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TRANSACTIONAL ANALYSIS OF THE PERSON-ENUIRONMENTAL INTERACTIONS
IN HIGH SCHOOL B10OLOGY AND CHEMISTRY COURSES OUER A SCHOOL YEAR
The purpose of this analysis was to describe student
perceptions within high School classes in biology and chemistry

cver 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 project involved 44 science
teachers of college preparatory biology and chemistry classes.
Theoretical Basis

ASide From the obvicus differerces in subject matter, most
educators and researchers tend to régérd high school science

similar to ore another. They tend toc speak of science

)]

courses a
teachers and sScience students as if they constituted relatively
hdmogéhédué groups of individuals and of science instruction as
if it répréééhtéd & diStinct set of instructional strategies.
WhHile the& content of earth Qciéncéi bidiagg. chemistry, and
physics is known to be different, student—teacher interactions
and process transactions are typically regarded as similar.
There is, however,; Some. reason to doubt the similarity of

process in different high school science coursSes. As a part of a

large scale project to assess the effsct of increased wait time
and supportive intervention on high school chemistry and biology
classes, researchers analyzed hundreds of classroom tape
recordings. As they began the analysis process the rasearch team
was surprised to Find that there appeared to be different

characteristics of classroom interaction between the two Science



matter disciplines of hbiology and chemistry. This leads to the
gquestion: Are there gualitative differsnces in strdent

perceptions of interaction patterns for biology and chemistry

classes?

Pervin (1867) developed a strategy for testing the
hgpothesis that an individual’s satisfaction and productivity in
a given setting was a Function of the congruence that existed
between one’'s conception of the ”self” and salient elements of
that environment: In an initial test of the strategy, it was

demonstrated that congruence was a predictor of college

attrition, satisFaction, and academic productivity among
vundergraduoates
While Pervin’s strategies have beern applied primarily to the

analysis of macroenvironments, there is reason to beiieve that
they would be as useful in such microenvirenments as a high
school classroom (Bewey & Bentleyg,; 1949; Pervin, 1868). Use of

extension of the work being carried on by researchers who are

exploring the complex relationships between peer and individual

achievement (Hasan,; 1985; Bardner, 1976:; lLawrenz, 1375; Schell et

al., 29B6; Taiton & Simpson, 1985; Taglor, 13974).

In this stoudy,; person-environment congruence was defined as

the measure of the distance between nigh school students’

perceptions of self and their science class, their science

teacher,; and the discipline they were stoudging:. The purpose was

to determine the extent and nature of the differences between



environment congruence; and (b3 a more direct measure of

students’ perceptions;

The sample consisted of the responses of 416 high school

college preparatory science students who were enrolled in 44
different biology and chemistry classes. 0Onlyg those who
completed all items at both testings were inciuded in the
analysis. The classrooms were located in 15 different school

districts in central New York State.:
Data were collected with a gquestionnaire distributed during

a regular classroom period that students returned in a sealed

envelope to assure confidentiality: The return rate was in
excess of 75%. The data used in this analysis were fFrom both the

congruence, and (2) attitudes toward and perceptions of the
classroom environment;

responses to four semantic differentials -- MYSELF,; MY SEIENCE
CLASS, MY SCIENCE TEACHER, and either BIOLBGY or EHEMISTRY —-- on
12 identical bipolar adjective pairs: unattractive-attractive;
simple-complex,; weak-strong, purposeless-purposeful; cailm-hgper;
energetic-lazy,; good-bad, leisurely-hasty,; tender-tough,; timid-
courageous, trivial-important; and unreliable-reliabie:. Three

measures of congruence were ohbhtained by calculating the Eucilidian

wy



in the twelve dimensional space defined by the bipolar adjective
pairs. Distances were calculated by summing the square of the

difference between the rating of each bipolar adjective pair on

MYSELF and the target concept, and then taking the square root of
the total. This procedure yielded three distances: MYSELF vs.
TEACHER CMI), MYSELF vs. CLASS (MC), and MYSELF vs. BIOLOGY or
CHEMISTRY (MSCI). The smaller the distance obtained, the greater
the congruence or the person-environment Fit.

rts of attitude tcward science and

)
il

Direct measurem
perception of the classroom environment were made with 33 Likert-
type items drawn in part From an attitude toward science scale

developed by Talton and Simpson (1985), and From the Classcoom

usstionnaics (CARY. The CAN provides a measure of

Brtigitias

student perceptiocns of their classroom environment (Steele,
Walberg, & Kerins, 1971; Steele, Walberg, & House, 1974).
Perception-attitude items From both the pretest and posttest
administrations of the gquestionnaire were subjected to a
principal components analysis. Components with associated
eigenvalues greater than 1.0 were retained, rotated to the

Insert Table 1 about here

THe Five components were identified as: science atti.ude (SAJ,

creative exploration (CE), logical thinking C(LTJ,; student

Th

data were analyzed with a tuwo-way multivariate analysis
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of variance (MANOUA) in order to explore the differences betuwsen
diréct perceptions and the person-environment congruence
measures. There were two main effects -- class and time. Class

[BIOLOGY or CHEMISTRY] produced a betiween-subject sffect and time
[BEGINNING or END of gear] a within-subjects &ffect. The
analysis was carried out with an SPSS/PC-X computer package
¢(Norosis, 1986).

Results

performed, on the basis of an a prigri ordering of the importance
of the DUs:. Thus; each DU was analyzed, 1n turn, with higher-
Thrze of the variables had statistically significant

stepdown F-ratiogs indicating their contribution to the

~3



differentiation of biology and chemistry students over time

(Table 4). After correction For the effect of previcusly entered

Insert Table 4 about here

variables; class members sere differentiated by their level of
student-science distance (MSCIJ); creative exploration ¢CE); and
remembering information CRIJY. With a cut-off of 0.360 for
interpretation; the correlations between the discriminating
variables and the discriminant function indicated that chemistry
students tended to report higher student-teacher distances (rC =
0.320), lower levels of remembering information (c = --0.618B), and
creative exploration (¢ = -0.556) than did biology students.

The results of the univariatz tests and discriminant

Insert Table S about here

were significant differences in perceived level of attitude

toward science, creative exploration, and logical thinking aover
time:. Eorrelations between the discriminating variables and the

discriminant Function indicated that the perceived levels of
science attitude (L = -0.5395), creative exploration (g = -0.494)J,

and logical thinking ¢ = -0.409) decline in both classes over
the course of the schooi year.

The changes in variahles over time are shown graphicaliy in

Figures 1 and 2. EBEiology students are more likely tu describe

B
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Insert Figure 1 and 2 about here

chemiStry students; they believe they participate in discussions
that develop rew ideas. The congruence on the semantic
differential indicateés that biology students were more similar to

their teachers thar was true in chemistry. Students in both

school year progresses. The course by time interaction was not
éighiéibéhti students in hoth courses report changes of a pattern
and magnitude such that their position relative to one another
remained similar.
éohEiuéigns

Tuwo major tupes of difFferences wer= Found in the stodent
perception variables: those that relate to time and those that
relate to the course being taught. Those that were affected by
time included scierce attitude and the amount of perceived

of Finding has been noted in mang cther stodies: Aithoogh it is

not surprising, it is certainly not encouraging to see stuodents

liking biology cor chemistry less as compared to their Feelings at
the beginning of the semester: Although it would have been



having them remain at the same level would be an improvement over

what actually does happen in many instances.

and the other involving logical thinking, decreased; according to
the perceptions of the students; during the schoo! gear. To us

it appears the students do not see biology and chemistry as being
as open to multijilé answers or as logical as they thought it
would bE three weeks after the semester had begun. Again, it
would have been encouraging to see these tuo Factors remain at
the level perceived at the beginning of the acuademic year .

The three differences that were Found hetween perceptions of
chemistry and biology classes are also intriguing. The distance
between muySelf and the course decreas=ed in biology classes but

increased in chemistry classes. Reasons for this are not easy to

ull

xplain. Indeed,; it may be only a chance differsnce: Creative

students’ perceptions with chemistry students indicating that

lower levels of creative exploration occur in those classes: Our

impression, from initial inspection of our large data base on
classroom quastioning; is that fFewer divergent questions are
provision made in chemistry for students to explore alternative
methods For solving problems and thinking about science:

The other significant difference between biology and
chemistry occurs with the remembering information Factor. This
was no surprise. Whereas many of the correct answers in

chemiStry may bm obtainad by using logical thinking and problem

B
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solving technigues, the terminology load in biology class is
Forbidding. Students guickly learn that success is obtained by
remembering large amounts of information:. Until this
memorization load can be reduced; students’ perceptions of
biology are likely to remain as littlie more than factuatil
memorization.
Implications
In general, educators and ressarchers need to be more
concerned than they have been in the past about structural as
well as cognitive differences betuween science coursas. Not only
iS the subject matter différent; but the manner in which the
students perceive and interact with the teacher and with each
other is different. The idea of homogereous "science students”
may be as misleading as the idea of teaching a single "science”
in high school.
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» 8f the Perception and Attitude Components in

Ischs gf Sample ltems with High Loadings

L
Scisnce attitude [SAJ I really like scienca.
Creative sxploration CCE] Inventing, designing,

composing, and creating are

ma jor activities.

Logical thinking CLT3J Great importance is placed on
logical thinking.

Student involvement [INJ There is little opportunity
For student participation in
discussions.

Remembering information CRIJ Remembering or knowing
information is the student’s
main Jjob.
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Distarcas
MT
MC__
MSCI

Perceptions
sA
CE
LT

IN
RI

Testing
BIOLOGY

PRE POST
4,282 4,410
4,111 4,159
4,535 4,433

=0.011 -p0.122
0.141 ~D.044

-0.021 ~0.073
0.148 0.130
0.137 0.125

CHEMISTRY
PRE POST
4,585  4.731
4.301 4.912
4,343  4.575
0.185  -0.047
-0.194 ~0.250
0.170  -0.018
0.034  -0.0B1
0.1B6  -0.18B1



esuits of the Multivariate Analusis of yariance of the Main

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

Iheir Intsraetion on Person—-Environment Oistance and

Perceptions

Source of variation Lambda E df D
Between-subject effects
COURSE 0.91447  4.174 8,357 <0.001
CONSTANT 0.05842 719.189 8,357 <0.001
Within-subject effects
COURSE X TIME 0.98168 0.833 8,357 0.54%7
TIME 0.9ees3 3.747 8,357 <0.001




Table 4

Betwesn Students By Class

o Discriminant
F-test Function

Total across time Univariate  Stepdown d

I

Distance

4 . 182 ;320
20 ;307 257
g% -.419 -.0P6

MT
Mne .
MSCI

O ny W
O ny
U W
NI~ o

Perceptions

SA 1.258 2.206 .207 .182
CE 10.510%** 6.829* -.5e8 -.556
LT 2.050 2.644 .196 245
IN 2.871 0.750 -.252 -.290
RI 13.020%** 12 .362*** -.B42 -.618

< 0.05
< 0.0t
< 0.001

»*w
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Table S

Univariate and Biscriminant Analyses of the Differences

Between Students By Ciass Over Time

o Discriminant
F-test Function
i Ererancs
between times Univariate Stepdown d C
Distance
MT 2.131 2.131 . 1189 .264
MC_ 0.8B4e2 0.070 -.073 . 166
MSC I 0.497 0.00B =.315 .125
Perceptions
sa 10, BRB*** 9.2 g% =.650 ~-.,595
CE 7 373 %* B.172%%* -.710 -.494
LT 5.105* 8.107%* -.561 -.,409
IN 1.458 1.613 -.,244 -.218
RI 0.004 0.100 .061 -.012
* 5 < 0.05
*% 0 ¢ 0,01
%% 0 < 0,001
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