Practical Ways to

Improve Your Science Teaching

By Dwain L. Ford

Why Improve Science Teaching?

The National Assessment
of Educational Progress (1988),
which compared the educa-
tional achievements of students
in 13 of the most industrialized
nations of the world, listed
American high school students
eleventh in chemistry, ninth in
physics, and thirteenth in biol-
ogy. Ogens' notes that more
than 300 national reports since
1983 have pointed to the low
level of scientific literacy in
America and showed that the
problem begins early in the
educational process.

It would be a mistake to as-
sume that the teaching in K-12
is the primary problem, since a
National Science Foundation
study’ showed that 40 percent
of the students who chose ma-
jors in science or engineering
dropped out of those programs
after taking their first college
science course. Over the four
years the science dropouts rose
to 65 percent. Sheila Tobias
attempted to determine why
able, well-prepared science-ori-
ented students turned away from science in college. Her study’
revealed several areas that needed improvement.

What Are the Options?

Most suggestions for improving science teaching fit into two
categories. Some deal with the atmosphere in the classroom and
how it affects the student. Other recommendations focus on stu-
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dent development and the teacher’s
role as an organizer of the learning
environment. Let’s take a closer
look at these two options.

Focus on the Atmosphere

Every teacher who bas to do with
the education of voung students
should vemember that children are
affected by the armosphere that sur-
rounds the teacher, whether it be
pleasant or unpleasant?

Ellen White recommends that
this atmosphere be characterized by
enthusiasm, courtesy, patience, ten-
der sympathy, encouragement,
peace, love, cheerfulness, adapta-
bility to the needs of individual
students, and friendship and com-
panionship between the students
and their teacher, as well as freedom
from harshness, scolding, and se-
vere censure.

Educational research lends sup-
port to this counsel. Brophy and
Evertson® found that believing the
students can and will learn is a key
variable that separates teachers who
produce good student gains from
those who do not. Warmth and
empathy are the most important
human characteristics that contribute to success in teaching.f
Soar and Soar” found that a negative classroom climate results in
diminished achievement. Kauchak and Eggen® concluded that
enthusiasm in the classroom is mostly communicated nonver-
bally. Itis important because it enhances student attentiveness
and can improve student attitudes and learning. Kauchak and
Eggen also pointed out that student achievement is inversely pro-



portional to teacher disapproval.

Research done by Tobias’ revealed
that able, well-prepared students are
turned off in science and mathematics
classrooms by factors like a lack of com-
munity feeling, intense competitiveness,
undue fixation on grades, fear that helping
someone else would lower one’s grade,
rudeness, and insulting or patronizing be-
havior. Such an atmosphere made science
courses, especially the labs, verv lonely
places.

Johnson and Johnson! focused their
research on the effects of working to-
gether and alone. They estimated that 90
percent of all human interactions are co-
operative, and that it is vital to humanize
relations between students, teachers, and
administrators. They defined a humaniz-
ing relationship as one “that reflects the
qualities of kindness, mercy, consider-
ation, tenderness, love, concern, compas-
sion, cooperation, responsiveness and
friendship.” Conversely, a dehumanizing
relationship was described as one in which
“persons are divested of those qualities
that are uniquely human . . . treated in im-
personal ways that reflect unconcern with
human values.”" Such persons appear un-
moved by the suffering of others and be-
come unkind, cruel, or brutal. Johnson
and Johnson concluded that the goal
structure of interpersonal competition—
which describes most schooling—is a ma-
jor dehumanizing factor. Overuse or in-
appropriate use of competition promotes
negative and destructive relationships
among students, according to their re-
search.

Dansereau’ found that in initial learn-
ing tasks students who studied in pairs
using a systematic learning strategy out-
performed students who studied alone.
Those who studied a passage and summa-
rized it for a listener outperformed the lis-
tener. The brain-based approach to learn-
ing and teaching advocated by Caine and
Caine"* shows how both the atmosphere
and an activity-centered, developmental
approach can enhance learning.

Focus on the Student Development and
Learning

Piaget, a prominent developmental
psychologist, saw the traditional goal of
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education as inadequate. He wrote:

The principal goal of education is to cre-
ate men who are capable of doing new
things, not simply of repeating what other
generations have done—men who are cre-
ative, inventive and discoverers. The second
goal of education is to form minds which
can be critical, can verify, and not accept
evervthing they are offered. ... We bave to
be able to vesist individually, to criticize, to
distinguish berween what is proven and
what is not. So we need pupils who are ac-
teve, who learn early to find out by them-
selves, partly by their own spontaneous activ-
ity and partly through materials we set up
Sor them: who learn early to tell what is
verifiable and what is simply the first idea
to come to them "

Wadsworth" points out that according
to Piaget’s theory, “development is a valid
aim of education.” He includes cognitive
development as well as moral, social, and
ego development. From the Piagetian
perspective, the student’s level of intellec-
tual development determines to a large ex-
tent how learning can occur. In other
words, development directs learning,

Picture removed

rather than vice versa."

Although Piaget’s theory focused on
child development, it has implications for
teaching science both in high school and
college. Piaget’s four developmental stages
are sensory-motor (birth to approximately
two years), preoperational (approximately
tWO o seven years), concrete operations
(approximately seven to eleven years) and
formal (approximately eleven years to
adult).” The problem is that some people
remain at the concrete operations level
throughout life. Trifone"™ found that 75
percent of college freshmen and 60 per-
cent of sophomores operate at the con-
crete operations level. Karplus" described
the patterns and limitations of concrete
and formal reasoning.

Meeting the Needs of the Concrete Reasoner

Trifone™” concluded that students who
function on the concrete level cannot
learn concepts in biology that require for-
mal reasoning ability, no matter how they
are presented. Goodstein and Howe?!
came to similar conclusions in regard to
chemistry. This appears to be due to the
difficulty these students experience with
multiple operational processes they must
consider simultaneously and/or the ab-
stract nature of the concepts.

What can the science teacher do to
help concrete reasoners to succeed in col-
lege science classes? Among Trifone’s
suggestions are the following:*

1. Use less symbolic language and/or
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reduce the complexity of the lesson or
problem.

2. Use concrete models or diagrams
to which the student may refer.

3. Involve the student actively in a
three-step learning cycle: (a) introduce the
concept in an exploratory phase in which
the student observes, compares, classifies,
experiments, interprets, predicts and
builds models, (b) during the conceptual
phase, help the students place the pattern
they have discovered in proper scientific
terms, (c) in the concept application phase,
have students consider other examples to
help them generalize the concept.

"Thus, to help concrete learners, the
teacher should minimize the lecture ap-
proach. He or she should rely on active,
inquiry-based learning in order to induce
formal reasoning.” Because this approach
requires more time for concept develop-
ment, the teacher will need to reduce the
scope of topics.

Even though there is conflict over
some aspects of Piaget’s formal reasoner
concept,” most of the suggestions made in
this article for improving science teaching
also fit into developmental models using
alternative nomenclature.”

Practical Ways to Enhance Learning in Your
Classes

1. Capitalize on the interests of your
students. Encourage student curiosity and
follow up on it.* Use practical applica-
tons associated with existing interests.”’”

2. Since passivity inhibits intellectual
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and social development, allow your stu-
dents to make decisions about their ex-
periments.”®

3. Avoid cookbook-type experiments®’
that merely confirm what the students al-
ready know. Design discovery labs* or
labs with some elements of the unknown.

4. Build up students’ technical and in-
dependent decision-making skills.

(a) During the last three weeks in
organic chemistry, [ ask students to sepa-
rate the components of a binary mixture,
identify each component, and make a de-
rivative of each to confirm their identifica-
tion.

(b) In my chemical separations and
analysis course I devote the last three lab
periods to problems from the real world.
The students tackle chemical separation
problems submitted to us by a local indus-
try. Students enjoy this challenge, as they
experience the satisfaction of being able to
submit to industry a method to solve a
problem.

5. Coordinate your lab experiment
with the class assignments to maximize the
overall learning experience.

(a) Design the lab to answer student
questions.

(b) Divide the class into small
groups and have each do variations of the
experiment. This will reveal how changes
in conditions affect the outcome. Have
the students develop a hypothesis to ex-
plain the group data.

(c) Since students often perceive
the lab to be a lonely place, let them work
in pairs, except when essential skills are
being developed or tested.

6. Discover your students’ inaccurate
ideas and design opportunides for them to
gather data to correct those misconcep-
tons.’! Even first-year graduate students
in chemistry have many misconceptions
regarding chemistry and nature.” Since
knowledge is constructed in the mind of
the learner, misconceptions resist direct
instruction and are best corrected by using
observation, hypothesis, and generaliza-
ton.

7. Seek ways to experiment and col-
laborate across disciplines. This will
weaken or eliminate rigid subject-matter
boundaries.”® Since learning must always
relate to previous knowledge, the more
boundaries there are, the more difficult it
is for the student to integrate the learning.
Coordinate departmental science courses
so that they build on one another.**

8. Make research an integral part of
the educational process.

When students and teachers ave reseavch
colleagues, neither knowing the answers to
all the questions posed, but both caving



about finding them, the process of science
can be learned as in no other way. Students
who profit most from vesearch are those who
come to understand that it is an integral
part of their undergraduate education.
They develop a desive to learn science by ac-
tive pavticipation vather than by memoriz-
ing facts.?

9. Get student feedback through
small-group diagnosis.*

10. Show students that learning sci-
ence can be enjoyable. The “Physics Is
Fun” program in K-12, conducted by un-
dergraduates, has changed the image of
physics in Texas.” Hill and Berger™ are
promoting adventures in chemistry for el-
ementary and middle schools and demon-
strating that it can be exciting to learn new
things at any age. The University of
Texas at Austin has standing room only at
their physics and chemistry “circus” pro-
grams.” [ used to devote about four to six
weeks of academy chemistry and physics
labs to allow students to build equipment
and perfect their demonstrations for sci-
ence open house programs, which were al-
ways popular.

Conclusion

To improve your science teaching,
look for ways to improve the atmosphere
in your classroom. Adjust your teaching
methods to match your students’ level of
mental development. Give students nu-
merous opportunities to actively partici-
pate in the learning cycle.

If you are looking for some ideas for
demonstrations, experiments, and re-
sources for elementary to college level
classrooms, consult Katz.*

Schindler offers some final advice:
“Start anywhere, as long as you generate
amazement, puzzlement, interest, and
awe. . . . Sustaining the joy of discovery,
perpetuating the romance during the dis-
ciplines of precision, is by far the teacher’s
greatest task once the process has be-
gun.” &
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