motion is:
(1) As the mass of an object increases so must its velocity.

(2) Objects traveling in a circle at constant speed are accelera-
ting. '
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(3) An object at rest tends to remain at rest, while an obJect in
motion tends to remain in motion in g straight- line, unless
acted upon by an.outside force.

(4) TFor every action there is an equal but opposite reaction.

(5) As the temperature of a confined gas rises its pressure must
also rise.

7. A man walks 3 miles East then turns and:Walks;4 miles North. - The
magnitude of his displacement at thisvpointjis?

- v 7.@ 7 miles 3) 12 miles (4) 5 miles - (5) »5

8. Newton's Second Law of Motion is given in the form F = ma, If you.
exert a force of 50 lbs on an object and its acceleratlon is
measured as lO‘ft/secz, What was the object's mass?

(1) 500 (2) 5 slugs (3)

io slugs (4) 5 (5) 5 Ke.

9. The correct expression for momentum is:

m, m o
M ma @ ' @) R @w ) kG

r . ‘ R
10. Mass is::
(1) The weight of -an object;v(Z) The-weight‘of an -object divided by
its volume; (3) That property which may be measured by exerting a
known force on an object, measuring its acceleration, and taking a.

ratio. of these two; (4) Dependent upon an object's position in the
un1verse, (5) Dependent on an object's. comp051t10n7.

This graph is to be used in the next three problems (ll, 12, 13)

}%SfAEn
{inehes)

: ok
& 7R T tu

e

RnoF Y
i o .
tivme(Se&e)

- 11, This 1s a graph of the position of a body at.various times as it
moves in a stralght line.’ At. what tlme does the body have max1mum
speed”" :
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(1) 1 sec. (2) 2 seei (3) 3 sec: (4). 4 sec. (5) 5 sec,
At what time is the speed of the object zero?

1 1 sec. (2) 2 sec. (3) 3 sec, (4) 4 sec; (5) 5 sec,
What is the object's approximate speed at t'= 2 .sec?. .
(L bl in/sec. (2).5 in/sec. (3) 10 (4) 30 in/sec. (5) 60

Gravity is the force exerted between an. obJect -and' the earth,
an object moves toward the -earth from outer -space its Welght (the

~ attraction between the earth and the object) increases. The ob-

ject's mass will: - (1) decrease, (2) 1ncrease,f(3) remain the. sane,
(4) this has no relevance to gravitational experlments, ) be
changed to energy.

Planet X is more massive and of smaller radius than the earth.

Will your weight on "X" be: (1) greater, (2) less, (3) same since -
your mass does not change, (4) not- dlscussable since it is a dif-
ferent planet, (5) exactly doubled.

The~Bernoulli effect has to do with: (1) pressure of light on the
earth's surface, (2) weight of fluids, (3) pressure in moving
fluids, (4) pressure in a high temperature gass (3) the secondary
school at Bernoulll, Oklahoma. .

A sled is traVeling in a straight line at constant .speed on a
frictionless surface. Which is the correct statement ‘about the

" forces, actlng on. the sled:

(1) There are no forces, (2) There is ‘a force in the direction of :
motion keeping it moving, (3) There is no way of making judgement
on the forces, (4) The sum of the forces must be. zero, (5) There
must be a force to counteract friction.

If density is defined as mass per unit -volume (D = —0 what is the‘

volume of an object whose mass is 50 gm and. whose dens1ty is 100

~gm/cm3.a (1) 5000, (2) 5000 gm /cm , (3) 0. 5 cm , (4) 0.5, (5) 2

cm .

Which is the correct expression for gravitational potential energy:

: m.m, . q.9
(1 mgh, @) av’, ) w, &) -5 () kL2
r. r

What would be the approximate gravitational potential energy of an
object whose mass is-5 kg and.whose height about the earth 10 m:

(1) 20 joules, (2) 5 joules,, (8) 50 joules, (4). 500 joules,
(5) 1 joule. ' .
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Yout could change the period of a‘pendulum by:

¢h) pushing it harder, (2) changing'its”length, (3) changing its
mass, (4) changing the kind of support used, (5) none of these
methods. : ‘ :

If a 50 kg skier traveling 20 m/s- approaches a slope, and if we

.neglect frlctlon, ‘how high w1ll he rise7

(1) 1m, (2) 10m, (3) 20 m, - ' @;.ﬁhaj//ﬁ?““““
(4) 40 m, (5) 100 m Mm;z;immyw/ N?

If a 150 1b man approaches a slope. travellng 8 ft/sec, again ne--
glectlng friction, how hlgh will he rise: -

(1) 1 ft, (2) 5 ft, (3) 10 ft,-(4) 50 ft, (5) 100 ft.

As an object falls freely near the surface of the earth its total
energy: (1) increases as it gains speed, (2) decreases with height,
(3) increases due to air resistance, (4) does not enter into ©
falling, (5) temains the same but is shared .between potential ‘and
kinetic energy. »

Two small metallic bodies (A & B)
are brought near, but not . .touch-

" ing, a large positively charged
object (C). "A‘and B are allowed
to touch each other while in the.
position shown, they are then
separated and remo?edufrom‘the

=vicinity of .C. Upon examination
with an electroscope, B will be
found to -be:

(1) uncharged, (2) positively charged, 3) negatlvely charged (4)
can.not tell slnce they did not touch C.

L Consider a region .of uniform mag- .
netic field perpendicular to and
directed out .of the plane ‘of .the
page. ~ A proton (+) is traveling
e to the right as shown., It will
.. . T reten experience a force: (1) perpen- -~
' ' dicular to the plane of the paper
and toward the reader, (2) per-
pendicular to the plane of the
paper and away from the reader,
(3) in the plane of the paper and
downward, (4) no force at all.




27.

28.

29.

30.
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Consider two magnets oriented as
shown. What will be the nature of
; _ J the force between.them: (1) attrac-
kW ] - tive, (2) repulsive; (3) none, (4)
' neutralized by having like poles
together,

The two magnets above are pushed together so that their north poles

touch, ‘According to the theory of relativity the total mass of -the

system will: (1) increase,; (2) decrease, (3) remain the same, (4)
is not influenced by position of the two poles.

A device for storing electrical charge is: (1) a battery, (2) a
generator, (3) an electrolyte, (4) a capacitor, (5) a resistor.

- Light’/is believed to be: (1) a particle, (2) a wave, (3) both
. particle and wave, (4) neither, (5) either a particle or.a wave

depending upon the experiment.



APPENDIX D

. EDUCATIONAL SET SCALE

We have selected several courses in which large numbers of
students tend to enroll. For each course we have listed a variety of
topics covered, items of information presented, and tasks to be

accomplished,

Assume that you are enrolled in these courses and therefore
are required to learn about each of the topics listed on the following
pages.

, The topics are listed in groups of three. Decide which one of
the three topics in each group would interest you most and which one
would interest you least. - Rank the topics in each set of three indicating
the extent to which each one interests you by assigning

i. to the topic that interests you MOST
2. to the topic in which you have an intermediate interest
3. to the topic that interests you LEAST

.You may not omit a rank for ény topic or assign the same rank
to two topics within a set. Although it may sometimes be difficult for

" you to make a decision, it is imperative that you'do so by aulgning
ranks of 1, 2, and 3 to the topics listed in each set.

Form. 1
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‘Example,ﬂz_
Assume you are enrolled in a GEOGRAPHY . Answer Sheet 1
course and must learn about the following: ' -
: ' ‘ 12 5
- 4. {8 H U0 N
A. Iteme 4] - 43 : : {
: . 1 2. 3 5
41. The causes of earthquakes. : 42. N i i ] i
42, The names of the world's major oceans. ) - )
- 43, The distinction between anthracite and ‘ 1 2 3 4 5
bituminous coal . : 43, 4 g "
‘ 1 -2 3 4 5
B. Items 44 - 46 - b 44, .H " | H HH
44, The lengt}; of the Panama Canal, ! 2 3 4 5
45. The influence of terrain upon farming 45. § iy H " H

procedures.
46. The location of major United States
timber resources.

This person has marked his answer sheet for two sets of topics.
" He has indicated that, of the three topics in Set A, he is most interested
in 42 ("names of the world's major oceans"); least interested in 43

("distinction between anthracite and bituminous coal”) ; and has an
intermediate interest in 41 ("'causes of earthquakes'"). Of the three
topics in Set B, he is most interested in 45, least interested in 44,
and has an intermediate interest in 46, :

Note:” Although the answer sheet has 5 answer positions, you
are to use only posxtxons 1, 2, and 3 to rank the three topics in each
set,

Remember also that you must rank every topxc in the et and
you cannot assign the same rank to any two topics. :
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KEY:

1 - MOST interest in this topic

2 - Intermediate interest in this topic

3 - LEAST interest in this topic
****#*****#*****************#***##*##******#*#*#

Assume you are enrolled in a CGEOGRAPHY course and must learn about the

following:
A. Items 1 -3
1. The factors responsible for westward population migration in the U. S.
2. The names of the capitals of the European countries,
3. The names and locai.:sns of the 10 largest rivers in the world,
| B. Jtems 4 - 6
4. The average annual per capita consumption of petroleum products in ti:e U, S.
The definitions of loess, mesas, drumlins, lithosphere, playan, and biosphere.
6. Requisites for artesian well systems.
~ C. Items 7 -9
7. How artesian wells are formed. S
8. Forecasts about the weather to be expected in New York City dunng the
next 48 hours from examination of a wea.ther map,
9. The chemical compoaxtxon of lava,
D. Items 10 - 12
10. The meaning of “cold, " "warm,' "occluded, " and ""cyclonic" {ronts,
11.. The five major world producers {in order of importance) of iron, lead,
zinc, and copper. :
12. The role of seaports in national economy.
E. Items 13 -~ 15
13. The factors considered by geologists in attempting to locate oil deposits.
14. Statistics on the average family size for each socioeconomic subgroup,
15. Population shifts in the United States during the past 50 years.
F. Items 16 - 18
16, The names of the world's major glacial areas.
17. The influence of terrain upon agricultural crops.
18. The route taken by the St. Lawrence Seaway.

{Go Right On To The Next Page)
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KEY:
1 - MOST interest in this topic
2 - Intermediate interest in this topic
3 ~ LEAST interest in this topic

3 e 5 e ¢ 3 3 o33 2 e e i o 33 3k o e 3 5 e e e e ke 3 e 3 xe e e s e ok e e e sl 3 o e e afe kol o oo

Assume you are enrolled in a SOCIAL SCIENCE course and must learn
about the following: . :

19.
20.

21,

A, Items 19 - 21

Environment as a partial determinant of mental illness,
The relationship between 1.Q. and scholastic success in a college or

university,
Average ages at which children first begin to creep, walk, 1denti£y

colors, etc,

Zz.
23.

24.

B. Items 22 - 24

The difference between a psychiatrist, a psychologist, and a psychoanalyst.
The percentage of youngsters apprehended as juvenile delinquents who
subsequently are apprehended by the law for committing a major crime.
The role of psychological testing in vocational guidance. - S

25.
Z6l
27.

C. Items 25 - 27 . .

The proportion of United States residents now over age 65,
The effects of caffeine upon muscular coordination,
The meaning of 'percentile’ in interpreting test results,

28,

29-
30.

D. Items 28 - 30

'The primary s‘ymptoms differentiating paychofic (insane) behavior fromi

neurotic behavior,

The specific human capabilities known to detenorate after about age 60,

The average incomes of various classifications of workers in the U.S.
(e. g. , unskilled, semiskilled, technical, professional, etc.)

3_10

32.
33.

E. Items 31 - 33

The percentage of family income that ought to be budgeted for rent, food,

. clothing, recreation, etc.
‘What it is that the psychoanalyst attempts to do.

The current divorce rate in the United States,

(Go Right On. To The Next Page)
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KEY: e
1 - MOST interest in this topic

2 - Intermediate interest in this topic
3 - LEAST interest!in this topic. .

*********##***#***’#*#*****#*****##*m************

Assume you are enrolled in a BUSINESS & ECONOMICS course and muat
learn about the followmg- .

34.
35,

36,

i

A‘ Iteris 34 - 36

The functions of the Securities and Exchange Commission.
Factors operating to diminish the size of the U.S. gold reserve.‘
Why an ''easy money" policy may be unsound public policy,

e .L

B, Items 37 - 39

The names of the components of the *Gross Nationai Product,

37.
38. The meaning of an ''odd lot" in stock purchases.
39. The purpose underlying agricultural price supports.
C. Items 40 ~ 42
40. Major events in the growth of U.S, labor unions,
41. The names of the nations constituting the '"common market, "
42. Factors underlying a decision to invest vs. a decision to save,
D. Items 43 ~ 45
43. The name of an inflationary potential in the economy which is artiﬁci'a.lly‘
kept from registering itself in prices.
44. The relationship between disposable incomes and total expenditures for
consumertr goods,
45, The ways in which Federal Reserve monetary pohcy attempts to accomplish
©  its goals.
E. Items 46 - 48
46, How to read entries in the stock market page of a newspaper,
47. The present established worth of an ounce of gold,
48, What is meant by a "holding company. "

(Go Right On To The Next Page)



KEY: : C
1 -~ MOST interest in this topic

2 - Intermediate interest in this topic
3 - LEAST interest in this topic

**********#**#**********#**********#****t#*#**#*#*

Assume you are enrolled in a GOVERNMENT course and must learn about
the following:

101

A, Items 49 -~ 51

49, The uses of mterna.txonal law in government, . -
50. The steps involved in amending the United States Constitution,
51. The functions of the Federal Communications Commission (FCC).
B. Items 52 - 54
52. The causes of the Cuban crisis.
53, The reasons for official U.S. opposition to recognizing Red China.
54. Comparative armed strength of the U.S. and Russia.
C. Items 55 - 57
55, Pros and cons of alternative solutions to U, S. housing problemas,
56, Consequences of technological unification of the world. )
57. A statement of the Marxist theory of history. '
D. Items 58 - 60
58. The functions of the Central Intelligence Agency,
59. The estimated annual cost to the U.S. of the 'cold war, "
60. The pressures operating to produce European unity and disunity.
E. Items 61 - 63
61. Differences in the social and economic characteristics of midwestern
: republicans and democrats.
62. The limits of authority of a Justice of the Peace,
63. The names and dates of office of the U.S. presidents.
F. Items 64 - 66
~ 64. The ways in which states are admitted to the Westem State System.
~ 65, The meaning of government to John Locke.
* 66. The name of the international orgamzatlon conducting surveys of the

world food situation,

(Go Right On To The Next Page)



KEY: _ ,
1 - MOST interest in this topic
2 - Intermediate interest in this topic -
3 - LEAST interest in this topic -
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Assume you are enrolled in a NATURAL SCIENCE course and must learn
about the following: .

A, Items 67 - 69

67, The explanation for the fact that it is sometimes difficult to recognize
voices on the telephone. ‘ :
68. The distances from earth to the other planets in our galaxy,
69. The critical velocity required to escape the earth's gravitational puil,
B, Items 70 - 72
70, bThe name s of the elements included within the "halide" group,
71. Statement of Newton's third law of motion. '
72. The significance of a pH of 6.
C. Items 73 - 75
73. Formula for converting centigrade temperature rea.dmgs to fahrenheit
‘readings.
74. The difference in chemicil structure between HZO (water) and Hzoz
(hydrogen peroxide).
75. The distinction between “anode" and ''cathode, "
. D, _Items 76 - 78
76, Chemical factors associated with transmitting neural impulses,
77. Why thrust is generated by a jet engine.
78. The chemical structure of penicillin,
E. Items 79 - 81
79. The relative conductivity of certain substancea (e. g., iron, copper,
zinc, wood),
80, The meaning of "specific gravity, !
al.

The effect of increased pressure upon the boiling point of a liquid,

{(Go Right On To The Next Page)
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KEY:, ;
- 1 - MOST interest in this topic
2 - Intermediate interest in this topic
3 -~ LEAST interest in this topic
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Assume you are enrolled in'an ENGLISH course and must learn about or do
the following:

A. Itemas 82 - 84

82. Write a report on the novel entitled 1984,
83.  The names of Shakespeare's comedies,
84... .The reason why Hedda .Gabler (in lbsen's Hedda Gabler ) kills herself.

B. Items 85 - 87

85, The names of 10 contemporary authors and their most important works,

:.... .Inolonger living) of your chozce.
87." The effects of 19th century American history upon the American hterature
of the period, ‘ .

.

C. Items 88 - 90

88, The elements in a play that lead to its classification as a Utragedy, "

89, The correct spelling for the word meaning ''to pa.y" {i.e., is it
“renumerate'' or '"remunerate''),

90.° Write a theme abott the most interesting person you have ever met,

D. Items 91 - 93

91. The dates and major works of well-known poets like Whitman,
Longfellow, Wordsworth, etc,

92, The role of the playwright in contemporary society,

93. The structure (i.e., number of lines, rhyming schemes, etc.,) of sonnets,

\




APPENDIX E
ATTITUDE MEASURE

Please check the following as quickly and as candidly as possible.
considered until after final grades are determined.

Class: (Circle One) Freshman Sophomore Junior
Male Female
College: _ Agriculture Arts and Sciences
Strongly
Agree

Had the course not been required, I would have
signed up anyway. 5 4

I would recommend this course to friends as a
general education requirement. 5 4

In comparison with other general studies re-
quirements, physics is much more difficult. 5 - 4

Homework was of no relevance to the course. 5 4

I expect that the study of physics will help
me in other courses later in my career, 5 4

I came into- the course expecting little, and
was not disappointed. 5 4

Even though I am reluctant to admit it, the
course has been interesting. 5 4

This course could be understood only by the
brightest student. ) 5. . 4

I have seen no value in this st_.lbject° . 5 4_

I believe that more than 60% of the students )
disliked the subject. : 5 4

If this course were not required, there would -
be no enrollment. RN 4

I 'believe this course would benefit all e
college students. Lo ‘ T 4

Ignoring - my own.scores, I believe the - .
testing program .was fair. 5 4

104

Responses will rot be

Senior

Graduate

Education Other

Neutral

Disagree



Strongly
Agree

This course involved more rote memorization
than thinking. 5
A good knowledge of mathematic¢s was needed to
follow most of the physics taught. 5
It was obvious that well prepared science
students were in the mind of the persons
designing this course. 5
Doing my homework helped greatly in my under-
standing the material. 5
This was a good textbook. . : 5
More questions and problems should have been o
assigned and discussed.. 5
Critical thinking was encouraged in the
classroom. 5

This course forced me tc think. 5

Neutral

Disagree
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APPENDIX F

HANDOUT SAMPLE QUESTIONS

"Arts and Science and Newton's Laws"

1. Tdentify the reaction forces to
the action forces listed,

a. Umbrella's force on the air-
‘molecules,

b.  The-umbrella's force upward
' on . Pooh,

c. Pooh's weight.

2, If Pooh is falling at a constant
speed, what can be said of the
" forces on Pooh? Identify the
forces ‘on Pooh,

3. Is Pooh's momentum changing as he gets closer to the earth?

4. If Pooh's velocity is 5 m/s downward and his mass is .2 k;llogram,
what -is his momentum?

5. This is a physies style rollernoaster=(frictionless of course), The-
vehicle is allowed to start from rest on a 'slight incline (no '
initial speed). Its mass is 100 kg, Its height.at various points
is given 'on. the diagram. '

(a) What is its initial energy? Show how gotten,

106
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7,

10,

11,

12,

13,
14’
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(b) What is its energy at point A? Explain carefully.

(¢) I claim that its energy at point B is zero, What am I re-
ferring to?

(d) What will be the object's speed at D?
(e) What influence would friction have if it were present?

Two objects approach one another as shown, If upon collision they
stick together, what will be the velocity of the objects?

| Ll V= 5%

iﬂoﬁf — | 20 R?L —

G—F""F"—
foomse 23 |
/4 ; m— Two objects approach one another as
——— So ﬁ%; shown. After collision, which way
/”ﬁ? '”’\ , ‘ will they travel if they stick to-

gether? Why?

How do we know that energy can be transferred from one object to
another by the process of work? Explain in detail.

Do the earth and moon have more or less energy at present than they
would have if the moon were lying on the surface of the earth but

- things were otherwise the same? Explain carefully.

Would it be possible to throw a snowball against a wall at such
speed that it would entirely melt on impact? Explain in good
"physics'" form.,

-When a gun is fired, the momentum of the gun and‘bullét are approxi-

mately equal in magnitude. Why, then, is it not just as dangerous
to be hit by the gun as the bullet?

Explain briefly what must be done to give an object a charge.
What is a coulomb?

What is an electric current?



APPENDIX G

PRE~TEST, POST-TEST, ESS SCORES

SCORES LD GROUP

Student | Educational

Number - Pre-Test Post-Test. ‘ Set Scale
01 09 19 +31
02 11 16 ~-01
03 15 22 +21
04 13 20 © 420
05 11 20 +22.
06 08 18 +14
07 13 20 ' +15
08 08 17 +08
09 09 17 +12
10 14 23 : +12
11 12 16 -06
12 10 18- +08
13 09 15 =05
14 09 20 +34 -
15 09 11 +10
16 06 17 +15
17 12 22 +18
18 06 : 24 +12
19 10 21 _ . 100
20 07 19 +03
21 08 23 +27
22 13 16 +10
23 11 ' 33 +13
24 05 15 +06
25 09 19 +17
26 09 17 ’ +06
27 08 18 +06°
28 11 14 +09
29 06 20 +02
30 07 13 -02-
31 12 15 +00
32 05 19 +05
33 13 20 +04
34 11 18 +11
35 ' 10 17 +21.
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APPENDIX G (Continued)

Educational

Student S

Number Pre-Test "Post-Test’ Set Scale -
36 17 . 19 _ =03
37 11 - 19 +03
38 09 13 +08
39 14 _ 22 ) +41
40 09 : : .15 ' : =14
41 : 06 . 22 . +08
42 : 13 , 19 _ 407
43 08 19 R +16°
b4 ’ 14 : 17 - ' =04
45 - 09 13 : » +04-
46 10 22 . +10
47 09 16 S 412
48 12 21 : +03
49 ' 14 14 : : +13
50 05 12 -04
51 05 12 . +04
52 14 21 : +13
53 : 18 ' 20 - +12
54 : 06 15 - +10
55 - 12 21 ' +12.
56 - 05 ' 15 ' ~-09
57 ' 07 ‘ 21 _ -03
58 12 20 - =04
59 v 14 18 ' +16 -
60. 15 27 , . =08
61 , 13 18 _ -12
62 08 17 +13
63 , 06 : 11 -07
64 : 08" : 12 ~-03
65 11 19 409
66 . 07 25 ' : -10
67 ' 08 19 : +22
68 13 18 ~10
69 ‘ v 11 19 _ +13

70 09 17 ‘ +12
1. 12 17- +04
72 08 19 _ +17. .
73 11 : 24 - +23
74 10 16 : +12
75 : 10 14 +11.
76 11 15 - : +16
77 11 _ 20 ’ +11
8 13 16 , +15
79 08 15 v +01.
80 . 10 - 16 +13
81 06 19 ' +21

82 12 - 15 -09
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APPENDIX G (Continued)

Student : ' ' Educational
Number Pre-Test . Post-Test Set Scale .
83 ; 06 o 13 =11
84 o | 19 +07°
85 13 , 16 ‘ +01
86 _ 10 - 18 S . +29
87 08 ‘ 15 , S 439
88 - 09 13 . +14-
89 18- : ' 17 - o %26
90 . 10 - 15 A - =14
91 , 12 - 17 ‘ o ~-01
92 . 08 17 ' - - 402
93 - 07: 14 S L H07
94 11 17 . o 406"
95 ' ' 13 26 . 402
96 : 10 20 R -0 =06
97 17 18- _ +29
98 - 10 le ; - 408
99 ' 18. o 26 S +19
100 ' 09 21 ' +34.
101 13 20 _ o +05
102 18 : 25 , - 422
103 ' o 04 ‘ 16 -11
104 - ' 15 ' 22 o +12
105 07 21 ' © 415
106 ‘ _ 10 ‘ ‘19 - , © o +16
107 - 12 : 21 . 401
108 12 ' 18 : : +20
109 06 09 - =01
110 ' 04 13 - +05
111 09 16 : +17
112 - 15 17 ~-13
- 113 . 09 15 +11

114 _ 10 , 18 o +30
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APPENDIX G (Continued)

SCORES PDI GROUP

Student Educational

Number Pre-Test" - Post~Test ‘Set ‘Scale
1 17 - 20 : 417
2 09 - ' 20 400
3 16 : . 25 L +15
4. 09 . 21" - . +35

5. 08 19 L 414
6 08 20 . +10 -
7 10 19 o +05 .
8 12 17 ' - +13.
9 12 ' 21 ’ +11.

10 07 18 405

11 10 N 20 419

12 13 ; . 18 - =05

13 14 i 20 421

14 13 29 . +01

15 18 22 ' o +22°

16 12 22 o -08"

17 08 20 S =07

18 - 13 R _ 15 - +29

19 15 24 . +14°

20 12 21 R +10.

21 1 20 ' , - =05

22 13 ' 18 _ +13

23 11 , 19 . 419

24 12 . 20 . +06

25 07 , 15 . +10

26 12 . 25 S 427

27 12 : 17 , +04

28 09 o 14 +06 -

29 12 21 +18

30 10 18" . . +16

31 14 - 23 . +19°

32 14 12 o +07

33 15 23 +22

34 13 : 19 ' +28

35 09 18 . +15

36 13- 26 425

37 11 , 20 _ ~04

38 11 21 -01

39 14 20 ' 417

40 16 ' 18 . +12

41

11 : 21 +21
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APPENDIX G (Continued)

Student Educational

Number - Pre-Test ' Post~Test Set ‘Scale
42 14 . 19 . +09 .
43. _ 12 . 18 ' . +15
b 16 _ 23 o+
45 . 04 . 19 ' +00
46 13 . 20 - ' -01

47 13 22 | o =03
48 12 , 18 +09°
49 ' 15 19 ' S =0L
50 14 17 = +04.
51 : 10 21 S - =04
52 12 15 . . +10°
53 : 11 16 ' . +06
54 ' 14 18 : ' ' +01 -
55 11 ' , 15 403
56 , 14 18 =07
57 10 . 15 41l
58 . 07 . 16 , - 406
59 E 09 , 200 T A06
60 ' 09 , 8 B 410
61 : 12 i 22 L 423
62 11 : 19 +02°

63 , ' 10 : 14 SR +05

64 ’ . 10 . , 15 B +07°
65 ' 08 ' 12 ‘ +02
66 08 17 o 04
67 o 08 . +07
68 4 09 : 09 -05"
69 S 16 ‘ 24 ' v +04
70 - 16 16 - +14.
71 . 08 16 : 406
2 1 - 21 +09
73 | 10 24 o +17

74 C © 10 14 +07
75 _ 09 , 20 o +20
76 ' ' 12 21 ‘ - +07
77 11 18 , +11
78 - 11 13 ‘ C$17°
79 07 16 : . +11
80 ‘ 15 18 . +16
8L | 16 | 21 | +32
82 13 26 , ' +11
83" 14 22 . +24
84 10 - 14 +03’
85 09 19 ' +1% -
86 , 10 18 - +06
87 15 ‘ . 22 , - +12

88 12. : 18 +08
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APPENDIX G (Continued) -

Student . o h | ' Educational
Number: Pre~Test v Post-Test Sethcale

89 . _ 14 L 21 ciil =08 ‘
90 . 16 : 23 S ER07
91 ' . .14 18 +02
- 92 : 5 . 22 . +17
93 ' 10 16: s =14




APPENDIX H

ATTITUDE QUESTIONNAIRE SCORES

LD GROUP

Student . 1 _ v
Number a b c . - Score-
1 .2 2 2 90
2 1 0 2 - 82
3 2 1 4 - 75
4 2 0 4 57 .
5 1 0 2 88
© 6 2. 1 1 76
8. 2 -0 1 64
9 2 1 . B ‘94
10 3 1 o1 76
11 3 0 1l 72
12 4 1 1 62
13 1 2 .3 88
14 3 1 1 86
15 1 2 2 84
16 1 2 3 68
17 3 1l 1 - 89
18 4 0 4 60
19 2 2 .3 68
20 1 1 a1 88
21 3 -0 1 91
22 2 -1 1l 81
23 1 -1 2 87
24 2. 1 1 91
25 1 1 2 85
26 4 0 1 83
27 1 1 1 96
28 . 2. 1 1 89
29 1 Q 2 88
30 3 1 1 70
31 K} 1 1 77 .
32 3 0 2 45
33 3 1 1 80
34 4 Q 1 66
35 2 1 1 94
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'APPENDIX H (Continued)

Student .

Number- a b t.:‘2 Score
36 2 1 2 89 -
37 3 0 2 46
38 3 1 1 60
39 4. 0 3 66
40 2 0 1. 77
41 4 1 1 82
42 4 1 1 79
43 3 i2 2 60

Y .3 2 -2 84
45 2 0 1 90
46 2 2 2 - 89
47 4 2 3 .56
48 3. 1 1 - 61

S 49 1 1 1 69

" 50 3 0 2 82
51 4 2 - 2 71

.52 R | 1 1 62
53 3 1 1 78 .
54 2 2 2 66
55 3 1 1. 76
56 3 0 2 84
57 3 1 1 82
58 3 2 2 1
59 2 1 2 74
60 2 2 2 98
61 2 1 2 83
62 3 0 i 52
63 - 2 0 1 55
64 1 0 1 84
65 2 2 4 77
66 4 1 1 79
67 2 0 1 79
68 3 0 1 82
69 4 0 -2 41
70 2 1 1 75

71 1 - 0 0 80 -
72 1 1 4 82
73 2 1 1 68
74 2 1. 2 - 80
75 2 2 2 83
76 3 1 1 90
77 1 1. 2 - 75
78 - 1 2 2 76
79 3 2 1 58
80 4 1 4 67
81 2 0 2 72
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APPENDIX H (Continued)

Student‘

Number a b cl Score
82 2 .0 .3 87
83 1 0 -2 85
84 b 0 2 47
85 1 0 1 86
86 2 L2 2 54
87 3 0 2 56
88 1 2 2 59

89 - 4 - Q- 1 77
91 1 1 1 75
92 4 0 1 -93
93. 2 1 1 76
94 2 20 2 67

.95 4 1 1 .75
96 1 -1 2 . . 84
97 3 1 1 .94 -
98 3 2 2 83
99 4 1 b 82

100 1 2. 2 97

101 0] 0] 0 87

102 3 1 1 82

103 2 0 2 - 85

104 3 1 -2 "~ 65

105 2 0 2 95

106 1 1 1 73 -

107 2 1 1 55

108 -3 1 1 71

109 . 4 1 1 45

110 2 2 2 71

111 3 0 1 61

112 3. 2 2 81

113 4 0 2 79

114 4 1 1 82

115 . 3 1 1 66

116 1 1 1 93

117 4 1 1 78

118 2 1 2 43

119 - 3 0 2 69

1

Column a, b, ¢ indicate: ‘
a. Class (1) Freshman, (2) Sophomore, (3) Junior, (4) Senior,
- (5) Graduate.
b. Sex- (1) male, (2) female
¢. College (1) Agriculture, (2) Arts and Sciences, (3) Other
[Business, Education, Home Economics].



117

- APPENDIX H (Continued)

ATTITUDE  QUESTIONNAIRE SCORES

PDI GROUP

Student , : ' :
Number a b "¢¥ "Score
1 2 2 2 61
2 1 2 2 74
3 2 1 4 76
4 1 1 1 90
5 2 1 o2 73
6 4 1 2 71
7 3 2 3 78
8 2 1 2. 91
9 2 0 2 84
10 4 1 2 90
11 2 0 1 87"
12 2 1 2 94
13 3 1 22 . .84
14 1. 1 2 - 68 .
15 3 1 2 - . 89
16 -2 0 2 97
17 2 1 2 83
18 2 0 3 96
19 3 0 2 92
20 1 2 ‘2. 101
21 2 0 4 73
22 2 2 2 76
23 ‘3 0 1 89
24 3 0 2 85
25 3 1 2 82
26 1 1 1 86
27 1 1 2 71
28 2 2 3 89
29 5 2 4 79
30 2 0 2 88
31 3 1 1 - 89
32 1 2 2. 93
33 -3 1 1. 80
34 3 2 3 93
35 2 2 2" 91

36 2 1 2 77
37 2 1 2 102
38 2% 2 4 92
39 1 1 .2 90
40 0 -0 0 86
41 -1 1 2 72
42 4 1 1 91
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APPENDIX H (Continued)

Student

Number a b ol Score .

43 2 1 1 89

45 2 1 2 92

46 3. 0 2 ‘ 91

47. -2 2 2 -89
48 1 1 4 83

49 3 2 2 82

50 2 1 1 90

51 3: 0 1 53

52 2 1 2 83

53 - 3 0 2 .75
.54 3 1 2 92
35 3 1 1 59

56 3 0 1 81

57 2 2 2. 87
2 2 1 2 90

59 1 2 3 94

60 -2 .2 2. 91

61 2 1 1 83

62 3 2 3 96

63 2 1 2 93
o 3 Z 2 80

65 1 1 2. 89

66 2. 0 2 58

67 1 2 2 96

68 1 1 2. 90

70 3 1 1 84

71 3 1 1 80
o 4 2 3. 89

73 3 1 1 101 -

74 3 0 2 73

75 2 1 2 77

76 1. 1 2 78

7 1 1 1 94

79 2 2 2. 82

81 - 1 1 1 72

82 2 0 2 - 84

83 1 1 2 79

84 1 1 4 97

85 2 2 2 90

86 2 1 2 93

87 3 0 1 85

88 2 2 2 74

89 2 2 3

91
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~ APPENDIX H (Continued)

Student .

© Number a b . e Score
90 3 2 2 77
91 2 0 4 76
92 1 1 2 72
4 0 1

93

1Column a, b, ¢ indicates
a. Class (1) Freshman, (2) Sophomore, (3) Junlor, (4) Senlor, -
(5) Graduate,

b, ’Sex (1) male, (2) female

c. College (1) Agriculture, (2) Arts and Sclences, (3) Other
[Business, Education, Home Economlcs]

65



APPENDIX I

" COVARIANCE ANALYSIS TABLES

COMPARTSON OF LD VS PDI ADJUSTED MEAN POST-TEST SCORES

— e e :
| Analysis erCoyapianG%'_'

: Degrees of "Sum of. v Mean ‘ F
Source ~+ Freedom Squares . =~ = Square -~ Ratio.

Difference 1 532 532 0,50

Ervor 203 . 215114 10.60
k. » .
"Difference for testing adjusted treatment means.
Fo’os(l,ZOO) = 3,89

Null hypotheses, No difference among treatment means after ad-
justing with covariates : ' o

Accepted.

ADJUSTED MEANS AND STANDARD ERRORS -

Treatment\ Adjusted- . '
Group _ Mean ‘ Mean S - 8E Adjusted

- T 18.02- 18,31 0.3l

PDI . 19.00 o 18,64 0,34

120
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TABLE, OF COEFFICIENTS, STANDARD ERRORS AND COMPUTED. T-VALUES

Covariate

- _Error Within‘

Standard- : t
Coefficient  _ Error '

PRE-T

ESS

Luf =

0.3 0.08 . 5.57

H
|

0.06 S 002 2.80

.Covariate

Treatment & Error (Total)

Standard - o &
Coefficient. o Error -

PRE-T

ESS

——

=

0. 44 , 0,08 5,90

0.06 002 2,79
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 COMPARISON OF LD VS PDI ADJUSTED MEAN POST-TEST
SCORES WHEN DIVIDED BY COLLEGE

Analysxs of Covarlance

Degrees of Sum. of- Mean -F
Source . : Freddom _Squares ~Square _Ratio
Difference* 5 ‘ 183,10 . 36.17 3,69 r

Error 199 1973.37  9.92

% ; . . ' .
' Difference-for testing adjusted treatment means

0 05(5 200) = 2.26

_ There is a statistically significant difference between- the adjuSted'
v post—test mean scores when the two groups are separated by college.

Reject H There is no difference in means, A more careful look .= .

- at the adJusted mean scores was.. requlred ‘to answer hypotheses 2 of is ‘
study.- A :

TABLE OF ADJUSTED MEANS AND STANDARD ERRORS

Treatment . Adjusted.

Group . College Mean. 'Mean - SE Adjusted

LD  agriculture . 17,48 17.84 . 0.42
Arts §& Sciences  18.41 18.63 0.47
Other” 19,30 19,4 . 1,00

PDI Agriculture 16.35 - 16.73 . 0,66
Arts & Sciences _ 19,67 - 18.89 o 0.45

Other =~ 20,56 20,63 0,79
- e - . S - S et
Other includes Business, Education, Home Economics

A comparison of adjusted means by .t test reveals a significant dif-
- ference (0.05 level of confiden¢e) in the adjusted mean-scores of the
PDI Agriculture Group cempared with the Arts and.Sciences Group. There
is significant difference (0.1 level of confidence) in a comparison of -
PDI Arts and Sciences with PDI Others. For this study, whlch compares
the LD and PDI Groups the H.2 must still be accepted.
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TABLE OF COEFFICIENTS, STANDARD ERRORS AND COMPUTED T-VALUES

fError Within .
T Standard

Covarite

Coefficient » Error. -

Value

PRE-T

~ ESS

e ———
0.05 o002

5.44

239

~_Treatment & Error (Total)
~ Standard

Covarite

Coefficient’ . Error .

Value

PRE-T.

ESS

0,44 0,07

5,90
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COMPARISON OF LD VS PDI ADJUSTED MEAN POST-
TEST SCORES WHEN DIVIDED BY GLASS

Analys;s of Covar;ance

Degrees of . Sum of - Mean F

Source . -Freedom - ~ Squares 4 Square -Ratio

leference 7. 158.64 . 22.66  2.24
Error | 197 1997.83 . 10.14

‘Difference,for tésting adjusted treatment means.

0 05(7 200) = 2, 05

There is a significant dlfference in adJusted mean scores when the
groups are divided by class. :

Reject HO:"Thefe is no difference in adjusted mean scores. -

TABLE OF ADJUSTED MEANS AND STANDARD ERRORS

. _ o va?eaémént?ﬁ f“‘.Adjustedi N R :
Group :C1ass.v _ Mean . © - Mean v ' ‘SE Adjusted
10 FPreshman 1856 1819 - - 0.61
‘Sophomore  19.03  19.58 0,55
Jumter. 1684 1739 0.53
- Senior ©17.60 1791 '0;835
:PDI Freshman 8 19.86 19,43 0,68
) Sophomore 19.08  18.88 ~ 0.52
Junior 18.08 - 17,35 0.63

Senior 19.28 o .19,44\ 1.21

Careful t comparlson of adjusted means between LD and PDI Groups
reveals no- signlficant dlfferences and H,3 must he accepted.
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"TABLE OF COEFFICIENTS, STANDARD ERRORS AND COMPUTED T~VALUES

._Erfor‘Within'

Standard t
Covariate Goefficient Error Value
PRE-T 0.45 0,08 5.83
ESS ' 0.06 o 0,02 2.88

| _Treatment & Error (Total) |

R ' Standard - ot
Covariate Coefficient Error ' Value
~ PRE~T 0.44 | 0.07 5,90
ESS 0.06 | 0.02 - 2,78
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| COMPARISON OF LD VS PDI ADJUSTED MEAN POST-TEST
SCORES' WHEN DIVIDED BY HIGH SCHOOL SCIENCE

AND MATHEMATICS COURSE BACKGROUND

Analysis qf‘c¢variance

, _ " Degrees of .~ © Sum of Mean : F
Sourceh ‘ , Freedom _Squares‘ ~ . . Square. Ratio

Difference* 11 o 155,17 141 1.36

Ercor 193 ~2001.30 - 10.37

ok o ‘ ,
- Difference for testing adjusted treatment means.:

FO.OS(ll’gOO) = 1.83

Ho: There .is no difference among treatment means after adjustment .

sith covariates.

| docept B

TABLE OF ADJUSTED MEANS AND STANDARD ERRORS

: Number of . Treatment Adjustedf .
Group ' Courses: Mean o Mean o SE.Adjusted

v

v op————

e

L1912 20024 L
16,00 . "16.93 . 0.70
18.15 - . 18.76 0.56
17,44 17,74 0.76
19,19 ~ 18420 0.72
19.90 18,94 1.04
17,00 - .. 17.82 1.32
17,53 . 17.37: 0.83
18.10 18,21 . 0,70
19.70 . 19.14 0.63

19.92 o 19.91 0.93
20,92 A%22 . [ 0.99

H

LD

PDI

S

Ju s W o B W N c:v“
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TABLE -OF COEFFICTENTS, STANDARD ERRORS AND COMPUTED T-VALUES

Error Within

Standard t
Covariate- _ Coefficient " : Errer Value
: e

PRET . . 0,40 . ... 0,09 4,60

et

1
g

ESS | 0.05 . .. 0,02 2,56

Treatment & Error (Total)

: ‘ - Standard ", S
Covariate’ Coefficient’ Error - Value

PRE-T 0,44 007 5.9

ESS 0.06 | Co002 2,79

— mrTsms—————
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COMPARISON OF. LD VS PDI ADJUSTED MEAN POST-TEST SCORES WHEN
' DIVIDED BY COLLEGE MATHEMATICS AND SCIENCE BACKGROUND

Analysis of Covariance .

o _ Degrees”of*" : Sum of - . Mean . F.
~ Source ' Freedom . . Squares . . .. Square Ratio

Difference® 197 . 2096,92 . 10.65 0,80

Brror 1 59;55 . 8.1
' leference for testlng adJusted treatment means,,v”

O 05(7 200) 2.05

H : There is no signlflcant dlfference among treatment means after:w ;
adJustlng with covarxates.' : : .

Agcepttﬂo,

'TABLE OF ADJUSTED MEANS AND STANDARD ERRORS

e SR e ‘Treatment Adjusted _ .
Group- 0. - ~College Courses : Mean . Mean ‘SE Adjusted
b e e s —
LD - Chemistry 18,10 18,62 . 0.60-

]’
i

Aigebré'_ - ‘1 _‘ 18,14 18.56 | .87

' Cheﬁiétrysand.Algebra,. t» _ 17;69 . 17,77.: 0.52"
NeithértChemittr§tor1Algebré‘ "’18.2§ _. | 18.57 - 0.59

DI Chemistri_ | v. > | ; : 19510; | ,13;91  os1
o Algebra - . N 116,90 17@30 .03
chemistr§ and.Algébra . " | 18.37 18,03 - 0.76

Neither = 20,32 19,29 0.72
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TABLE-OF COEFFICIENTS, STANDARD ERRORS AND COMPUTED T-VALUES.

Error~Within;: ,
E_— Standard v ' t
- Covariate - , Coefficient .o . Error . - Value
. e MRy et A TN . ne

CPREST ... 043 ... 0,08 5.6

CESS 006 .. . 002 " 2.5

‘Treatment‘&'Exror.(T6§§l)' 

S g o  Standard .t
- Covariate - = . Coefficient’ .. Error . -Value

PRE-T . . 0.4 007 5090 .

BSS 006 002 278
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COMPARISON OF LD VS PDI . ADJUSTED MEAN POST-TEST -
" SCORES WHEN DIVIDED BY MALES AND FEMALES

. : Degrees of . ' ,Sum"ofl_' © Mean . F
. Source . - = Freedom .. - Squares’ . -~ Square - Ratio-

o - yoris prergpe

Differenee*. 3 o 75.28 A ‘25.09 » 'HZ.ﬁ?ﬁ

CError 201208119 10,35

Difference for testing adjusted treatment means.

0 05(3 200) = 2f65'

| There is neo statistically significant difference in the adjusted

. mean post~test scores of the LD ws-PDI Group when div1ded dinto males and

females.

Accept H 6. No eignifieaht-difference;

TABLE OF ADJUSTED MEANS AND STANDARD ERRORS -

Treatment’ e Ireafment : Adjusted
- No. ™ L .. Mean: = .~ - Mean ' -~ 'SE.Adjusted:

1 U187 1874 03367

2 ;;16567!5‘ : ' l7.21'ﬁ;'_ » ~0,58
3 s 18,390 040

4 719,56 . 1931 0,62
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| TABLE OF-COEFFICIENTS, STANDARD ERRORS AND. COMPUTED T-VALUES

_Error Within>~ : .
' Standard t.

Covariate . Coefficient. C Error Value
e e e e
~ PRE-T - 041 0,0873 U524

ESS . 0.06.0 SR - . 3.00

' Treatment &‘Error“(Tdtal)w’ _
. AR o o Standard, - ot
. Covariate- Coefficient ’ Error - o ‘Value
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