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A Comparison of CHEM Study Classes and Traditional Curriculum Classes

with Respect to Achievement and Attitudinal Measnres

Frigncks Lawrenz and Arlen Gullickson

' ‘ LAY ! ' . \
University of Minnesota ‘

¢ o
Prior to 1959, mo of the new chemistry texts consisted of the core

A .
of knowledge from previous texts with a few new sections*to cover the mod-

’%s* '

ern' developments. No attempts were made to reorganize the material or td

3

0 N 7;&2“1;
-
.

develop new approaches to it. Textbook publishers could not afford to gam-
. ’

ble on something untried (Ridgeway, 1971).

L

In 1959 an American Chem@cal Society Committee recognized the need for

an innovative ﬁpproach to chemistry teaching and recommended that’something
\ @ . p . .

drastic be done (Ridgeway, 1971). " The National Science Foundation agreed to
fund the research and in 1960 the Chemical Education Material Study (CHEMS)
began udder the chairmanship of Glenn Seaborg, freed from stifling financial

considerations. For a total of three years), text and laboratory materials

were tested, edited, and-Tretested. Teacher'Yraining for the CHEM$ course

’

- < - R
wasr?mp!emented and in 1963 the hard cover edition was published for general §F§

use. ' ‘ : . ) : ‘ ) BRI »
There have been‘man?.articles and studies wfi%ten‘ahout.different facets
of EHEMS.‘ They can he divided into two generalfcategoriesus nonexperimental'
. and quasi-experimental.‘ The nonekperimental’studieé include general descrip~--
tions, historical documentation,;subject‘mattér comparison and %hilosophical
N-evaluations: The quasi-experimental studies deal mainly with student‘achieve-

- 3 ’

’

« ment. They show essentially no differences thween the CHEMS students and the

traditional students in knowledge of " chemistry e.g., Rainey, 1964 Forchtnexn, °

§-

: \ o ) \.,
O - oo ‘ ) <




19685 Schaff and Westmeyer, 1970; Altendorf, 1965.) In Heath and Stickell's

(1963) study, the CHEMS students tended to do better on the CHEMS exams while

3

! N ¢ .
.- the traditional students tended to do better on the traditional exams. The

-

differences were not significant. \\  o N o
In a recent study by Tﬁoxel (1970), however)-signi%icant differences were

. . . ‘ \
' f reported. He found students using CHEMS to perform significantly Better than

- I ’ ! ’ i
st%dent§ using Modern Chemistry bn (1) the American Chemistry‘Society\hxam, <

. . \
A \
nking Appraisal. Also, the students in CHEMS rated their chemistry class

-

-, X (2] the Test on Understanding Science, and (3) the Watson~Glaser Critical

Th

|
I

signifiﬁantly higher on the Prouse Subjeét Preference Survéy than the students

~

~ . , e
in Modern Chemistry. This could support the suggestion qf Forchtner (1968)

that the CHEMS program provided a more relaxed, friendly classroom étmosphere.'
If the classroom atmosphere is indeed more relaxed and‘friendly, it 1s likely

a student would prefer it. ‘ . NN
A B / ) : 1 .
In general, previous studies have had two maﬂbr shortcomings: S}) the

. N Lt ’/‘ 12
studies were quasi—gxperigental in nature, i.e,, instead of randomly assigning <

- *
)

treatments to selected classes, c&sffes were selected so that all treatment ° ,
. . .. > I T

- \ * .
groups were repfésented, and (%O,analysis of data was dene by using the student
7

/AN * - . . ' : ’-\
rather .than the cl&gs as thi/hasic statistical unit which can é&pduce serious )
. ¢

nonindegspdence pfoblems aﬁ& result in misleading conclusions (Glass, 1970).

v s . . . .
Although this study was also a quasi-experiment, tﬁree,potential selection . .

® o0

( blases were statistically removed by'using the three Qariables as covarjates.

4 ’ H

I3 13

i a‘ N +
The nonindependence problems were eliminated by using thegtlass rather: than .
@ ° ,

.
[
- N ,
v . 0] . 2 &
..
ad s .
¢

the student as the basis for analysis. .

4
¢

.
- ~ 4

° This stday investigated ;href‘questions: '21) Is there ;,differgnce in

] - . \ s" © . R o o
. achievement between classes using CHEMS and: classes using Modern Chemis¥iry?’. o

f . 1

N .
~ . .. . -
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(2) 1s there,g difference in attitude between classes uging CHEMS and classeb

‘.‘,‘ <+ N . . ., .
using Modern. Chemistry? (3) Do the curriculums havg a différential effect gn

b , s
’the'ayility groups?. (e.g.,'possibly the‘high ability classes would do better

"

ith CHEMS while the diverse‘sbility classes would do' ﬁetter with Modern
I .

~

\

The dana used in this study are a portion of the data collected as base
J -

dine information for a National Science Foundation evaluation‘project (Welch'

'

and Gullickson, 1972). Chemistry classes in bne geographical region of the

. -
United States were selected for tes{ing. As Figure 1 illustrates, the region
7

?

includes South Dakota, North Dakota, Minnesota , lowa, Nebras o Wyoming,

)‘ R ‘ _
Colorado&\ﬁtah, Idaho, and Montana. . : . .
- ' . * " . \' 3
. - —
' Tt Insert\Figure 1 about here

l . . s ‘//g‘_'

The population centets in these regions were stratified into three groups:

‘(1) above 30, 000 (2) 10, 000 to 50 000, and (3) under 10, 000. To insure that

the sample was representative of the population distribution of the region, a

percentage (population in strata per total region population) of thesschools

< v

in each strata was selected. To selecttthe sample, a list was made of all’ the

- . 3 ~

schools in each strata, the\&ist_was entered randomly (using a, table of random

s

numbers), and the schools were selected systematically to ébtain the desired
. . w ’ : L. e
percentage, e. g., every third school. The principal of each chosen school was

-

v

v ’ \
asked to randomly select a chemistry teacher by drawing a name from k hat £on-

4

. taining the names of all the chemistry teachers. That teacher was aske ' to~

. ,
: . \ " - \ .
AL R

: . * ! v

k4 R ‘ ‘ ¢ -~
*Does not include Hennepin -and Ramsey counties (Twin Cit:Ls and suburbs).
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complete a questionnaire, the Science Attitude Inventor§ *(SAI) (Moore,- 1967)

»

hd the -Science Process Inventory (SPIY (Welch, 1966). 1In additionﬁfthe.}

. . . . . .
teacher administered four instruments to one randomly selected chemistry-

. [ Y - o * @ e~
class. (All teachers were given spefific instructions on *how' to select

i, the class.)  The four instruments were: (1) Test on'AchieVEment in Science '

* . . . ) . RN .

! (TAS), .(2) Science Process®Inventory (SPI), (3) Science Attitude.ﬁ}ventory
. A A
(SAI), and (4) iearning\Environment Inventory, (LEI) (Anderson, «1971). The

instruments were completed in April of 1972.

The TAS is an instrument compiled from the items made availablé for pub-

) - ' A

lic use from the National Assessment Education Project Test in Science for

’ seventeen—vear olds. The items selected do not involve the use of a«pparatus9

[

M gnd were answered correctly by more than 5 percent but less than 90 percedt
2
s of the students in the national assessment. There are 45 six~option items

~ A

with a last option of "I don't knowu The expected mean for any seventeen-
< -

year old is 22.4. . T

- The SPI is a measure of underséanding the processes of science. It con-
7 o . [y .
sists of 135 items with either.agree or disagree as a response. The SAI mea=

L) * * . R

sures attitudes toward science. ' It contains 60 items each with the options:

.N — « 2 - .
. <

agree, strongly agree, disagree,_ strongly disagree. - .

- b

A modified versidn of the 15 scale LEI was used: It contains the 10 scales

that’ showed maximum discrimination: (1) Divérsity, (2) Formality, (3) Friction,
AN - ’

(4) Goal Direction, (S)fFavoritism, (6) Difficulty, (7) Democratic, (8) Clique-"

ness, . (9)- Satisfaction, and (10) Disprganization. .Five of these scale? were ' ~

selected for this Study" Diversity, Formality, Friction, Difficulty, and Sa;:

? -
. isfaction. It was felt//’at these scales wodld be more sensitive to the effect

. ¢
o'f%a particular curriculum than the others, The LEI contains a total.of 70
N T

items each with the optjons: strongly agree,lagree,.disagree, and strongly -

\d'é | | - ) ’
agree ‘ > ’
* g . . ’ ’

\)‘? ® ’ ' . .o i
FRICT. .‘ .




' In order to complete the entire testing program in one class period, .
the class was divided into thirds with one-third taking the TAS one~third
* ~

taking the SPI, and the remaining third_taking both the SAI and LEI. This

I3

division was accomplishedcgy ordering e student instrument3s before ‘the
. & N

] teacher received them so that as the teacher passed them out the first
e L ~ ' ' . ..
student would receive.the TAS, the second student would receive the SPI,
< N . ' PR -
(V the third- stydent would receive the LEI- SAI combination, andithe fourth

’
¢ © - .

student JGuld receive the TAS and 80 on. \\ . L o
)
/ . ' \ ‘

. The sampled classes were. separated into two gronpsuon thé basis of what

Ll -
3

i N .t it ) ’ : Y ' . "t 4 . =
text the teacher said the class was usingz(/?l) Chemistry, An Experimental
. . . > L] o

Science and its revisions thch are Chemist:y, An Investigative Approach}
e . - . .

Chemistry, Experiments and Principles, and Chemistry, Experimental Foundations,‘

.,-,.
.

and (2) Modern Chemistry. These two groups containgﬁ a total of 57 ‘cTasses

" ~
-

of which 33 (57.9 percent) used CHEMS and 24 (42.1 percent) used Modern

“.Chemistry: ' These two groups were then stratified by ability to provide-a
basis for the investigation of \nteraction: The teacher's opinion of Qhether

the class's ability makeup was high, average or diversified was used as the

measure of ability. As Taple 1 shows these divisions provided .a 2'x 3 factoria
‘design,with type of curriculum, and class ability as'the factors. 4
(\g\ . .
tad / i v .
Insert Table 1 about here /
’ - . T C ¢

~ 1

: LY .
The eight dependent variables. were class mean scores on the SPI,.TAS, SAI,

and the five chosen LEI scales (see Table 2). The TAS and‘SPI'scorbs«were

. -
. .. . .

1

¢

analyzed simultaneously by multivariate analysis of variance, and the remaining,

six attitudi’l v7(1ables were analyzed univariately, ),

- 7‘ ' . 7 ) . l . ' 3 . '-
/ © .

Insert Table ‘2 wabout here .
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Number of Classes in Each Category of Curricula and Abilit
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TABLE 1
‘ o

i High . Average Diverse N .
Factors Ability\‘ Ability AbiTity Totals
: . S 2 . : —_
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TABLE 2 )
Means and Standard Deviations of Class Means in Each Cagegory of Curricula and~Ability ' .
AN - - '
, High Ability }Ifgh Ability Average Ability ‘ﬁverage“Ability' Diverse Apmtse ,
Scale CHEMS Modern Chemistry CHEMS Modern Chemistry CHEMS . Modern Chemist
l_ — — . '_ . - * L . N
e °X~ sd¢ % . sd X, sd X , sd X . ad - X _sd
* g ' ' : ' 2 ’ 27.29 ' 23,56
. TAS . 27:.43 3.55 25.32 "2.94 +24.74 8.06 27.29 2:25 25.79 2.54 ‘ .3. <473
\ ST, . 104.56 . o 106.61 5.4 10468 . L 109.52. 2ig 98-80 1. ur ?9.74, . 825
SAI . 113.17 7.29 112.43 6.95 116.01 7.15 r111.2?\ 3.49 }13.95 6.86. 114,17 4.29
h ' * ? . . ‘\ . - ) )
Dive.rsity . ’2j83 4 2.85 .. 08. 2,84 . 13 '2.82 18 2.90- 11 2.76l .08
-t : : ' - . e,
. - YA 4 . . - - ¢
" . * N . * o, . . .
Formality 2.61 ., 2.57 20 2.68 - 2.65° L 266 g 2.54 95
Friction 2.14 .18 2.23 <21 2,21 2% 2.21 %, £.11 2.15 .35 .- 1.°97 ‘39
. Difficylty 2.97 13 2,87 17 2,98 20 2.94 . . ‘.l\' 3.03 27 2.87 21
. » . ] . ‘ :’ ) . ' . ' ]
?atisfagtibn ?61 '.34 -2.69' = S..22 2.52 .26 . 2.68 - .36 .2.36 ST . 2.-80 48
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’ " Analysis . .
v . X R . -~

~The three variables chosen as covariates weré: (1) teacher's knowledge °
of the processes of science as measured by the SPI, (2) teacherls attitude
s t
%oward science as measured by the SAL, and (3} the size of thegcities within

which schools were located. Of those three only the teacher SPI scores .

fﬁ\contgibyted significantly. It had a significant effect on/student SPI and :

) SAJ stores. . S . ‘

>

Of'the\three questions investigated i.e.,s differences in curriculum, ' . .

differences in abtlity, 'and the interactio of curriculum and ability, the .

\-

knowledge and achievement vatiables (SPI a d TAS) support a rejection o£
« ‘ -

‘- the null ‘hypothesis (p 05) only for differences in ability (see Table 3)

(That difference was planned for via.the‘teacher ratings and subsequent
é‘ . v ( » -
categorization before andlysis.) .

¢ 9

~ © . . Ingert Table 3 about, herel : ’2 .

LI : . ; s .

- \WW . - 3 > - b .
Because the multivariate F value for ability difference was significant>/////’—“/

v . » ‘_“ - v

TN
the univariate F tests for ability on. the TAS and’ SPI were reported in. Table 4,

o

‘\——— The univariate F value for the student SPI scores was significant (p<.01), and

-
N -]

Scheefe‘tests of the ability group means (see Table 55 showed that’both the

high and the average ability classes obtained significantly higher scores than*

¢

the diverse ability clas es. The lower score of- the diverse group wasg expected

bécause of the inclusion oﬁ\low ability student scores in the class means.

| SRR o
Y Insert Tables 4 and 5 .about here '
- s

ry .
. g A

bS .

Although the univariate F for the TAS scores was not significant at the-

. [y

.05 level, the combined means do show the .expected trend of high ability classes

.
. 5 . -

.

. -obtaining the*highest score'folléved by the average classes and finally thej f‘ . o

f
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~

‘—Ynivariate F Tests for Ability

.' *.
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TABLE 5

Combined Ability Means for Student SPI $cores‘

3 o

Class Ability Level ) 1‘5\ : SPI Score
N ¢ X

<

High ) ] 26
A;Jerage ‘ _“ i 18
N .

\-' ‘ .
105,9

.

o Diverse . , 13 99
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diverse classes. Thisblends support to th% opinion that ability differegces
9. é Lot .. * ~ & ;‘::.v
do EXist. \ . : . i
» : A

The three tests referring to curriculum, ability, and curriculum Hy ,

"‘ ’ I

ability interaction were done on each of the six attitudinal dependent
3

variables. “As Table 6 shows, only two significant differences were'obtained. f

4 .
P ,' .

Both wen:}due to curriculum (CHEMS vs. Modern) and the significanﬁ differences

.

@ v, . ",

¢ Lo

(p»05) ogcurred for the Difficulty and Satisfaction scales of Eﬁe LEI. As * o0
reported in Table 7, CHEMS“classes obtained the higher Difficu ty score and ' .
I

Modern Chemistry classes obtained the higher Satisfaction sco e. These scores

'currfhulum, the ‘average TAS score for all of these classes as previously shown

PR B

-

suggest. that students perceive CHEMS as more difficult and less satisfying l

“h

than Modern Chemistry. o - C -

Insert Tables 6 and 7 about here

7. < 3
R -~ : ') . .
-Conclusions and Discussion of Results ° " G‘
' L feem .
As‘preViously stated, this study had three main Quest?Onsvof interest. In

K \
answering the first question (Is there a difference in achievemént between'

clasﬁes .using CHEMS and’ classes using Modern Chemistry’), the Iesults agreed

. s

with the bulk of studies done to date. There was no difference in student
- B

achievement in chemistry when taught- by CHEMS or Modern Chemistry. That is,

student achievement in chemistry was independent of which curriculum was used.,

Although/this\study did not provide answers to the-general quality of either ‘

in Table 2 was above the National Assessment expected‘mean of 22.4. One would
anticipate a higher average score because the expected score was computed for
all seventeen—year oldg regardless of their science background, w\ile the stu-

dents in this study were all chemistry students. However, it is encouraging
o 4 T )
. . ] y

.
’ L
» . ‘e Apdem,
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. NI < \ ' . T mpporer
. o | .o~ . ! |
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- K . (Y < - l. AN '
v ‘ T ‘( . - * ’ ~ E "
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to note that both curricula did increase the students' general knowledge /* -

4.

of science.”” . -

Examining the second question (Is there a difference in attitude between'

Ny

: classes using.CHgyS or Modern Chemistry?) led to the conclusion that students

.

percéive CHEMS as more difficult and less satisfying than Modern Chemistry.
Y )

. CHEMS provides a different approach to learning than most traditional high
4 - )

- school clasqes. This "newness" couhacbe causing the perception of difficulty

?

) - ]
rathgr than the actual course content. However,' singce the testing was done

L '

.. near the end"of the school year, the student;should be adjusted to the new \y/ k
[ . 4.

approach. \Also, since the CHEMS laboratory does not have any "right" answers,
A 4

th\‘ytudents might not get as much of a feeling of satisfaction as the Modern

Chemistgz studénts who "prove' something they alreldy kno. The LEI scales
- . ‘ . /
« ,of Formality and Friction did .not show a significant difference, conseggently,

-

this study did not sﬁpport Forchtner s (1968) view that CHEﬂS—provides a more

‘ relaxEd friendly atmosphere.

’

° L3
None of the differences intthe SAI mean.scores weré significant, but it ~

-

is interegting to note!that all of the class mean scores were above 112. This ' 9

-

score is well above the neutral attitude s;ofe of 90. Apparently all the

[N - v
. N “ ’

4

M T il L4 o b.
classes involved in this gtudy had positive attitudes toward science: .
According tq\ the information obtained in this study; the "answer to the

third question (Do the curriculums have a differential effect on gpe ab&lity

’

. ]
: groups?) is no. There was no significant interaction between curriculum and

»

ability for any of the eight dependent variables. Therefore, there isgno
indicatiom that one curriculum is better or worse for a particular type of

class. This® result is reassuring because it would grobably be quite difficult

w
K

for schools to provide different chemistry curricila for different ability leVel

classes. , _— N Lo L S
; . . N
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" At the present time when much is'being done to embhasize\QPeonew ‘ e ~
b ~ - '? - ’ * 2
' curriculumematerials, e.g., CHEM Studies, it is sgmewhat réasé@iing to .
note that tradisional courses such as Modern CheJistryaare effﬁttivé as / N
- - s b4 © h ¢

the resulpé pf the *

SN e N

-~ well, Givéq the results of this stidy together wit
k] "\<
F

-

; other'studies mentioned, it seems appropriate to sap hagwgf a school i#
making a text adoption an& is trying to decide betweenCHEM$ and Medern *

Chemistry the decision is probably best made on factors othér thaﬁ
- . T 2 ' v Y
student ‘achievement, ability, or attitude. Variables such, as %eqcher pre~
b4 8 . A

i R

expected .

B .

P
Gy

. : ® e
ference, knbwledge/and familiarity with the two curricula, +and equipmehiy »

"and facilities available ;ﬂ the school woﬁld'provide better infpfmafion

;- P » B PR
for the adoption decision. i e . C PP
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