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1BSTRACT

The main objective of this study was to design an
instrument to assess the valpe preferences of college aon-science
najors with respect to certain aspects of enviropmental cheaistry. 2
second objective was to obtiin measures of the value preferences of
various gronps of non-science majors who had completed some chemistry
courses, The early construction of the instrument and the format was
based on pilot studies perforamed by.the authors, validity and
reliability measures were determined. ¥ine findings were noted. The
everall results suggest that since mon-science lajors have a strong
.value preference for the humanistic aspects of chemistry 'with Tegazd
to environsental problens, then curriculum designers, ‘textbook.
vriters, and course imstructors should structare. their course
activities’ -owa*d these strong value preferences. {15} )
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L Introduction . W,
—_— . : s - .
- " ‘ ..

- In very recent years, stience "educators have norked toward the
- - development of curriculer courees and prograns sttessing the ‘relevancy

. of science with respect to our eqvironmental problems. Cook (1871)

contends that chemistry fnstructich should reflect social concern. We -
must approach the student, the citizen, the public decision maker on
his terms.. . . we may have to humanize it a bit." Schwab (1974) presents

- a strong argument:for the coming iyty of sciegce Eeachiﬁg that is to

impart competencies and'attitudég; competencies to inquite and the

+ ]

deyelopment of attitudes and values concerning the interpretation of
evidence, argument, certainty and uneertaiﬁty- Schwab contends that
the natural sciences, the social stuﬂies, and the humanities in the

. schools should allow time in an interdisciplinary way for the treatment

.

of practical problems, Schwartz (19?4) in a provocative opinion further

supports the ‘not{on that the bridge Betweeo the sciences and the

-
.

humanities can be based upon the intellectual content ¢f chemistry and

its USefulness. There are now currently several college-level chemiStry

.

textbooks written for the non-science majors which attempt to relate .

and to explain_the chemical bases of our envirommental .problems. There

appears to be a strong emotional or af}ective intérest on the part of

-

- : students when’ investigating this ehvironmental problem, A recent .

exploratory atudy by Fazio (19?&) revealed that college students

- -

responsss to etwironmental cataStnophes reflect their serious toncerns

over the humanistic implications 'of "the problems as well as.theiy

N
*»
.
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- ' .relationshipsﬂto industry, technology. and government. Student- responses
seeped to be over%telningly affective and Interdisciplinary and with a
strong- refleCtion oﬁ their #alue systens Attirudes and values ané'very

s -

a important object*ves in any environmental education Drogram. Xnapp.

(19?2) states that values are considered o be desi&able standards which

» ipfluence peoples’ fctivities. "Attitudes and velues in envirommental
» ) .

. educztion ﬁold the keys tn the future of mankind and the quality of life g

-

on,this plane

Purpose .

The main objective of this study was to design an instrument to
‘ L3 - - . " . . '
- »
"assess the value preferences of college non-science- majors with respect

~~~.to certain aspects of environméntal chemistry. The second purpose of

'f'

M

\\‘ this investigation was to use the. instrument to obtain peasures of the
value preferenges of v?E}ous groups of non-science majors who had com-

pleted some chegistry courses, Additional assessments weré made of _
. ’ . —— *
the value preferences of science majors as wekl as high school chemistry

teachers in service. The ausfiors felt that the instrument and the value
Y - F -
- —
assessments obtained may be useful for science gducatots ip formulating

objectives and teaching strategies that reflect the values of their'

students. ot . ’

. . The Instrument .

heS
¥

;,4
v

‘The- findings of the Fazio study (3974) along with the earlier work

L8
!

by Huston (1972) prompted these authors to conduct pilot studies to detect

any general patterns of value preferences. The Students were asked g
g

W
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respond in free vritten form to certain serious environmental problems.

The analyses of the writtgn progocois indicated three gengréi value

i T - . 1
operational comstructs. They were Humanistic value preference; ]

preferences. .These three preferences were defined and established as

Zheofétical value preference, and Technology value preferemce. A
"humanistic preference was one which placed value on the relationship’ .
to man, to socfety, to the welfare of the world and/or of living things.

The theoretical preferqnce was & value for the chemical principles,

-

facts aﬁdfor concepts. The technological preference was one where
value was placed on industrial use and practical wide-spread appli;

cation.s in industry and the economy.

The chemistry value preference imstrument consisted of 28 sets of
statements. Each set began with a simple statement or a phrase related
& - * - - -
if some way to enviropmental chemistry. This was followed by three .
N - '

alternative choices: one stressing the humanistic, one the theoretical,

and anotﬁer the technological aspects of the chemical phenomena or

facts (see appendix).
The validity of the instrument was established with reference to

the defined value constructs for humanistic, theoretical, apd ;géhno-
- : > ..
logical and the content vaiidity was further established wi;ﬁ/reference

L3

to the judgement of three college cheﬁistgy professors ?s/;ell as two

science educators. The content reference to environmental chemistgy
- ' ) ’
was judged to be of a very general nature. The vaiue preferences were

agreed upon as to the definitions in the Opefétional constructs.
L

The reliability measures were determined using the Kuder-Richardson

-

"~ fgrula 20, and were based, upon the data from two separate groups of

ﬁng;séience majors, Vs . .




TABLE 1

oo Reliability of Environmental Chemistry Value Preference Instrument

. -
— a4

U R - . KR-20 ——

Physical Sciemce®N=131 Healrh Services Majors N=49
JHumanistic 0.82 0.86
Theory” 0.88. : 0.91
~“Technological 0,59 0.63

.
The.reliability of the test scores weréxconsistently high as

* ipdicated in Table '1.

Procedure

-

The student sample data sources consisted of those non-;cience

aajprs enrolled in a physical sclence course based upon environmental

L N - 4 -

< -problems, as well as the health services majors (physttal education

+ majors, nursing majors) who had just completed a2 chemistry. course., A’

-

group of junior-level elementary education majors who had just com—

.

pleted a science content-methods survey course-was also_included.' For
. - comparisons, a group of junior-senior chemistry majors and 2 small

, group of junior—senior biolqéy majors were imcluded 'in the data. ‘4 .
o v . " W ]

- samplé of 19 high school chemistry teachers from Western Pennsylvania |
were also administered the test‘inst;ument.‘ The testing time was '

’ ‘épp;oxihately 20—3d minutes, The data summaiies of all groups who took
the éb?? iﬁstrument are listed in Table 3, '
. ’ ' ’ v

!
Pindings: o,

-

"+ Since three separaté value prefereﬁce scores. were obtafnedjf;om o .

- . ¥ .
the test instrument, a one-way analysis of vagiance was genducted for *
- . - - .

.

.

- . - 1
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the physical gcience group in order to determine if the three scores were

significantly different from eéch other. The resultsﬁg;é summarized in

Teble 2.- The three valne scores were found to\ be sig-ﬁif,_;i.cantly different.

Post=hoc comparisons in@icéted that Humanigtic value prgigrence score was
significantly greater t%én-the Theory preference and thej§;chuologz
preference scores. The Techaology value preference was éignificéétly
greater than the Theory prefereace score. The same pattern and trend of
results were found for the health services group of students. The

elementary education majors value preference pattern was found to be the
- v )

same as the above two groups. ‘ .

A series of ﬁlanned comparisons were condueted to answer specific

questions concerning the value preferences of non=sciénce majors com-

4

pared with science majors. o -

The highest Tﬁeogx value preferences were recorded by the science’

.

majors (chemistry, biology and the high school chemistry teachers).

-

These high Ihgggi scores were significantly different thaé the :gZory
scores of fon=sciedce major g}oups. The non-science majors groups ha§l‘
sigﬁificantly higher_Hum;nigtic value ﬁreference scores than the majors
graups. There wefe no significant differences {n the fecﬂgglogﬁ Qalue
scores bf.thé chemistry majors and non=science mafors: . o, , TR -
The biology majoré had significantly lower T;chnoléhx value scores
as campared with any of the other groups. The chemisfry‘majorg and‘the..

high gchool .chemistry teachers were not significantly different in any , .

of their mean value scores. The biology majors were not significantIf -

}-

,different from the chemistry kroupé with regpect to their mean Théong

and Humanistic value scores, . . oo




Table 2

Analysis of Variante® of the Three Mean ﬁalue Preférence v
Scores for the Physical Science Students Rel3l

Source DP Sums of Scuares Mean Souare F-Ratio Probability --
(J&ategory Means 2 60884. 5 - 30442.3 514,1 .0.0000
Within . 3% ° 28668.9 73,5
Total 392 89553.4
Table 3

Heans and Standard Deviations of the Various.
Groups' Value Preference Scores

¢

N Theory Humanis tic Technology
) ’ r_ T . ' _— — -
' Physical Sciemce X 13.50 43.88 26.48
’ N=131  S.D. 10.97° 7.73 . . 6.35
- " ’ - . “ - . . i .
< Health Services : X' : 16.63 . 39.65 . 27.61
- . N=49 S.D. ‘12.35 ) 9.64 . ’ 5.7
‘ . " Elem. Educatfon - X 19.31 36.40 . \28.34
E N=32 SQDQ - 10-83 9099 R
Chemistry Majors X - 25.50 ~ . 32.65 - ‘-~ .  25.85
) " Ne26 5.D. 1.3 ° 1147 - 8.08 -
Chemiatry Teachers X '~  27.89 . 318 - 26,26
, N=19 5.D. . 17.39 . 12.57 ¢ " 8.83
’ ' . _ : T !
¥ Biology Majors - X. ’ 30’44 34.63 . 18.81
- N=16 S0 . 16@3 o, 1221 7.95
.3;‘ . * . . i " ’
"o ' *Xerox Sigma-6 Computer~ Vanderbilt Statistical Package, Indiana
- ) University of Pennsylvanta“tﬁmputer Science Libragy, 19?5, -,
1 8 : v ., ' ”..

£y 2 - had
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- - Table 4 ,
. ) - : * , O
“Yalue Preference Scores Actording to Sex '
Physichl Science’ . Theory Humanisthe Technology .
' ' X s3» - ¥ sp. < X  S...
“Males N=65" C13.05 9,97 * ‘441.27' 7.84° 26.50  6.05
Pemales N-66 "~  ©13.97 1197  -43.49 7.66 = 26.48 -6.68 .
- . ._ - - - ’ ' — y * —-. . ;: Wk — -
Health Services X §.5, -+« X ¢« 8,D,-. R S.D.
Males N=17- 15.06 12.52 - 38.76 §.20 = "30.18 6.59
Females N=32 - 17.47  32.37 - - 40.13 9.98° . 26925 4.81

‘ . - .7" . :

. , . | . ) | -
To answer the question of whether there are any sex differences in e
value pre%ere-nces, the two largest groups were sorted into sex .cate-, ;‘
gories and t-tests were c::audgcted. Table & summarizes the dat;t - -'-";:

1 3

Cenerally there wére no significant :ﬁfferenc&s in the value preference .

L]

Sct;res_ of males and.<femal'es. The male$ in ;:he Healfh_Serﬁces had ’ .
"'s_ig;:‘xifican;:ly-higher'k_éhnologx scores than the females. * Table 5 sum-
oarizes the corrélat:!.ons of. the three value's,.;')refereuces and tl}e course'
letter grade for éhg non—scier'_;ce majors who were enrolled in th:e
environnental problems physical science cou‘rse.' _There ~eTe no signif'i- )

cant correlations between any of the’ three value preferé:;ce scores and

the course letter grade. _The Humanistic and Tet;:huologz value scores

were fotjfi_fﬂ be 'sign;_ficauqu negatively correlated with the Theory scores.

1 . -

¥ L

™

*Significant at ,02 !
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. Table. 5 o oo
Correlation Matrix of Three Value Scores Q ve ’ .
Versus Course Letter Grade _ :
It S ,' Physical Science Group N=131 :
3 ) i ; . } . 'e‘
- ' - . Theory Humanistic . Technology Courge Grade
- k4
- Theory - -.820 T 730 0.011
. . - . . ‘
Humanistic - - - .218 © 0,021
Technoloéy . - - - -0,045
Course Grade - - . - - -
for . ¢ . S . %
\ ' 3 UEmATY

On the basis of the validity and the reliability data as well as the
data collécted wit? the instrument, it is proposed tﬁat the Environmental
Chemistry Value Preference instrnment (ECVP) is a valid, reliable, and
reasonably efficient way of assessing the value preferences of college

students_with're5pect te the chemical basis of some of our environmental
' . . . -

problems. !
’

The overall results strongly.suggest that non-sciemce majors have a’

.
-

strong value preference for the Humanistic agpects of chemietry with
- regards to environmental problems. Their overall low'value preference .
) ) : for Theory might indicate‘either disregard for theory or an ignorance of
the theory fehind the chemical bases of our environmental problems It:
18 also worthy to note that the 'science majors also had their highest

scores in the Humanistic Value preference. The Technologz glue prefer-

encg is also worthy of consideration, OVerall the groups were ‘not

”
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* 1 . . . 9 .
* different in-their Technology scores. . v ]

‘The authors feel that the evidence gathered in this investigation

L]

provide strong suppbrt for the notion that the Hhéaﬁistic aspects of

chemistry should be incorporated into.coursé objectives. Curriculum

designéra,,textbook writers, and course instructors should work toward
. . \

structuring their course activities towards these.strong Humanistic

b

value preferences. The a@Ehors feel that the results suggest a‘need .
. [ - - 1

for a more meaningful structuring and thé relating of the theoretisal

P

coﬁcepts to the humanistic andi*he technological aspects of our

environmental problems. ; \

Suggestions fon Further ﬁesaérch

——

The value preference instrumént needs to ‘be testegbwith larger

> f

groups, especially with the scignéé majors and h?gh school teachers. A
,more thorough item amalysis might be helpful to instructoré_to assess

specific areas where their students might need more.theoretical back-

ground. The instrusent might’be ref%dgd in fytpre investigations by
f L]

, free written response by the student ht ﬁrovide additional value

N »

and/or attitudinal information,
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Appendix’ . ;
_ } _ . - , .
. Environmental Chemistry Preference Evaludtion Instrument
- . ) - T . L
. ¥ | - . .
2, "D.D.T. | : ,
. £ .y " . ’ ,
. A, is a pesticide that has been found to be spread wo;}d-wide and is,
4 potential reat to living things. .

B, is chemically known as dichlorodg;henyl trichloroethane, a chem—

* icall stable chlorinated hydrocarbon.- ;o
C. 1is a guite universal pesticide that has helped increase agricil-w .
a° tural yield and is a credit. to American scientifictechnology.
3. Sulfur dioxide gas can react with water vapor in the air .

- b ]
[ ] . »
A. sulfur dioxide and related products have béen found to be serious
£ air pollutants with harmful effects to people and property.
\ - -
" B. sulfur dioxide gas is a by-product of several industrizl processes
v namely tnifburning of fossil fuels.

C. ig chemically -written as Sﬁg + H20-—+rHZSO3, the product is the ‘
' acid known as sulfurous. .
10, Modern synthetic detergents ’ CoL s _;ﬁga;-
. . A, are the results of moderm chemical technology,using a variety of
substances to produce an inexpensive and efficient product.
. tr 8, 4
B. consist of 2 mixture of surfactant mglecule, E:? phosphate'builher
; * to’ reduce hard water ions and a variety of other additives. .
g C. parts of certain detergents are not decomposeable with the result
. & that, our drinking water may be foamy in appearance, , i
i = . ,‘ ' r ’ ' a
13. Uranium7-235 and plutonium--239 are fissionéble.- ! - '
jA. nuclear power plants uée these fibsionable isotopes a§ fuel. 3 "
' k. . :
) B. these isotopes are fissioned by neutrons, with the release of more T
neutrons and a resulting sustained chain reaction. . . .
¥ ) " e, highly radioactive fission careless storage aad waste disposal of

the fragments can pdse a serious threat to mankind.

. * .
i

p—h
[V




' Wt
AT TLT LSS )

.o . " Bibliography

= -

1. Cook, William B. _Should Chemistry Instruction Reflect Social Concern?
Journal Cheém Educ, Vol. 48, No. 10, October, 19?1, pp. 642-643.

2. Dixonm, Wilfrid J. and Massey, Frank J, Introduction to Stazistical-
Analzsis HcGraw-Hill Book Co., Kew York, 1957 ’

‘}'I

3. Pazio, Frank. "Aﬁ Analysis of College Students’ Interpret&tions of
Some Possjible Eavironmental Catostrophes.’ Paper.presented at
47th Annual Counvention NARST,"Chicago, Illinois, 1974.

L)

4. Huston, Peter H. "A Study of Value Oriestations as a Characteristic
of Secondary School Students and Teachers ¢f Chemistry." Paper
presented at 45th Annual Conveation of National Association for .
Research in Science Téachiwng, Chicagd, Illipois, April, 1972.

5. Knapp, Clifford E. "Attitudes and Values in, Environmental Education.”

Jourpal of Environmental Educatdony Vol. 3, No. 4, Summer, 1972,

PP 26—29 . > .

6. Reed, Danial, "Itemana Statistical Package.". Indiana University of .
Pennsylvania, Computet Library, 1974.
7. Schwab, Joseph J. Yecision and’ Choice, the Coming Duty of Scien;:e
Teaching, Journal of Regea:ch in Science Teaching, 1i.’n:»l. 11, No. 4, .
. 1974, pp. 309-317. ) ) . .

8. Schwartz, A. Truman. "The Humanity of Chemistry.” Journal Chem Edug.,
Vol. .51, No.. 3, March, 13874, pp. 172-174. , B :

L

b}
LI




