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exploration, which involves divergent thinking, was significantly
different between chemistry student's rerceptions and the biology
students' perceptions, with chemistry students indicating that lower
levels of creative exploration occur in those classes. The results
also indicated that many of the correct answers in chemistry may be
obtained by using logical thinking and problem solving techniques,
whereas biology students quickly lzarn taat success is obtained by
remembering large amounts of infcrmation. (TW)
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DIFFERENCES IN STUDENTS® PERCEPTIONS OF THE HIGH SCHOOL BIOLOGY

AND CHEMISTRY CLASSES OVER THE COURSE OF a SCHOOL YEAR

The purpose of this analysis was to describe student
perceptions within high school classes in biclogy and cChemistry
aver the course of a school year. The data reported in this
Paper were collected as part of a project on the improvement of
high school science instruction. The pProject involved 44 science
teachers of college pPreparatory biology and chemistry classes
(Schell, ec.al., 1986).

Theoretical Basis

Aside from the obvious diffearences in subject matter, most
educators and researchers tend to regard high school science
courses &s similar to one another. They tend to speak of science
teachers and science students as if they constituted relatively
homogeneous J+ ups of individuals and of science instruction as
if it rspresentad a distinct set of instructional strategias.
While the content of sarth sciencs, biology, chemistry, and
Physics is known to be different, the process transactions ars
typically regarded as similar.

There is, however, some reason to doubt the similag;gg of
process in differasnt high schaool sciencs courses. As a part orf a
large scale Project to assess the effect of increased wait cime
and supportive intervention on high school chemistry and biology
Classas, researchers analyzed hundreds of classroom tape

rscordings. As they began the analysis process the I'asearch team

was surprised to find that there appeared tg be different




characteristics of classroom interaction between the disciplines
of biology and chemistry. This leads to the question: Are there
qualitative differesnces in student perceptions of interaction
patterns for biology and chemistry classes?

The purpose was to deteraine the extent and nature of the
differences bestween high school biology and chemistry classes
based on a direct measure of students’ perceptions over timse.
Procedura

The sample consisted of the responses of 435 high school
college preparatory science students who were enrolled in ‘4
diffarent biology and chamistry classes. Only those who
completed all items at both testings were included in the
analysis. The classrooms were located in 1S5 differsnt school
districts in central New York Stats.

Data were collected with a questionnaire distributed duriné
a regular classroom pariod that students returned in a sealaed
envelope to assure confidentiality. Ths return rate was in
excess of 75%. The data used in this analysis were from both the
pretest and post’est of the larger study that had been gathered
in order to assass changes that took place in attitudaé’éoward
and perceptions of the classroom environment between the
beginning and the end of the school year.

Measuraments of attitude toward science and perception of
the classroom environment were made with 33 Likert-type items

drawn in part from an attitude toward science scala developed by




Talton and Simpson (188S), a scale devaloped by Hasan (19853, and

from the Classroom Activities Questionnaira (CAR). The ca@

provides a measurs of student perceptions of their classroom
environment (Steele, Walberg, & Kerins, 1971; Steele, Walberg, &
House, 1874).

Perception-attitude items From both the pretest and posttest
administrations of Zhe questionnaire were subjacted to a
principal components analysis. Components with associated
eigenvalues greater than 1.0 wers retained, rotated to the
varimax criterion, and used to form Componert scores (Table 1).
The five componeats wers identified as: sacience attitude (S5A),
creative exploration (CE), logical thinking (LT), student
involvement C(IN), and remembering information CRI).

The data were analyzez with a two-way multivariate analysis
of variance (MANJVA) in order to explore the differences between
perception measures. There were two main effects -- class and
time. Class [BIOLOGY or CHEMISTRY] produced a between-subject

effect and time CBEGINNING or END of ymarl a within-subjects

effect. The analysis was carried out with an SPSS/PU-X computer

package (Nporusis, 19686).




Table 1

Description of the Perception and Attituds Components in

Terms of Sample Items with Kigh Loadings

Coumponent Sample Item

Sciance attitude [SAJ I really like science.

Creative exploration CCE3] inventing, designing, composing,
end creating are major activities.

Logical thinking CLT3] Great importance is placed on
logical thinking.

Student involvement CIN3 There is little opportunity for
student participation in
discussions.

Remembering information CRIJ Remembaring or knowing information
is the student’s main job.

Results

The mear: attitude and perception scores by course and time
are presanted in Teble 2. With the use of the Wilks' criterion,
the combined dependent variables (DuUs) were significantly
affected by both course, F(5,429)=8.482, p=<0.001, and tims,
F(S,429)=5.376, p<0.001 (Tablas 3).




Table 2

Mean Values of the Ceperder.t Variables by Class (subjsct studied)

and Time of Testing

BIOLOGY CHEMISTRY

UARIABLE PR POST PRE POST
Perceptions

SA -0.023 -0.134 0.10¢ -0.050

CE 0.167 0.032 -0.183 -0.258

LT -0.023 -0.048 0.156 -0.04Y4

IN 0.110 0.125 0.023 =0.145

R1 c.168 0.142 =0.24Y4 -0.150
Table 3

Results of the Multivariate Analysis of Variancas of the Main

———

Effects of Class (subject studied) and Time of Testing and Their

Interaction on Perceptions

Saurce of variation Lambda E df o
Between-subject effect

COURSE 0.81004 8.48e 5,423, .,<0.001

CONSTANT 0.83038 0.781 5,429 0.564%
Within-subject effects

COURSE X TIME 0.88365 1.426 5,428 0.214

TIME 0.94104 S.376 S,428 <«<0.001




To investigate the effects of sach main effect and
interaction on the individual 0OUs, a stepdown analysis was
performed on the basis of an a priori ordering of the importance
of the DVUs. Thus, sach OV was analyzed, in turn, wiih higher-
priority DVUs treated as covariates and with the highest-priority
DV tested in a univariate ANOVA.

Two of the variables had statistically significant stepdouwn
F-ratios indicating their contribution t> the differentiation of

biology ard chemistry students over time (Table ).

Table 4

Univariate und Discriminant Analyses of the Diffarences Betwsen

Students By Class

Discriminant
F-test Function
Total across time Univariate Stepdouwn d o
Parceptions
SA 1.557 1.557 -.214 -.191
CE 15.101%%» 14 ,.985%»» .6807 .59%
LT 1.270 1,698 -.12% -.172
IN 3.89g9+« 2.820 .321 .302
RI 19.388%%» 20.24E%w" .713 .673
* n< 0.0
*® p < 0.01
sw» p < 0.001

After correction for the effect of previously entered variables,
class maembers were differentiated by their level of creative

exploration (CE) and remembering information C(RI). With a8 cut-



off of 0.300 for interpretation, the correlations between the
discriminating variables and the discriminant Function indicated
that biology studsnts reported higher lavels of remembering
information (¢ = 0.673) and creative exploration (r = 0.584) than
did chemistry students.

The results of the univariate tests and discriminant
function analysis for the within-subjects main effect of timz are

pressnted in Table S. The stepuwise F-tests indicated that there

Table S

Univariate and Dijcriminant Analyses of the Differences Between

Students By Cilass Over Time

Discriminant
F-test Function
Difference
bstwesn times Univariate Stepdown d r
Perceptions
SA 11.339%ws 11 .339%» -.659 -.647
CE 4,954 5.319+ -.596 -.427
LT 4.906* 7.2J1%= -.539 -.425
IN 1.831 1.841 -.264 -.260
RI 0.447 0.684 JJE5  .1@e8
* p < 0.0
*®* n < 0.01
*s® n < 0.001

were significant changes in perceived level of attitude toward
science, cresative exploration, and logical thinking ovsr time.

Correslations between thes discriminating variables and the



discr.minant function indicatsd that tha perceived levels of
science attitude (r = -0.647), creative exploration (r = -0,427),
and logical thinking (r = -0.425) declined in both Classas gver
the course of the school year.

The changes in variables aver timms ars shown graphically in
Figures 1 and 2 {see Appendix). Biology students ares mo-e likely
to describe their classrocm environment as ope in which they must
lsarn and remembar considerable amounts of new : .ormation. HMors
than chemistry students, biology students beliave they
participates in discussions that develop new idsas. Students in
both ciasses reported a gensral decline in logical and divergent
cognitive activities and in their attitude toward sciance as the
school yesar progrssses. The course by time interaction was not
significant; students in both courses reported changes of a
pattarn and magnitude such that their position relative to ona
another remained similar.

Conclusions

Two major types of diffarances were found in thes student
parception variables: those that relats toc time and those that
rslate to the course being taught. Those that wers affected by
times included science attitude and the amount of perceaeived
thinking involved with beth biology and chemistry students.
Science attitudes bscams worss during the school ysar. This type
of finding has bsen noted in many other studies. Although it is

not surprising, it is disappointing to see students liking
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biology or chemistry less as Compared to their feelings at the
beginning of the ssmester. Although it would have been
encouraging to see the student attitudes become more favorable,
having them remain at the same lavel would be an improvemant gver
what actually does happen in many instances.

According to the perceptions of tha etudents, two thinking
variables, creative sxploration and log:.cal thinking, decreased
during tke school year. It appeared that the students did not
see the disciplinas of biology and chemistry as being as open to
multiple answers or as logical as they had thought it would be
early in the semestar. Again, it woﬁld have been ancouraging to
ses these two Factors remain at ths lavsl that was perceived near
the beginning of the academic year.

The differences that ware fFound betwesn perceptions of
chemistry and biology classes are also intriguing. Creativae
exploration, which involvas divergent thinking, was significantly
differant between Chemistry students’ perceptions and the biology
students’ percsptions with chsmistry studants indicating that
lower levels of creative exploration occur in those classes. QOur
impression, frum initial inspaction of our large data basa‘on
Classroom questioning, is that Fewer divergent questions are
posed by chemistry teachers. It may be that thers is very little
provision made in chemistry for students to explore alternativae
methods for solving problems and thinking about science.

The other :ignificant difference between biclogy and

chemistry occurs with the remembering information factor. Again,

g
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this was not surprising. Whereas many of the correct answers in
chemistry may bs obtained by using logical thinking and problem
solving techniques, the terminoclogy load in biology class is
forbidding. Students quickly lsarn that success is obtained by
remembering larg® smounts of information. Uuntil this
memorization load can be reducasd, students’ parcaptions of
biology are liksly to remain as little more than Factual

mamorization.

Implications

In general, educators and ressarchers need to bs more
concerned than thesy hava bsan in ths past about structural as
well as cognitive differsnces betwean scisnce courses Not only
is ths aubject matter different, but tha manner in which the
studsnts psrceivs and interact with the teacher and wilh sach
other is different. The idea of homogeneous "s.ience students”
may be as misleading as the idea of teaching a single “sciencs”
in high schcol.
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Appendix

Changes in Students®’ Perceptions over Time
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FIGURE 1

DIFFERENCES IN MEAN SCORES OVER TIME
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FIGURE 2:

DIFF'RENCES IN MEAN SCORES OVER TIME
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