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ABSTRACT .
This 'study replicates part of a 1964 .study designed
to examine variations in the attainment of cognitive objectives in

"high school chemistry. In 1964 a traditional curriculum was used, but
by 1972 when the data for this study were collected, a modarn course
based on CHEM study was being used. Scores on a 60-item end-of-course
test given to different samples of stulents before and after
establishment of the new course are compared. Students also wrote a
scholastic aptitude test, the Inventory of Choices, and a summary
their educational pldns. An adaptation of two-way analysis of
variance was used to analyze the residual chemistry scores. Amorjy
findings were:: (1) the aptitude scores of the 1972 group were
substantially lower than those of the 1964 group; (2) substantial
declines in achievement were observed across all four levels of the
Bloom's Taxonomy; and (3) a substantial portion of the students in
the 1972 sample had” a pattern of achievement in which their

'performance in categories 2.00, 3.00, >r 4.00 appeared to be tiel to
the ability to recall factual knowledge (category 1.00). (MH)
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This study replicates part of a 1964 Ontario study (Even, 1968)

‘Qesigned‘to examine variations in the attainment of cognitive objectives
in Grade 12 Chemidtry. In 1964 most Ontario students were pursuing a
"traditional" course of . study During the latter half of the sixties
the traditional course gave way to a "modern" type of course.heavily in-
. fluenced by CHEM Study. Considerable édaptation of courses ofi study to
meet local needs was encou:aged;»and considerable modernization'éf
chemical tontent was introduced. Perhaps the most notpwé}thy change in
’the study of chemistry at the secon:!ry school level was the declared
shift in emphasis from acquisition of factual knowledge to the development

of higher cognitive skills. By 1972, the year in which'data for this study

were collected, course innovations and experimental tryouts had eonsolidated.

As a result of the changes in curriculum it is reasonable to expect

that pattérns of achievement would change in the directions of greater
. heterogeneity and 1ncréasea attainment of higher cognitive skills. Therefore

it UQS‘tonsidered appropriate to compare patterns of achievement befoge and
after establishment of. the modern type of course. Patterns of achievement
were. sought in profiles of residual achisvement scores in.the selected
processes of”Knowledge, Comprehension, Application and Analysis described=in .

the Taxonomy of Educational Objectives: Cognitive Domain‘(Bloom et al, 1956).

Patterns of achievement were compared in gfoups differing in aptitude, attitude
and educational plans.

In the 1964 sample a 60 item end-of—coﬁrse test, developed over a three-
year period, was administered to over two thousand students in 30 Ontario
high schools that had beén selected at random. -Since there had been
considerable changes in course content, the test could not be used in its
entirety in 1972. A panel comﬁosed of experienced teachers and other science
educators identified 35 of the 60 items as still having high content validity
for the 1972 administration Additional items were constructed, critically
' revised by the panel, and then hdged to the 35 items to make a new test;

The new test and the old were equated by the Rasch method (Wright 1967,
‘ Wright & Panchapakesan 1969, Wright & Douélas, 1975) so that any given score

on the 1972 ‘test could be expressed in terms of an equivalent 1964 score. il

used in 1964 had been discontinued.

>

Equating of the aptitude measuresialso was' necessary since the aptitude test
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In bﬁ{i studies students wrote -a scholastic aptitude test and. the

Inventory of Choices, a méagure of atti udipal orientation (Edwards and-

Wilson 1959a, 1959b) (Figs. 1&2). Alm¢st three thousand studeﬁts from
choo}a participated in the 1972 stidy. \

Haggard's method of profile analysis, un adaptation of twoaway

gcores;

qnggy
category minus the correspondiﬁg chre predicted from verbal and| .~

analysis of variance, was used to analyze the residual cheﬁrst
¥ i

residual scores.were defined as raw achievement scores in each T

mat atical aptitude scores by appropriate regression equations

Comporfents of the patterns also wgre ekamined for changes. Thes

. components consisted of aptitude and achtevement scores, attitudinal

P orientation scores and QUndry descriptive measures. Achievement patterns

* (Figures 3-6) were analyzed in terms of stabilizedyscores (S-scores)
obtadped by dividing each subtest score by its standard error of measuremenc.

(Haggard, 1958, Chap. VII; Even, 1968, pp.98-100). - -

-
’

The principal findings were as follows: }

1. 'During the period from 1964 to 1972 substantial declines in aptitude
scores were observed (Table 1); these declines were greater im\the
general population than in the chemistry sample, and were greater in

. *  verbal aptitude than in mathematical aptitude. While the chemistry

sample exhibited only a small decline in mathematical aptitude, the “ o ‘ ®
verbal decline was substantial.- ‘ . o
‘2, Substantial declines in equivalent achievement scbres were observed

on\zhe total score and in every subtest (Table 2). Taxonomy

o . Category 1.00 (Knovlcdaw) showed the most decline and Category 2.00'

. (Comprehension) showed the least. While some of the decline could be
attributed to the drop in aptitude scofes, declines persisted after
the effect of lowered apiitu&e scores was taken into account. ‘

3. Achievement in the ArOUZLqu category was more variable in 1972 than

in 1964. In the 1972 sample Lhere were also more excessive deviations
frqm the mean than in the case of a normal dlstrlbutxon, which the 1964 Knowledge
scores closely approximatc in kurtosis. The trend observed here is one of
polarization, with‘l97t students ‘becoming eithey more prone to recall factual
information+a4 a cognitive strategy.or less prone to tocail tQch than the

1964 group. . ; L
i . .



In the interval under‘study changes wete observed in attitudinal

orientation (Table 3). _From 1964 to 1972 there;ﬁere moderate to
substantiél.shifts away from tHe Theoretic and Prudent orientationﬁ
and toward the Immediate orientation, indicatiné, in'the 1972 sample,
less ‘preference for activities of a peliberative nature and more
preference for activities of a socially 1nf13enced and non-deliberative
nature. The gypical Ci&SS‘in c mistry in 1972 contained
proportionately fewer students terested in the kinds of mental N

.actfvities that scientists pursue, and proportionately more students
who are .vitally interested in and influenced by what peers do or say.

A substantial por?&on of the sfudents (about 30%) in the 1972 sample
had a pattern of achievement in which their performance in categories

:2.00, 3.00 or 4.00 appeared to be tied to the ability to recall factual
knowledge (category 1.00) (Figs.. 384). énch a relationship was not
observed in fhe 1964 sample where recalling specific information had éo
relationshlp to performance in the higher Taxonomy categories stugied.
~ Normal achievers (i.e. those not classed as overachigvers or under-

, achiewers) in the 1972 sample appear to have congruent patterns of
achievement in categories 2.00,) 3.00 and 4.00 whereas in 1964 the

" corresponding gréhp was charqy(grized by lack of ‘uniformity in patterns

"of achievement. *

‘In the 1964 sam;le digtigctive patterns were obéeaved amongst oveéachievers
and unde}achlevpré (Fig. 4) and amongst highly Theoretic and highly
Immediate non-normals (Fig. 6). In the 1972 samples (Fig?. 3&5) these
distinctive patterns disappear. .

The overall decline for highly Theoretic non-normals is greater than that

for their highly Immediate counterparts. (Figs. 5&6). .

In the 1964 overachiever pattern (Fig. 4) and in the 1964 highly Theoretic
non;normal achiever pattern (Fig. 6) a siggifiﬁant'peak occurred at

Categor;-l.OO. In’ the 197{ patterns this peak at Category 3.00 disappe{fs,
to be repla;ed by a peak at Category 2,00 in all groups. Thus in the 1972

groups the most proficient skill occurg lower in the cognitive hierarchy

than in the 1964 sample.
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In addition to the general decline in achievement, the patterns of
achievement show a move toward uniformity, both- in the loss of distinctive
patterns and in the appearance of factual recall as an integral part of
the pqtterh of a<lérge segment of the student popylétion.- fhere also appears
to be a dodﬁshift in the cognitivg achievement pattern so that the most

bproficient skill is lower in cognitive l;veI than it was préviously.

The effeéts observed are qpposite to what the program'was %ntended to
aqcomplish.v The findings\ thus aré cause for concern, particularly in view
of (1) the trend in modern scienéé.COJrses to minimize the dependence on

"factuab recall and .(2) the increasing,h&aréness of the need to encourage and
jprovide for individufl differences. Moréq%er, should the observed trends in
achievement and student charagteristics cons&nue, the presént-program will

- e
< become fncreasingly inappropriate for its .students.
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TABLE 1 A
COMPARISON OF SATO* SCORES FOR PRESENT AND

PREVIOUS SAMPLE
RAW SCORES

SATO
Total Verbal 1974 Ontario Equating

Group’ 0

+1972 Chemistry Sample

N 1964 Chemtstry Sample
1964 Ontario Grade
12 Populatign
(Ceneral Course)
SATO -

1974 Onfario Equhting
‘Group

Mathematics

1972 Chemistry Sample
1964 Chemistry Sample

1964-0Ontario Crade
12 Population
(General Course)

>
ic

* -
Scholast Aptitude Test (Ontario),

S

-

SD
)
379 23.57 8.31\
2,431 23.82 8.20
2,248 26.18 8.33 |
44,029 26.50 8.29
{
|
|
362 15.54 5.76
2,431 16.73 5.88
2,248 17.05 5.69
44,016 17.18 5.69

1963-64 Edition.

tSATO.Equivalent Scores, derived from SCAT-II 1A scores equated through
the Ontario equating group.




; ' ' TABLE: 2

CHANGES IN CHEMISTRY ACHIEVEMENT
1964 to 1972

_ ) . 1972 sample . '196A‘$amplé Change, ' | Change, "
\ agt N = 2431 N = 2339 in 1964 | in 1964
i P ‘ Original 1972 | Equivalent 1964 ’f‘a; §°°"’ U-S-'il .
P Raw Score ' Raw Score Raw Score L nits
' ‘Total Scote 4 : -
No. of items 60 60 60
Mean 23.18 . 21.20 25.15 ~3.95 -} =.49
D, 8435 8.05 . ©8.13
Tax. Cat. 1.00 - . ~ -
No. of items 15 23 ) 23 .
Mear T 6.69 7.01 9.71 | -2.70 =77
SD 2.81 3.72 ) 3.50
: ]
Tax. Cat. 2.00 &
No. of items 15 - ' 11 11
Mean 6.59 ‘ 4.87 5.25 ~0.38 -.16
SD | 2.78 2.00 " 2.32 1
tglzjyggz_lngg ’ i
No. of items . 15, A U2 1 .
Mean 5.93° i 4:91 6.19 -1.28 -.49
sD 2,74 | 2.49 2.60
Tax. Cat. 4.00 i
No. of items . 15 12 12
Mean 3.97 3.21 4.00 -0.79 -2
SD 2.09 1.62 . 1.87

All changes in means significant at the .001 level
All changes in SD significant at the 05 level except

N

for total score A




CHANGES IN ATTITUDINAL ORIENTATION

/

TABLE 3

1964 to 1972

K e
-\
Mean . ) Pirectiorh of
. *
pexle 1972 1964 Charige Change
Prudent- " N 2.74 2.60 .14 Away from Theoretic
Theoreticl N = 2182 N = 2016
« Prudent- 2.43 | 2.68 | =25 Toward Immediate
. Immediate N = 1947 N = 1816 .
Prudent- 1.80 1.99 -.19 Away from Prudent
Aesthetic N = 2150 N = 1965 3
. Theoretic 2.16 2.]? -.21 Away from Theoretic
Immediate N = 2133 N = 1904 Toward Immediate
*° . Theoretic 2,15 - 2.38 =23 Away from Theoretic
Aesthetic . N = 2040 N = 1889
Aesthetic 2.54 2.64 - -.10 Toward Immediate
v Immed iate N = 1829 N = 1835

*All changes significant at the .0l level
No significant changes observed in variance.
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