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DQLUUVULNLE AL LALUUJLI AU OULLLNDE DLOUINLD AND ANDLLDN INLDMNUULLIUNL WLWLLAGLE T1I10LUVI LVUOUURDLO

- . Carl Stocker

ABSTRACT

A 99—item quintuple-choice science atritude'survey was put together
for course evaluatlon. Two prev1ouslv validated 1nstruments were combined:
1) Eva luatloas of four concepts, UNIVERSE, SCIENCE ME IN SCIEVCE and DOING -

LABORATO§Y”EXPERIMENTS,‘were estimated by 75 semantic'differential~type~
items; 2) Agreements with seven positive and eight negative science attitude.

? ' - o
statemants were measured on an agree-disagree semantic distance basis. Data

éame.from 252 stiidents both before'aﬁd.after all introductory coursee of. the
MiamijDade.Commuaity ColiegeQNorth.théies Department in the'Fall l975usemes;
rer. Nine demographic iteme shoﬁed the average student to be,a tweaty year
old male (30% females) with oﬁer three years of high-school matheﬁarics and

" slightly less science, thirty-five completed college credit hours’, and'tqtal
, . . o ,

-

grade point average of 3.1 out of 4.

‘Research hypotheses were_formqlated and'evaluared'as.follqwei 1) All
attitudes would be favorably polarized. Means and standatrd errors of the
i items gave evidence of this; 2) There would be no differences in the extents é.

‘.

of polarizations of attitudes with résbett_to independent variables of. test

L. . e ) ) ' ; ; i N . . .
tlmlng, before or after the course, or of course group, general education,

‘

'pre—techn cal, or pre-professional. T-tests, correlations, -and multiyariate'

L c e . ' ’ X o S
analy51s of vatiance spanning 28 dependent variables evaluated this.: . e
_ T

Anqwer distributions, pre post group averages and overall averages

'WereﬂtaBulated'for5eaCh'item. Reésults were categorlzed as follows: 1) Slgnl—“ T

i

ficantly-differenr atriﬁqdes,.+ or,~,'aS‘in&icated by the sample showing low

- DR . . - \_ ’ . . . T : :
prqbaBilitiesabf‘results‘oecurringTby:chaneez and significaht t—testtdiffer-;
. _enees,betweenjaeanéj 2)PngniEicanriy similar attitudes, as ihdicaredeby'tﬁe-
‘.sampie showing"high p'valqe'and’a low F‘ratio of between—grdeﬁe variapge:to

[
) 3
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withig—g;oups_varidnce; further data would not be expéctea to reveal any
differences here; and 3) Attitudes éhowiﬁg’aifferent endugh»vélu@s>so
that additionil data may cﬁaracterize them as either #1 or #2 above,
Eut.dndécided4by the present détav

!

Compared as. to direction from neutral values, attitude total, factor
subtotals, most items, and item clusters were found favorably polarized,
and significantly §o. Only one sizth the items, and two of ten item clusters,

'

the two on "Ease," were not seen in a favorable light. Semantic distances

on positive and negative statements wefg also méa5ured favorabie, Relative
péﬁifiédé.of all the fa&ored sfudent attitudes about’the four concepts
" were ﬁabpigfea; "Uséful" and "Interésting"‘Qeré/the_most fdvorablé‘of:the
semantic Tdi~f.ferential 'facto.rls’ desqribihé" concepts offs‘CIENCE, ME IN 'SC_I'ENCE.’”
_and DOING LABORATOR’f EXPERIMENTS. - UNIVERSE'was described most favorably

_on-the factors "Beautiful" and "Bright". 

Compared relatively, with ‘respect to test timing .before or after
the coufses,.mgst of the  twenty-eight dependent attitude factors came under

: : N ‘ ‘ o
the undecided category. 1In general, attitudes after courses remained

fa&arably,polarized, but medsured slightly less so; a second-order effect ,

" of testing rather than a true change of attitude was postulated.

' Compared relatively, with respect to'intergrbup differences, many

of the attitude"faétors.were'found moré'favofably eValuated by the g;oup

;WBf;ﬁféiﬁfbfééSibﬁals; Significantly'iowef;:héﬁ-ovéféil<avetagé, but still faai'f?mw

t

,yvorable eValuations were given by the general .education group. 7Pre-technical

' group averages seemed in general favorable,- hut %?e significance of any diff-
Lo o " A % : : - .

,\)
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erences was obscured By the smallness of the sample coﬁpared_to other groups.
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Chap&er 1

INTRODUCTION

b}

i - - The search for effectual gburse evaluation methods has led

educators to assess student attitudes. Evaluations which are valid,

reliable;ﬁquecfive aﬁd efficiently swift- could provide the‘feedbaCk-

needed for =course improvement. In the so-called."cognitive" domain
lmpr

of subject matter, such_test instruments_are fairly easily found or con= . .

structedsby the individual teacher as an expert in his own area. Yet, '
to assess the hazier feelings ‘that comprisa the "affective" domain,

fewer medsures pass the muster. Student comments, gut feelings of
'téachers, and other indicatbrs would all point to attitudes varying at

least as widely as knowledge of subject matter.

Real differences infabilities that exist in different student

/

"groups, such as mathematical sophistication, -could be destructive of

self-concept and attitudes. At least as to formal mathematical back~ -

‘ground, physics departments and textbook authors have taken this idto

account by offering a less mathematical general education course, 4

standard pre-technical course, and other pre—prqfessiohal tracks for én-

gineering-science and for other pre-~professional degreé candidates.
_ o S ~ , .
'\,, - \\., -

- Physics and math jexams exist which distinguish these groups, and even

e
i
/

" indicate whethﬁr{they are b%ginning or fiéishiﬁg é given COﬁfge;
profigiéngzgpfe¥tests andlcuéﬁfgtiyé>finéi exams should be{able.tO'
ggéompiish,tﬁis.: But; what attitu@giigveﬁtory coulﬁgdeliheate group
,/f/ggundaé$és§\ Whaf sufvey.might providé,inpuf énd guidance/fof text and

"

~
course iyprovemént and/or selection? . Does. the instrument tested herein

b

E I

-e i . CR. . R . Co-

. I S . . X - \ -
answer t&%se questions? ].0. L
' oo : R -

Po-
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Chapter 2
BACKGROUND AND SIGNIFICANCE.

gSPECIAL PROBLEM AREAS

h

t
W

Site of

Study
e " Y

———THae largest campus of Miami-Dade Community‘Colleoe, MDCC~
North, ndmbered about elghteen thousand students in the fall of l975
This is about half of the total enrollment at this large L*beu-nultl—
campus institution. .Becausa of growing numbers of evening and other

part-time students,-full-time equivalent enrollment is somewhat less.

. This '1is the Phy31cs Department at the largest campus of MDCC,
a small one for - that community colleget'seven faculty;  two secre=
o tarles shared wlth the»much largér Mathematips Department; two_oRen
laboratories with'one‘suoervisor;;fine introductorylcourses, hut in
three basic tracks. 1) General educatlon. Several sections and
‘ texts torfphysloal science PHS 101;" plus one for descrlptrVe astro-
|

nomy AST 110; 2) Pre~’l‘echn1cal "Physics with’ Appllcatlons" ASE 163

and assoc1ated lab, Lsually taught from Harris and Hemerllngs

AR Introductorz College Physlcs, 2nd ed. (1972); 3) Pre—Professlonal:
Physics corequlrln Lrlgonometry taught from Mlller s text College
Physics, jrd ed:, (l97%); and Physics with Calculus taught from hallidgy»

A and Resnick's Physics, 2nd ed. (1973). Four hundred forty~students

‘reoeived passing grades for these courses and were possihle'subjects
S R g A . . o
.for thls su}vef.,_Of thirty-five students in the ore—technical”grouo,

| pre'aﬁd post results,from tﬁenty are;in thls Studf; from -about two-
hundted in each of the other two grouos, pre and post results of- lZl
and llf sttdents respeotlvely are rep‘rted herelnu The MDCC Catalog o

llS{S themfollow1ng courses, 1nclud1na those surveved 1n th1s study




ASE 153-190%4 Physics w/Applications gach, 3 credits
Emphasizsa 72 basic concepts and principles 4nd their practi-
cal apoli fons. Desighad specifically for studen*s in Tech~
nical Stu: and for others desiring to stren then thzir phy-
sics bzikgro uud before taking advancad soursed Corequisites
ASE 17:-173

rerequisite or corequisite fory ASL 1630 MaT 120
or APM 182 or perm1531on of the department LJGLIPEfﬁOH prare-~
quisite or corequisitd for ASE 164: MAT 122. ér APM 163 or per~
mission of the department chairperson. (3 hr lecturea)
ASE 174-175 Physics w/Applications Laboratory each 1 credrt
“Lbora ory ‘for ASE 163~164. Laboratory fee. (2 hr lab)

< e

AST 110 Descriptive Astronomy 3 credits
The solar system, the nature of electromagnetic radiation, astro-
v0ﬂ1C4l 1ustrum°nts, stars, galax1°s, and cosmology. Several sas-.
sions will be devoted to viewing the sky and to laboratorv anti-~
' ’v1*1°s. Spe01al tee. (3 hr legturg)

PHS lOl Geqerd¢ Educatlon Phy51ral SCLence o 3 credits
Common phenomena, concepts and principles selectad from astro-
, homy, physics and chemistry. ~ Special fee. (3 hr lecture) -

3

PHS 102-103 An Approach to PhVQicai Science each, -2 credits .
Concepts in physical SClence selectea to give an understanding of
how a scientist works and to anqwep/the question, "What is the
nature of matter?” Teaching majors are encouraged to take this
-course as their physical science and General Education raquire-
ment. CorequlSltes. PHS 170 171 (2 hr lecture) -

PHS 170~-171 Approach/Physical Science laboratory each 1 .credit
Labo;atory for PUIS 102-103. Laborarory fee. (2 hr lab)

PHY 201-202 Pny51cs each 3 credits
An introductory course for students requiring a thorough study of
the basic principles of physics. Classical mechanics, sound aad

thermodynamics (PHY 201); electricicy, magnetism, and optics (PHY
202). Corequisites: PHY 271-272;: prerequisite or corequisite to
PHY 201: MAT 122 or permission of the uepartmenﬁ\chalrperson' (3
hr lecture) : . N
™ "PHY Z71-272 Ptysics Laboratory 5 - each, 1 credit

: Laboratory for PHY 201-202. Laboratory fee. (2 hr lab)

PHY 210,211, 212 Physics with Calculus . each 3 credits
Foundation course for physical science and. engineering majors.
Classical methanics (PHY 210); thermodynamics, wave mechanics,
optics, and sound (PHY 211); electricity, magnetism, and modern
physics (PHY 212). Corequisites: PHY 273-274-275.. Prerequisite
or corequisite to PHY 210: MAT 230 or permissi n of the depart-~

‘ment; prerequisites or corequisites to PHY 211, 212: passing

12
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grade in- PHY 210 or permlsslon of the department; corequlslte to
PHY 211, 212: MAT 231 or permission of / the department (3 hr leg— P
ture) . ) B ‘

PHY 273,274,275 Phys1cs with Calculus Laboratory each 1 credit
'7Laooratory ‘of~ PHY 210 211~ 212 Laboratory fee. (2 hr lab)

’;.ﬁ L o PHY 20. Mechanlcs ! PR . 3 credits' -
R Vectors, force systems, equlllbrlum, friction, centr01ds, and mo-— ) e
/Z“% ments of inertia. /?rerequ1SLteS' PyHY 210, MAT 230 or. perm1581on '

rf the department cha1rperson “(3 hr lecture)

Cultural Varlety S e . ;
;Knlinflux-of Cuban students at Miami-Dade Community'college

1

'"Mlaml is declared

PR

followed ‘the uastro Cuba catastrophe of the 31xt1es

e

c/' flrst‘blllnaual city 'im gheyU;'S.Vh flared and blared the Mlaml Herald

i . e S
Pe o to ‘send us off 1nro the seventles.'vCompoundlng the communlcatlon,g”

problem, the United Natlons Educatlonal Sc1ent1f1c and Cultural

g e ' ' ]
Orcanlzatlon(UNESCO) among other groups has favored sendlng forelgn college : :

f students 1nto our’hlgher educatlon system. From Paklstan and Per81a,,
from Israel and Indla, blllngual d1ctlonar1es come 1nto the classrooms.,"

& o

Cross cultural camaraderle is educatlonal 1n its own rlght"but cultural

it

‘-crossw1nds that seem refreshlng at tlmes, may.still be unpredlctable

T 1n pOS1ng problems for productlon of rellable test 1nstruments. Even
‘ s1nale words suffer 1n translatlon' and if one’ refers to memories of

oniies T one s forelgn language classes, phrases have been known to turn somer-

baults. ;Can aislmple enough‘testlng instrumentfbe administered and .
: ' o N I T ‘ .
interpreted to give valid, réliable, objective and efficient results,

’ Y . . S . .
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' ing hierarchy by.analogv with a.companion volume which delireates the '

‘to extend from "willingness‘to respond (2.2)" to "conceptualization of

/- ‘.~ LITERATURE SURVEY

o
N : .
[ ' . ) /

'Atwleast since the development,of the standard multiple-choice

scale from strongly agree to. strongly d1sagre« sting has |

been quantltled (leert l932). :Common usSa s such

ordinal scales as‘comprised of -equal dintervals, and at times as'Trepre- .

P
e

senting pr0portional ratiosifrom a point defined as zero. Placlng
. E e . . . )

- / ! .
th1s ‘zero at one end/or the other, or. the center permlts summatlons

[/

‘1
- A

.
.,l . N ! ) . N .

Slnca the development‘by leerﬁ reflnements have been made

s,

-dnd statrstlcal/ménlpulatlons\otherwise>precludedo'

y

“ in many d1rectlons quantltatlvely and qualltatlvely in att1tude analy31s

(Jahoda and Warren l966 Shaw and Urlght l9b7) The concept of

@ . e

- attwtude 1tself has, been. subd1v1ded ‘and placed w1th1n a broader domain

denomlnated the affectdveidomain (Krathwohl et al., l964) Value o ,.,'”

and att1tude are’ consldered somewhat 1dentically covermnq at least one
N . ‘ .

0

" centralized subd1v1slon of this domain. :Theselauthors giwe the.follow—*

[P

.y

,vcoguitive domain'(Bloom‘et'al., l956)5r.Affective Domain: "1, O) Rece1v1ng.

l 1 awareness, l 2 w1lllnoness to rece1ve,vl 3 controlled or. selected )

attent10n;f2 O) Respondlng. 2.1 acqulescence in respondlng, 2.2 wllllng—

‘ness to respond/ 2.3 satlsfactlon 1n Zﬁsponse, 3 0) Valulng 3.1)

acceptance of-a.value '3.2) preference for a value, 3.3) commltment'

4 O) Organxzatlon é;l) conceptualizgtion of value, 4.2 oroanizationvof‘a"

value system, 5.0 Characterizatlon by a’ value complev 5 l) generallzed
et:///27<Characterization.' Value‘and attitudes are therein'considered

”

a value (4.1)." ) | 1.4



If may well h%ve been an-: emotional cry, ‘perhaps descriptive of

B . /.
‘a fear, love, anger or\hate,’that started the evolution - of human
‘ ) . /I'

communication. Adjectivesg asjoriginally used in such a crv are perhaps

'.most,fundamentally tied to human,feelings."It is perhaps, tden, no

'."caﬁéépt""SHE (traditionally capitalized) by ordinal ranking along 'A/W_lw

wonder that attitudes .are- validly and reliably measured (admittedly

~falong .somewhat arbitrary numerical scales ) most often as extending

between opposed bipolar adJectives. Take as an example,‘”On a scale

I

"of one to ten, how beautiful is SHEV”’ Technically, such would be

{

called'a semantic~differential' item, studying the evaluation of a

. an evaluative dimenSional Eactor "beautiful.ﬂ Osgood and others at

“\" w L B ,/~

the University of Illinois (Osgood, 1957; Snider.and Osgood 1969‘
Wernegreen, 1970) have developed and studied this. technique extensively._
- o i

ReproduCiblv meaningful and voluminously encyclopedic results have been
| Kt

‘_obtained With streamlined format”(e g. UVIVERSE ugly 1 2 3 4 5 beautiful)

e

',and computer assisted statistical techniques (e g factor analysis, and

ERIC
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'fgare of relatively less predominance,'according to findings of the

'above”proponents_of the semantic differential techniquei o

multivariate analysis of variance) All cultures and languages seem to
- i : . -
have d%velopﬂd adJectives along at least three independent major

l

“dimenSions.,/In order of importance, these have been_termed evaluation,

potency, and'activity; other factors, such as stabilityfand novelty'

i

il /
. 7

. (-

15 K "‘ i



The basic ”bad—good” evaluatlve bipolar adJECthE palr corre-
lates the most hlohly w1th evaluatlon totals in the dEflnlthe studles
But subs1d1ary evaluatlve sub~ dlmenslonal factors "fun " ”useful o

‘1nterest1ng" "safe " and 'easy have reeelved predominant attentlon by .

r-researchers evaluatlng phy31cs cours Leis, l969 Welch, l972)
The results of the1r matchlng th an: er adjectlves agaln repeated‘
1n th1s study is llsted in Appendl\ A. 1hls appendix (and slmllar'

/

;4- 5 Tables of thlS study S resultsﬁ embodle dumerlcally assessed average ‘

*,ff’ attltudes Columns represent course oroup and t1m1n0 as 1ndependent

:‘Varlables, in separate rormatlve evaluatlons (Bloom l972) of a T’SNS
Physical»3c1ence for Non Sclentlsts text and course. (WUQd 1966)

-and of a Harvard PrOJecL Physlcs text and course (Gels, 1969 Welch

BRI

l973) Rows represent the evaluatlve dlmen31onal factors Wthh .the-

g

-subJects ranked 4lon0 the 1nd1cated humerical scale’(l_to.7, with .-

g %-neutralJ: '

The most cohfldence was apparentlj expressed as to«the useful—

£}

-~3>‘l‘

ness of the concepts DOIWG LAB EXPERIWENTS TEACHIVG SCIENCE BEING

i
[

b
p

L, PHYSICS STUDENT or PHYSICIST (Other concepts evaluated but. not

reported by these authors were clalmed to be less selective and less

. A, I
¥ ? : N \ 3 §0 LA

changed;; concepts not 1nvolv1ng the students’ 1mmed1éte ekperlenoes %ave
1nconclus1ve results: Gels, l969.) The low F Value (l = betweeneeﬁe—

lab

o

groups variance %—wlthln groups varlance) here and for valuatln

v ‘:‘

as "eagy" bolsters_a hypothe31s of no dlfferences between groups in the )

PSﬁS]study; However, low p values do indicate slgnlflcantly better

16
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~d1fferent1ated attltudes. (Shaw and erght \1967) Insteadfof merely

't.dlfferentlal here d1rect denotationd

'dlmen31ons can be assessed uslng poslt

- extended by such means, accordlng to- Moore and Sntman (l970) ' They

evaluat‘ons on ME TEACHIVG oCVEVCE for the self—selected PSNS group on

1.

the dlmenslons safe! and easy" but lower on evaluatlng DOIVG LAB EX~ .

- / :
PERIMENTS as less"safe." As 1ence attltude 1nventory (Moore and Sutman,
: . Q _ §

1970) not of the semantlc d7fferentlal type, also was 1nd1caL1Ve of more

h1°hly favorable . attltudes in the PSNS group here. The- flrst Welch
i

(l972) study lncluded o »‘ht by the author and ou: other colleaéne

& MlamleDade Community ouLlege. Consequently, h1s sample and lnstru~

"
f

P

. ment are dellberately and dlrectly,overlappln ~in ‘a sense, the'oues_in

this study. - . -ﬁ~ R
az,f K S :

Semantlc dnstancn from strongly agree to strongly dlsagree is

perhaps the yosest met}od to semantlc dlﬁferentlal for meaSurlng more"

.4

assesslng concepts by the 1nd1rect connotatlons as scaled hy semantlc '

i ~

,about'lntellectual and embtlonal.'
SN . )

- N .
lve'and negat1Ve statements.

s '.I,

'Thus the - evaluated range in a postulated eontlnuum of attltudes may be

7 \%

find uncorrelated results between the p031t1ve (A) and negat1Ve (B) _
Py ) ! / ' :1 .,. .

‘attltudes on’ the follow1ng three—way 1ntellectual (l to 3) and three— o

-

wa] emOthHal (4 to 6) dlmen510n5 whlch ‘were subsequently lncorporated S

wholly in the aforementloned Welch study, and partly in thlb current

work: -

1+



1-4 Thé laws and/or theories of science are approximations of : \
trutn and are subJect to change. ' L _ \

1-B Thé laws and/or theorles of sc1ence represent. unchangeable
truths dlscovered through science. - o '

: 2-A OoservatIon of natural phenomena is- the bas1s of sc1ent1f1c
explanation. Sc1ence is. limited in that it can only answer ques-—
tions about naturla phenomena and. SomEleES it is not able to do
that. : : :

‘ 2~B The basis of scientific explanation. is in authority. Seci- .
. " . ence deals w1th al1 problems and- it can prov1de correct answers to
T all questions. : : : ‘

1 fr : 3~ A To. operate 1n a sc1ent1f1c minner, one must dlsplay such
tralts as 1ntellectual ‘honesty. w:pendence supon ObjeCthE obser—
tlon of natura events, and willingness to alter one's, posltlon

on -the basis of suff1c1ent evIdence.v.;f 'v;fj o

3-B To ooerate in a sc1ent1f1c manner one needs to know what
\bther sclentists thlnk one needs to know all the sc1ent1f1c truths
-a 1d’ to be able to take the s1de of other sc1ent1sts._ :

, \4~A Sc1ence is_an. 1dea—generat1ng act1VIty It Ls devoted to '
prov1d1ng explanatlons of natural phenomena. ‘Its value lies in its |
ttheoretlcal aspects. - : " ' :

S " & oV v
Co A B Sc1ence 1s ‘a technology—developlng act1VIty It is devoted
R to serv1ng manklnd - Its value lles in its practlcal uses.

S : _ R L
; 5= A Progress in sc1ence requires public support in- this. aoe of ; o
science, therefore,.the publlc should be made aware of.the nature R R
of 'science and what it attempts to do. . The public .can understand i
science and’ 1t ultlmately benefltﬂ Erom scientlflc work. '

N . . . ot - IS

L

- 5 B Publlc understandlng-of sc;ence would contrlbute nothlng to
"-the advancement of stlence or to human welfare, therefore, theﬁpub—
‘lic has no need to understand the nature of sc1ence. They‘canan R e

-understand 1t and : 1t does not affect them._
- s ; . | \..'

t‘Y

6-A Belng a sc1en,ist or worklng 1n a JOb requlrlng sc1ent1f1C'-
knowledge and thlnklng\would be -a- very 1nterest1ng and rewardlng
llfe s work. I. would'”ike to do - s01ent1f1c work. ‘

‘  6-B .Being ‘a qc1ent_st ‘or worklng in a JOb requiring. scientific
knowledge and thlnklngw ould be 'dull and un1nterest1ng, it is only .
for highly 1ntel]1gent.people ‘who are willing to spend most of their

time -at work. I wouldﬂmot llke to do. sc1ent1fic work o
) . ‘ “ - R

P
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.

A. 60 1tem survey based on Lhese 1deas lLd to the follow1ng conclu51ons
e « B

Appare 1tly good teachln0 should both dellberately bolster pos1t1Ve

Sattitudes -as well as"Peny and. contradict negative attitudes. More—

over the rejectionfof negative attitudes averaged only 49 (of 90

range), while acceptance of positive statements“averaged'SS over an

'~identical range;‘p’ople tend to agree_with"wrong statements they cee..

-can be balanced out by certaln quasl-experlmental research deslgns
.involVing’pre and post—testing (Isaacmand Michael' 1971 herllnger,,'.r,oj"

1973; and Tuckman, 1973)', Slmllarly, repetltlve testlng can and

has prov1ded relrablllty 1nEormatlon that has v1nd1cated the tests

: and methods that wele adopted hereln (W1ner 1962 Wernegreen,_}QZLi N

Mooreuand Sutman 19/0 Gels, 1969) : F‘“ | o . mj":

;o

;l.jRESEARCH‘QUESTIONS AND. HYPOTHESES
S : R ke ’ s
L . o : SR ' . »
L . RS

.o,

f : . :
The' two domlnant chanacterlstlcs of attltudes, the1r d1rect10nal

. .- o e o
polarlz tion and thelr mult1d1mens10n111ty w1th respect to any concept

~

wére - atLended to as foiiows — The conceptsr SCIENCE ME IV SCIENCE and

DOING LABORAEORY EYPERIWENTS were evaluated as to connotat:ons they mlght

3

have such as,t Useful ””Interestlng, .”Fun,V'”Safe,”,of ”Easy,”tofthe

: subject‘ surveyed In addltlon, pos1t1ve a d negac1ve statements WEre'T 1WJ,';ypc

0

o

ronSLdered both separately and together,fasJ art'of:u sc1ent1f1c att1tude

I
|

1nventory (SAI) meaSurlng‘how closely 1ntellectual and emotlonal attltudes

>,

are allwned Wlth those of sclentlsts and sc1ence educators

19 o
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sentlng the.aforementloned dimensions of posslble attltudes. The 1nde—,

pendent Varlables were test tlmlng, before or- after the course and

s

course group, oeneral educatlon, pre- technlcal or pre—professlona :

Phrased as a worklng hypothesls, the f1rst questlon to be explored was

whether. h L

. l ) Favorable average ‘atticude polarlzatlons ex1st ‘ %_f
"as w1th1n each independent variable and as a- whole, withy
respect to anerlcally neutral posltlons on. each attltude.

In addltlon two hypotheses were postulated as follows...

f .;;

oo 2. ) Average polarlzatlons of attltudes w1ll be the same or °
e i wlll not change s1gn1f1cantly with respect to test thlng. as tp
b : -whether before or after the respectlve courses.. .

3 ) Averagze polarlzatlons of attitudes w1ll be the same or
will not be - slganlcantly diffewent with respect.to whlch course
group, whether general educatlon pre technlcal( r- ) :

‘ prof655lonal : - = , Lo

ca

S T A Stated 1n these terms, questlons as to llnearlty of scale, and

of normallty of answer dlstrlbutlons were con31dered not to pose a se-

i .
k N A . . - ".Le-" . : 0 - i

Lo

’X, measure proportlonately how great any dlfferences wcre, buL slmply _—

-

whether;theywex;st in’ whlch d&rectlon, and for whlch attltudes.

- . ‘
s e b -

Changes in att1tude over time before or after the course,'

- t

t e teacher ot the textbook.’ Lack of chanoe on. the other hand could

R at ést to rellablllty of the test 1nstrument. -Dif"ferences /‘Lri‘.at'tvitude_

the dlverse course groups could be reflectlng the hlst ries of

f

' :", £

stud nts as . posslbly dellneated by addltlonal demographlc var&ables,

»

=_='\§ : L 2() l o -
A , R L 4
. \ - . | . . o ' FLI
Y R - \ K - .
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And so the dependent varlables studied hercln were averaged re-'

dlt” rlous threat to rellabllltj of results- The questlons resolved d1d not

, ould be at least partlally attr1buted to treatment effects such as the:

1

.
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‘\ Chapter 3
N PROCEDURES AND \EIHODOLOGY - o . ‘ -
A study of available attitude testing instruments andvproéramsu‘ %‘.,,}“
#* v - led to selection ofvthe'compositeffinal”instrument'shown ?inrAppendix‘B;

The~entire seVenty;five items in’thetWelch (l9725'Semantic Differential
. : : /
Test had been used with the students in l97O and yvilelded slgnlflcant L

S~

group to group dltferences; /It was . 1ncorporated ent1rely by merely

reducing the. possible range’of-responses from;seven to fiveg»which-iS'
R ] . - - . - . R
thevmaximum-number_available.on MiamiéDade standard?tesqpscoring'cards.f
. . ' ‘. /' . . . o °

I - 3 NS R ‘
In addition, seven posit1ve and elght negatlve Judgmental statements

;f‘ : V(ltems 76 to 90) Werefselected from the 51xty iter Sc1ent1f1c Attltude

/
/

Inventory whlch represents both 1ntellectual and emotlonal sc1ent1f1c

attltudes, as developed by Woore & Sutman (l970) - The original scale
- was expanded from its’ range of four to’ the Likert~ type (l932) range'f
AR ./ . -

':'of f1ve from st/ongly agree to strongly d1sa0ree Nlne demographlc'

'1tems (9l to" 99) were apoended mod1fylng them approprlately for the'-'

¢ v / . : . : o o Co

Mlaml—Dade 8. Academlc Test Scorlng '

'Tfn cards also had.provisions for the&students-to‘enter a;seven digit.iden-

tification. number; a four digit class sequence number, and a section.

numbet to identify_the order the cards were administered and to distin-
guish pretest from'posttest. .. . IR . o

™

”?f . = ' Cooperatlon of the entire phys1cs faculty of Miami-Dade Communlty

College—Vorth was then enl1sted to survey all thelr physlcs classes

‘_twice durlna the fall_l975 semester Data were taken durlng the flrst

r.

Len aﬂd 1aat ten days of each class, in August and. December, respectlvely

N

ERI
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Data feduetion‘included the following procedures The randomly
Adiotributed_half of‘the items were noted, in which the favorable'direc;
'tioniof answer‘had been reversed (5 to,l:vs :l T S)fte.avoid xnnse
. set." ATl values were re;teversed \iLlgned s fn the direction of high being = |

wust tavorable, and low being least favorable Percent favdringAeaeh
‘answer, one. to-five, was calculated and averaged for each item. Simple

graphsiof these values are shown'in Appendix C, ‘ ,

N

Slgnlflcant'reductionfof within~grouﬁs variance and its subse~

a

quent analys1s w1th respect to many varlables (multlvarlate) was made more
. . TR

».;‘} K

'*~feas1ble by Lomblnlng 1ntent10nallv related items addltlvely, and then
Such itemsuincluded the B w'/

. w :
'renormalizing‘betWeen accepted sqale_llmlts-

. s S - ) e /

S

fnllowing, inhorde:hof increasing size AS FlQe pairs of three items i
: ‘ interesting, easy, and safe” as fh f‘.."‘ﬁ
Semantit-differential factdrs'<attitUdes) ;to evaluate the two eonceptéﬂvav;.;J}:“

’

) "DOING LABORATORY E‘CE’ERI‘{E\ITS” and "M“ IN scn:\xcr, respectlvely .

"Fun 1nc1uded gloomy Joyful borlng—fun, happy-sad;" ”Useful” lncludedf

e ‘and ﬂ,. o
gvaluableﬁworthless;”' Interesting included 1nterest1ng—dull, tlresomejj o o

‘"Safe" included 'safe~dangerous, / . S

.~ . each, considering "fun, wuseful,

¢ T . o
1mpottant—un1mp0rtant useless useful productlve unproductlve

exciting, monotonous-stimulating;!
"Easy"'inCluded 51mple—d1fflcult
I

“threatening;eequftingﬁ_riskyfsecu:e,‘ '
.3:v" affortless—demandlng,;hatd—eaSy. Tbtalsg‘avetaged under each coneept, A
| ‘wete hlso calculated; each lncluded‘fifteen originaltitemsy, B) Eight | S
negathe attitude,;andisevenfpositiVe—attitude statements subtota&led

‘\

R :
and then totalled as representatlve oE the Sc1ence Attltude [nventory,"

ERI
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.-, were calculated and used to implement the dppropriate t-tests.

f~type.

'subjectsvin eaCh“subéroup'”cell”f

14

ié)llAn overall total, which <t selected items and

from‘B_(aboVe).each 50%, half Sewatitle dib, o .rential "and half gcience

attitude inventory for the 239 studenttsample.showing no‘missing data.

The hypotheses. were pursued~that no significant differeﬁces'would be

" ‘found between the dependent variables with respect to the independent
'variables‘of time and course group, Pre and posttest means, standard

deviations and-errors of the mean of each group and each variable -

" .
~ Multivariate analysis of variance, (MANOVA) was herformed with

s

'the.aid Qf_digital computers;. Besides the above combined dependent - -

variables, it was possible to dovmost of the individualvsegantic~

dlfferentlal itena evaluatlng the toncept "SCIENCE " These additional

sow . b

scales were “h1stor1cal phllosophlcal, mathematlcal, experlmental social,

dlfflcult benef1c1al 1mportant, and interesting.' All the above, and -the-

;1ndeP3ndent variable oE time (a= after and b before), were. 1nterval— e

s

" The other and s1gn1f1cant 1ndependent varlab]e of student group

was nom1nal in matures: 1) general educatlon, non laboratory physlcal SC1ence

students in: PHS lOl or. AbT lOl 2) pre—teqhnlcal, electr1cal~electron1c

T and aIr—condltJ.onJ,no technplogy students, in ASE 163 cand  3) pre—pro—

i ——

i

i
fesslonal students in elther PHY 201 or PHY 210 A program “by- Clyde -Com=___

putlng 9erv1ces,‘Coconut Grove, Florida, outputted the de51red correlatlons,

,p'and F Values,for‘hypotheses verifications, despite differing numbers‘qf

-

@ T
iy

23
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. ~ Chapter & A A

- RESULTS ' v

A total of over two hundred thousand individual bits.of information .
. were keypunched aud processed several times in this study using various
~computer programs. 'Significant;threads on this loom of data can best

be delineated‘by-pursuing; in order, demography;,$emanticndifferentialjh

. analysis, science attitude inventory, item;correlations,andrdiscussion.

DEMOGRAPHY |
The'average.student .who tendered both identical August and December
L .

surveys uas atwenty year—oid caucaSian male, (30/ females), who ’ ﬁ/jf
.'had completed abOut three years each of high school science and mathe~

matics, in addition to about thirty—five colleOe credit hours. Table I

breaks down the: data into additiondl subclass1fications. Inﬁerences
’ & - .

to other populations_would“be of firmer validity and;use5 the‘closerv

\

;:they'approximate‘ this profile. Nevertheless, many of LhO succeeding
results have closely confirmed findings of Geis (l 95 We I"h 2[9725 a

- Wernegreen (l97l) who tested phySics students at many other institutions.{,
- of higher'learning!»with similar testingvinstruments, The'group (#2) of

‘pre~technical students.numbered,fewer;'was'all4male, and largely repre-
~sented.an'older population ofdeVeni g students. The other larger groups
‘(#l and #3) showed Similar appreciéble, but not predominant, groups'

S .
, ”of females and of evening studentg.f College population as a whole had -,

';ﬂ greater, female r presentation aAd ‘was slightly younger.' ) ‘
: 5 . ,/
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;_ 0~11 (Freshman 1. vl4%¢mw“f’”27z .
1223 (fréshman 2) 11.5 - 21 i
- 24-35 (sophomore 3) 16;5 - 17 : 2 ; 27.5 E .14

o

. 16
. TABLE 1

z ‘ DE%OGRAPHIC CHARACTERISTICS OF 252 PHYSICS STUDEMTS.ﬁi
S IN TH STUDY.

Total ~ Ceneral Ed. . Pre-Techrical Pre-?rofessional

- Sdmple nr - 252 . 121 20 111

Sex:

‘Male. ﬁ" o . 70% ¢ 687 ©100% S T1%

Female Co o303 . 321 | oz ° . 297 .

Credlts completed

5% . 1.5%
10 . L5

36?47 (sophdmore'4) 24.5 14 ‘ 1} '_ 20 _ a’ , v.‘ 37
48 or'more - 335 - 21 . . 37.5 - 46.5
(Mean hfs ) I (35-hrs;)- © (27 hrs.)ﬁ;'-&~(39 hrs.)”‘5<:(43.hrs.)

I

ngh Sch&ol Mathematlcs:. , s

<1 year‘ S T 4z | :
x - ‘ R SR ot
“20 10 14 8 . N

=3 23 ..~ 28 18 T 19

T vy

<4 . o3sisto3: 33 g0
29 27 38 s 30 -
(Méan:Yrs ) - (3. 3.yrs ) (3.2 yrs.) o (3.4 yrs.): - (3.4 yrs,)

ngn School 801ence S ) : ' S a 7;‘ £L .

TN

<1 year Coosk b 5% A
-, . A . 20~ \ 76 S 15 ) . : 14
(<3 .31 .37 35 23

=4 s A Y © 28

x;(ﬁeag yrs.) " (2.8 yrs.) (2.5 yrs.) (2.9 yrs.) (3.1 yrs.)’

Crade Point Average (3.1) . (3.0) (3.0) © 3.2
(A=4) - e -
Age s+ . . . o L 1 L .

=

Qfedian) 0 Qo) . a9 @5 20
Lledey @) a8 @y (21
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SEMANTIC DIFFERENTIAL ANALYSIS

“Answer ulstrloutlons on the semantic di fferentlal 1tems are seen to
vary considerably from normal Gaussian bell-shaped curVes. N ADPEHJIX B
graphs the'total'percentages answering each possible answer for all ninety

dtems in sequentlal order. The answer numbens and averages are re-

wa
-

] : allgned from the outvey 's 507 random reversals, to run from ;one for
»5\ ) ) . . [
U thé“least favorable, through the mlddle (3~ neutral), to the hlghest, five,
t . . . N 3 . . i [ . .

‘meaning the most ' favorable. Averages deemed less favorable than neutral
'Haru placed ln parentheses.z All'concepts and scales* in Appendix I1 are"
'presentedhln the same verbal order-as the survey, wlth‘the numerlcal aVerage
‘placed fOllOWlng'the term that the subjects favored " The four concepts

UVTVLRQE SCIWNCL DOINu IABORATORY LhPERIWENTS 1nd ME IN SCIFhCE cach

\;ft_ are snown as matchea aoalnst*flfteen ‘or ‘more blpolar adJectlves* ‘These

. . E A O

~repre3ented flVe or more. evaluatlve factors (dlmen51ons)¥1h

Lus1Vevof

" each as the sum of at: least

;'"fun, useful 1nterest1ng, safe andzeasy,
three items.) Slmllar non—Gausslan dlstrlbutlons were found by Geis (1909)

, ) /
V;Desplte the dev1atlons fromwnormallty,totals for the same flVe factors were

E analy°ed by Welch (l972) us1ng multlvarlate analy51s of variance (MANOVA)

,c7 ‘“j.the technlque pursued in th1s study for afflrmatlon of proposed hypothesest
i ! S

. . S . [ /

fk"Concept nouns, ”blpolar" ”scale .adjectives, ‘and evaluative ”factors”

. are semantlc-dlfferentlal technlcal terms,_as descrlbed in Cbapter 2.

ERIC
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¥

“Group and pre- post means and Manova‘(F and p values) results for .
the five‘th:ee—scale cumulatiye factors andltheir‘totals with respect
to 'concepts of DOING LABORATORY EXPERTMENTS and ME IN SCIENCE are

:f shown in,Iables 2 and 34res§ectively; Renormalization hére gave - a
kl to.7 seale; v ~with & representlng a neutral attitude. Column headings

) oh‘these and the followlng ‘tables represent the independent varlables of
conrse group, ey, and tlmlng before or after. Rows were labeled for the
dependent warlables of renorma117ed facLors fdlmenslons) and the1r total
each followed by Lhe computed Manova results of F and p values forl
4course and tlmlng succes51vely. F gives the ratio of the betWeen—the—
.groups variancejto the within—grohps‘variance; p‘glves the expected
probahillty of the dlfferent-results occurring_by”chance. Major effects
show hlgh F-and low ps The hodyvof the tables give the means values of
the dependent varlables.' Plus_andfminus signs indicate_signlficant

variations from the means’ as shown by additional T-tests. Table 4

shows some single-scale factor results in a similar format, The adjec-
" tives here were polarized by the modifying adverbs. "not'" as lowest value

(1) to "extremely" for the highest value (5). These were not randomized
in the original testg.andfwere left off tHe_grand total attitude value

“to follow on Table 5, Table 6 v1sually compares the relatlve positions

of all favored student attitudes on all. the concepts studled by the seman-
§ — ! 4

"tac‘dlfferentlal technlque. The most favored att1tudes are shown propcr—‘”

~ tionately lowex,. with the mote neutral ones at the start of the table to

e

" emphasize the needito,work on these. : Unfavorable attitudes are inserted

e

inside parentheses.

o
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’ TABLE 2

STUDENT ATTITUDES TO LABORATORY EXPERIMENTS BEFORE AND AFTER .
PHYSICS COURSES

CONCEPT: "DOING LABORATORY EXPERIMENTS" (Scale: 1 to 7; Neutral Attitude = 4)

Course(c): CGeneral Ed. Pre-Technical Pre-Frof Timing =
. (Non-Lab Group) P
Factor : ‘Meanx s - : 4 b = before
. . v o \ a = after
 Fun 4.562 - 4,446 -4.7507 . 4.646 N\ p
. F=1.15; p=.317 for ¢ 4.473 - 4,722 4.464 \ a
(F=. 537 p=.464 for .ab) - - Y
n.—Useful = 5.716 © 5.802 7 5.917 . 5.782 \ g
 F=1.50; p=.224 for ¢ = 5.793 1 5.778 . . 5.446(-) g T
(F=2.34; p=.464 for ab) - - - . Co
Interesting 4.899 4.869 . o 4,944 ‘ 5.032 + b
- F=.221; p=.801 for c_ . 5.000 4.917 o 4.682(-) a
F=,784; p=.377 for ab ' ' i .
~ Safe ..’ . 4.354 - 4.068(-) - 4.306 " . 6.627 + .b"
. F=16.0; p=.001 for ¢ 4,116 4,639 + 4.573 + a
(F~ 067 p=.796 for ab) - . ‘
Easy . 3.520 . .3.536 ©3.611 ' '3.473 - b
F=1.68; p=.188 for ¢’ . 3.364(-) - 3.972 +° © 3.618 a
(F— 021 p=.885 for ab) o o ,
:°*TOTAL . 4.603 . 4.544 4.706 . - S 4,712+ b
. F=1.51; p=.222 for ¢ . 4.551  4.806 4.556 a-
(F=3.93;wp=.048 for ab) o . ' , _
Sample n = 239 : 111 . 8 - 110
Seu# = +.051 . . +0.106 +0.264 - 40.107

f#fAveraged Standard Error expected of each factor mean from-the true mean.

Designations +, - 1nd1cate significant’ dlfferences above and below the_:
mean,,favorable and unfavorable, respectlvely

#t 1.12 = Averaged Standard Dev1at10n about each factor mean.

. .
W

- %%+ 0.757 = Standard Deviation about.toéal mean.
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T
TABLE 3 - ‘ i
STUDENT ATTITUDES_TOWARD BEING IN- SCIENCE, BEFORE AND AFTER
PHYSICS COURSES
CONCEPi: "ME IN SCIENCE: (Scale: 1 to 7; Neutral-Attitudeb= 4) )
COURSE GROUP (c)
; - :
Factor , "Mean*  General Pre- ° Pre- Timing
. , © Ed. _° Tech. Prof. -~ b = before
¢ Fun ’ : ' , : ' . a = after,

(F=21.8; p=.001 vs c) 4.853 4.586(-) 5.000" 5.327+ b
(F=3.69; p=.055 vs ab) 4.360(~) 4.806 5.127+ a
Useful . ' . ‘ o o ' .
(F=24.4; p=.001 vs c) 5.176  4.820(-) . 5.556+ 5.864+ b - Do
(F=8.04; p=.005 vs ab) .  4.586(-)  5.306 5.359+ a h
Inferg§ting’:" o . N . .
(F=19.3; p=.001 vs c) 4,919 4.734(-). 4.972 5.364+ . b
(F=4.11; p=.043 vs ab) , . 4.324(-) 4,917 .5.255+ a

o . ! : ’ ‘ & 74

. =Safe o o R
.667 4.854+ " b

o (F=6:255 p=.002 vs c) | 4.624  4.500(-) 4 i
° _ (F=1.05; p=.305 vs ab) © 4.,369(=) 4917+ 4723 - a e
EaSY ‘ ’ . ".,_ )
(F=.432; p=.650 vs c) 3.599  3.676 3.694 * 3.536 b e
(F=.071; p=.789 vs ab) © 3.603 3.639 3.589° . a ~
‘ TOTAL** N o R 5 L » | v ‘ - H
(F=20.3; p=.001 vs ¢)  .4.634  4.463(-) 4.778 4.989+ b
- (F=5.30; p=.022 vs ab) - - o b4.249(=) 0 4.717 . 4.804+ a
Sample: n = 239 111 - 18 110
. Seu = + 0.056 T 40.117 - 4+0.290 +0.117

- % 4+ 1.23 = averaged Standard Deviation about each factor mean.

- %%+ 0.898 = Standard Deviation about the total mean. S
,Desighétions.+, (-).indicate significant differences above and below
the mean, favorable and unfavorable, respectively. .
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e TABLE &4

" Designations + , (=) 1nd1cate Slﬂnlfi"ant differcnces above and below '
the mean, favorable and unflvorable, respectively.

30

STUDENT ATTITUDES TOWARD SCIENCE BEFORE AND AFTER PHYSICS COURSES s
.CONCEPT: "SCIENCE" (Scale: 1 to 5; NeutrallAttitudé = 3)
Course(c): Cen.. Ed. - Pre- Pre~ Timing
‘ . : Tech. Prof. b = before
Factor . Mean
" . . —— . a = after
" 'Historical . 3.801  3.955 -+ 3.722  3.74% b
F=1.3; p = .274'vs. ¢ . 3,721 : 3.333(~) 3.873 a
F=-.65;p= .420 vs. a, b o
Philosophical . 3.343  3.378 3.111  3.264
F.= .45; p = .635 vs. ¢ o 31279 3.278 3.500 + a
F=.,53; p= .469 vs. a, b '
Mathematical - 4.358 . 4.090(-)  4.556 -  4.473 + b
- F=7.8; p =-.001 vs. ¢ 4.279 4.556 +  4.527 + a
F=1.9;p = .169 vs. a, b , R _ ‘ , o N
Experimental | 4.330  4.261  °  4.556 + 4.418 . b
F=1.3; p= .262 vs. ¢ o 4.243 4.333 4.364 - a
F=.31; p=580vs. a, b ' . Co
‘Social ’ " ©3.257 3.135(-) © 3.667 4+ 3.309 b
“F =3.9; p = .021l.vs. ¢ i 3.009(-)" 3.278" 1 _3.418 + a
F = .002; p=.965vs. a, b A ' J
o ‘ _ -
Difficult C3.460 7 3.324(-) 3.667 3.473 .. b
F = .77; p = .464 vs. ¢ 3.486. 3. bbil 3.527 a
. F = .90; p = .328.vs. a, b T . : L
'Benef1c1ul S ‘ 4,283 0 4.198 '\ o h.222 7 L0455 F b ';
JF=4.1; p = .018 vs. ¢ 4.180 \\ 3.944 (<) 4.364 a- |
‘E=.72; p = .398.vs. a, b , SR o . -/
Important T 40397 40387 4.44hk 4,564 + b 1
F=3.7; p= .02 vs..c = 4.180(-) 4.500  © 4.436 a |
F=3.7; p=.055 vs. a, b , R
Interesting C ATO38TTTRIE6S (<) 4,000 4.245 + b
F=11.2; p = .00l vs. ¢ " . 3.775 4,111 4,264 + a
F=.08l;p=.776vs. a, b " : o . . , /v
Sample n: 239 0 11 18- 110 “ / .
STD. ERROR =~ . %0.084  40.209 +0.084 D
B : L : | U T
+ 0.884 = Averaged Standard Deviation ahout each factor mean. . ) |



SCIENCE ATTITUDE INVENTORY

Table 3 renormalizes the mean resulﬁs from ﬁhe fifteen selected
»stétements to the iSO range acceﬁted for tﬁe original teét uvf Moore and
Sutmah,(l970). Results fof the subdivisions into positive and negativev~
statements are also giieg.: Finaliy a SO/SO_aQeraging with the totals
of Tables 2 and 3 for thirty se%anticfdiffereﬁtiai-items, wds evaluated
as an overall scorét ”

In these and in previous subtotalled results, the standard errors

B

of their means appear as smaller fractions of values representing total
“attitudes. ‘Individual items‘Had much larger comparative errors. As
. Lo BN - t S ‘. . g

anticipated in theory and now proved in practice, statistical signifi-

’ ' ) ' ‘ ) ! g - . 0 . ‘ 4 ’ . . .
cance is easier to come by with larger groups of items, as well as with .

. Jarger samples.

One feature Of the-overall total chosen was that it would revert =

o

,to neutral value of half its tqfal range under any of the followTng con- -

ditions:” 1) A student entered all ones, twos, threes, fours, or fives-

\ ’

s on his ‘answer card; or 2) A student entered random combinations of all -
/ these possible'answers such as might be expected from zigzagging answers

without really éyaluating them; overall averages bf such techniduqs
»‘ " . N . . ’ ’ . ‘ ) ‘- - . . )
* would be expected to cancel out of the final total as a neutral attitude
o . . v . .

;

for however many students used them, Reactions of students and proctors

to identical‘post;éstg cefcﬁinly'could féét;r borédom and leSs‘use of time
' ‘aﬁd care;‘obserﬁed reduétions toward neut;al of posttesL avefages are pé;— 
sibiy becauge éf’this,ﬁesﬁ f;ature rather than any‘ttue chdnge;_in'attitudesg
_Wernegreen, (1971) and stgdiés quoted_in Appendix A\hadvnot.notéa this pro-
. . . - : ) ,-\‘ :

- bable explanation. N o 311
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‘STUDENT ATTITUDE TOTALED BEFORE‘AQD AFTER TAKIN

TABLE._

5 B SR

23'

15 SCIENCE ATTITUDE INVENTORY STATEMENTS (SAI)

* (Likert-rescaled: 0-180 total; 84 for:Positive, 96 vs

G PHYSICS.COURSES

. Negative statements.)

CourséSf(éy‘ General Pre-— .Pre— .- Timing
R ?d, +z  Tech. P??f.‘ b = befbré
T _— T b ,

- Factor Mean X Std. a = atter

T Error of Mean’

SAT Total: 110.0.  107.4(-). 110.0  113.2+

F=6.984 | .30.866  106.1(-)  107.5 S 113.7+

p=,001 vs. c.. v (of 180) - :
 F=.099: p=.753 vs a; b : B ..

For Positives: 56,19 54.86  58.00 © 59.18+ b

F=6.203; (of 84) . 53.45(-)  55.33  57.16 ‘a

p=.002 vs ¢ - - +0.55 o :

F=2.65; p=.104 vs a, b '

Against, Negatives: 53,79 ¢ 52.54 52.00 © 54.00° b

F=2.04; p=.131 vs ¢ (of 96). 52.65 . 52.17 . 56.56 a
F=.828; p=:364 vs a, b +0.6825 ‘

Total Attitude: 292.2 © +283.3(0)  296.37 304.9+ b

| SAI & Semantic +1.903  -276.0(-) 293.8  298.8+ a
“ pifferential - (of 480) ’ : : ‘
 F=15.93; p=.001 vs ¢ o

F=2.825; p=.093 vs a, b

" Sample n f-zag-} g 18

" 110

~

- Designations +, (-) indicate signiZiicant differsnces above and below
the mean, favorab}evand unfavorable, respgctiVely. ' :

~A
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. TABLE 6
RELATIVE POSITIONS.OF ALL FAVQRED STUDENT ATTITUDES ON SCIENCE CONCEPTS
- Scale o ) ‘ Concebnt
T 1. = | : | -
to to ME IN SCIENCE;DOING LABORAIOR& 'SCIENCE UNIVERSE
51 ‘ .—-——EXPERIMENTS - ’
NEUTRAL(difficult) ‘ simple comforting .
(3) (4) (hard) secure . secure (dangerous)
‘-!wl ., .
3.1 ) T S (dangerous)l human
4.2 , (hard) A knowable
' . . " comforting ~
3.2;4.3 . ' joyful " morall
; ’ o ' understandable’
4.4 . . h -
3.3 . comforting " happy T sociall 1
45 . safe .. .philosophical friendly
- SR -exciting clear; funl :
3.434.6exciting ~ o ‘] i
Joyful ' : joyful; (difficult)
 4.7stimulatidg - stimulating stimulating; knowable (unpredlctable)
3.5 safe; happy  happy . ' cheerful joyful
4.8 (demanding) . - fun _ fun; authoritative
o o T LT ekciting )
13.634.9° o B «
© 5.0 _ . 1
3.7 important (demanding).  (mysterious) old
" 5.1fun. ‘ ; :
productive - . _ . 1
.9,8;5.2 " historical
.5.3. o
3.9  wvaluable .  useful :
5.4 . interesting . colorful _
. interesting : S 1 A(mystericms)
4.0;5.5 : . ‘ - interesting” (changir=:
S : - , “(changing) = allve b=zht
5.6 . : . , " open
4.1 B interesting
5.7 . ( ’ FRES
‘4.225.8 ‘ valuable benefi‘ial}»
T o : useful —
5.9 ) ‘ o ' . experimental 1
4.3 , important. - : product1vi mathematlcal
- 6.0 4 S S 1mportant beautiZil
C b4.436.1 ' , o . uSeful
LT : ’ ' valuable
'f‘ 6.2 . . o
. MeST FavomED . S “ important
e :

These scale adjectives were polarized From "Not" to "Extremely“‘

‘ rbipolarlzed vs. antonyms S .93 .

othars_were




,'CORREﬂATEUNS‘AMONQ DEPENDENT VARIABLES

N X

. N .
Correlations between- factors, {actor clusters and .totals - t

procassed by multivaviate analysis of vaciance are guwen in Appendix' ¥,

Thes2 serve to sbhow up auny unexpected rrlalions, and to confirm expee{si/

relutions awong varisbles combined togarher. (Listed values at 0.31

or below show greater than 0.05 probabilicy of occurring through

S chance for the twentv-eight variables calcula&ed’(Edwards, 1964 : 362),

and may be meglected as showing insignificant interrelationships.)

Spurious correlatidns arise between additively related
variables. Tor example, the overall. niszh tital, the total Science

Attitude [avantory, (SAI), the subtotals (TAR) and (MY TIT) all show

this spurious effect. ‘the fact that the SAT positive and'negativé

et

statédment subtotals ave uncorrelated with cacli:other (=0.0Z1 and
. . e > .

insignirficantly with anvthing on che.

SQrptisingf_ It would see. to indicate thét'gntiraly different vari-
©abvles are méasured‘by it ¢ompared . vhir-haméntic Jiffereutiéi. The

intellettu§1_o: the eunticnal judgeﬁanﬁs ite author: (Moore aq}wmu
~Sutman, l970)jélairVia m@nyuggﬁ{.m;; iﬁ“no way be smuated toythe
m;conﬁutative-meani:;s” tﬁa::semantiu 1iffevencial proponents claim
(0sgood 1957). '

This vindicates the observation by Wernegreen (1971) that wwo
classes of attitudes arve.in questicn. His, Geis's (1969), and th”s
{ . ; :
semantic diffevential measure verbal connotations about science, ezc.

\

T 34 .
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i; " as’ the subject that the attitude is evaluetlng favorably or unfavor-

. .
o

ably; Nerhegreen and Allen s Likert Attltude Test and Moore and

Sutman's. Science Attitude Inventory (SAI), used herein, compare
agreement with scientific orientations, such as open-mindedness,

critical‘evaluatiOn of causes and effects, etc.
\
‘0f the single factors evaluating the concept -SCIENCE, "interest"

seems the most highly (.278 average) and widely correlated to the

. .

factors investigated. Most other single factors used were meant to. be
independent and as such show low correlatioms. The .611 inter-

correlation of the synonymous terms "important" and "beneficial is

‘the highest among single factors.

S That synonymy leads to hizh correlations is evident taroughout

the table. - Hizh "interests" in SCIENCE, in ME IN SCIENCE

{ , X
together, as cv :onnotations »f "useful,” or "fun," or "easy," or "safe.
o . _ - u | o

! 'These results -znfirm the validity of ::btotalling factors like "bene-~

- f1c1a’” and ”iz:wrtant" into a cluswz: like "useful,! when appli=d to

S
a sinzle concars.  Of the ‘footor clustess, the three showing th= high

overa*l corralzmtions to all ﬂther d=zpeszient variable, all evaluate ‘the

‘,ME IN SCIENCE —ncept; "intsrest," i, and "useful” here show

acros:»*h°-bo ‘‘‘‘ »zverage cozrelatics of L343, .317, and .286 respect:vely.

Correlztions amo clusters evaluatQ:: a single concept -like LAB are also
appreciable. Thu: justlfles the prarzice of COmblnlng them by 51mple ad-

ditioh;to use zhedr total-as an overall evaluation of the concept. The

26

cqmputer program in Appendix E was designed to do this’as well as to renor-

mallze all comh’ned values to the publ shed scales COpl d in Appehdix‘A:

3:),»_,'

“h

E[{I(f"ﬁi“' - J I Lo o
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DISCUSSION - & -7

Favorably Polarized Attitudes

Of the ninety items evaluated, seventy-two showed averages
above the neautral value of three. All cumulative .dimensions and

factors, except for "easy" were,in the favorable direction.

The "useful" dimension came out ranking the most favorably

polarized. Thus, our subjects most»reédily rejed&ed adjectives

[ R 2} 7ot

useless,' and "unproductive,'" and zc-
f

"unimportant,” "worthless;

" cepted as "igpdrgant," "valuable," "useful," ”ptoductive,“?and "bene-

" ficial," . the concepts of SCIENCE, DOING LABORATORY EXPERIMENTS,

““and ME IN SCIENCE.

N //,’

i

_ The next most favorable evaluative dimensions for the .above

> . R ;

_stated concepts were, in decreasi z order “interesting," and "fun " ;

. however, "safe'" favorably descrit=d LAB and ME IN SCIENCE but unfavor-

S - i . .
ably characterized SCIENCE alone, possibly reflecting current contro-

versies in the press over environmental safety, research costs. etc.

‘Except on thiz unfavozatbie "easy" féctor, the’pfe—pfofesaional
‘grogp appeared ;igniﬁicéntly,:3£e<fa§§t§ble‘in their evaluations of
.vﬁE IN SéiENCE,'(Tahle 3,) and SCIENCE élone, (%aﬁle 4). The geperai :
educatioﬁ éoufse supjects rated these slightly less favorable.
The ?robabglity ofithese‘differeﬁcestin the ME IN SCIENCE results
'V OCCufing‘by'éhanCé was iﬁ generél less than 6néain a thousand (p=<.001),

as was also the total attifude, (Table 5): this latter had been weéighted

36
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Aruitoxt provided by Eic:

25% on the fifteeniitems rating the "LAB" concept and .25% on the

fifteen itens rating ME IN SCIENCE, about 23% on agreement with seven

positive judgemental statements, and 27% on dJdisagreement with eight

.
statements deemed ragative.

ahll in all, as indicated above, the major-effect was a pfe-
dpminantly févorable set of subjéct attitudes towards science. A
significantly higher actitude overall, and &pwéré“being in”science,
e%istedfor the pfe-professional'group. The pre-technicalAgroﬁp seemead
inﬁermediate to the’other.groups, slightly, th not necessarily signi-.
ﬁicantly,&above average-in many cases; too small a Mumplé here allow
too high a ﬁrobability of éhe févoraﬁle resﬁlts occurring by chance

But even the general education group which tested sigr.Iicantly below

-
»,

the sample mean,was still significan-’ ¢ ibsve a neurru! attitude. Thus
except for across the boar:i agreement szt =cielce appeared slighel-

more than neutral on diffizulty, all a--racss lzan toward the favorzwle

side.  Table 6 allows a visual compari..cn betwesn the favored attditudes.

[

-y

In confirmation of the above r:s=alts, the powerful technigu.:

of a multivariate analysis of variance -wvas used, ~Thereby {t rejectzii

'

the null hypochese; that the three groups show the same Qititudaﬁ

toward science;‘this was indicated‘by.the‘high T wzlues together with
the low p valges on tha Tables.2, :. 4, and 5. .omparad to‘prevhggﬁ,stu—
dies summarized in Appendix A, only 'ease" of doing labérétory S XPRL I

ments appears less favorable; our experimental open laboratory perhaps

1

s

37 :

should be re-assessed.
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Unchanged” Attitudes

o Low F and nlgh p values would be needed to deny the rejection

reluctant to deny the aull hypothesis that the coureesdid_not,change

of the mull hyvpotheses of no differences and/or changes. Results appeared

29:

the attitudes that being in science, as well as doing lab experimentswould

7be,at ieasr of more than neutral difficulty§f The courses also seem nos
tc change any favorableiattitudesfof-safetyVand interest, one Wa} or
tne;other. The social dimension pf éeienceieoked especiallyrabsent,

v and also iévoid of change. However; in many casea, the null hYpOthesis
can neithezr be‘accepted nor rejected without further study; these would

o

have to imcluda either larger samples, further improvements in experi-~
. v L .- . . . . . ‘?
;mental design. or advances in data treatment. ' ~ -
i " ! :

' Changed Attitudes

"

= e<dimensional factor, "useful,” which was the ﬁost favorably

'golarize: and dhose use in descrlblng SCIENCE and ME IN SCIENCE dlffered

'

‘among the threa .course groups, - that same factor decreased a small butv

K significantly changed amount from pre to post-test, across the board.

Similarl , the next mogt favorable factors "interesting," and "fun,"
y

and the subsequenc normallzed total, decreased in thelr evaluatron

' describing ME IN SCIENCE. Nevertheless, these factors still remained

"'by”far the most favorably disposed. .

The total mean evaluatlon of DOING LAB EXPERIMENTS decreased an

v

even smaller, but still sxgnlflcantly dlfferent amount from before to

7

«

rafter‘for the courses. ‘If“it weren't for an insi nificant aid in this
4 . g g

total for the generalveddcation non-laboratory group, .the drop mighe -

have shown up even more clearly. Appendix A studies show similar changes.

ERJC
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CHAPTER 57

CONCLUSIONS AND RECOMMENDATIONS

HETHODOLOGY, INSTRUMENTATION AND APPLICATION

This study has detzarmined attitude profiles in the various

courses of study in the Miami-Dade Community College Physics Department
without a specific treatment or change in treatment in mind; and further-
More,it provided a basis for confirming applicability of past studies

with similar testing iﬁstruments. "It also laid the groundwork for sub-

- sequent studies, presently in progress by other researchers in the

department. ' It might have been feared that basically differing profiles

and changes might have emerged due to a number of factors. These ;

included the big,growing,but not yet prédominant‘frdctions of evenihg

students;»of Spanish bilingual students, of students using hand calcu=

lators, of health-related major students, and of foreign born students.

. »Non2" of these factors seemed to affect the results found. The
test instrument essentially checked out as -a quick, efficient, and
discriminating implement for attitude evaluations in college cotirses. ) )

Estimation that ten items could be covered each minute -within the semantic

Y

~differential itself probably'WOuld'be as ‘high as possible of information

transfer efficiency on any instrument; as.such it might be more regu-

léfly inc¢orporated or appenaed to other tescs'given. A quick es;imate
is that our average collgge test usés only half‘the fifty‘item‘maximum
capabilityiof ﬁﬁe s;ﬁéen£ answer cérdsvprovided; at thebexpehse of 24

mére minﬁtes of studeﬁt'tiﬁe, ﬁwenty five semantic'différeﬁtial iéemévcould

¢

39
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. ,‘ . - 3 ‘ - - .
be addzd, perhaps on a regular basis., Tor example, in certain class

tééts, this zuthor has been interlacing ap item-evaluation quéstion,
after evary test item. The item rééa;x"The above quesfion is 1) VERY
SOUND}.2) FAIRLY SOUND; 3) NOT VERY SOUND; or 4) NOT SOUND AT ALL, to
make me‘think constructively and probe fairly my knowledge of related
maferial.”  A semantic differential might‘effgctively aﬁd;efﬁiﬁiently
sepa:até EQLF fact&rs here. For example the item might read, ”The
above quescién seemed (SOUND 1 2 3 4 5 UNSOUND) it madgﬁme'thinkf

| (NOT CONSTRUCTIVELY 1 2 3 4 5 CONSTRUCTIVELY); it probed my knowledge
of‘(UNRELATED 12345 RELATED) material; it did so, (FAIRLY 1 é 3 4_5:

UNFAIRLY) ."

LINGUISTICS AND SEMANTICS T
False statements and polarizations toward them may be a fact
_4of life; Yet B. F. Skinne;ﬁ(l957) has made $é§egal allegétidns‘against
using falselstatements in his criticism of multiple choice tests;’and S0
perhapé Skinner's operant conditioning theories should be qxtended to
assess verbél beh%vior on tesﬁé éf the typéé in qﬁestion‘ﬁéreiq. |
thhé almOSﬁ reflex speed of a se@éntic difierenpiél might ﬁake}itfa
natural gestrdflhis ye:ballfheofies. Psycholinguists, é;;ﬁénjéthérér,\
disdg?éé;ng with Skipnef (Snidérg 1969) are .avid“détraétoré:of £hé'
Oég@éddmgthpd;v Yét the‘ﬁethcd is”ééﬁératiyé of\Suffiéiéntly/lérge
}”kaﬁbﬁnté-of data, so phéﬁ perhaps réfined computerized processing, tech-
uiques‘invglying statiétical coﬁmun%;atioﬁ éhepry could make’signif%cant }

contributions in the fields of semantics and psycholinguistics:




e

.
o
e
Y, 2

“inconsistent to switch positiye direction between the enumerated items.

~ Interpretation-of fine effects for UNIVERSE vasinbt a purpose .of the

items with respect to UNIVERSE in Appendices C and D.

CONTROVERSIAL "ATTITUDES
Several,factorS'that were aligned'éndfor reversed in the

‘v

most consistent manmer may seem to be controversial in one sense or

‘another, Several of' such ipemé concern the first concept UNIVERSE. Items

o

four-and six concern novelty and stability respéc;ively, dimensions

 inthpfeEed as orthogonally, independent of evaiuatioq by Osgood (1957)§‘

"NeitHer directioh is by ‘itself indisputable as the "good" or "favor-

R ™ -

able" one. It mé&}well be that the universe would be incorféctly

. - B . ) R : T
interpreted as stable, and not mysterious. Nevertheless, "stability"

.

( 6; 25) and "mystery" (9, 66) have both heen aligned by considefing

/

- that SCIENCE'Should be stable and not mysterioﬁs.q;&t would have appearad

T
. ¥

e

teét;“a warm4up page of some related item has been suggested by Geis

- . o

(1969:.59} who found low correlations on first trials. Nevertheless,

1

this author's aforementioned bias against a "mysterious," changing"

o .

science may be w_, reason |

for theuunfavorable listings of these

v
. e

AY
Other controversies may also arise,_as for'example, item three

ﬁhﬁppedicﬁability.- It,woul& seem that PrEdiCtabiiity‘as a major

- goal of sciencé, should be iisped as favorable. Yet ivaNfVﬁRSE is

‘“evalugted, perhaps one who’sees‘the'present.unpredictabilities would

‘

become the less éomplaceqt, and more motivat®&d-scientist.
) 0 v a1
\ 41
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Iten seventy-six showed at ‘least somefagreement that "Anythin
y ‘ y g

we need to know can be found out through sc1ence " (Appendlwes C

and D.) bc1entlsts in general haVe not wanted nor sought such ‘a

o s
declaration of faith. Yet in this age of misplaced faith in various

andvsundryvCults_and psuedojsciences,,perhaps it shohldn't~Be»dbnigrated

v

that a“modicum of .trust.exists for the institutions of science.
Nevertheless the author has followed the lead of the 1tem develo ers

(Moore and Sutman, 1970) in numberlng this atrltude unfavorable.

.

A somewhat related situation appears in the results for item
e1ghty—f1Ve ¢ Appendlces C and D. 3: "An important purpose of

\ ”

science”is to’help man to live longer."

Agaln the long look down F‘f N
" from the 1vory tower of 501ence apparently has demanded purlty ln A
'1ts'or1esthood prlests must pray not heal, apparently But the :‘
growing numbers of health—related ‘majors may not see it that way So,
£ ’f.: agaln we follow the‘Vleader," here the'"literature'_of.Moore and.
‘Sutman (1970), and labil this attiltude\'"undesirab.le.'v

. : B LT . ! i
‘The same item, eighty-five, could be read'to emphasize

 several different Qords, and perhdps be interpreted differently ecach
. time. TIs the purpose important or not? Is it a purpose or not?
Is it a purpose of science, scientists, non-scientists, applied

scientists, or who, if any specific group? And so on, and so forth.

| 42 |
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Even with the simpler structure of the semantic-differential,
- SET

Geisb(l969i 66) found similar problems; but here they lent to a more

§

clearcuf interpretation; Perhaps fhe clear and'Simpie stfuctureEQf
the semaﬁtic'diffefential is Wﬁat allows ;tito'remaihkreliéble aéross
c%ltural'&nd linguiétic‘boundéries./‘Itvm;st be easier tp'tgaﬁslate
thféé or fopr bagiCuwords and compéfévthém in a repeated fofmaé

.(Eg‘ 1. to 5), than to insert connecting pﬁrases with linguigtic

connotations that differ in emphasis, if not -even in disparate. idio-

\

»

matic denotations.

.
|

' R A '
£ That' SCIENCE, ME TN SCIENCE, DOING LAB EXPERIMENTS are ranked

. below neutral on the "easy" di%ension could be indicative of several

factors at work. These might involve the body of scientific knowledge,

which has been almost doubling every decade; hisfqry and litérature

v

increase at much slower paces. The courses might:involve the presenta-

‘-Eion.of more scienée than the undef@répared studéht is capabie oflassi~
miiabiﬁg éonsidering course limitatiodé,;etc. For exampfé}'studenf
dbsencés-in a légicélly progressing course knock out fﬁnaameﬁtal> :
blocké of-kqoﬁlgdge on whi;h succeeding lectures are buiit; btheri
‘courses than science probably havevlessldifficulty aécomodating for
tﬁiS'pfOEiem} A student having difficultigs for one réasén or another

i .

is thereby prone to assess SCIENCE, ME IN SCIENCE, and DOING LAB
EXPERIMENTS below neutral values on the "hard;éasyf'scaleffactors;

) A o .t » R : AR "’)r'\,“ . . L
This could be the case, due to occurences of such circumstdnces above,

as are not under control of science educators.

43
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ERI

he

i

‘of "safe,

would seem to be more closely r%lated to student
. . { 7
The latter higher-evaluated tegés, such as
. ’ . . ' /
A student could see and admif the utility of /
) /

committing himself much leds than if he had to admit it would be

v I £ .
unsafe to have him in scdence, for exa

,L‘l

could be, or perhaps are, asked of students entering any physics courses.

' | / -

\ 1o ned |

‘ : j

R - i - . : i

Perhags-a students' self~concept is less threatened should ‘ !

. ! l . . ) “ / . . ‘

rank these concepts successiJely higher on scales on/dimensions ~ !
! . : : ;

"fun," ”interesting,”[and_"useful." The
v y . |

"
v £ e
s/self~concepts.

i

/

7/ . v‘l
"useful," 'seem less related.

F

/ . - R
science, etc., while

mﬁle.

IMPORTANT QUESTIONS - o

'
H
[
I

The results of this quﬂyvmight bbint to several questions that

. . . ‘ : f

The quesfions that most separate the various student groups are, in order:
fun to

[

Would it be useful for you to be in science? Is being in science

you? 1Is being in science interesting to you? Do you feel it"is safe to.

be doing laboratory experiments? -Is science itself interesting to you?

Do you'feel that science is mathematical? Do you feel the universe is-

7

‘knowable? The conclqsibns'of this study indicate that general education
eeing with these questions,

students‘are apparently less confident of agr

than'ére the pre-technical and pre-professional majors. ‘
Can

—

, Conversely, science educators may want to ask themselves:
I give my students better feelings that science and-the universe are less
mysterious, less dangerous, 1ess'thanging,'and less difficult; and thét
- i \.J

they are more knowable, more understandable, and more comforting?

M

o ¢ T
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, STUDENT ATTITUDES IN PHYSICS COURSES
 CONCEPT: DOING LAB EXPERIMENTS
" FACTOR; - x ~ COURSE GROUP N
s Sc&le:/l-to 7 General Ed.* PSNS¥ - HPP** - Timing -
.(Neutral ettitude = 4) - (no lab)  (with lab) (teachers) b = before
U . - n = 356 n = 301 n=720b a = after
' : n=684a ~ -~
SR = 1y pro= 44 4,31 . 424 | a
(USEFUL*  ( VALUABLE®* ) - 6266 b
CF* £ 1; p* = .81 L 5.89°. . 5.87 5,888 a s
INTERESTING . | - . 5.927 » w
CF* =1.21 p* = 27 3.60 5.66  :.511 & :
SAFE » . o £ o £.059- b
CF* =6,07 pv o= 01 . 3,95 3.80  4.352 a
EASY o ' o . 3.011 b
F* < 1; p* = .78 | 4.38 , 4,41 : 3,203 a-’
Seu . S - L0649 . .036

‘*LNWEldh}51972, Multicollége fbrmative evaluation of Physical Science
— for Non-Scientists Text and Course. . \ ' :

Fok fdeis, 1§69,-n4Harvard Project Physics " Teachers formative evaluations,‘ﬂ
- 4/ .»'. . . . R . L s

/_/

s . ‘ . a
A : : : .
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STUDENT ATTITUDES IN PHYSICS COURSES S
 CONCEPTS |
FACTOR . ME TEACHING SCIENGCEX  ME AS PHYSICS BECOMING A TIMING .
‘ . o ' S - STUDENT** PHYSICIST**/ ‘4
T Scale: 1-7. .General Ed. PSNS* . n=713b . n = 721 b b= befare,
neu?ral - ‘ n-= 356 n = 301 n = 681 a n = 684 a azafter
att1tude.= 4 . o , . * s *ﬁ
F* : 2.77; . e . ——— -——.. . ‘ e . ‘ b . ':\," ?‘?,2
p* = .09 -.4.25 4,62 eme T aen . a
'USEFUL* (VALUABLE ) . o Lo
STk €1 —— —— 5.549 5.726 b
Lpk o= b4 5,90 5.08 . 4.879 5.269 a
INTFRESTING |
FF o= 1,27 e —— 5.271 5,193 . b
p* = ,26 4.67 © . 4.80  4.597 4,779 w0 a
SEFE— 7 i} N B
F* = 3.74 —— S 4,498 - 4.316 b
) p* = .05 . 3,94 [ 4,10 A 4,396 4,312 ’ - a
 EASY | . |
L Fk= 7078 el e ©2.7%0 1:890 b
“p* = .005 = 2.00 . 3.25 2.307 1952 a
CSeu . .067 - - .068 048 L..048

"”{* Welca, 1972, Multicollege fovmaglve evaluatlon of Physxcal Sclence
for Non-~ Sc:entlstu Text and Course, ~ :

‘** Gels 1969, ' Harvard Project Physics " Teachers Formative evaluafioné

Cba




- APPENDIX B - R 1Y
\ - ATTITUDE INVENTORY

Y

\\%compute? pencil should be used. Pleaée bubble in

your class sequénce and student number on both cards. - |
Turn. them over and bubble test section 1 on the iat, and
2 on the 2nd card. Please_answer the following on that : "

~2nd card. -

.
it

N _ élf Indicate . the total college credlt hours vou've completed:
"; o 1) zero to 11; 2) 12 to 273; 3) CL— 35’ Ll-) 36—-1,‘.7; T
: : ) 48 or more. - } ; s o , .
92. Your ‘ems is: 1) below Ii; 12) 18; 3) 19; l}) 20-25;

5) cver 25.° ; :

93. Your s=ax is vl)-female; ZI»ﬁale.

Q. TYour racs is: 1) Bldc“: 2) Spanish surnamed;
' 3) C=Zsrmial; L) Americzn Indisn; - &) Caucasian or
ato=o—.. : : - : -
G5. Your curment grade poinw average (GPA) is:
1) below2; 2) 2-2.%; 3) 2.51-3; L) 3.01-3.5
) 3051w -
--5\ ~ G6. You have complet how many years - of hiph-school- mash?

ed
1) 1ess than 1; 2) 1l-less than 2; -3} 2, less than 3,
L) 3,‘1ess then L; . 5) Lor more, .
. N ) 3 . . .
-97. ﬂYou have completpd how many ye 5rs of high-school science?
\ Sams answérs as dbova '90. C - L
98.% ¥ou have COﬁnleTed how many courses of science relaﬁed
asuogects in college”* Sume answers as above #9€.
99, Yég are cuvrentlj enroWlPd in how many - other snlence
-related coursas° Same answers. as abnove ﬁha.
\ *

A}
N . *
\. .

In'th;\following questions, we want to find out how you
describe different things. There are no "right'" or ''wrong"
answers, and’ nS\part of ‘this test will in any way hecome nart
of your course or college record or affect your grades.

- Pleasé answsr to the best of your ability how ym feel
-+ about each thing, llsted as' a heading. For example, under a
- heading CHEMISTRY, you might find e pair of words separited

by a scala looklﬂg 1ixe this: “EGSW 12 375 HARD™ C You . .
, , are -to bubble in how you feal tha't word pair describes the.
- . heading CHEMISTRY. I you feel thev CEEMISTRY is very
‘. ) " o y
%
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nonnpctedgw’th‘% \SY, bubble'in #1. -If ycu feel
cEMISTRY is only s mpwnat connected w1Lh EASY bubble in
£ Foun reel that CHEMTSTRY iz equally ccnnected with
and. HARD, or not connectad with al+hpr bubble in
T you feel that  chemi! *"y i= somewhat or very cl osely
connected with HARD, vyou would o 1bble £l op 35 similarly.

Ve are interested in your firgt impressions, .=a work rarnidly
and do not zo back and - lang= py‘wgrks. Ba surs to chaclk
every scale, bubbling it cnly oxcs. :

TNIVEESE.
UM IVaESS

1. BeAUTIFUL

I 12 3 LS UGLY \
2. BRIGHT "1 2 3 L 5 DRAB \\'\
3.. UNPREDICTABLE 1 2 3 i» 5 PREDICTABLG R
L. N7 _ 12 3%5L50ID -
5. . DA’CWROUS 12 348 SAFEil
6. STABLE 12 3 &5 CHANGING
7. DRAD 12 3. 5 ALIVE
8. CHEERFUL = 12 3 L 5 SAD
9. . MYSTERIOUS - 1 2 3 L 5 COMMON ”
10.  PRIFNDLY 12 3 I, § UNFRIENDLY
11. - EiMAN 1 2 3 1, 5 MECHANICAL
12.  JOYFUL 1230 ¥ GLOOMY
:lB._JQH‘%ﬁLE ‘ ila“gjig)gygv m ’E
1. GRAY . 123 0L 5 COLORFUL . _
15, THHBATENING 1 2 3 1 § COMFORTING ]
i | SCIENCE o
16.° TMPORTANT | 1 2 3 L ¥ UNIMPORTANT :
17. -BORING. /12 3k o FON
18. OPEN 12374 % CLOSTD
1G. INTERESTING 12 3 L 5 DULL
20, UNQIOWABLE 1 2 % i § KHOWABLE
21. VALUABLE 1 2 3 L 5 WORTHLESS
22. C*bovv 1 2-3 4 5 JOYFUL ¢
3. UNDFRTANDABLE 1 2 3 L & CONFUSING
2l, -TIRESOME 1°2 3 L EXCITING
26 - CHANGING 1 2 31 § STARLE
26.  HAPPY 12 3L ¢ osAD ‘ > -
27 PRODUCTIVE 1 23 Iy ¢ THPRODTCTIVE
25- ‘ 'C"xGLm\TO 12 3 g R STIMULATING
29. TISEFUL 1 2 34 ¢ USELESS .
©30. CLEAR C; B! 2 3 5 EAZY 5;’ .



o DONE LBRSNRLSEDET SR

31, THPORTANT 123u5um DOREART L, HERTANT 1231y 5-WREs! Awf"

3. GLOORY SR s oW G . 12305000

CBME . 127h%mmes B ST 1234 5 DAGIEGES

3 ‘INTERPSiI\GM SRLSDUL L9 WATMBE 1230 S WOREEESS

o 35’.‘trsuL1:ss 1230 SUSENL 6 P 1230 5RO

% BDMEIL 123G SWORMEES 5L MESE 12305 B

COTUMRNG 1e3LSEN . S WESEIE 123 v i SR

38, TRESHE 123LSEmOIIG 53 SEZB 123l 5 DIFFICUL -

39, TREATEILIG 12 3 ) 5 CONRCRTIRG S PRCZITIVE 1931| S UNRODUCTIVE -

o SDEIE 123G SDITIONE U NCEET 123458

CLOWER O 123h%sD % KCOTORUS 123 4 S SHMULATEG

L2, MONODONOUS 123l SIDWIATING 7. EERTLESS 23u5wmmm

3. TRRORTLESS 123§ DBUDING SR RST 12305 SEM

Ul ms d23lssmmE., 0 somm 12 w e

Ccls WD 123LSESY 60, INNERESTING 1235 DLL
61, W00 HISTORIGAL 123 L § EKIRBHELY KISKRIONL S

I i PWLLOSOPHIBAL 123§ BXIRINELY BATLOSOPEICAL

b W WATUEEATICAL 12 31, § DXTREMRLY HATREATICAL

B oD EXPERDENTAL 1 2 3 1 5 EXIRRELY DYPRRIVENCAL

65, W07 DANGEROUS - 12 3 L, § EXTREHELY DAVGEROUS

eh, Wr — ) 1 3§ DREELY WYSHRIOUS R

57-: 0D USERUL. 1230 S mmRELT UL

e s ledbsmmesnsew o - D

oz
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| 69. NOTL.FUN -~ - 12345 EXTR“MELX
. 70. NOT AUTHORITATIVE 1 2 3 L5 EXTREMELY AUTHORITATIVE

© 71. YNOT DIFFICULYT_—- 1 2 3 li 5 EXTREMELY DIFFICULT

72. NOT MORAL " 12 3 L 5 EXTREMELY. MORAL

. 73. NOT BENEFICIAL 1 2 3 4 5 EXTREMELY BENEFICIAL

' 7. NOT TMPORTANT- - 12 3L 5 EXTREMELY IMPORTANT

~ 75. ©NOT INTERESTING 1.2 3 u S EXTREMELY INTERESTING .

- On the following Questions pléase enswer on.the scale: - BN

STRONGLY © STROMGLY
AGREE 123UL5 DISAURUE‘

i

76. Anything we need to know can be found ou+ tnrouvh science. .
77. Scientific explanatlons csn be made only by sc1entlsts;
T : g ’
. 78. Most prople are not able to understand the work of sciencs.

79. Scientis ts caﬁnof qlways find the answers to their questiona.

’80;‘ Scientlfig Jo,k would be too hard for ms..

SiQ"SOﬂa qﬁ;stﬁoné'cannoﬁAbe'answered bylgcienCE.

”Y_'.82; Wﬂpld pﬁogress in science recuifas(public quvgort. 
83;‘ The valée in séience li=s 7D:1t théov cal prcducts.'

8l Ideas aré,onefof'the-more important products . of science.

. 86. 801ent1l1c laws cannot be changed.
87. 801ea¢e 1s.devoued to desc 'bing how Lhﬂnos happaﬂ.
88. Scientists should not crit icize each OUhr”‘“ work.

89. I would like to work in a sc¢ientific fleiaa

90. Scientific laws bave oeen provan beyond 213 prossible doubt.

1

53

85. An-imnortant purpose of science is to heln men to live longer,. -
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CONCEPT: UNIVERSE -

1.. Beautiful  4.33

45

2. Bright T 4.07 3. Unpredictable (2.535)

4 e
A i vesan
Drab r Predic;able
5, Dangérous A {2.965) 6. Stable

oo
i



SCIENCE -

14. Important 4.51 ~17. Boring : . : 18. Open 4.06

5.t ::i:;::#J 1 B ittt | ——

R B S I — yﬁf:i; -----

3.-210-20-30~ .J-50-60~ . s 3.--10-20>3 —40 50-60~ 3 ——%9; -30-40-50-60-

I S e S 8 e 2 e

1 jr————-——f —————————— : 5 ———~—4¥f:ii————f——f- . l;éL——j————————— ———————
Unimportant - Fun 3.52 . Closed

"19. Interesting 4.105 20. Unknowable . 21. Valuable 4.432

Worthless
722:”'Gloomy o 23, Understandaﬁle 3.28 .»242 Tiresome
S — 5, mmm e L. =G e omom e e

2. \\..\_ ________________ 4. ____:«\.- ___________ ) O
3.~=10= QE\SU“ﬁﬁeﬂo 60- 3.--10-20 9-40-50-60< 3.--10-20=3840-50-60~
b e - h 2 e A } 4.——7———;———. ————————
5. ____cz:—; --------- B [ P zﬁi---___f_

© Joyful 3.43 ;Confuslng_m ) Exciting 3.535
25 "chaﬂging‘(l’965) “26. Happy 3.48 _27. Productive 4,315
) I S — -
2 __"___-_,af: _________
3.-~10-20230-40-50-60-
4 I ettt
A Cn

Stable . . ' Sad _ Unproductive
28. Monotonous’ - ' 29. Useful 4.415 . = _30. Clear - 3.385
]\ e m e
2«‘—j¥::j—“f ————— =
3.}—10f20>§Q—40 50-60Q~-
4";4 ________ _;‘. _________
5 __,__;zf:: ——————————— _j o : b

Stimulating 3.465 Useless : ': Hazy

S




CONCEPT:

DOING LABORATORY EXPERIMENTS

Gloomy

Simmm e S l.-8c———mrm e
4, T T e e e e ‘-—*'\ 2.,~——3z -—-—“———————j———
. 3.3;}9920~30—40—50;60- 3. ==10-20-30=%8=50-60-
"2 .-5 e [/ T e e e e

lgm—m 5.——~34:i ————————————— :

Unimportant Joyful 3.215
34 .Intereéfing 3.945 35

Dull’ : . ‘ .- Useful 3.915

Tiresome

T 47

=~

:——10i392352$0—50560—

N W
|
|
J

Cangerous

Valuable 4.185-

o

5.

4.

3

2. .

IS N S S W
: Difficult B - Sad

43. EPfortless 44, -Risky .

 Demanding (2.305) Secure 3.011

57

Comforting 3.175

42. Monotonous,

S e
' Stimuldting  3.485

45. Hard (2.835)
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~CONGEPT: WE L“ SCLENCE "

46. Tmportant 3.70 47. CGloomy " 48. Ssafe 3.53 .
R S P .
[; . ———.~.—~.—'F‘_‘{ ——————————— 2. Ean ekt it bttt

3.;ijg:ggL3o—40—so—6o—_ 3.——10- 26‘3q;90 ~50-60~

Unimportant -Joyful 3.405

49. Interesting 3.915  50. valuable 3.915 51. Fun 3.78

2 e e
1. ~5;;./:i__’____.__~__;.._____ .
Worthless _ ~ Boring
5%. Tiresome 53, Threatening 54.  Simple i
1 R e e e e e 1, R - 5.~& .;_'___;. ———————————
N > ~_\%;_____________s_ p T
3.--10- 20-30940- 50 60~ 3.~-10-20-30=41>50-60~ 3 -~10-20 \B:ﬁ@ 50~ 60«
b Ll e bl AR
S D ;_-—-=7<<-f ____________ N RS -~
Exciting 3.405 . Comforting, 3.315 leflcult (2.955)
' 55.  Productive 3.78  56. Happy 3.53 57.
S 5. 1.
A —— A 4. 2.
3.-~10~28<30-40~50-60- 3. 3.
B 2. b
L S 1. 5. e
Unprodiictive Stimulating .3.495
58.. Effortless 59. Risky . 60. Hard (2.865)

1.~ -————'.— _____________ R e s

2. -X-wz;—_ —————————————— 2 *‘——Bﬁ;; ————————

=10 \b?ﬂ9~4o 50-60- 3.~=10-20- iﬁjﬁﬁiﬁ@—éO— 3.fh10—22;§/, 0-50--60-

———————— 4 ~——-——.———,- ————r e — — 4,———-“—— e T T e

= SISO SIETIIII
Demanding - (2:4453) Secure 3.30 ' _ . " Easy-

o8
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CONCEPT:  SCLENCE

6l. Mot Historical 62. Not Philosophical_; 63. Not Mathematical
R e
B .
31--10020738-40-50-60-
et
B it )
Extr. Philosophical
- 3.345
64. th Expazrimental | 65, Noé Dangerous

Extr. Mysterious
(2.273)

69. Not Fun

Extr. Useful Extr. Social Extr. Fun
4.275 ‘ 3.28 N 3.375

70. Not  Authoritative 72." Not Moral

I
2 B e e
3.--10-20-30=%0-50-60~
4.*-*.——*——/——6/— ————————
S T e -
Extr. Authoritative- = ' Extr. leflcult : Extr. Moral
3.54 : . (2.565) . _ ' 3.23
73;' Not Beneficial 74, ‘Not - Important 75. Not Interesting
R e L P l. 3 e L,
2, o e 2.3§i ————————————————— 2 R _
3.-~-10220- 30—40 50-60-" 3. @;gp 30-40-50-~ 60— 3.--10~20-30-40-50-60~
L T oY - < N & mmmmme T S
5 ——___--,-,—?;;—"\:{9-——“ 5_......-___‘__4_::}_._\;9_._. 5 ——mm g e e e
Extr. Beneficial-- Extr. Important Extr. Interesting

S 4.23 - , "4.365 ~ 3.98

59




76.

» 1.

Anything wa need to

* know can be found

" through science.
(2.80)

o ———— e o

40~50-607%

Scientists cannot

always find answers, .

to their questions.
3.875

77. Scientific expla-
nations can be nade
only by scientists.
3.40

80. :Scientific,work
would be too hard
for me.

50

78. Most people cannot
understand the work
of science. '
-(3.000)

I
3.--l0- 20-30240-50-60%

~81. Some questions cannot

be answered by science.

©3.93

Tdeas are one of the

1.

2.
3.

not criticize each
other's work.
3.52

d__J»______-_~_____,

——10>3ﬁ\i0 ~40-50-60%

e T :

work in a scienti-

" fic field.
. 3.275

82. Rapid progress in 83. The value in sci- 84;
‘science requires ) ence lies in its , more important pro-
‘ ‘public support... theoretical products. ducts .of science.
o 3.93 3.225 : - 3.92 '
S e e D R iy B I T
Th e j} ________ b e S e e B
3. ——1/720 30 40 50-60% 3.--10-20-30=48550-607% 3.--10=28<30-40-50~60%
2 e e 2 e P T e 2.:;"4——-—* ———————————
B et I et T Lo
85. " An important pur- 86. Scientific laws 8§7. Science is devoted
pose of science is to cannot Be changed. " to describing how
help man live longer. 3.615 things happen.
{2.675) . 3.415
T U e e e I T = e ———————
S S N T T
3.--10-20-29-40~50-607% 3.—~1d§2@—30—40—50—60% 3.—%10-//,3 40 50 60/
leo e e o e L B 2.—;2£=————7 ——————————
5 e e Simemmm B lomF e e
88. Scientists should = 89. T would like to 90. Scientific laws

have been proven 'be-
“yond possible doubt
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APPENDIX D A

. , | 51,
GROUP AVERAGES ON FACTORS EVALUATING SCIENCE CONCEPTS
. | CONGEPT: UNIVERSE
" Item Factor and Mean (u). :  Course Groun ' Timing
No. . Low =1 to High = 5 General Ed. Pre-Tech. Pre-Proi b = before
: (Neutral = 3) n = 121 n = 20 o = 111 a = after
1. Ugly - Beaautiful 3.331 | 3.250 3.395 b
u = 4,33 | . 3.322 3.250 3,281 a
2. Drab - Bright 3.149 5.100 3.886 b
' u o= 4.07 } ,3.085 . 3.150 .  3.1l4 a
3, Unpredictaﬁle-PredictéBIé'2:529*W”””“"3f506 —oT4LO% Y
. u = 2.535% | 2.496% 3.250 | 2.465% a
4. New - Old .. 3.628 3.700 . 3.825 b
n o= 3,71 L 3.562 4,000 3,807 a
5.. Safe - Dangerous 2.893% 2.950% 3,026 - b
e Cu = 2,965% 3.033 . 3.000 . 2.886 a
6. Chauging - Stable - 2.025%  1.947% 1.877* b
S m= 2.6 2.207% . * 1.800%  1,974* a
7. Dead - Alive | | s.058 4.300 4,140 b
Coou = 4,045 4.058 5.850 4.070 a
8. Sad - Cheewful . 3.463%  °.3.850 3,509 b
- u=5.51 | 5.558  3.500  3.482  a
0. Mysterious‘; Common 1.793% 2.050%* "~ 2.000% b
u = 1,99% | 2.017% 2,050 2.149% a
— Yo, Untriendly - Frlendly 3,275 3,550 3,439 b
u = 3,34 3,322 3,250 - 3,272 a .
11. Mechanical - Human 3.190 3,150 . 3,158 b
: u = 3.10 . 2.975% 2.842% . 3_149 a.
12, Gloomy - beful \ ' 3.455 3;650 , 3.509‘ . b
. u = 3,505 . 3,521 3.450 . 3,518 1\ a
. . o ‘ . . . . .7 o . i ,,/
.13, Unknowaole - Knowabla 2.983 3.950 3.123 7 b
14, Gray - Golorful . 3.992 4,600 - 3.868 b -
o u = 3,915 , 3.785 ‘ 3.700 3.930. a
15. Théeatpnlnd - Comfortxﬁv' 2.992*5,'. 3,100 2,056 b
n = 3,005 . - 2.958% 3,250  3.053 a

x Starrad valupq are below neutral and +tus are denmed unravorable.
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APPENDIX D (cont.) : © 52
 CONGCEPT: SCIENCE

Item Factor énd(Mean (u) . Course Gf&up . - Timing
No. Low = 1 to High =5 General Ed,  Pre-Tech. Pre-Prof. b = befor
(Neutral = 3) - n = 121 n = 20 n = 111 a © after
' 16. Unimportant -Important = 4.545 4.550 f, 667 b
u o= 4,51 4,314 4,400 - 4. 482 a
17. Boring.- Fua 3.322 3,690 3.746 b
uw = 3,52 . '  3.256. © ° 3.650 3,711 a
ig, Olosed ~ Open 4.066. 4,350 4.298 b
S 5893 4100 3,877 o 2
9., Dull - Interesting 3.863 4,450  4.447 . b
- = 4,105 . 5.818 4.150 4,219 - a
22, Unknowable - Knowable 3.264 3,650 3,667 b
= 3,47 3.322 3,750 . 3,553 a
21, Worrhless - Valuable  &.421 " 4,650 . 4.623 b
= 4,45 4,273 - 4,650 4.360 a’
*“zét*ctaamy'; chful R 5,450 -~ 3,695 . b
T u = 3,43 ' 3.208 3.250 . 3.658 -a
.23, ConxuSLHg—Uﬂdorsbandaole 2.959% . 3.500  3.849 " b-
= 3,28 : 3.066  3.450° 3.430 a
24, "miresowe- Exciting 3,275 0 3.700 3.842 b
- = 3,535 o 3.339 3,550 3,649 a
25. Changing - Stable . 2,033% 1.800% ~ ° 1.868% b
| o = 1.965% ~ 2.058%  2.000% 1.904% ‘a
26, Sad - Happy . 3.331 5.600 3.596° b
uw = 3,48 .- 3.358 3,450 3,623 a
27. Uﬂproductlve - Productive 4.215 4.650 4.605 b
. u = 4315 _ 45058 4.500 4.307 - a
28. - Monotonous-SthulauLng 3.446 3,650 C 3,711 b
' u = 3.465 | 3.339 - 3,500 °  3.526 ‘a
29. Useleaa - Useful 4,339 4,500 - 4.693 b
. u.= 4,415  4.190 4,400 : 4,395 a
30.. Hazy ~ Clear | 3,225 3,450 3,506 b
' a.

3,385 5,225 - 3.650 3.439

‘_,* Starred values are below neutral and thus are dzemed. unfavorablé;

(32




'APPEVDIX D ( cont. ) o -53
couchT DOING LABORATORY LKPVRIMEVTS

Ttem TFacror and Mean (u) T Course Group | Timing
No. Low = 1 to High = 5 Ganeral Ed, Prs-Tech. DPre-Prof, b = before
(Weutral = 3) "mn =12,  n = 20 n =111 a = after
- 31. Unimportant - Important 4,325 4,350 4,465 b
o u = 4,300 , 4.380 . 4.250 4.026 a
32. Gloomy - Joyful 3.140 - . 3.300 ~ 3.95 b
u = 3,215 3.116 - 3.350 3,204 a
'33. Dangerous ~ Safe ‘ 3.250  .3.300 3,602 b
u = 3,36 I 3,099 . 3,600 __3.558 a
" 34, Dull - Interesting . 5.886 4,050 4132 b
u = 3.945 o 3.967 . 4.100 3.746 a
35.) Uselessg ~ Useful . 3,917 4,200 - 3.912 ‘b
u = 3,615 . 3,926 4,000  3.842 a
36. Worthless ~ Valuable 4.248 4,400 L b
: u = 4,185 | 4,264 4,400 ‘ a
_57. Boring - Fun . 3.430.. 3,700 3,925 . b
TTow= 335 T T U TEUs54 T T 50650 ' a .
38, Tiresome - LXCltlnG _ 3.397",_4:‘3.500 b
= u = 3,385 - 3,479 U 3.350° ‘a
39. Threatenlng - ComIortlnd,‘B.OOBf 3,200 - b
u = 3,175 3.250 T 73,250 a
40. Difficu £ - Slmple 2.884% - 3,100 b
w = 3,005 . . 2.669% . - 33300 | - a
', 41. Sad - Happy ' 3 356 . 3,400 . . 3.289 b
. u = 3,305 o .275 . . 3,300 .  3.254 a
42, Monotopous ~fSt1mulat1ng 3.430 '-3;4Q0v 3,491 b
© u = 3,485 o 3.529 3,400 3.368 a
\“‘QS;iDemandLng - Effortless “v2;438* 2,200% - 2,202% | 54
Cou o= 2.305% © o 2.358% - 2,400% | 2.447% a
44. Risky - Secure . i 2.860* . . 3,050  3.395 b -
: uw = 3,011 . 2.843% 3.500 3,386, .- - a .
. 45, Hard - cCasy ' °  2,769% . 3.000 ©'2.825% B
©u = 2.835% 2.686% 3,300 . 2,851% - a

 * Staired values are below neutral and thus ave deemed unfavorable.
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APPENDIX D ( comt. ) - %4
CONCEPT: ME IN SCIENCE - |

item Factor and Meam (u) '~ '~ Coursa Group Timin

_ . iming !
No.  Low = 1 t0 High = 5 Geuneral Ed. Pre-Tech. Pre-Prof. b = before
o (Neutral = 3) n = 121 n = 20 n =111 . .a = after
46. Unimportaut - Important 3.355 3.850. 4,167 b
u = 3.700 | 3,182 3.750 3.754 a
47. Gloomy -~ Joyful " 3,107 3.750 . 3.754 b
u = 3.405 3,116 3.500 3.661 a
b~- =
’ a
s u = 3.915 . 3,500  3.700 ballh. a
50. Worthless - Valuable ~ 3.669 = 4.263: 4.325 b
u =395 . . * 3,567 4.190 4.070 a.
 51. Boriag - Fum = - . 3.620 3.650 4.096 b
u = 3.780 Co 3.421 3.650 3.886 a
52, Tlresome - Exciting 3.215 3.400 © 3.728 b .
o u = 3,405 | 3,017  3.500 3.693 a
53, Thraatanand - Comforting . 3.207  3.350 . 3.439" b
0 wi= 3.315 ¢ . 5.175 5.500. 3.407 " a
54, Diffi fodlt - Simpla 2.950% 3.000 2.982% b
u = 2,955% - 2,835% 3.105 3.000 a.
55. Unproductive - - Productive 3,636 T 4.200 4.158 b
u = 3.780 3,438 3.842 3.860 a
- 56. Sad - Happy 3,413 3,700 3.798 b
3 su = 3,550 3.231 . 3.500 3.675 a
57. Monotonoue - 5t~mu1af1na 3.388 3.550 3.719 b
u= 3,495 | 3.207 3.450 3.702 a -
53. Demandldg - Effortless 2.583% 2.350% 2.283% b
L u = 2,445% 2.5620% 2.350% 2.272% a
59.' Risky -~ Secure - 3,217 3,350 3.491 b .
u = 3,300 . 3.107 3.600 3.395 A
60. Hard - Lasy =  2.851% 3.1.00 2.825% b
| | | 2,777 2.950% 2.877% a

u = 2,855%

* Sta red values are. bolow neutra1 and thus are deemed unfavorable.
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- - APPENDIX D ( coumt. ) 55
| CONCEPT: SCIENCE
Ttem Factor and Mean (u) Coursa Group : Timing
Ne Low = 1 to High = 5 Ganeral Ed. DPre-Tach.’ Pre-Prof. b = bafore
(Neutral = 3) n =121 ° n =20 n =111 a = after
’Not ~ to - ;:Y‘*‘rameTy’ | : _ " ‘
6l. EHistorical 3.925 3.584 3.728 b
u = 3.78 | 5.681 . . 3.300 3.869 a
'62. Philosophical . 3.400 3.053 - 3.253 b
u = 3,345 . 3,231, . 3.300 3.500 a
65. Mathematical 4,100 4,526 &, 430 b
m———— _.»—;»-uﬂ=r4¢%05~f~f:ﬁ:ﬁ%—:x:xxz—.:r4—;:23;5«%w{r,ﬁop»;ﬂ-~.—~~—~--»s—-~gﬁ:~5f1»3:::%::-r ey
- 64. Experimental 4.258 6,474 6,404 b
. uw = 4,295 S . 64182 4.350 . 4.368 a
65. Dangerous¥* | - 3,.125% 3. 263* 3.132% b,
. u.= 3.100% N 3.066% 2,800 " 3.140% a
.66. Mysterious . 3,592% 5,780  3,903% b
u o= 3,725% 3.692% 3. 600% 3.7435% a
-67. Useful ‘ 4,252 4,789 4. 404 b’
w = 4,275 - 4,091 4,450 4.316 a
68. Social . 3158 3,684 3,316 b
. w=3.280 0 | 3,133 . 3,400 3.421 a
69. Fun . 3,317 31211 31447 b
| u = 3.375 | 3,223 3.250  3.553 a.
70. Authoritative - - 3.471 3.789 3.500 b
3 u = 3,540 . 3.504 3.700 3.684 a
71. Difficult * 3, 288% 3.632%  3,474% b
u = 3.435% 3.471% 3,350% 3.535% a
- 72. Moral | 3225 3.474 3.333 b
- u = 3.230 | . 3,150 3,200 | 3,274 a
T 73. Beteficial " 4,158 4,158 4,430 b
- YU o= 4,23 “\\ 40125 . 4,000 - 4,351 a
. 74. Important 4.358 - 4,474 4,531 b
©u = 4,365 N 4,150 4.500 4.395, a
75. 'intaraSting SN 5.822 4,000 - 4.219 b
.

w=3.98 3,769 4,150 4.254

¥ On thase alone, higher ‘values are less favorable. For lack of
~ exact antonyms; these have not been reversed S .
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AVPENDIX D (cont.) ~ -

GRCGUP? PROFIIES ON SRIECTED ,.LrﬁfS FoOM THE SCIENCE ATTITUDE INVENTORY

ITZMS DETMED FAVORSBLZ (POSITIVE)

(Means ars re-aZigned fo” high = agresment)
: Course Group Timing
Overall Total  G2neral Ed, Pre~Tzch. Pre-Prof. b = before
n = 252 n = 121 n = 20 n = 111 a = after

-

79. Scilentlsts cannot always find the answers to their questions.

}

R —— {}95\—&:, fﬁif-g,:fzv 3 —§F Gy
e =3.875 3.883 / A.900 3.746 a

81l. Some questions cannot be answered by science.
- K - . . . & .

- 3.983 . 3.895 3.851 b
%, | u = 3,93 - 3.917 3.900 4.009 a

82. Rapid progress in sclence requires public. support.

P

. 3,788 3,895 4.979 b
u = 3,93 3,942 3.850. - 3.965 ©a
83, The value in science lies in its theoratical products.
3.316 3.158 3.342 b-
: u = 3,225 3,202 2,.900% 3.132 a
84. 1Id2as are one of tha wore Important products of sciauce.
. 3,864 4,263 4,140 b
v = 3,92 3,748 3.850 3.886 a
87. Scilence 1s devoted to, describing how things happen. ‘ K
3,342 S 3.532 1 3.342 b
u = 3.415 3,420 3,800 . 3,535 a |
~. 89. 1 would liks to work in a scientific field. . é
. | o $2,829*%. 3,579 '3.982 b

w= 3.275 2,546% - 3,150, - 3.770 2

‘¥ Starred values are below heutral and thus ars dez2med unfavorable.
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( cont. ) : ‘ 57
GRQUP ?R ?EIAS ON SELECTED ITEMS FROM THS SCIENCE ATTITUDEVINVENTORY
TTSMS DESMED UNFAVORABLE ( NEGATIVEZ )

( Means are re~aligned-fo“ h*dq = disagraement,)

Course Group - Tining
OV°rall 10:31 generTal Ed. Pra~Tech.- ‘pre-Proft. b =
a:

n = °3° n = f“l n = 20 a = 111

76. anvthgng we need to know cap be found ot through ac~ence,

: 2.788% 2.737* 2.792% b
u = 2.80% . 2.858% 2.750% 2.868* a
77. Sciantifie explanations can be wmade only by sc i ntists.
o 3.581 . s.a62  3.272 b-
u = 3.40 ‘ 558 5.250 ‘3.535 a
78. Most people caunnot und»rstand tne work of scxance. |
(2.949) (2. 789) 3,123 - . - D
u = 3.00 (2.950) 3,050 . (2.965) ‘a
80. Scientific work wopld,be‘fdﬁﬁunﬁﬁfor me-. | “
- 3,127 3,253 5.669 b
g = 3.3L ' N 2,883% 'J.kOO 3.658 . a.

85. An important purpose of science is-to help man to live longer.

o7s3% 2,158 2.561% o b

u = 2.675% L D,T748% 2,500% 4.702* 7 a
-86. Scwent'fi 1aws- cannot be changed.

. ’3-754‘, ' 3'.579 3.’31.4. . ‘b
u = 3. 615 ‘ 3.462 7 3. 500 - _3.681 . a

. 88. Sciantists should not eriticize each other' s work.

66 . 3.526 3. 451 . b
07 3.579 3,652 o2

bﬂ$
O\b

3.52

w
tH

rf
rl
[z}
fid
]

~90. Scien laws have been proven beyong possible doudt.

5355 . 3.211 5.5
6

. 3,527
u = 3.508 . 3.542 . 3.600 3 46 a

Q i b R UL T | SRS
ERJ(fJ§F§??%d/valuas are below neutral, and thus ava deemed unfavorable..

'y
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APPENDIX E
' BASIC COMPUTER PROGRAM
FTOR GOMBINING REIATED FAGTORS |
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LIsT : : - \
 STOCKR 10:47 AM - 19-Mar<76 o
2100 MWRITTEN BY DANIZL BRUSCO:MARCH 2, 1975
200 “ON ERROR UOTO 6900 4
300 DLM A%(80) , (160) B A$(160) , B3{80) , D%(8) .| E%{160)
400 GH=0 : . o
500 OPEN "CR;V FOR INPUT AS PIIE 1% ) : :
600 TINPUT "CARD 'A' OR CARD 'B''";D$ ’ , —
700 IF D$=*A' THEN GGTO 800 : o :
800 PRINT:PRINT:PRINT . ' o . ‘
900 PRINT' IDEN.. .8 G® P-P F1L U2 1I2 82 E3 M3 TL T3 T4
T5 U5 I6 S6 E7 L7 T7 SF KW HS PH M EX SC DF BN IM IN"
 LOOOPRINT e s e e e e e 2 e S R R S S SRR T R R e e -
1100 !rEFkFAA,BEGIN CARD "A' SUBRCQUTINE *idskddiok : '
1200 READ A%(I%) FOR 1%=1% TO 0% .

1300 W%=20%

1400 GOSUB 3600!GO.TO EXTRAGTION SUBROUTINE
1500 F5=(~5)+5%((6%-D%(6%))+D%(8%)+D%(7%) )
1600 U6=(~ 5)+5*((0m~D%(9%))+(6%-D%(10%))+D%(1l )
1700 16=(- 5)+5*((6%—D%(12%))+D%(13%)+D%(14%)) -
1800 S6=(~5)+5%((6%-D%(15%) )~D%(16%)+D%(17%))
1900 E7=(~5)+5%(( 6%-D%(L8%))+{ 6%~D%(L9%) )+D%(20%)) . ‘
2000 L7=37%=(D%( 9%)+D%(15% )PD%(lz%)+D%(LO%)*D%(G%)+D 5(18%) +D%(L9%) )+
© o D%B(8% Y% L1% ) +D%{ 7% ) +D%( L4% ) +D7( 16% ) +D%(13% ) +D%(L7%) +D%(20%)
2100 P¥¥xk¥ik*BEGIN CARD "BY SUBROUTIWE *¥*¥ikikik
2200 READ B%(I%) FOR 1%=1% TO 30%
2500 W%=30%
2400 GOSUB 4200!GO TO EYTRACTIOW SUBROUTINE .
2600 E3=(«~5)+5%( (6%-E%(24%).)+( 6%~E%(23 m)) %(25%)) .
©72700 FL=(~5)+5%(D%(1%)+(6%-E%(16%) ) +( —E%(l?%)))
. 2800 U2=5%((6%-DH(2%) ) +( 6%-D%( 5% ) ) +( 6%-E%( 13%) ) )=5% - L
- 285073= (4?5;;§§g+2 (E(9%)+ES( L0%) +E% (1r%)+E (L2% )*n%(la%)+5%(°9%)+‘ ‘
. r/a (]
2800’1‘4—(4‘(34\-;%*(13%(1 )+‘4‘%(2 )%%(3%)“’%(4%)4%3%'.v%)+E%(6%)+E%(7%)+ ~
‘ E%( 3% : - :
12900 12=(-5)+5%( (6%~D%( 3% 4) ) 4E%( L% ) +E%( 20%) ) .
3000 S27(~3)+5%((6%-D%(4%)I+HE%(21%)+EH(22%)) . ,
3100 M3=49%+E%( 1L9% ) +E%H(21% ) +HEH( 20% ) +E%(22% ) +E% 1( 25%) +D% 5(L%)-(E%
. (23% )4ED(L8%) +EB( L7% ) E%( 24% ) +DP( 2% ) +D%( 4% ) +D%( 3% )+D%( 5%) +
' CES(16%)) ‘ . '
3170 T5=({M3+L7+¥T3+T4~20)*2
3130 TL=T3+T4&

- 3200 T7=(TL+2%(L7+M3))

3300 S=E%{28%)" —
3400 GOSUB 6200!GO TO PRINT-OUT SUBROUTINE
3500 GOTO 1100

3600 !***k¥x**BEGIN FXTRACTION SUBROUTINE * ik
3700 INPUT LINE #1%, AS$

3800 INPUT LINE #1%, BS

3900 “IEV(A¢)



4000
4100

5200

4250
4300

4310

4320
4330

4340

4350
.. 4400
4500

- 4600

4700
4800
4900
5000

5100

. 5200
‘5300
5500
- /5600

5700

wAan0

La0f

OGO

6100
6200

6300 P

6310

6320

6330

© 6400
'+ 6500
6600

6700
6800 .

6850
~6900.
7000

.GOTO 4900 . : - '
C%=AB(TI%) B

o 60
AS=IEFT(AS,R%-2%) ‘
AS=ASYBS -

I$=IEFT(AS,7%)

G$=MID(AS, 24m,4 )

;Pl¢—WID(A$ 11%,1%) : p2%=: WID(A$ 91%, 1%

S95=MID(AS,35%,1%)

K9$=MID(AS, 4:%,1%) CHANGE K98 TO K9%:KIH=6-(K9%( L%)~48%
HO%=MID(AS,121%,1%) :POS=MID(AS, 122%,1%) :MOS=MID{AS, 123%,1%)
E93=MID(A$ ,124%,1%) :R95=MID(AS, 128%,1%) :D9$=MID(A$, 131%,1%)

B9$=MID(AS,133%,1%): I9$*MID(A$, 134%,1%) ¢ N9$‘WID(A$ 155%,14)

FOR 1I5= 1% TO W ‘ : )
IF W%=20% THEN 4800 g . '
C%—B/O(I/O) ‘ :

F$~MID(A$,CN,1 )'EXTRACT VARIABLE A ‘
CHANGE F$ TO F% . : o
1“‘73-—1?‘73(1) 48 Y3ONVERT TO ACTUAL NUMBER
IF - T%<0 .OR TF%>9 THEN GOTO 5300 ELS? GOTO 5500
printfstu. #";1$;" left a blauk in column TeCh" M
IF W%=20% THEN 3800 . ' g i
ER(I%)=F% ‘ . C !
GOTO 5900 . - S o
D%(I%)=F% . R , : ' |

NEXT I%
G%=G%+ 1%
RETURN
A dekdkak*FBEGIN PRINT ouT SUBRCUTsz*****ﬁ**
RINTI%;S;TAB(L) ;G$;TAB(L6);P1$;P28; TAB(}) TAB(L);Fl; TAB\l),
U2;TAB(L) ;123 TAB(1);S2:TAB(L)5E3; TA@(l) M3 ; TAB(S)'Tl'
TAB(1);T3; TAB(l) T33TAB(1): TS'TAB(lz SF53TAB( 1) ;
RINTTAB(1);U6; TAB(l),;G TAB(1l); S6;TAB 1)3E7; TAB(l),
173TAB(1);77;

\PRINTTAB(l) s9$ TAB(l)-K9%,TAB(1) H9$3/AB(1) P9s; TAB(l),

. M9%; TAB(l), /
PRINTEQ$ TAB(l) ;R9$;TAB(L) D9$ TAB(l)
RESTORE
RETURN
‘DATA 77,76,79,78, 80,71, 67 62,61, 56, 64 72,68, 63 69,

74, 70 79 75
DATA- 130 137 158, 140 145,146,148,1 0 139,141, 142,143,144, 131
DATA 149, lll 116 115 112, 117 115, 119 ll4,~18 120, 1L2 115,153
DATA 147,136,137 _
CLOSE 1% o '
END -

B9$;TAB(1);N9S%

Ready

RUNNH

CARD

*A' OR CARD 'B'?
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APPENDIX T

| | GORREIATIOM AMONG D‘“PENDENT VARIABIEa
MY FON MY USL M INT MY SATE MY EASE MY TOT ToT SAI SAT POS SAL WEG

VARTABLE:
MY FUR ¥ * % * %k * * ¥ \
MEUSE a4 \ % & ko % ¥ ¥
Wy W735 ,039 % t S * % %
My sar 4290 328 468 TS B Lk k ¥
Ny EASE (200 107 o1y A F o LS L * ¥
Weror 848 T6B 855 74605 LB ok X "

. “T0T 88l d70 L2 .20 Sl -0y 172 A ¥ ¥
AT POS W24 207 217 o W 27 617 ¥

— el
-

3 .y .03 010 W06 e =02
‘s o o .73 I 57 .48
65 Ak .06l 109 L0
R I S 2

ST MG 036
nopaL 635 0999
LT R 1 353

JR 7 S RS Gl e AT -,026

o IBIND a2 Gog 52 ST 0% W9 06 139 0

s W5 80 22 g8 L2000 360 sk 065 L0L6
1B EAGE 6L 059 L065 el g1 5T =08 049 LODA
Tor1p . LA78 .406 LA0L 461 20k 5T 125 L35 .05

Cmer 1y 709 028 R T B L S g3 a0 304 |
| ‘151 .03 =066 0L

O - .26 056 078 165 WL .
ViR L B ‘o6 053 086 L1300 012 L076 =040
wisTonte 097 L0890 e 015 .03 0% L1300 R T L/
puTLoSOP L3 W38 195 7 L0032 0L 082 .09
OamEMT L0805l Sy L0pe -ul86 030 g7 L1860 189
oypDE W10z L1920 .2 el - k9 183 W25 L3l A
SeoIAL . J252 w200 a6 L1090 Ol 2 056 078, 000
DIFFICUL ~.213 =162 =226 o3y w5 w345 =a000 L 048 - 085
EEFIcT 40 A0 g9 L6 -106 247 162 ez 0O
nPREN 60 246 29 163 S92 232 LY
INEREST 458 WALS Tesr o8 35 M 026 Lo A0

k]




1

LI
B

COTOT I3
. HISTORI

O PITIOS

- BENEFIC

TMPORY

CONGIATIONS AMOYG ULSGNDENT VARTABLES -

*APIENDIX F (cont,)

VARIABIE: TOTAL 1B FUN 'iB USE - 1B INT LB SAIE LB EASE TOT LB - -TOT L0 SATE -

TOTAL .
‘ 531
BUSE. 517
585
395
IBEASE 223
876
0,961
Wi L7
KNGUABL 123
123
147
WM 212
EXERTH 313
©OSOCTAL 4209
CEASE -, 246
299
DORTA 297

INIEREST (472
VARTABLE:  KNCVAB

HISTR .- -,061

-+ PHILOS 044
AT -0
LXPERT ,038

S00 .86
‘EASEI L “;110
DENEFT 013

-, 013

OINERE 06

% *

B *
453 0¥
J40 598

392 , 130
W60 -, 134
826 645
624 856

L1120 -,039
,090 J127
038 L3
063 107

-, 033 270
169 4,356
200 0,112

@Q093" -, 007
140 i (346 '
112 S1T
220 330

. #
Je6
2007112

w0

a0 s
036 -,022
238,003

18099
IRLIT

181

% %
& *

kR *
% *
/1 T
071 42
048 022
,072 458
6L 182
J13 7,080
JA26 -, 049
A5 -,012
162,026
,233 ,068
,223 096

- 068 . -,162
221 J05
W72 ,043
Jg210 0 Ll46

k%
* -k
o *®
W47 ok
063 108
JA55 065
J88 - J424
CLA49 A

.238

. ‘ .303 '

% %
% %
% %
X K3
¥ K
% %
.399 *
2,218 775
168,134
J16 158
-,099 059
L7911
-, 244 ,087.
-, 193,202
049 225
- 330 «,188
<113 .29
123,167
,013

W32l

CHISIR HILOS MATEM EXBERL SOCIAL DIFPIC

% %
¥ %
£ &
K3 X
,063 *
e E—
Sl L0854
-,006

267

ook 3 o L3 -

.
L0902
L L4k
L 102
b
. 160
0292'
,232
-, 209
297
276

492

& > s ok

.
.k

611

42

BENEFT

A

D05

039
067
BRI

03

-, 094
051
-,022
057

neqRr




 May 9, 1976

I certify that T have read and am willing to sponsor this
Major Applied Research’ PrOJect submitted by Carl F. Stocker. -In
‘my .opinion it conforms to acceptable standards and is fully adequate
in sccpe and quality, as a Major Applled Research Project for.the
degree of Doctor of qucatlon at Nova University.

Q@/&/

Jg' Don Boney, MARP Advisor
Un1 ersitv of Houston,

- : Houston, Texas 77002

| T certify that I have read this Major Applied Research
Froject Proposal and in my opinion it conforms to acceptable
standards cof Major Applied Research PrOJeLt for the degree of Doctor
of Education at- Vova University.

2// , ' Dr. /ﬁohn Losak, Local Profess;onax
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- This Major Applied Research Pt oject'was submitted to tha
" Central Staff of tue Nova University Ed.D. Program for Community
College Faculty and is ucceptable as partial fulfillment of the
requlrements for the.degree of Doctor of" Educatlon ’

VDr Ieland Medsker,

“ Nova University Central Staff Member .

University of California,
RBerkeley, California 94704



